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1 
·INTRODUCTION. TO 

ORGANIC CHEMISTRY 

1.1 DEFINITION OF ORGANIC CHEMISTRY 
(HISTORICAL BACKGROUND) 

A large number of organic compounds*have been discovered 
and isolated from natural sources by the first quarter of 
nineteenth century but till then none of the organic 
compounds could be prepared in laboratory. This led to 
believe that organic compounds followed laws. of fonuation 
different from inorganIc compounds. Berzelius assumed that 
some vital force (life force) was necessary to prOduce organic 
compounds and synthesis of these compounds iIi the 
laboratory was impossible due to the absence of this vital 
force which only existed in living organisms. . 

The vital force theory suffered the first deathblow, in 
1828, when·. ,¥ohler synthesised first organic compound, 
urea, in the laboratory by heating ammonium cyanate (an 
inorganic compound). 

Heat . 
NH4CNO -~~) NH2CONH2 . 

Ammonium cyanate Urea 

Undergo isomeric change, i.e., (molecular rearrangement) 

Heat . 
[(NH4hS04 + 2KCNO ) 2NH4CNO+ K2S04] 

[Pb(~Oh + 2NH40H Heat) 2NH4CNO+Pb(OHh] 

[NH4CI + KCNO Heat) NH
4
CNO + KCI] 

A further blow to vital force theory was·given by Kolbe, 
in 1845, when he synthesised acetic acid, the first organic 
compound, in ·laboratory from its elements and . later by 
Berthelot, in 1856, who synthesised methane. 

2C + H2 Electric) HC=CH Dil. H2S04) 
arc Acetylene HgS04 

CH
3
CHO Oxidation) CH

3
COOH 

Acetaldehyde Acetic acid 

Modern definitiou of organic chemistry : Since, 
carbon is an .essential constituent of all organic compounds, 
organic chemistry is defined as the chemistry of carbon 
compounds. 

Simplest ~rganic compounds are those which are 
. composed of carbon and hydrogen only and are called 
hydrocarbons. Other organic compounds maybe regarded as 
derivatives of hydrocarbons obtained by replacement· of 
hydrogen by any other element or group. Thus, organic 
chemistry may also be defined as the chemistry of hydro
carbons and their derivatives. 

1.2 JUSTIFICATION OF SEPARATE STUDY OF 
ORGANIC COMPOUNDS 

Organic compounds are studied separately because of the 
following two points;. . . 

(i) Large number of organic compounds: Compared 
with the compounds of other elements, the number of organic 
compounds is very large. Organic compounds comprise about 
90% of all the known compounds. 

(ii) Unique chemical and physical properties: . Most 
of the reactions in inorganic chemistry are ionic and· occur 
rapidly while most of the organic reactions involve covalent : 
bonds and are relatively slow. The phenomenon ofisomerlsm 

. and tendency of catenation are unique properties of organic 
compounds. 

·Scheele, in the years 1769-85, isolated taf!aric acid from grapes, citric acid from lemons, malic acid from apples, lactic acid from milk and uric acid 
from urine, Roulle, in 1773, isolated urea from human urine. Liebig, in 1829, isolated hippuric acid from horse urine and Serturner, in 1805 isolated 
morphine from opium. 
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Catenation property (long chains of identical atoms) 
depends upon the value of bond energy which is maximum in 
the case of carbon. 
Bond C":""C Si-Si S...,-SP-P N-N 0-0 

t!1:i~ '~J~ ,5ff 
'; ."_J ~J~: ;~r "~ .:~ 

,54 ~~}~ 
~ ,',:i 
i: .. \::t:.:~":-

The stability or strength of the bond decreases as the bond 
.el)ergy"d~~$ ~,~t:\'fe~e;lc~\of catellt'tto~ ~r'''''. "".~",,~ 
Ill'" )'t·th' ,,,,~ II":' .-.i" ~_~ :',i ~~:~ :H~~ rT '~'~" J-.':~ _ ,> ( t~:t-l:~: .;' .. e ·,0 oWUlg: tnalllllI'.)>(,..,... " .. ,\<,., •. ' '."p' ,'." ,Y, ',J" .c 

C > Si .,. S > P > N > 0 

Carbon has the ability to fonn strong covalent bonds with 
many other atoms such as II, 0, S, N, CI, Br, I, etc. The C-C 
bond energy is ,approximately equal to the magnitude of bond 
energies between carbon and various other atoms .. 
Bond'C-C C..,..,H C-:O G-CI C-N C-Br 

Bondenergy 83.0 '97.0;' 86.0 81.0 73.0 68.0. 
(keal mol-I) '. 

. There are two major sources of organic compounds: 
(i) Natural and (ii) Synthetic. 

(@) Natumdl SiluMeSl 

. (.,) mimtli:: Carbohydrates (glucose, sucrose, starch, 
celhdose), acids, esters, vegetable oils, vitamins, gums, 
alkaloids, . essential oils, perfumes, ~cohol, acetone, etc., are 
some of the iptportant organic compounds which are obtained 
from plants. . . '., . " 

@J;») &:niinalS;:: Some of the important organic 
compOunds~ 'which aredel'ived:from 'animals; are proteins, 
hormones, fats and urea,;;', '.",: . , .;, ',' '. ,; 

(~) FUngji andl milu!oJ.oEgfttriSml:: This is the ·source 
. responsible for the· production of hosts of useful substances 

like alcohols, acids, antibiotics (penicillin, streptomycin, 
tetracycline) 'and" vitaininsby 'llsing""theprocess of 
fermentation. 

«cl~) COdt ,Coal-tar obtained during destructive 
distillation of coal is the main source of aromatic hydrocarbons, 
phenols, heterocyclic colliPOundS, dyeS~ drUgs; perfumes, etc. 

(~») Naamdtps;amIl~:;. It is one of the major 
sources of organic', cotnpOunds.. Gasoline, k~rosene, 
lubricating oil, vaseline, paraffin wax, etc., ate few examples 
which are obtained directly from peti'oleumby fractional 

. distillation. Hundreds of useful organic compounds are 
prepared from the wide range of hydrocarbons which serve as 
starting materials for the synthetic reactions. . . 

(~») SlIDihetk; Sources; 

More than 90"10 of the known organic compounds are 
synthetic, i.e., prepared by artificial methods. Simple organic 

·compounds derived from petroleum and coal have been 
converted into useful products by synthetic methods. 

G.R.B. Organic Chemistry for Competitions 

Now-a-days, many of the natural products such as dyes, fibres, 
rubber, drugs, vitamins, etc., are prepared by synthetic re3btions. 

SOURCES OF ORGANIC COMPOUNDS· . 

I 
Natural (t ()oAl) 

I . 

Pungiand 
micro-organism 

I 
Synthetic (90%) 

Coal Natural gas 
'and 

. petroleum 

1.4 IMPORTANCE OF ORGANIC COMPOUNDS 

Organic compounds play an impljrtant role in our daily 
activities.. ,Jll~ fo,lc?)ying l!st (:1~!D'JY i!lus~t€:§ th,e i~p'ortance 
of organrc'cdl'ilpOUnds;-'f"':" ;;,),".:~ ~'i"}"'J;:iq,:"., : .' 

1 •. FOod: C~y~te~;; !Prt>teiJ1s;j;FatS;~~J\f'itamins; 
Enzymes, etc. '. 

z, •. ClOthes:: Cotton; . Silk; Wool; Nylon;' Rayon; 
Dacron,etc. ,. 

i •. Fuels,:: Coal; Wood; Natural gas'; Petrol, etc. 
4'., Mediemes: Penicillin; Streptomycin; Chloromycetin; 

Sulphadiazine; Sulphathiazole; Morphine; Aspirin; Iodoform; 
. Cocaine; etc." , 

5'. Expfosives: Nitroglycerine; Nitrocellulose; T:N:B.; 
T:N.T., etc. 

6l.. Dyes: Indigo; Malachite green; AliZarin,etc. 
7.., lnseetielCles: D.D.T; Gammexane; Malathion, etc: 
8~ Household and otlier commOR artktes.: . Soaps; 

Cosmetics; Perfumes; Detergents; Paper, Rubber; Plastics; 
Leather; Resins; Inks; Paints; Varnishes; Photographic films; 
etc. 

1.5 BONDING IN: ORGANIC COMPOUNDS 

Organic compounds are essentiaUy covalent compounds 
or covalent bonding is present in organic compounds. 

In all organic molecules, carbon atom is tetravalent, i. e., 
its valency is four. One carbon atom can share its four 

. electrons with four atoms of an univalent element (H), i.e., 
forming four single covalent bonds, . 

H 
• ·x 

H 
1 

.C. + 4Hx ~H~ C ~ H or 
• .x 

H 

H-C-H 
'I 
H .'t. 

or one carbon atom can share its four electrons with two atoms 
of a bivalent element (0), i. e., forming two double covalent 
bonds, 

•. xx xx xx 
.C.+20~ ~ O~:C:~o~ or O=C=O 

• xx xx 

or one carbon atom can share its four electrons with one atOm 
of a bivalent element along with two atoms of an univalent 
element, i. e., fonning one double bond and two single bonds, 
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H 
• x x • x -x x 

H 
I 

2Hx+·C·+0~ ~ H~C:~O~ or H-C=O 
• xx 

or one carbon atom can· share its four electrons with one atom 
of a trivalent element (N) along with one atom of an univalent 
element, i. e.,· forming one triple bond and one single bond, 

• x x xx 
HX+·C·+N~ ~ H~t:~N or H-C=N 

. • x ·X 

Carbon atom has also the wonderful property of uniting 
with other carbon atoms through covalent bonds. They can 
link together by single, double or triple covalent bonds 
forming long chains or closed structures. 

H H 
I I H H 

ex ex 
H~C:C~H or H-C-C-H (C-Cbond) 

1·" I ex .X 

H H H H 
: ,~ . '-" '. 

H H 
eX .X 

H H 
I I 

H~C::C~H or H~C=C-H (C=Cbond) 

H-C=C-H (C=Cbond) 

H 
I H 

.x 
C 

H-C/ ~C-H 
or II I 

H-C,~C~H 

I 

.c. 
HxC· ···cxH 

HxC. .cxH ·c···· 
.x 
H 

H 
(C-C and C=C bond) 

The four valencies of carbon atom are similar and they are 
symmetrically arranged around the carbon atom. According to 
Le Bel and van't Hoff the four valencies of carbon do not lie in 
one plane,:'Theyru:ediJ;ected towards. the £omers of,a·regular 

. tetrahedron with carbon atom at the centre and the angle 
between any two valencies is 109°28' (or 109.5°). . 

Modern concept of covalent bonding: According to 
the modem concept, a covalent bond is formed between two 
atoms if there is an overlapping of an atomic orbital of one 
atom with an atomic orbital of another atom. For an effective 
overlap, it is necessary that two atomic orbitals of the two 
different atoms must be half filled and approach each other in 
. proper direction. The resultant orbital after overlapping is 
known as molecular orbital and has two electrons with 
opposite spins. The effective overlapping is possible by two 
ways: 

(i) End to end overlapphlg: This type of overlapping 
is possible between s-s, s-p and Jr p atomic orbitals. The 
molecular orbital formed by the inphase end to end overlap of 
atomic orbitals on adjacent atoms is c.alled sigma molecular 
orbital. Such orbitals are lower in energy than the 
corresponding atomic orbitals. The bond formed is termed as 

. si.gn:Ia (cr) bond. 

.;3 
-- ;: 

(ii) Sidewise or parallel or hlteral ~)V(lrlapping: Such 
overlapping is possible betweeri p-p atomic orbitals. The 
molecular bond formed is termed as pi (1t) ~ond. . 

Sigma bond is stronger than 1t-bond. The electrons in the 
1t-bond are loosely held. The bond is easily broken and is 
more reactive than sigma bond. The amount· of energy 
released during overlapping indicates the strength of the bond. 
Greater· will be the 'strength of bond if higher energy is 
released during overlapping. Energy· released during sigma 
bond formation is always more than 1t-bond because of greater 
extent of overlapping in the former .. The valency of the atom 
depends on the number of cr- bonds formed or cr- and 1t-bonds . 
formed. 

Tetravaltmcy of Carbon (Hybridization) 

The electronic configuration of carbon in ground state is 
Ii 2i 2p! 2p~ 2p2. Two Jrorbitals are half filled and there-

fore, carbon is expected to show a valency of two. But in all 
organic molecules, the carbon atom has a valency of four. It is, 
therefore, believed that under the conditions of bond 
formation, the 2s paired orbital gets unpaired and one electron 
is promoted to the vacant 2 p z -orbital. Thus, in excited state 
the . carbon .' •. has' .~ the electronic ,. .- .configuration 
ls2 2S1 2p; 2p~ 2p;, i. e., it has four half filled orbitals which 

can be available for overlapping. Under this condition, it can 
form four bonds with other atoms. This explains the 
tetravalency of carbon. 

2s 2p 
Carbon in ground state' ;~ I t I· t·l· I 
Carbon in excited state ID .1 i I i I i I 

Available for bond fonnatio~ 

On the basis of excited state configuration of carbon atom, it 
can combine with four hydrogen atoms to form a molecule, 
CH4 .. The three C-H bonds have been formed by the overlap 
of three 2 p-orbitals with the Is-orbital of each hydrogen atom. 
The fourth C-H bond is formed by the overlap of2s-orbital 
of carbon with Is-orbital of a hydrogen atom. Thus, one bond 
is different from the other three. But this is not true: The 
methane molecule possesses the following characteristics': 

(i) All the four C-H bonds are identical. This has been 
shown experimentally as methane forms pnly one monochloro 
methane. 

-H 
CH4 +Cl) CH3Cl 

. (ii) All the four bonds are not present in the same plane. 
Actually, there is tetrahedral arrangement, i.e., the bond.,gle . 
is 109°28' (or 109.5°). 

To have' four identical C-H bonds, carbon must 
contribute a set of four equivalent orbitals. This is possible if 
one 2s and the three 2 p-orbitals in the excited state mix 
together to form four equivalent orbitals. Tbe process of 
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mixjng atomic or.bitals to form a set' of new equivalent 
orbital •. is termed as hybridization. 
Shapes of simple organic moleeules 

To explain the structures of organic molecules, the 
electronic theory of valency and the concept of hybridization 
was introduced. 

. There are three types of hybridization encountered in 
carbon atom. These are sp3. sp2 and sp-hybridization. 

(i) Sp3 -hybridIZation: . sp3 -hybridization occurs when 
one a-orbital and three p-orbitals mix together to form four 
equivalent hybrid orbitals directed towards the corners of a 
regular tetrahedron. 

Carbon in excited state 

Flg.1.1 Orientation of four sp3.hybrld orbitals (tetrahedron) 

Each sp3 -hybrid orbital contains one electron. It has 25% 
a-charact~r and 75% p-character. An the four hybrid orbitals 
are identical (same energy and shape) but differ only in their 
orientation in space with respect to. each, other. The angle 
between any two hybrid orbitals is 109"28' (or 109S). 

When.ever earbon is bonded to four other atoms or 
group~.lt uses sp3 -hybrid orbitals. The best examples are 
methane and ethane. In methane, four hybrid orbitals of 
carbon overlap with la-orbital of each of the four hydrogen 
atoms. The bonds formed are sigma bonds. The bond angles in 
methane are also 109°28' (or 109.5°) as the C-H bonds are 
also directed towards the corners of a tetrahedron with carbon 
at the centre. 

H H 

H 
H . 

a-bonds H .H 

fig. 1.2 Bonding In. methane 

Iil ethane, there are six C-H sigma bonds and one C--.:..c 
sigma bond. Each C-H bond is formed by th~ overlap of an 

. spJ -hybrid orbital of carbon and la-orbital of hydrogen. The 

. C--.:..c bond results from the. oveilap of two sp3 -hybrid 
Orbitals, one from .eachcarbon atom: This has been shown in 
fig. 1.3. The bond angle is ;again 1 09~8~ as two tetrahedrons-

o have linked together. . . 
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H a-bonds H 

H H 

H H 
H H 

o 
o~ 1.54A 

,~ C 
H H 

H H 

Fig. 1.3 Bonding In ethane 

(ii) sp:% -hybridization: sp 2 -hybridization occurs when 
one &-orbital and two p -orbitals mix together to form three 
equivalent hybrid orbitals directed towards the corners of an 
equilateral triangle, i. e., the three hybrid orbitals lie in the 
same plane. The third 2pz-orbital is left unhybridized. This 
orbital is oriented along an axis perpendicular to the plane of 
hybrid sp2 -orbitals. Each sp2 -hybrid orbital and 
2pz-unhybridized orbital contains one electron. 

Carbon in excited state 

2s 

IT] 
Sp2 -hybridization 

Fig. 1 A Orientation of three Sp2.hybrld orbitals 

Whenever carbon is bonded to three other atoms or 
groups, it always uses sp 2-hybrid orbitals and .a p z -orbital 
to form its bonds. The best example is ethylene molecule. 

In ethylene molecule, each carbon atom is attached to 
three other atoms. Each carbon atom is sp2 -hybridized. One 
Sp2 -hybrid orbital of one carbon atom overlaps coaxially with 
that of another carbon atom to form a sigma bond. The 

H remaining sp2.hybrid orbitals of two carbon. atoms overlap 
with l&-orbital of different hydrogen atoms and form four 
sigma bonds. The two J::arbon atoms and four hydrogen atoms 
lie in the same plane. The H--.:..c-H bond angle is 120°. The 

Fig. 1.5 Bonding In ~lene 
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unhybridized 2p=-orbii~1sof the two carbon atoms overlap 
laterally to form a n-bond. For the proper sidewise overlap of 
these 2p-orbitals, tHe formation of 1t-bond restricts the 
ethylene molecule into a planar: shape. Therefore, ethylene is a 
flat or trigonal planar molecule. The double bond between 
two carbon atoms (C=C), thus, consists of one sigma and one 
1t-bond. . 

(iii) sp-bybridization: sp-hybridization occurs when 
.one s-orbital and one p-orbital' mix together to form two 
equivalent hybrid orbitals. The other two 2 p-orbitals are left 
unhybridized. Each sp-orbital and unhybridized p-orbital 
contain an unpaired electron. Each hybrid orbital p~ssesses 
same energy and shape. Two sp-hybrid orbitals lie in a straight 
line, i.e., the angle between. them is 180°. The unhybridized 
Qrbitals are at right. at;lgles. to tile line of sp-hybrid orbitalS-. 

Whenever a carbon atom is bonded to two other atoms 
or groups, it always uses sp-hybrid orbitals and two 
2p-unhybridized orbitals to form its. bonds. The best 

example is the acetylene molecule. One sp-hybrid orbital of a 

Py 

Carbon in excited state 

2s 2p 

OJ I iii i 1---+ 
~ . 

sp-hybridization 

Fig. 1.6 Orientation of two sp-hybrld orbitals and 
unhybrldlzed Py and Pz-orbltals 

carbon atom overlaps coaxially with that of another carbon 
atom to form. a sigma bond. The remaining sp-hybrid orbitals 
of two carbon atoms overlap with Is-orbital Of two different 
hydrogen atoms to form two sigma bonds. The unhybridized _ 
p-orbitals of two carbon atoms overlap laterally to form two 
Jr-'bonds; Thus, the triple bond between two carbon atoms 
(C==C) consists of.one sigma and two 1t.,.bonds. Two carb9n 
atoms and two hydrogen atoms of acetylene molecule lie in a _ 

. straight line~ 

It-bonds 

H ,-,,_-.r 

Fig. 1 • ., Bonding In aeetylene 
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The three types of ~ybridization of carbon can, thus, be 
summarised in the following manner: 

~G#. 

T~ ~, ... ....".. .. ~ ~ . 

~ .~. ~ ~ ~'. 

il Tetrahedral 109°28" 0 25~0 75.0 
(109.5°) 

si 'Trigonal 120° 1 33.3 66.6 
planar 

sp Linear 180° 2 50.0 50.0 

Relative slze$ of sp, sp 1. and sp 3 .-orbitals t s-orbital 

,character, in the three hybrid orbitals varies in the following 
manner: . 

Sp>Sp2 >sp3 

Since, &-orbitals are closer to the nucleus than p-orbitals, 
it is, thus, expected that greater the s-ebaracter of tbe 
bybrid orbitaltbe smaller is its size. Therefore, the order of 
the size of the three hybrid orbitals is: 

sp3 >sp2 >sp 

On the basis of the sizes, sp-orbital forms shortest and 
sp3 -orbital longest bonds with other atoms. 

~pl~ .t.., Indicate the number of 0'- and 1t-bonds in 
the following· molecules: 

(i) CH3-CH==CH2 (ii) CH3-CH2--CH2--CH3 

(ii.) CH,--C==C - CH, (iv) 0 
~#on; For finding out the number of 0'- and 1t-bonds . 
ill a molecule, the following points should be kept in mind.: 

1. All ,single bonds are sigma bonds. 
2. All double bonds consist of one 0'- and one 1t-bond. 
3. All triple bonds consist of otie 0'- andtwo n;-bonds. 

(i) ,This molecule consists of seven single bonqsand one 
double bond. Thus, number of O'~bonds = 8 and number of 
1t-bQnd = 1. 

(ii) This molecule consists of 13 single bonds. 
Thus, number of a-bonds =13 . 
(iii) This molecule consists of 8 _ single bonds and one 

triple bond. Thus,. number of O'-bonds =9 and nUmber of 
1t-bonds = 2 . 

(iv) The molecule of benzene consists of nine single bonds 
and three double bonds. 

Thus,·number ofcs-bonds = 12 and number of 1t-bonds = 3. 
_ijjppLe2.,. Indicate the type of hybridization of each 
carbon atom in the following molecules: . 

(i) CHr -C==C-CH3 (ii) H2C==C=CH2 
(iii) CHr --,-CH---:CH---:CH3 (iv) CH3-CH2...:...cH3 

..... ',. 1 2 3 4 
_dOll ~ . (i) CH3--C~--CH3 . 

-, _. Carbon-l is liilked with four atoms = sp3 -hybridization 

Carbon-2 is linked .with two atoms = sp-hybridization 
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Carbon-3 is linked with two atoms = sp-hybridization 
Carbon-4 is linked with four ator;ns == sp 3 -hybridization 

•• 1 2, 3 , 2 2 
(u) H 2C=C=CH2 C.sP, C2 == sp and C3 == sp 

1 2 3 4 
(iii) CH3-CH=CH-CH3 

C1 = Sp3, C2 == sp2, C3 =.sp2 and C4 Sp3 
.23 

(iv) CH3-CH2-CH3 
3 C 3 C' 3 sp , 2 == sp , 3 == sp 

Bond Length 

The average distance between the centres of the nuclei of 
the two bonded atoms in a molecule i~called the bond length. 
The length of a ¢ovalent bond between two given atoms 
depends on whether it is a sigma bond or combination of a 
sigma and n-bond or n-bonds, i.e., it is a single, double or 
triple bond. It also depends Ot:! the type of hybridization and 
the resonance. The bond length i~ : 

Single bond > Double bond > Triple bond 

The bond length of the sigma bond in, different types of 
hybridization follows the following order: 

,a-bond (sp3) > a-bond (sp2) > a-bond (sp) 

Bond length between two given atoms is approximately 
constant in different molecules depending upon the ,above ' 
conditions unless it is not affected by inductive effect and 
mesomerism. The bond length is expressed in angstrom units 
(A) or picometre (pm), (lA 10-10 m, 1 pm 10-12 m). The 
bond lengths are measured by X-ray crystallography and by 
microwave llpectroscopy. For most of the bonds the values are 
1 to 2 A. It may be noted that the values of bond lengths are 
subject 'to small changes, depending on the 'structural 
enviromnent of the bond and the experimental method used to 
measure it. 

"The bond lengths of some common covalent bonds are 
listed below: .... .... __ <A) .... 

C--,-C 1.54 C-N' 

C=C 1.34 C-':'F 
C;r;;i;C 1.20 C~l 

e-:-H (Sp3_S) 1.112 C-Br 
C~H (sp2 -s) . 1,103 C-I 
C-H(sp:'s) 1.08 C-'S 

C~ 1.40 O-H 
C=O 1.20 

Bond Energies or Bond Strengths 

1.47 

1.42 

1.77 

, 1.91 

2.12 

1.82 

0.96 

Bond energy or bond strength is defined as the amount of 
energy required to break a bond in a molecule. Each bond 
has a characteristic 'value of this energy and is a measure of the 
strength of the bond. It is generally,'observed that shorter the 
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bond length, greater is the bond energy, i. e., greater is the 
strength of the bond. The carbon-carbon bonds, single, double 
and triple, are not of equal strength, i.e., with the shortening of 
bond length, bond strength increases. It is in the following 
order: 

Triple bond> Double bond> Single bond 

The value of a bond energy of a. 'particular bond may 
slightly change in different molecules depending on structural 
enviromnent of the bond. Bond energies are determined 
experimentally as heats of chemical reactions (calorimetry) 
and by spectroscopic methods. The unit of bond energy is 
kcallmol. Bond energies of some common bonds are listed 
below: 

aoj,dffteJ'ay 
(kcarIDOI":l) 

c-C 83 C~l 81 

C=C 146 C-Br 68 

C_C 192 e-:-I 51 

C-H(si-s) 97 H-H 103 

2 C-H(sp ~s) 104 O-H III 

e-:-H (sp"'s) 120 N-H 93 

C-O 86 C-F [07 

C=O 179 H-F - 136 

C==O 256 H~l 103 
-'I" I:'" . '1, ' ~. ~ c: , . 

" '.~ ''':,".: ' ' :"< ',; 

0-0 35" ~£ ", H';7""Bf"., 88 

0=;0 119 H-I 7f 

N-N 39 F-F 38 

N N 98 Cl~l 58 

N N 226 Br-Br 46 

C-N 73 I-I 36 

1.1 REPRESENTATION OF ORGANIC 
MOLECULES 

An organic compound can be represented either by molecular 
formula or structural formula. The structural formula is more 
informative as it shows the arrangement of various atoms in a 
molecule. A single covalent bond is shown as a line (-) 
joining ,the two atoms. Double line (=) represents a double 
bond while triple line (=) a triple bond. Organic molecules 
possess a three dimensional structure but these are represented 
in tpe plane of paper (two-dimensional) and the bond angles 
between valencies of carbon are shown at right angles in open 
chain compounds for the sake of convenience. The structural 
formula written on paper simply indicates the order in which 
the various atoms are found and does not give any idea of 
their disposition in space. For ,example, ethane and ethyl 
alcohol may be written as: 

lYe 
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H H 
I I 

H-C-C-H 
I I 
H H 

Structural fonnula . 
Ethane 

H H 
I I 

H-C-C-O--H 

C2HsOH 
Molecular fonnula 

I I 
H H 

Structural fonnula 

0... ••• 

Ethane' 

Ethyl chl()ride 

Ethylene' 

. 
Ethyl alcohol 

... i ••• ~ 
..... !, .'"".,.' 

H H 
II 

·H-C-C-=-H 
II 
H H 

H H 
I I 

H-C-C-Cl 
. I I 

H"H 

H H 
I I, 

R-C=C-H 

H H 
I I 

H-C--':""C=O 
,.~! ;.,' . ,I 

H 

@~ 
(o~ 

CH3f=O 
H 

';..·v.,"\.:~.r~~_~ ~!-:!i7:~~.\ ... ·~o.,·~~ '~~" ~,r .;·;:"~N: ~;. ;::_",~ .-

Ethyl methyl 
. ketone 

H H 0 H 
I . I III 

H-C-C-C-C~H 

I II 
H H H 

1.7 'POLAR AND NON';POlARBONDS 

The nature of the covalent bond can be predicted on the basis 
of the values of electronegativities of the two atoms forming 
the bond. Electronegativity of an atom is a measure of its 
power to attract electrons that it is sharing ina covalent 
bond. The decreasing order of electronegativity of some 
commOn atoms which are generally encountered in organic 
chemistry is: 

F >0> CI= N > Br > C> H 
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Condensed fonnula is a short hand method of 
representing the structural fonnula. In a condensed fonnula, 
all atoms bonded to a carbon atom are written after 'C' in the 
same line but their bonds are not shown. The atoms or groups 
other than hydrogen are written after the hydrogen atom. In a 
condensed structural fonnula double and triple bonds are 
shown by double line (=) and triple line (==) respectively. 
Some examples are given in the following table: 

01.1 ...... 
IJlWM.II •. ....... 

Isopropyl alcohol C3HsO 

Cyclohexane 

Benzene 

.~ .. .. 
H H 
I I 

H-C-C-O-H 

k I 
H-C-H 

I 
H 

y W··. 
H-C-C-O-H 

'1 
H 

H-I_~_N<H 
I H 
H 

o 
o 

When two identical atoms are joined by a sigma bond, 
both· attract the cr-electrons equally. For example in C---C, 
H-H and F-F, the electrons involved in the sigma bond are 
shared equally, i. e., electron density in the molecular orbital 
binding the two atoms together is same around each atom. 
There is no development of charge on any of the two atoms. 
Such a bond is known as nonpolar bond. 

When two atoms of different electronegativities are .. 
bonded by a sigma bond, the electrons involved are not shared n 

equally. The more electronegative atom attracts the bonded 

. nsf 
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electrons more closely than the less electronegative atom, i. e., 
the electron density in. the molecular' orbital will be more 
around the atoin with higher electronegativity. As a result ~e 
more electronegative atom will acquire a small negative 
charge, syrubolised by£)- and less electronegative atom a 
small positive charge, symbolised by £) +. Such a bond which 
appears to have a positive and a negative end, is said to be a' 
polar bond. The bonds such asC-Cl, C-Br, C-N, C-O, 
etc., are polar in nature. . 

The· polarity of bonds can lead to polarity of molecules 
and affect melting point, boiling point and solubility. A 

. molecule is said to be polar if it contains one or more polar 
bonds and the polar bonds are so directed that there are 
separate centres of positive and negative charges in the 
molecule. A symmetrical molecule is nonpolar even thougb . 
it contains polar bonds. For example, molecules like carbon 
dioxide and carbon tetrachloride possess polar bonds but these 
are nonpolar molecules as they have symmetrical structures, .. 
i.e., the centre of the positive and negative charges is the same 
in the molecule. 

0- 0+ 0-

O=C=O 

1 
Centre of the positive 
and negative charge 

0-
CI 

o 10+ 0- . 

7
CI '. C--:-CI 
. . I 

CI 
0-

Centre of the positive 
and negative charge 

The molecules such as H-F, H20, NH3 , CH3CI, CHCI3, 

etc., are polar molecules. Polar molecules behave as small 
dipoles and possess a dipole moment. The dipole moment (J.t) 
of a bond X -.:.. Y is the product of the magnitude of the 
. charges and the distance between the charges. It is roughly 
equal to the difference in the electronegativities of X and Y in 
debye. 

Jl exd 
Where, J.1 = dipole moment (in debye unit) 

e magnitude of separated charges (in esu) 
d = distance between the centre of charges (in cm) 

The dipole moment of an individual bond cannot be 
measured in polyatomic molecules but it is possible to 

•• CI 

11 11 11 
H::!::::!::CI NO 

. Hydrogen chloride ~I 1~ ~ \~. 
Il = 1.03 D . \ H . . H 

. Ammonia 
. J.l= 1.46 D 

Water 
il=1.84 D 

Methyl chloride 
Il = 1.87 D 

.. 
11 
N 

:7\~F. 
F 

Nitrogen trifluorjde 
Il = 0:?4 0 

H 

I 
·~C~ 
CIY\~CI 

CI 
Chloroform 
J.l = 1.02 D 

Fig. 1.8 

CI 

11 
/< C ~ 

C(/\\~CI 
CI 

Carbon tetrachlOride 
J.l=0.0 
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measure the total moment of the molecule which is a vectorial 
sum of the individual bond moments. Dipole moment of a . 
molecule does not depend only on the polarity ofthe bond but 
also depends on the directions of the bond, i.e., the shape'of 
the molecule. 

(i) Dipole moment of symmetrical compound is always 
zero (J.1 = 0). , 

For example H2, 02' N 2' C12, Br2' CH4 , CCI4 , BH3 , BF3, 

CO2, CS 2, H2C=CH2 and HC=:i=CH, etc. 
(ii) Dipole moment. of . unsymmetrical compound is 

always greater than zero. .. . . 
For example H2 0; H2 S ,HCI, CHCI3, CH3CI, NH3 and .. .. , 

HF,etc. 
(iii) Dipole moment increases with· increaSe of 

electronegativity. Thus, the dipole moment of 
HF > HCI > HBr > HI and 

. CHF3 >CHCI 3 >CHBr3 >CHI 3 

(iv) Dipole moment of cis is greater than trans in 
geometrical isomers and dipole moment of trans derivative of 
the compound C (a) (b) = C (a) (b) will only be zero ifboth (a) 
and (b) will be in the form of atom (or groups having linear 
moment). For example 

~C><;:/CI H",,-C:..;:/ CI H3C~C/H '~C~CH3 

'II II II . II 
c~' 

CI"?"- H 
C . . /,C;::-.... 

H/ ~CI H/Sf"~CH3 H Sf" '-:;;: CH 
(cis) 

.~ sp3 3 
(trans) (trans) .(cis) 

1l=1.85D \.1=0 1l=0 \.1=0.33 D 

~C~CH3 ~~CH3 H"&,COOH EtOOC~C/H 

II II II . II 
H/C~CI CI"?"- H 

(cis) (trans) 
HOOc:?'"C""- H EtOOC-?""-H 

(trans) (cis) 
\.I = 0.27 D Il = 0.93 D \.I = 2.38 D Il = 2.54 D 

Fig. 1.9 

(v) Dipole moment of disubstituted benzene 
(a) When both groups X and Yare electron donating or 

both groups are electron withdrawing then 

. Jl = ~Jlf .+ J..l~ +2JlIJ.12 cose 

where, J.11 = dipole moment of bond C-X 
Jl2 dipole moment of bond C-Y 

e = angle between X and Y 
dipole moment of ottho-di > meta-di > para-di(Jl = O} 
For example, Dimethyl benzenes: 0- > m- > p- (Ii 0) 

Dichloro benzenes: 0- > m- > P- (Jl 0) 
Some exceptions are: 

OH ·COOR 

~. ~ 
OH COOR 

(Il * 0, but Il 0.83 D) (Il '* 0, but J.L = 0.27 D) 

fmd 



Introduction to Organic Chemistry . 

(b) Wh~n one group is electron withdrawing and the other 
group is electron donating then 

~ = ~r~-t=-+-~-~---2j.t-I~-2-C-O-s-6 

Hence, dipole moment is as follows: 
p-disubstituted > m-disubstituied > o-disubstituted 

For example, chlorotoluenes: p- > m- > 0-

1.8 HYDROGEN BONDING IN ORGANIC 
COMPOUNDS 

In 1920 Latimer and Rodebush introduced the idea of 
. "hydrogen bond" to explain the nature of association in 
liquid state of substances like water, hydrogen fluoride, 
ammonia and formic acid, etc. In a hydrogen compound, when 
a hydrogen atom lies between two atpms having high electro
negativities, it shows a unique property of forming a bond or a 
bridge between them, holding one of the atoms by a covalent 
bond and other by purely electrostatic forces (dipole-dipole 
attraction). This chemical combination between highly 
electronegative atoms of small atomic radius, such as F, ° arid 
N through a hydrogen bond is referred to as Hydrogen bond 
or Hydrogen bridge. 

For example, hydrogen fluoride has a great tendency to 
polymerise at temperature below 90°C, hence it occurs as 
H2F2 · molecule. In H-F, the hydrogen is attached to a 
strongly electronegative element,. fluorine. As a result, the 
fluorine acquires a partial negative charge and hydrogen 

acquires a partial positive charge [H1)+ -' F1)-]. 

The . positive charge on hydrogen in a· molecule of 
hydrogen fluoride will be attracted electrostatically by a 
negative charge on the fluorine atom in another molecule of . 
hydrogen fluoride.' This electrostatic attraction (dipole-dipole 
attraction) between different molecules of hydrogen fluoride 
continues resulting in the formation of large molecular 
aggregate. 

1)+ 1)- 1)+ 1)- 1)+ 1)- 1)+ 1)-
H-F---H-F---H-F---H-F---

\/ ~/ 
(Covalent bond) (Hydrogen bond) 

. So~ the linkage between hydrogen and the other fluorine is 
simply due to electrostatic forces of attraction, which results a 
weak: bond, commonly known as Hydrogen bond and. 
represented by dotted lines (- - -). 

Thus, hydrogen bond is defined as "an electrostatic 
attractive force between the. covalent bonded hydrogen 
atom of one molecule and an electronegative atom (such as 
F, 0, N) of the 'other molecule'" The resultant bond 
(hydrogen bond) is weaker (strength about 2-10 kcallmol or 
8.4-42 kJ/mol) as compare to a covalent bond (strength about 
50-100 kcallmol or 209-418.4 kJ/mol). Liquids in which 
molecules are held together by hydrogen bonds are said to be 
associated. Such liquids have high boiling points due to the 
greater energy required to break: the hydrogen bonds present 
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in them. Examples of H-bonding in between the . two 
molecules of same compounds are: 

H-F---H-F; H-O,---H-O, ; 
Hydrogen fluoride 

(associated) H H 

H H ., , 
H-N-":-H-N' , I ' 

H H 
Ammonia 

(associated) 

Water 
(associated) 

R R 
, I 
0-H- - -O---.:H 

Alcohol· 
(associated) 

Examples of H-bonding in between the two moles of 
different compounds are: . . . 

R H 
I , 
O-H--":O-H; 
Alcohol and water 

H O-H 
, I 

H-N---H 
I 
H 

Ammonia and water· 

Conditions for Hydrogen Bonding 

(i) Hydrogen atom should be linked to. a highly electro
negative atoms such as F, ° or N. 

(ii) The size of electronegative atom should be small. 
Further larger the electronegativity and smaller the size of 

the atom (F, 0, N), the strongest is the hydrogm bond which is 
evident from the relative order of energies of hydrogen bonds 
in the three elements. For example, electronegativities 

. decrease as F >0 > N. Consequently, strength of hydrogen 
bond decreases as: 

H-F---H > H-O---H > H-N ---H 
10 kca1/mol 7 kcal/mol 2 kcal/mol 

Although Cl has the same electronegativity as nitrogen 
but no hydrogen bonds are formed in case of H--CI because 
of the larger size of Cl atom. Similarly, sulphur forms a very 
weak: hydrogen bond due to its low elec1ronegativity, although 
oxygen present in the same group forms a strong hydrogen 
bond. 

Types 01 Hydrogen Bonding 

Generally speaking, the hydrogen bonds can be classified 
. into two categories: 

1. Intermolecular hydrogen bonding: This type of 
bonding is between two or more same or different molecules 
when combine together to form a dimer or polymer respec
tively and leads to a phenomenon called association. 

. Examples are: 

t.55A/F l.o9A , >F 
, H' "H It 
"F/ -"F/ 

H H H 
I . I I 

---N---II---N~II--~N---II---

Hydrofluoric acid I I I 
H H H 

Ammonia molecule 
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H H H 
I I I 
O-H---O-H---O-H 

I I I 
I I I 
I I I 

H H H 
I I I 
O-H---O-H---O-H 

Water molecule 

<O-H---O> . 
H-C,- C-H, 

O---H-O 
Fonnic acid (Dimer) o ~ 

---CI~O-H---CI~O-H---
m-Chlorophenol 

p-Nitrophenol and water 

This type of hydrogen bonding increases the boiling 
point of the compound and also its solubility in water. The 
increase in boiling point is due to association of' several 

• molecules of the compound. 
2. lntr.amoleeularhydrogen'bondlng:: This type of 

bonding occurs within two atoms of the same molecule and 
leads to a phenomenon called chelation. This type of 
hydrogen bonding frequently occurs in organic compounds 
and results in the cyclisation (six or five membered ring) of 
the molecule. Examples are: 

O-H 

6-~ 
o-Fluorophenol. 0-Nitrophenol 2,6-Dihydroxy 

t':);;" :hbenzeie: acid 

This type of hydrogen bonding decreases the boiling 
point of the compound and also its solubility In water. The 
chelation between the orrho substituted groups restricts the 
possibility of intermolecular hydrogen bonding and thus 
prevents association of the molecules which would have 

. raised the melting point or boiling point. In m- and p-isomers 
chelation does not take'place because the two groups (atoms) 
are far away from each other and hence in such cases 
intennolecular hydrogen bonding occurs. Thus, we can 
explain the low melting and boiling points of the ortho 
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isomers of hydroxy, nitro, carbonyl compounds than their 
corresponding m- and p-isomers. 

Intramolecular hydrogen bonds are also considered to 
influence the acidity of certain acids. Thus, o-hydroxy benzoic 
acid is about 18 times more acidic than benzoic acid, whereas 
p-hydroxy benzoic acid is half as acidic as benzoic acid, i. e., 

..... COOR .. , COOl! .. .. COOH 

0"',· .. " «'''~'t··O·' ·AI:J'I1i:'-p,'. "'''1 '\?'.«,}"', • .j '9;; <.:; '!on.)."''' .• '';'; 

~., ..... ~ .. 

OH 
Benzoic acid Salicylic acid p-hydroxy benzoic acid 

6.2 x 10-5 105 X 10-5 t9 x IO-s .. 

The large acidity is due to the intramolecular hydrogen 
bonding which is capable of stabilizing the salicylate ion. 

Thus, intramolecular H-bonding is weaker than 
intennolecular H-bonding. 

Nature and Importance of Hydrogen Bonding 

(i) Hydrogen bond is merely an electrostatic force rather 
than a chemical bond. 

(ii) Hydrogen bond never involves more than .two atoms. 
(iii) Bond energy of hydrogen bond is in the range of 3 to 

10 kcaVmol or to to 40 kJ/moI, i. e., about IIIOth the energy of 
a covalent bond. . 

(iv) With the increase of electronegativity of the atom to 
which hydrogen is covalently linked,the strength of' the 
hydrogen bond increases. 

(v) All the three atoms in X -H- - -X lie in a straight line. 

Effects of Hydrogen Bonding 'on Physical Properties 

Almost all physico-chemical properties (such as boiling 
and melting points, solubility, spectra, acidic strength and 
basic strength of amines, etc.) are affected by hydrogen 
bonding. Some of them are discussed below. 

(a) BOiling point and melting point: The boiling point 
of a liquid is the temperature where its kinetic energy is 
sufficient to overcome the intennolecular attractive forces. 
Thus, heavier the molecule and stronger the intennolecular, 
forces, higher will be the boiling point of the compound and 
so the boiling and melting points generally increase with 
increase in number of carbon atoms in most of the 
homologues series. Examples are: 

(i) Water: The boiling point of covalent compounds 
increases with increase in molecular weight and thus H20 
(mol. wt. =18) should have low boiling point than H2S(mol. 
wt. = 34). But H20 is liquid (high boiling point) and H2S is 
gas. Beclil-use in water molecule, qydrogen bonding is presept 
and so become more compact and requires more energy to get 
them separated during evaporation, while sulphur is less 
electronegative nature than oxygen and give S-H bond, a 
smaller ionic character than the O-H bond and thus H2S 
fonns very weak hydrogen bond. Hence, it is the H-bonding 
which leads for the facts that: .. 

(ii) Boiling point of HF (liquid) is greater than boiling 
. point of HCI (gas) . 
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(iii) NH3 has high boiling point than PH3. 

(iv) Alcohols: (R-OH) have high boiling point than 
those of corresponding thioalcohols (R-SH, mercaptans) and 
ethers (R-O-R). But the b.pt. of water (100°C) is higher 
than ethyl alcohol (78°C) because greater number of water 
molecules are associated (through H-bonding) than the ethyl 
alcohol. 

(v) Polyhydric alcohols have higher boiling points than 
their ethers, inspite of increase in the molecular masses of 
ethers. For example: 

CH20H CH2OCH3 CH2OCH3 

I I I 
CH20H CH20H CH2OCH 3 

b.pt. 197°C 125°C . 85°C 

CHzOH 
I 

CHZOC2Hs 
I 

CHZOC2Hs CH2OC2Hs 
I I 

CHOH CHOH CHOH CHOCzHs 
I I I I 
CHzOH CHzOH CHzOCzHs CH2OC2Hs 

b.pt. 290°C 230°C 191°C 185°C 

Glycerol (CH20H CHOH CH20H) having three 
-OH groups per molecwe (b.pt. 290°C) can· form more 
hydrogen bonds per molecule than that of water. So, glycerol is 
more viscous than alcohol because of more binding sites available 
for H~bonding. 

(vi) Boiling points of aldehydes and ketones are lower 
than alcohols. 

(vii) Andnes:' The boiling points of primary (R-NH2) 
and secondary amines (~NH) are higher than the isomeric 
tertiary ~nes (R3N) because like water and alcohols, the 
primary and secondary amines are capable of forming 
intermolecular hydrogen bonding but tertiary amine does not. 

Hence, in general the boiling point is increased due to 
intermolecular hydrogen bonding but there are certain 
cases where the boiling point is decreased _ due to 
intramolecular hydrogen bonding. For example, the ortho 
isomers of hydroxy -nitro, -carbonyl, -carboxylic or -chloro 
compounds have lower melting and boiling points than the 
respective meta or para isomers. Example (given inibe table): 

ortho-isomer pa",~somer 

m.pt. m.pt. 
Compound 

Nitrophenol 44°C 114°C 

Nitrobenzaldehyde 44°C 106°C 

Nitrobenzoic acid 144°C 241°C 

So, intermolecular H-bonding is more stronger than intra
molecular H-bonding. That is why m- or p-nitrophenol has 
high boiling point than o-nitrophenol (which is steam volatile) 
and 0- substituted compound leads to chelation which decreases 
boiling point. Chelation also explains the low boiling poiDt of 
enolic form of acetoacetic ester than the ketonic form of the 
same. 

O-H---O 
I II 

CH 3-C=CH-C-OCzH s 
(enol form) chelation 
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(b) Solubility in water: A hydrogen-bonded organic 
compound is usually soluble in another hydrogen-bonded 
substance. So, compounds whose molecule can form H-bonds 
with water molecule are soluble in water. Because of this 
reason lower members of alcohols, acids, primary and 
secondary amines, phenols and carbonyl compounds ate more 
soluble in water, whereas alkanes, ethers and thiols are 
insoluble in water. 

R HR·· 
I I I -

- - -0-H- --0-H- - -0-H- - -
However, as the hydrocarbon chain (R-) in organic 

compounds increases, the hydrophobic character of alkyl 
chain predominates over H-bonding with' the result the 
solubility of alcohols in water decreases. with .increase in 
molecular mass and alcohols become almost insoluble when 
alkyl groups of more than seven carbon atoms are present, 
while methyl, ethyl and propyl alcohols are very much soluble 
in water. .. .... . 

When the compound has a large ratio of ~H groups to 
hydrocarbon groups, the compound wiH have a significant 
solubility in water. For example. spgars~ ce$in ,starches and 
polyvinyl alcohols are fairly soluble ill water. . 

It is important to note that while the intermolecular 
hydrogen bonding increases solubility of the compound in 
water, th,e intramolecular hydrogen bonding decreases and 
therefore the solubility of o-nitrophenol is lower (because of 
chelation) than m- and p-nitrophenois. 

(c) Stereo isomerism: Intramolecular H-60nding have 
a strong influence on the spatial configuration of a molecule 
and inhibits isomerisation of one form to another. For 
example, the trans-isomer of indigo is so stabilised by 
H-bonding that it resists photochemical isomerisation to the 
cis-isomer, 

(d) Adsorption: Intermolecular H-bonding plays a 
very important role in the process of dyeing of textiles. 

(e) Miscellaneous effects: Besides 'these' many other 
properties such as colour, dipole moments, heat of mixing, 
heat of vaporisation, viscosity and refractive index, etc., are 
also affected by H-bonding. 

In fact, H-bonding is likely to affect most of the physical 
properties. 

(t) Effect of hydrogen bonding on chemical 
properties: The presence of H-bonding also affects the 
chemical property of certain- compouuds. For example, the 
dibenzoyl methane does not give the nonnal reactions of 
carbonyl group, i.e., it does not add HCN or NaHS03, etc. 
This is due to the formation of H-bonding which ties up the 
carbonyl group (enolic form). 

/H-,_ 
o 0 
I ~ . 

~C /C~ V ~CH' V 
(Enol fonn) I 

Dibenzoyl methane 
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Moreover the -OH group formed is also not free and is 
neither acetylated by acetic anhydride nor does it give 
methane with methyl magnesium iodide. Similarly 0- hydroxy 
azo-compounds unlike p-isomers, do not give the normal 
reactions of hydroxyl group. 

(g) Hydrogen bonding In biologiea. systems: 
H-bonding iri biological systems also plays an important role 
and stabilizes usual structure of proteins and nucleic acids. 

1.9 INTERMOLECULAR FORCES 

In non-ionic compounds such as organic compounds, the 
structural units are molecules. The forces holding these 
molecules together are generally very \\cak and are. of three 
types: 

(i) Dipole-dipole attraction: In polar molecules, the 
positive end of one molecule is attracted by the. negative end 
of another molecule. As a result of this dipole-dipole 
attraction, polar molecules arc held to each other. 

(Ii) 'Hyd,rogen bonding: Intermolecular hydrogen' 
bonding brings association of the molecules and thus, 
increases the melting and boiling points of the compound. 

(iii) van der Waals'forces: In'non-polar compounds,. 
there .is a very weak intermolecular attraction due to 
electrostatjc attraction between the nuclei of one molecule and 
the electrons of the other. This attraction is llirgely 

. compensated by the repulsion between the electrons of 
neighbouring molecules as well as the repulsion between the 
nuclei o(neighbouring molecules. The van der Waals' forces 
are very weak and are significant only when the molecules 'are 
very close to each other. van der Waals '. forces are stronger in 
the compounds of high molecular masses. 

The relative order of these intermolecular forces is: 

Hydrogen bond > dipole-dipole attraction> van der Waals' 

attr:action 

1.10 RESONANCE 

An organic molecule is generally represented by an 0 
electronic structure and it is expected that this .1. ~ 
structure satisfactorily explains all the observed // 
properties of the compound. But very often single 
. electronic structure cannot explain all the observed properties. 
For' example, bepzene is ordinarily represented as inside 
figure. ' 

This structure has two types of carbon-carbon bonds. 
Three carbon-carbon bonds are single bonds and three 
carbon~ca:rbcin bonds are double bonds. However, it has been 
observed experimentally that all carbon-carbon bonds are 
identical and have the same bond length (1.39 A). The normal 
carbon-carbon single bond length is 1.54 A and .normal 
carbon-carbon double bond length is 1.34 A. Actually 
benzene can be represented by the given two alternative 
structures but none is able to explain fully all the observed 
properties of benzene. These two structures differ only in the 
position of electrons. 
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The actual structure of benzene, which can explain all the 
observed properties, lies somewhere in between these two 
structures. 

O· · 0 
(i) (ii) 

So, it was found in certain compounds, that no structural 
formula (electron ic picture) could satisfactorily explain all the 
propc'rties, For example, the electronic structure of carbon 
dioxide may be represented by at least three electronic 
arrangements given as follows: 

O~C=O ~ -O-C==a+ ~ 
or 

.' .. .... .. 
0: :C::O ~ (O:C::O+: ~ :+O::C :0-: .. .. '.... .. .. 
This led to the idea that such compounds exist in a state 

which is some combination. of tWo or more structures and each 
. one· oJ which makes sOme contribution to itS structure,· but 
none of them describes allthe properties of the molecule or an 
ion. Ingold, (1933) called this phenomenon as mesomerism 
(between the parts, Le., an intermediate structure). 

This phenomenon in which two or more structures can be 
written for a compound, but none of them represents it 

. accurately, is referred'to as resonance. The actual structure of 
the compound is said to be a resonance hybrid of various 
possible alternative structures which themselves are known as 
resonatirig structures or canonical structures. In canonical 
structures, there is only delocalization of· electrons 
(1t-electrons and unshared electrons) without sh~fting any 
atom. The resonance hybrid is a definite form which cannot be 
represented. It does not oscillate between various structures Of 
it is not the mixture of various canonical forms. Its properties 
are fixed and these are the pr-operties of the actual hybrid 
structure. Thus, resonance is hybridization of resonating 
structures and takes place in conjugated. compounds 
(containing alternate single bond·and multiple bond). 

Conditions of Resonance 
(i) Structures contributing towards the hybrid must 

conform to real Lewis structures. 
(ii) The arrangement of atoms must be identical or almost 

the same in every contributing structure, i. e., canonical form. 
(iii) Resonance involves delocalization of only 1t-electrons. 
(iv) All canonical forms must have same number of 

unpaired electrons. 
(v) The energy contents of all the canonical forms must' 

be nearly the same. 
(vi) All resonance structures (canonical forms) do not 

contribute equally to the hybrid. Structures with more 
covalent bonds are more stable than those with lesser number 
of covalent bonds. The non-polar form of butadiene (I) is most 
stable of all its canonical forms (II and III). 

it 
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+ 
CH2=CH-CH=CH2 ~ CH2-CH=CH-CH2 ' 

(I) (II) 
. . + 

~ CH2-CH=CH~CH2 
(III) 

(vii) Resonance structures having like charges on 
adjacent atoms contribute very little towards resonance hybrid 
as these structures possess high energy and thus are less 
stable. 

(viii) Structures with isolated unlike charges have less 
contribution than those in which they are close to each other. 
Thus, structure (II) of phenol has more contribution than 
stru~ture (III) to its resonance hybrid. 

ED ED 
(D--H O-H O-H. 

0-69 -6 
(n (fl)' e 

(III) 

(ix) Structures with negative. formal charge on the most 
electronegative atom. and positive charge on the least 
electronegative atom have significant contribution. Structures 
with negative formal charge on the electropositive atom and 
positive ch~ge on the electronegative atom have least' 
contribution to the resonance hybrid. The structure (II) is more 
contributing than structure (III) to the resonance hybrid of 
acrolein [acrylic aldehyde, an Il, ~unsaturated aldehyde (I)]. 

o Oe 
~ a II ED I 
CH2=CH-C-H ~ CH2-CH=C-H 

ex, ~-unsaturated (II) 
aldehyde (1) 

+ :0 
e I 

~ CH2-CH=C-H 
(III) 

(x) Structures with electron deficient atom (i.e., 
possessing less than eight electrons in its outermost shell) 
have high energy, i.e., low stability, hence they contribute less 
than those structures in which octet rule is not violated. Thus, 
structure (I)' contributes more .than structure (II) to the 
resonance hybrid of diazomethane (CH2N 2)' 

ED ~. •• •• 
CH2=N=N ~ CH2=N-N 

•• •• 
(I) (II) 

(xi) Resonating structures are more important in 
conjugated system than those in isolated system. 

(xii) Resonating structures must be planar. 
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Examples of Some Molecules or Ions Showing Resonance 
(1) Benzene, C6H6 

(ii) Acetate, CH3COO-

. 0- / 
CH3-C( ~ CH3-C-( 

~O '0-

(ill) Carbonate ion, CO~-

o 0-· ~-
-o-e£ ~ O=C< f-'-'7 ~O-C,~ 
. . "'0- . 0- "0 

(Iv) Sulphur trioxide, S03 

/0 /0 /0 
O=S~ ~O~S~ ~O~S, 

o 0 0 

(v) Diazo methane,CH2N2 

+.. .. + 
H2C=N=N: ~ H2C-N::sN: 

(vi) Vinyl chloride, H2C == CHCI 

•• •• + 
H2C=CH-CI: ~ H2C-CH=CI: ~ 

•• •• 
(a) (b) 

+ •• 
H2C-CH=CI- : 

•• 
(c) 

(The order of stability (a) > (b) > (c), i.e., structure (a) is 
more stable because it has no formal charge and (c) is least 
stable having an electron deficient carbon.) 

(vii) Carboxylic acld, R--COOH 

20 

R-C~~. ~ 
"'-O.:.........H 

•• 

•• 

/ 0: •• 
R-C,+ 

O-H 
•• 
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Effects of Resonance 
(i) Resonance is responsible for the greater stability of 

the molecule. 
(ii) In a resonance hybrid, the bond length is smaller 

than in canonical forms. . . . . ;,<" , . " 

(iii) Heat of formation of a resonance hybritl is abnormal 
in comparison to canonical forms. 

(iv) On account of greater stability of the resonance 
hybrid, the reactivity of the molecule decreases. 

Resonance Energy , , 

One of the most important effect of resonance is that 
resonance hybrid (the real molecule) has much lower energy 
than the energy calculated for any of the canonical forms. The 
difference between the actualen~ ofilie iholecule (the'energy 
of resonance hybrid) and the energy calculated for the most 
stable of the canonical form, i. e., having the lowest energy 
among the canonical forms is called the resonance energy. 

[Experimental heat of formation (observed) - Theoretical 
heat of formation (calculated)] 

The resonance energy is calculated from the difference 
between the theoretical and experimental heats of hydrogenation 
of the compound. For example, it is possible to determine the 
resonance energy of benzene from the following data: o + H, GaIaIy~ • 0 +28.6 ~cM!niol 

Cyclohexene 

Accordingly, 

Cyclohexane 

0 1 
Catalyst 0 ~ . + 3H2 --"-+~ ,'" +3 x'28.6='85.8'kcaVmol 

Cyclohexatriene Cyclohexane 
(hypothetical) 

But, however, the experimentalvalue of heat of hydrogenation 
of benzene is·49.8 kcaVmol. 

Therefore, benzene is having 36 kcaVmol (8S.g..... 49.8) 
less energy than, expected for a typical compound which is 
having three double bonds. Hence, resonance energy of 
benzene molecule is 36 kcaVmol by which the benzene 
molecule gets stabilized. The greater the resonance energy, the 

G.R.B. Organic Chemistry (or CompetitiQns 
\ " ' 

greater is the stability of the molecule. The resonance hybrid 
is represented by a double headed arrow ( ~ )~ 

ILLUSTRATIONS OF OBJECTIVE QUESTIONS 

1. Which of the following has maximum bond energy? 
(a) C12 (b) F2 

(c) Br2 (d) 12 
[Ans. (a)] 

2. Which one of the following does not have 
sp2 -hybridized carbon? 

(a) CH3COCH3 
(c) CH3-C=N 
[ADS. (c)] 

(b) CH3COOH 
(d) CH3CONH2 

spJ sp2 spJ sp3 sp2 sp3 sp 

[lila. : (a) CH3COCH3 (b) CH3-COOH (c) CH3-C==N 
acetone acetic acid acetonitrile 

spJ sp2 

(d) CH3CONH2] 
acetamide 

3. Which bond is not polar? 
(a) O-F 
(c) C-F 
[ADS. (a)]' 

(b) C-CI 
(d) C-N 

[111ft. : O-F bond is non-polar due to very much less difference 
in electronegativities of oxygen and fluorine.] 

4. Number of H-bonds formed by a water molecule is: 
(a) 2 (b) 8 
(c) I (d) 4 
[ADS. (d)] 

[II11l.: 

5. The electronegativity follows the order : 
(a) F>CI> Br>O (b) F>O>CI> Br 
(c) 0> F>CI> Br (d) CI> F>O> Br 
[Ans. (b)] 
[IIlat: Electronegativity decreases from F to I and 0 is next to F 
in order of decreasing electronegativity.] 

6. In which of the following compounds, delocalized 
bonding is not possible? 
(a) 1,3-Butadiene . 
(c) 1,3,S-Hexatriene 
[Ans. (b)] 

(b) 1,4-Pentadiene 
(d) Benzene 

[Hlot; (b) is not a conjugated system.] 
7. The carbonyl group has following resonating structures, 

(i) )C=O (ii) )C-O (iii) )C+-O-
The correct order of stability of these structures is: 
(a) (i»(ii»(iii) (b) (iii»(i»(ii) 
( c) (i) > (iii) > (ii) (d) (iii) > (ii) > (i) 
[Ans. (c)] 
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!.Hlat: The reS()nat;ng sp,-ucng:e with minimum or no charge is 
more stable. Thus; the stahility of structure (i) is maximum. As the 

, negative charge is present on more electronegative oxygen atom 
. {as in structure (iii)}. (iii) i~ more stable than structure (ii).] 

8.. The ratio of 0' and rc-bonds in mesitylene is: 
(a) 3 (b) 5 
(c) 6 (d) 7 
[Ans. (d)] 
tHlat: The structure of mesitylene is 

H 
I 

H-C-H 
I C ' , 

H HC-P 'CH H 
I I II I 

H-C--C~ ....... C--C-H 
I CH I, a . H, 

Total number of a-bonds = 21 
Total number of tt-bonds = 3 
So, ratio of 0' and 1t~"9Pds .isj:,l] 

. .. .. - .' '" ::: "", -. ' , . ~ ~ 

1.11 PURIFICATION' OF ORGANIC COMPOUNDS 

The organic compounds derived from natural sources or 
prepared in the laboratory are seldom pure. They are usually 
contaminated with other substances. Purification means the 
removal of undesirable impurities associated with a 
particular organic compound, i.e., to obtain tbe organic 
eompound in pure state. The' methods commonly used for 
the separation and purification of organic compounds are: 

(i) Crystallisation: 
(a) Simple crystallisation 
(b) Fractional crystallisation 

(ii) Sublimation 
(iii) Distillation: 

(a) Simple distillation 
(b) Fractional distillation 
( c) Vacuum distillation 
(d) Steam distillation 

(iv) Solvent extraction 
(v) Chromatography. 

~ n'~~F~-; ~\vi-~:;'~":'f.:i;~;~-' <:.·H'·~ :l,~;··~:·j:~' 

Methods Employed for PurifieatioD of Solids 

(a) Simple crystallisation : It involves the preparation 
of saturated solution of the impure organic'compound in a 
suitable solvent at a higher temperature, i.e .• near its boiling 
point. The solution so formed is filtered while hot to remove 
insoluble impurities. The clear solution is cooled when the 
solid organic compound separates out in the form of fine 
crystals. The solid is filtered and dried. 

Examples: (i) Sugar mixed with common salt can be 
purified with ethan0ln, ".~"". t"" ;"'" ,; 

(ii) Phthalic acid mixed with naphthalene can be purified 
with hot-water. 

(b) Fractional crystalUsation: The method is used for 
the separation of a mixture of two compounds which are 
soluble in the same solvent but their solubilities are different. 
The hot saturated solution of the mixture is allowed to cool 
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when the less soluble component crystallises out earlier than 
the more soluble component. The various fractions are 
separated from time to time. These fractions are now sepa
rately" ,put" to:, ,~rystallisation. ,cA., series~; ';ot ii rep,eated 
crystallisations separate the two compounds in pure;fQrrn, 

(il) SubUmation: Certain organic substances pass 
directly from so1id to vapour state on heating and vice-versa '. 
on cooling. This is called sublimation and the process is very 
useful for separation of substances which sublime on heating 
from non-volatile impurities. The organic compounds such as 
benzoic acid, naphthalene, anthracene,· camphor, indigo. 
anthraquinone, etc., are purified by this process. 

Heat 
Solid .-----'" Vapours 

Cool 

The process of sublimation requires no solvent and is 
completed in a short time but it can be applied to only a 
limited number of organic subs~c~~ .which possess high 
vapour pressure at normal atmospheric'pressure~ . ,,? 

Methods Employed for.purlfication of Liquids 

(i) Distillation: Distillation is the most important 
method for purifying the organic liquids. Several methods of 
distillation, such as simple distillation. fractional distillation, 
vacuum distillation. steam distillation, etc., are used. The type 
of distillation depends mainly oti''the"liatUre' of ' impurities 
present in the organic compound. 

Distillation is a process which involves two steps: 
1. Vaporisation: Liquid is converted into vapours. 
2. Condensation: Vapours are condensed again' into 

liquid. 
(a) Simple distillation: Simpld distiUationjis 'applied 

only for' volatile liquids which boil without decomposition at 
atmospheric pressure and contains non-volatile impurities. 

This method can also be used for separating liquids 
having sufficient difference in their boiling points. For 
example. 

(i) benzene (b.pt. 80°C) and aniline (b.pt. 184°C) 
(ii) chloroform (b.pt. 61°C) and aniline (b.pt. 184°C) 
(iii) ether (b.pt. 35°C) and toluene (b.pt. no°C) 
Nitrobenzene prepared in the laboratory can also be purified 

by distillation. 
(b) Fractio.oat distillation: This method is used for 

the separation and purification of organic liquids from 
non-volatile impurities or for separating two or more volatile 
liquids from a liquid mixture which have boiling points close 
to each other. 

Since, in this process, the distillate is coUeetedin 
fractions under difi'erent temperatures, it is known as 
fractional distillation. 

Liquids forming constant boiling mixture (azeotropic 
mixture) cannot be separated by this method. Fractional 
distillation is used these days in' industry, especially. in the 
distillation of petroleum, coal-tar and crude alcohol. A 
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mixture of methanol (b.pt. 65°C) and propanone (b.pt. 57°C) 
or a mixture of benzene and toluene may be separated by 
fractional distillation. 

. (e) DlstlUation under reduetd pressure (VacuulD 
dlstiUatiod): The compounds, which decompose at a 
temperature below their normal boiling points, cannot be 
purified by distillation under ordinary atmospheric pressure. 
Glycerine is one such compound which decomposes at its 
,boiling point. 

The pressure is reduced by suction, pump and the 
distillation is carried out at lower temperature as glycerine can 
be distilled at 180°C (normal b.pt. 290°C) under a pressure of 
10-12 mm. Cane juice can also be concentrated by this 
method. This technique can be used to separate glycerol from 
spent lye in soap industry. 

Distillation under reduced pressure is not only useful in 
avoiding decomposition but also serves to economise fuel for 
industrial concerns. 

(d) StealD dlstUlatlon: This type of distillation is 
essentially a co-distillation With water and is carried out when 
a solid or liquid, practically insoluble in water, is volatile with 
steam, possesses a vapour pressure of about 10-15 'mm of 
mercury but the impurities are non-volatile. 

This process is used in the purification of compounds 
such ,as chlorotoluenes, aniline and nitrobenzene. It is also 
empioyed in the isolation of essential oils from flowers. 

(il) Solvent extraetion: The process of separation of 
an organic compound from its aqueous solution by Shaking 
with a suitable organic solvent is termed solvent extraction. 
The solvent should be immiscible with water and the organic 
compound to be separated (by using separating funnel) should 
be highly soluble in it. . 

(Hi) Cbr.omatograpby: It is a recent and most 
effIcient technique which was first used by Tswett, a botanist, 
in 1906 for the separation of coloured substances into 
individual components. The name chromatography (Greek 
word, chroma colour and graphy = writing) means colour 
writing. The name is no longer accurate as the technique has 
undergone tremendous modifications and is now used to 
separate almost any given 'mixture, whether coloured or 
colourless, into its .constituents and to test the purity of these 
constituents. This technique is even applicable to micro 
quantities (even less than 50 mg or 1 mL). 

Chromatography. is based on selective distribution of the 
vari,ous, constituents of a mixture between two phases, a 
stationary phase ,and a moving (mobile) phase. ,Different 
constituents migrate, at different rates, through the stationary 
phase. The stationary phase can be a solid or a liquid, while the 
mobile (moving) phase is a liquid or a gas. Based on the nature of 
the stationary phase and the mobile phase, different types of 
chromatographic techniques have been developed, ' 

(a) When stationary phase is solid, the chromatography is 
,known as adsorption or column chromatography. 
Depending upon the nature of mobile phase, adsorption 
chromatography i~ further classified as follows: 
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I 
Liquid 

I 
Liquid-solid 

chromatography 
(LSC) 

I 
I 

Adsorption column 
chromatography 

(ACC) 

Mobile pbase 

I 

Adsorption 
thin-layer 

chromatography 
(TLC) 

I 
Gas 

I 
Gas-solid 

chromatography 
(GSC) 

(b) When stationary phase is liquid, the chromatography 
isknown as partition chromatography. Depending upon the 
natUre of mobile phase, partition chromatography is further 
classified as follows: . 

I 
Liquid 

I 
Liquid-liquid 

chromatography 
(LLC) 

I 

Mobile phase 

I 
I 

Gas 

I 
Gas-liquid 

chromatography 
(GLC) 

Partition Partition Paper Reverse phase 
thin-layer column chromatography partition 

chromatography chromatography (PC) chromatography 
• (TLC) (PCC) (RPPC) 

The most common ones are: 
(i) Column chromatography or adsorption chromato-

graphy, 
(ii) Thin layer chromatography (TLC), 

(iii) Paper chromatography, 
(iv) Gas chromatography, 
(v) Ion-exchange chromatography. 

The first three techniques have been described as: 
Column (Adsorption) ~hromatograpiay: This is 

based on adsorption (or surface) phenomenon: The extent of 
adsorption of various constituents present in a mixture lIquid 
(mobile phase) varies with a given adsorbent (stationary 
phase). The common adsorbents used are magnesium oxide, 
alumina, cellulose powder, silica gel, active animal charcoal, 
etc. 

Column chromatography involves the 
(i) preparation of adsorbent column, 

(ii) adsorption and 
(iii) elution of components and recovery. 
Thin layer chromatography (TLC): It is a special 

technique of adsorption chromatography in which thin layers 
of adsorbents such as silica gel are spread on glass plates. A 
slurry of the adsorbent in an organic solvent is prepared. The 
~lurrY is then, coated on the glass plate with the help of a 
device called applicator. A spot of the selution of the mixture 
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to be separated is kept at a distance of 2 em frOIn'one; side of 
the· glass plate with th~.help 9f capillary. The siz~ of the spot 
should be as small as possible. The plate is then dried. The 
glass plate is now placed vertically in a developing chamber 
(close jar) containing a suitable solvent or solvent mixture at 
the bottom (about 1 cm deep). The end which has the sample 
spot is dipped in the solvent. The chamber is closed and the 
solvent is allowed to ascend. The solvent consequently 
resolves the original spot of mixture into a series of spots, each 
corresponding to a single component. The relative adsorption 
of each component of the mixture is expressed in terms of its 
retardation factor, i.e., RJ value. 

R = Distance moved by the substance from base line 
f Distance moved by the solvent from base 

The plate is taken off and dried. Each spot is now eluted 
separately. 

Paper chromatography: It is a type of partition 
chromatography •. The process is similar to thin layer 
chromatography, exc~t that a strip of paper acts as the 
adsorbent. Paper chromatography is based on a mechanism 
which is partly partition and partly adsorption. The paper 
consists of cellulose fibres having molecules of water strongly 
adsorbed on them. This serves as the stationary pbase while a 
suitable organic solvent is used as a mobile phase. A drop of 
the solution of a mixture to be separated is placed on a strip of 
chromatographic paper and the solvent is allowed to travel 
along the strip. When the eluting solvent moves upwards, it is 
termed ascending paper chromatography and when the 
eluting solvent moves downwards, it is termed f,lescending 
paper chromatograpby. 

Finally, the paper strip is taken out and dried in air. The 
position of various components, on the paper, is determined 
by spraying some suitable reagent which makes the spots 
(components) visible. In the separation and identification of 
amino acids, ninhydrin is used for developing the coloured 
spots. 

1.12 CRITERIA OF PURITY OF ORGANIC 
COMPOUNDS 

Melting point: A pure organic solid has a definite and 
sharp (sudden, rapid and complete) melting point, while an 
impure substance has a lower and indefinite melting point. 
The melting point of a solid may be defined as the temperature 
at which the solid and liquid states of the compound are in 
equilibrium with each other at an external pressure of I 
atmosphere. 

Mixed melting point: The melting point of two 
~oroughly mixed substances is called mixed melting point. 
This can also be used for ascertaining. the purity of a 
compound. 

The substance, whose purity is to be tested, is mixed with a 
pure sample of the same compound. The melting point of the 
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. mixture is.detennmed. If the meltiQg point of the mixture is sharp 
. and comes out to be the same as that of pure compound, it is sure 
that the compound under test is pure. On the other hand, if the 
melting point of the mixture is less than the melting point of the 
pure compound, the compound in question is not pure. 

Bolling point*: The boiling point of a liquid is defined 
as the temperature at which the vapour pressure of a liquid is 
equal to external pressure. Boiling points .are also normally 
quoted for standard atmospheric pressure. A pure organic 
liquid boils at a fixed temperature which is characteristic' of 
that substance. 

If enough liquid is available, it can be distilled in a 
distillation apparatus and the constant temperature recorded 
by the thermometer is the bQiling point. 

When the amount of the liquid is small, Siwololf's 
method (capillary tube method) is used. . 

ILLUSTRATIONS OF OBJECTIVE QUESTIONS 

9 •. Suggest a method to purity benzene containing non-volatile 
impurities: 
(a) steam distillation 
(b) distillation under reduced pressure 
(c) simple distillation 
(d) sublimation 
[Ans. (c)] 

10. A substance has boiling point 563 K, but it starts 
decomposing near this temperature. Which type of 
distillation process is suitable for its purification? 
(a) Distillation 
(b) Fractional distillation 
(c) Steam distillation 
(d) Distillation under reduced pressure 
[Ans. (d)] 

11. Petroleum refining involves: 
·(a) vacuum distillation 
(b) fractional distillation 
( c) steam distillation 
(d) passing over activated charcoal 
[Ans. (b)] 
[HInt; Crude petroleum is subjected for fractional (iistillation to 

get different products.] 
U. In steam distillation of toluene, the pressure of toluene 

vapour is: 
(a) equal to the pressure of barometer 
(b) less than the pressure of barometer 
(c) equal to vapour pressure of toluene in simple 

distillation 
(d) more than the vapour pressure of toluene in 

simple distillation 
[Ans. (b)] 

"'Boiling point is not as reliable a test of purity as is the melting point for the solids. There are many liquids which are miscible with other liquids and 
mixtures have fixed boiling points (azeotrQPe). Thus, other physical properties are being used fur deciding the purity. 
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: ~';,." IMPORTANT POJNTS TO REMEMBER (SUII.ARY)~ 

a All ~rganic compounds contain carbon and hydrogen as 
essential constituents. 

IJCarbon has the maximum tendency of catenation as it can 
combine with other carbon, atoms bysiogle;, double or 
triple covalent bonds. The bonding can be extended to 
form long open chains (straight or branched) or closed 
one. This leads to a large number of organic compounds. 

IJ Organic compounds being covalent are generally 
insoluble in water and other polar solvents but soluble in 
non-polar solvents. 

IJ The nature of the covalent bonding in organic compounds 
can be desCribed in terms of orbitals hybridization 
concept, according to which carbon can have sp3 , Sp2 and 

, sp-hybridized orbitals. The tetrahedral shape of methane, 
planar shape of ethene and linear shape of ethyne can be 
understood on the basis of this concept. 

a A; ~pJ .ihybnd" 'OFDitar.' cim'; i()verlap~ lWith" 'l~orbitgl; .of 
hydrogen to give a carbon hydrogen (G-H) single bt?~d 
(sigma, 0' ,bond). The bond angle is 109°28' (or 109.5°). 
Overlap of a Sp2 -hybrid orbital of one carbon atom 
coaxially with that of another carbon atom to form a 
(C--C) sigma bond. The unhybridized 2pz -orbitals on 
two adjacent carbon atoms overlap laterally (side-by-side) 
to form a pi (1t) bond. The H--C-H bond angle is 120°. 
Similarly the triple bond between two carbon atoms 
(C==C) consists of one sigma and two pi-bonds 
(sp-hybridization) and the bond angle is 180°. 

IJ Greater the S'-Character of the hybrid orbital, the smaller is 
its size. So, the order, of the size of the three hybrid orbitals 
is: 

Sp3 > sp2 > sp. 
a The distance between the nuclei of the two atoms joined 

by the bond is called Bond Length (Single bond> Double 
bond> Triple bond). The amount of energy required; ~o 
break a bond in a molecule is called Bond Energy or 
Bond Strength. It is in the following order: 

(Triple bond> Double bond> Single bond). 
t:J An electrostatic attractive force between the covalent 

bonded hydrogen atom of one molecule and, highly 
electronegative atom of small atomic radius (suc~r:s F, 0, 
N) of the other molecule is referred to as Hydrogen bond. 
The strength of hydrogen bond decreases as: " ; 

H··· F> H·· ,0> H··· N 
t:J Resonance: If a molecule or an ion can be shown by two 

or more structures, differing only in the qistribution of 
electrons, but none of them truly explain all the properties 
of the molecule or an ion, these structures are called 
resonating or contributing or canonical, structures and 
this phenomenon is called Resonance. 

t:J Benzene can be shown by two or more resonating 
stnictures and each one makes some contribution to its 
structure, ~l!t.none of them describe all the properties of 
benzene molecule and actual structure lies some where in 
between, called resonance hybrid. 

t:J It has been proved experimentally that all C--C bonds are 

identical and have the same bond length (1.39 A). The 
normal C--C single bond length is 1.54 A and normal C--C 
double bond length is 1.34 A. 

Typ~ ofResonan~e,: 

~i} lsoyalent: The different contributing structures 
having same number of covalent bonds is called Isovalent 
resonance. For example, benzene have isovalent resonating 
structures similarly in carboxylate anion, there is same 
number of bonds. 
(ii,~yalent: The different contributing structures 
having different number of bonds is called Heterovalent 
resonance. For example, 

+ 
H20=CH-' CH=CH2 ~( --7) H 2C-CH=CH-CH2 

(I) ,." ,~. ,(D) .. ,c 

+ 
~ H2C-CH=CH-CH2 

(III) 

In buta-I,3-diene, there are eleven bonds in structure (I) 
while ten bonds in structures (II) and (III) respectively. 

,eoBditiQllS ,of R-eso:nanee: 
IJ All contributing structures must have same number of 

paired or unpaired electrons, same or nearly the same 
energy contents, same atomic skeleton a planar structure 
and involves delocalization of only 1t-electrons. 

a Resonati'ng structures with more covalent bQnds are more 
stable. They are more important in conjugated system than 
those in isolated system and non-polar structures are more 
stable than the polar structures. 

Effects ,of Resonanee: 
IJ Resonance is responsible for the gre.ater stability of the 

molecule. 
(J The bond lengths of hybrid form are different from any of 

the resonating structures. 
t:J The heat of hydrogenation determined experimentally an~ 

thatCaI~V!f1t~ ,tp.e9f~tic~Jfy tQ~ tb..e.:~p&t sta~le ~tn:~tm;e 
are different. This difference IS caI1eq R~sQrumceenergy. 

IJPurification, Qualitative and Qtianiitati\,;e" 'analysis .of 
organic compoundS' are carried out for,. qetem,rln;n..g. their 
structures. 

t:J Purification means the removal of undesirable impurities 
associated with a particular organic, compound, i.e., to 
obtain the organic compound in pure state. The methods 
employed for purification of solids are as follows: , 

IJ Crystallisation is used to purify organic solids by dissolv~ 
ing them in suitable solvent f?~~owe4 by ,ijltra,tiB.~;9f the 
hot solution and crystallisation. 

IJ Fractional crystallisation isused to separate two or more 
organic solids with different solubilities in the same 
solvent. 

t:J Sublimation is used for separation of certain organic 
substances which sublime (passes directly from solid to 
vapour stafe "on~heatirig 'ana' viCe:'versa) 'on'1ieaHng'fro~ 
non-volatile inipurities. Examples are camphor, benz(nc 
acid, naphthalene and anthracene, etc. 
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-a 'The lflethods empitryed f6t'{.lirification' ~' q, mt'" 9 Solvt(D~'t'\tractloinfteih.6d"Ts· Used'to 's'eparate'lf given 
i , follows: ' , ,;(:::;, 'j', ;: f orgru:ik~~poundfrom Its aqueous solution by shaking 
, .. 0 .Simple ,distillation is. ,applied only .. for volatile "liquids .. ' ... with ,a~suitahJe,.organie·solvent"in-whieh-the·oompound is 

which boil without decomposition at atmospheric pressure more soluble than water. 

:~c~o~~~~::~:~~ti!~ff:P~~~~~:~ :::! ~x:':a~ a. ~=fl:::~ri~~~' t~~~:t~~o~di~!01;f 
30-50 K. available in very small amount. 

[J Fractional distillation is applied for separating two' or [J 'Adsorption (column) chromatography is based on the 
more volatile liquids from a liquid mixture in which the differences in rates at which the components of a mixture 
components differ in boiling points close to each other by ,liquid (moving phase) are adsorbed on an adsorbent 
10 to 20 K. (stationary phase). 

[J Vacuum distillation' is applied for liquids, which a Partition chromatography involves. continuous 
decompose at a temperature below their normal boiling partitioning of the components of a mixture between 
points.' stationary and mobile phases. Paper chromatography is a 

[J Steam distillation is 'applied for separation and "type of partition chromatography. 
purification of liquids which is appreciably volatile in a Criteria of purity, of an organic compound is best 
steam, practically immiscible with water but the impurities determined by mixed melting point. 
are non-volatile. ' 

mrt'lIlrr nn .,. '···W-: "1!'tr' 
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(i) Resonance decreases the stability of the molecule and 
increases its reactivity. 

G) With the shortening of bond le.n~, bond strength . , ~ ; .", ' 

increases. ~, 

(k) A symmetrical molecule is non-polar even though it 
contains polar bonds. 

(I) CCI 4 has high value of dipole moment. 
(m) Resonance involves movement of cr- and 1t-electrons. 
(n) The greater the resonance energy, the lower is the 

stability of the molecule. 
(0) More is the number of canonical forms for a molecule, 

more is the resonance energy of molecule. 
(p) A carbon--carbon double bond is stronger than a 

carbon--carbon single bond. 
(q) A polar bond results when the atoms have same 

electronegativity. 
(r) Acetylene is a linear molecule. 
(s) The criterion of purity of a solid organic compound is 

its molecular mass. 
(t) Chromatography is a method to separate and purify 

compounds when present in small amounts. . 
(u) Naphthalene can be separated from ammonium 

chloride by sublimation. 
(v) Aniline is purified by steam distillation. 
(w) Benzene- and toluene can be separated by fractional 

distillation. 
(x) In organic compounds, carbon is always sp3 - hybridized. 

(y) All bond length values in ethane are same. 
(z) A triple bond consists one sigma and two pi bonds. 

.. ~ Match the following: 
(a). (A) Vital force theory (i) Bond angle 1200 

(B) sp3 -hybridization . (ii) Kolbe 

(C) Hydrogen bonding (iii) Wohler 
(D) Resonance (iv) Onesigmatwopibonds 
(E) spz -hybridization (v) Sublimation 

(F) Urea (vi) Vacuum distillation 
(G) Acetic acid (vii) CH4 
(H) Naphthalene (viii) Berzelius 
(I) Triple bond (ix) C6 H6 

(1) Glycerol (x) CzHsOH 
(It) (A) Sublimation (i) Benzene + Toluene 

(B) Chromatography (ii) Tswett 
(C) Steam distillation (iii) Camphor 
(D) Fractional distillation (iv) Aniline 

5~ In each case, select the property which is typical of organic 
rather than inorganic compounds: 
A. (i) Water soluble 

. (ii) Water insoluble 
_ B. (i) Low melting point 

(ii) High melting point 
C. (i) Flammable 

(ii) Non-flainmable 
D. (i) Ionic bonding 

(ii) Covalent bo~ding 
E. (i) Chemical reactions are slow 

(ii) Chemical reactions are fast 
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6. Classify the following in~o polar and non-polar molecules: 
(i) CO2, (ii) CHCI 3, (iii) CCI4 , (iv) CH30CH3, 

(v) C2HsOH, (vi) C2H6 , (vii) CHzClz, (viii). NH3 , 

(ix) HzO, (x) CH3 CL 
7. Indicate the type of hybridization of each carbon atom in the 

following molecules: 
I z 34 1234 

(i) CH3-CH=CH--'CH3 (ii) H-C==C-C==C-H 
I Z 3 4 1 Z 3 

(iii) CH3-C==C-CH3 (iv) CHr -CHz-CH3 

° I 2 
(v) CH3 -C==N 

III 
(vi) H-C-NH2 

I 2 3 4 
(vii) CH3 --CH CH-C==N 

° I 211 3 
(viii) CH3 -C-CH3 

(ix) H2C=C=O 

8. Indicate the number of cr- and 1t-bonds in the following 
molecules: 

(i) CH3-C-C-H 
(iii) H2C-C=CH~ 
(v) H2C=C=CH-CH3 

(vi) HC=C-CH=CHCH3 

(ii) CH3-CH=CHz 
(iv) CH3-CHz-CH3 

(vii) H2C=CH-C==N (viii) CH30H 
(ix) CH3 --C==N (x) CH3NOi 
(xi) CH2CI2 (xii) C6H1Z (Hexene) 

9. (a) How do bond length and bond strength vary in the 
following cases? 
C-C, C=C, C==C 

(b) Arrange the sp,sp:;' - and sp 3 -hybridization in increasing 

order of: 
(i) bond length (ii) bond allgk (iii) bonl energy 
(iv) size of orbitals (v) s-charact?r 

tO~ Which resonance form in each of the following s-:ts is the 
major contributor to the real structure? 

(i) CHz=C-CH=CH2 

I 
CH3 

(A) 

r 
(ii) CH3-C-CH=CHz 

(A) 

+ -
~ CH2-C=CH-C'H, 

I -
CH3 

(8) 
4-

~ CHz-C=CH-C11., I -
CH3 

,C) 

0-
I 

~ CH3-C-CH=CH2 + 
(8) 

0-

! + 
<:----7 ell 3 -C=CH-CH 2 

(C) 
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+. 
(iii) CH2 =CH-CH=CH2 ~ CH2-CH=CH-CH2 

(A) (B) 

+ 
~ CH2-CH=CH-CH2 

(C) 

R)+ R)_ + 
(iv) R C-O ~ R C-O 

R 

~ R)C=O 
(A) (B). (C) 

11. Answer of the following: 
(i) The type of hybridiZation' which carbon atoms 

undergo in the formation of ethane molecule is. 
(ii) The type of hybridization which carbon atoms 

undergo in the formation of ethene molecule 
(H2 C=CH2 ) is. 

(iii) The type of hybridization which carbon atoms undergo 
in the formation of ethyne molecule (HC==CH) is. 

(iv) Carbon-carbon bond distance in benzene is 
intermediate between the C-C bond distances in 
ethene and ethane. 

(v) Alcohols have higher boiling points than the 
corresponding isomeric ethers. 

(vi) CH30Hhas higher boiling point than CH3 SH. 

(vii) The 0- and p-chlorophenols have different boiling 
points. 

(viii) The three carbon-oxygen bonds are equal in carbonate 
ion. 

(ix) Carbon-oxygen bond lengths in formic acid are 
1.23 A and 1.36 A and both the carbon-oxygen bonds 
in sodium formate have same value, i. e., 1.27 A. 

(x) A mixture of plant pigments is separated by which 
method? 

(xi) The purity of an organic solid is tested by which 
physical property? 

(xii) C-C bond lengths in ethane,< ethylene and acetylene 
are. 

(xiii) What are the bond angles in sp3 ::'sp2 - and sp-hybrid 

orbitals? 
(xiv) Chloral hydrate, CCI 3CH(OH)2 is stable although it 

has two hydroxyl groups attached to the same carbon 
atom. 

(xv) C=C hond length is shorter than the C-:-C bond 
length. 

(xvi) Why o-hydroxy benzaldehyde is a Hquid at room 
temperature while p-hydroxy benzaldehyde is a high 
melting solid? 

12. Arrange the followings in increasing order of a dipole 
moment. 
(a) HF, HCI, HBr, HI 
(b) CH3Cl. (,'H,Br, CH3I, CH3F 
(c) CHF). 011 3 , CHBr3' CHCl3 
(d) CH4 , CH3CI, CH2CI2 , CHCl3 
(e) NH3 , SbH3 , AsH3, PH3 
(t) S03, Si02 , P20 S , Cl20 7 

(g) o-chlorotoluene, m-chlorotoluene, p-chlorotoluene 
(h) o-nitrophenol, m-nitrophenol, p-nitrophenol 
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(i) a-dichlorobenzene, m-dichlorobenzene, 
p-dichlorobenzene 

~ SHORT ANSWER TYPE 

13. Explain the following: 
(i) Why is ethylene a planar molecule and acetylene a 

linear molecule? 
(ii) Why does bond length decrease in the order? 

C-C>C=C>C==C 
(iii) The boiling point of methanol is 66°C and that of 

methyl mercaptan is 6°C, whereas the boiling points 
of diethyl ether and diethyl sulphide are 35°C and 
92°C respectively. 

(iv) Ethanol boils at higher temperature than ethylamine 
inspite of the fact that both have nearly' same molecu
lar masses. 

(v) What effect should the following resonance of vinyl 
chloride have on its dipole moment? 

- + 
CH2=CH-CI ~ CH2-CH=CI 

(vi) The central carbon-carbon bond in 1,3-butadiene is 
shorter than that of n-butane. 

(vii) What property of carbon accounts for the occurrence 
of large number of its compounds? 

(viii) The C-CI bond is polar while CCl 4 is non-polar. 
(ix) Explain the factor on which polarity of bond depends? . 
(x) The CI atom has same electronegativity as nitrogen 

but it does not form effective hydrogen bonding. 
14. Explain how the following mixtures may be s~parated: 

(i) A mixture of two miscible liquids. 
(ii) A mixture of benzoic acid and sodium chloride (solid 

mixture). 
(iii) A mixture of plant pigments. 
(iv) Ether and water. 
(v) Benzoic acid-water mixture. 

15. (i) Discuss orbital structure of methane. 
(ii) Discuss orbital structure of ethylene. 

(iii) Discuss orbital structure of acetylene. 
(iv) Discuss the hybridization of carbon atoms in allene 

(C3H4 ) and show the 1t-orbital overlaps. 
16. (A) Write the resonance structures of the following species: 

(i) :CH2-C==N: 
+ 

+ -
(iii)· CH2-CH =CH-CH2 

:0: 
II -

(iv) CH3-C-CH2 
•• 

(B) Write resonance structures for the intermediate 
carbocation in the aromatic chlorination of benzene. 

(C) Write the main resonance structures of the conjugate 
base of a 1,3-diketone. 

(D) Write the resonance structures of CH2 =CH-CHo. 
Indicate relative stability of the contributing structures. 

17. Write short notes on the following: 
(i) Vital force theory. 
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(ii) General characteristics of organic compounds. 
(iii) Hybridization. 
(iv) Polar and non-polar bonds. 
(v) Hydrogen bonding. 

(vi) Resonance. 
(vii) Fractional crystallisation. 

(viii) Vacuum distillation. 
(ix) Mixed melting point. 
(x) Purity of an organic compound. 

1. (a) hydrocarbons; (b) catenation; (c) Berzelius; (d) ammonium 
cyanate; (e) acetic acid; (t) covalent, molecular, slow; (g) carbon 
dioxide; (h) synthetic; (i) three; G) sp3; (Ie) Sp2; (I) sp3; (m) sigma, 

two pi; (n) sp3, 109°28'; (0) smallest, longest; (P) 146; (q) higher; 

(r) 1.20 A; (s) sp; (t) Sp2; (u) hydrogen; (v) lower, less; (w) more; 

(x) three; (y) non-polar; (z) CH3-C=CH-C-CH3. 
I I 
0, /0 

'H' 
2. (i) vacuum distillation; (ii) fractional distillation; (iii) sublimation; 

(iv) steam volatile, sparingly soluble; (v) alumina or silica gel; 
(vi) rapidly; (vii) crystallisation· from solution in ethanol; 
(viii) melting point; (ix) boiling point; (x) less; (xi) steam 
distillation; (xii) elution; (xiii) sublimation; (xiv) steam distillation; 
(xv) vacuum distillation; (xvi) fulctional distillation; (xvii) steam 
distillation; (xviii) fractional distillation; (xix) separating funnel; (xx) 

vacuum distillation. 
J. (a) True; (b) False-organic compounds have low melting and 

boiling points. These are bad conductors and insoluble in water; 
(c) True; (d) True; (e) False-More than 90% of organic 
compounds have been prepared by synthetic methods; (t) False
s-character 33%, p-character 66%; (g) True; (h) True; (i) False
Resonance increases the stability of a molecule and decreases its 
reactivity; G) True; (k) True; (I) False-CCl4 being symmetrical 
has zero dipole moment; (m) False-resonance involves only 
x-electrons; (n) False-The greater the resonance energy, the 
greater is the stability of the molecule; (0) True; (P) True; 
(q) False-Polar bond results when atoms have different 
electronegativity; (r) True; (s) False-criterion of purity ofa solid 
organic compound is its melting point; (t) True; (u) False-With 
the help of water; (v) True; (w) True; (x) False-Carbon 
undergoes sl-s/- or sp-hybridization; (y) False-All bond lengths 
are same except between carbon and carbon atoms; (z) True. 

4. (a) (A-viii); (B-vii); (C-x); (D--ix); (E-i); (F-iii); (G-ii); 
(H-v); (I-iv); (J-vi). 

(b) (A-iii); (B-ii); (C-iv); (D--i). 

5. A. (ii); B. (i); C. (i); D. (ii); E. (i). 
6. CO2 , CCI4, C2I-4 are non-polar molecules while rest are polar 

molecules. 
7. (i)C1 =sp3, C2=Sp2, C3=Sp2, c4=sl 

(ii) C 1 = sp, C2 = sp, C3 = sp, C4 = sp 
(iii) C 1 =sp3, C2=sp, C3=sp, C4 =sp3 

(iv) All carbon atoms are sp3-hybridized. 

(v) C 1 = sp3, C2 = sp 

(vi) C 1 = Sp2 

(vii)C1 =sp3, C2 =Sp2, C3=Sp2, C4=sp 

(viii) C 1 = sp3, C2 = Sp2, C3 = sp3 

(ix) Sp2, sp (x) sp3, Sp2 

(xi) sp3, sp3 (xii) sp3, sp3 

8. (i) a-bonds = 6, x-bonds = 2 

(ii) a-bonds = 8, x-bond = I 
(iii) a-bonds = 6, x-bonds = 2 
(iv) a-bonds = 10 
(v) a-bonds = 9, x-bonds = 2 
(vi) a-bonds = 10, x-bonds = 3 

(vii) a-bonds = 6, x-bonds = 3 
(viii) a-bonds = 5, x-bonds = Nil 

(ix) a-bonds = 5, x-bonds = 2 
(x) a-bonds = 6, x-bond = I 

(xi) a-bonds = 4 
(xii) a-bonds = 17, x-bond = I 

9. (a) Bond length order C-C > C=C > C=C 

Bond strength order C=C > C=C > C-C 
(b) (i) sp-s < Sp2 -s <·sp3 -s (ii) sp3 < Sp2 < sp 

(iii) sl < Sp2 < sp (iv) sp < Sp2 < sp3 

(v) sl < Sp2 < sp 
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10 .• Form A in (i), (ii), (iii) and form C in (iv) is the major contributor 
because in these structures each atom has octet and no formal 
charge is present. 

11. (i) sl; (ii) Sp2; (iii) sp; (iv) resonance in benzene molecule; 
(v) hydrogen bonding is present in alcohols; (vi) oxygen is more 
electronegative than sulphur. Thus, hydrogen bonding is present in 
CH30H; (vii) o-chlorophenol involves intramolecular hydrogen 
bonding while p-chlorophenol involves intermolecular hydrogen 
bonding; (viii) due to resonance; (ix) no resonance is present in 
formic acid molecule but in formate ion resonance exists; 
(x) chromatography; (xi) melting point; (xii) C-C ... 1.54 A, 
C=C ... 1.34 A. C=C ... 1.20 A:, (xiii) sp3 ... 109°28', Sp2 ... 120°, 

sp ... 1800; (xiv) Chloral hydrate is stable due to intramolecular 
hydrogen bonding between hydrogen and chlorine atom; (xv) With 
increase in s-character, the size of hybridized orbital decreases 
which leads to more overlapping and shortening of bond length in 
C=C; (xvi) o-hydroxy benzaldehyde has intramolecular 

H-bonding (so low melting point and is a liquid at room 
temperature), while p-hydroxy benzaldehyde have interinolecular 

H-bonding (so high melting point). 
12. (a) HI < HBr < HCI < HF 

(b) CH3I < CH3Br < CH3CI < CH3F 
(c) CHI3 < CHBr3 < CHCI3 < CHF3 
(d) CH4 < CH3CI < CH2CI2 < CHCl3 
(e) SbH3 < AsH3 < PH3 < NH3 
(t) CI20 7 < S03 < P20 S < Si02 
(g) o-chlorotoluene < m-chlorotoluene < p-chlorotoluene 
(h) p-nitrophenol < m-nitrophenol < o-nitrophenol 
(i) p-dichlorobenzene < m-dichlorobenzene < o-dichlorobenzene 

. 13. (i) In ethylene each carbon atom undergoes sp2-hybridization 
while in acetylene each carbon undergoes sp-hybridization; (ii) As 
the s-character increases in the hybridized orbitals, greater 
overlapping occurs with the shortening of bond length; (iii) 
CH30H has higher boiling point than CH3SH due to hydrogen 
bonding. Diethyl sulphide has higher boiling point than diethyl 
ether due to larger molecular mass; (iv) Oxygen being mere 
electronegative than nitrogen forms stronger hydrogen bond than 
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the latter; (v) Resonance decreases the dipole moment of vinyl 
chloride as the positive charge on chlorine and a negative charge on 
carbon oppose each other; (vi) 1,3-butadiene has si _Sp2 C-C 
bond length, while n-butane has si _Sp3 C-C bond length. More is 
's' character in hybridization, lesser is bond length; (vii) (a) 
catenation, (b) carbon can link with other carbon atom with single, 
double and triple bonds. It can form bonds with other atoms also, 
(c) isomerism; (viii) The dipole moment ofCCI4 is zero inspite of 
four similar polar (C-CI) bonds on account of symmetrical 
structure; (ix) The polarity of bond depends upon electronegativity 

• difference of two atoms involved in covalence; (x) The size of CI 
atom is large as compared to nitrogen and so it pulls the shared pair 
of electron from hydrogen atom less effectively and thus it does not 
possess appreciable partial charge to show hydrogen bonding. 

14. (i) By fractional distillation; (ii) By sublimation; (iii) By 
chromatography; (iv) By simple distillation; (v) By distilling of 
water. 

....... .. CI....... Cl GfH aH 
.+ ();;::: ~ + 

Base 
---"" 
~ 
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I Z 3 
15. (iv) Allene are cummuJative dienes, CHz=C=CHz (Propa-I,2-

diene). In allene C1 and C3 are sl-hybridized and C2 is 

sp-hybridized. The two 7r-bonds are present in the central carbon, 
one each from Py- and pz-orbitals thus, overlapping planes in C1 and 
C3 are also different. 

r!::l<H 
0 CI 

+ . :~: :?: ~ :r 
(D) CHz=CH-C-H ~ +CHz-CH=C-H ~ :CHz-CH=C-H 

I IT m 
Stability I > II > III 

Structure I: More stable, because it has more number of covalent bonds and have no formal charge. Each carbon and oxygen atom has an 
Octet. 

Structure II: Less stable, because it has negative charge on more electronegative atom and positive charge on more electropositive atom. 
Structure III: Least stable, beca~se it does not contribute as oxygen has positive charge and carbon has negative charge . 
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OIJtCllvt 
SET I: This set contains questions with single correct answer. 

1.' The propertY of catenation is strongest in carbon because: 
(a) its ionisation potential is low 0 
(b) its electronegativity is low 0 
(c) the C-Cbond energy is high 0 
(d) its atomic radius is small 0 

1 .. The main source of organic compounds is: 
(a) vegetable kingdom 0 (b) synthetic reactions 0 
(c) animal kingdom 0 (d) petroleum 0 

3. The ftrst organic compound prepared from inorganic 
compounds was: 
(a) acetic acid 0 (b) methane 0 
(c) urea 0 (d) ethyl alcohol 0 

4. The flfSt organic compound synthesised in the laboratory 
from its elements: 
(a) urea 0 (b) methane o 
(c) ethylene 0 (d) acetic acid 

5. The bond between carbon atom (I) and carbon atom (2) in 
I 2 

compound N=G-CH=CH2 , involves hybridization: 
(a) sp2 and sp2 0 (b) sp3 and sp o 
(c) spand sp2 0 (d) spand sp o 

6. The C-H bond distance is the longest in: 
[UGET (Med.) 1006) 

o (b) C2 H4 0 
o (d) C2H2Br2 0 

7. The enotic form of acetone contains: 
(a) 9 sigma bonds, I pi bond and 2 lone pairs of electrons 

o 
(b) 8 sigma bonds, 2 pi bonds and 2 lone pairs of electrons 

o 
( c) 10 sigma bonds, I pi bond and I lone pair of electrons 

o 
(d) 9 sigma bonds, 2 pi bonds and I lone pair of electrons 

o 
8. The number of sigma and pi bonds in but-l-ene-3-yne are: 

(a) 5 sigma and 5 pi 0 (b) 7 sigma and 3 pi 0 
(c) 8 sigma and 2 pi 0 (d) 6 sigma and 4 pi 0 

9. How many sigma and pi bonds are there in tetracyano 
ethylene molecule'? (BUU (Mains) 2008) 
(a) 90 and 9Jt 0 (b) 90 and 7Jt 0 
(c) 50 and 9Jt, 0 (d) 50 and 71t 0 

10. In benzene molecule, there are 3 pi bonds and: 
(a) 3 sigma bonds 0 (b) 6 sigma bonds 0 
(c) 10 sigma bonds 0 (d) 12 sigma bonds 0 

11. The compound buta-I,2-diene has: IUGET (Med.) 2006) 
(a) only sp-hybridized carbon atom . 0 
(b) only sp2-hybridized carbon atom 0 
(c) both sp-and sp2-hybridized carbon atoms 0 

. (d) sp, sp2-and sp3-hybridized carbon atoms ·0 
[Hint: The structure ofbuta-I ,2-diene is HlC-HC=C=CHiI 
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12. In the compound HC=:::C--C-CH2, the hybridization of 

C2 and C3 carbons are respectively: [JEE (WB) 2009) 
(a) Sp3 and sp2. 0 (b) sp2 and sp3 0 
(c) sp3 and sp 0 (d) sp2 and sp 0 

13. The CI-C-CI angle in 1,1,2,2-tetrachloroethene and 
tetrachloromethane will be about: 
(a) 9()0 and 109S' 0 (b) 109.50 and 900 0 
(c) 109.50 and 1200 o 

14. Which of the following molecules does not have net dipole 
moment? IAMU (Engg. 2010») 
(a) CH3 -Br 0 (b) CH2Cl2 0 

t (c) H)e=c<H 0 (d) HCOOH 
H H 

o 
X 

15. Dipole moment Of© is 1.5 D. The dipole mo ..... of 

X*x'S: 
X 

(a) 1 D 0 (b) 1.5 D 
(c) 2.25 D 0 (d) 3 D 

16. The shape of acetylene molecule is: 

[JEE (WB) 1010) 

o 
o 

(a) linear 0 (b) planar 0 
( c) pyramidal 0 (d) tetrahedral 0 

17. The compound in which carbon uses only its sp3-hybrid 

orbitals for bond formation is: 
(a) HCOOH 0 (b) (CH3 )3 COH 0 
(c) NH2CONH2 0 (d) (CH~hC-CHO 0 

18. The bond energy (in k cal mol-I) of-a C-C single bond is 
approximately: [lIT 2010) 
(a) 1000 0 (b) 100 . 0 
(c) 10 0 . (d) 1 0 

19. Which of the following bonds is strongest? 

(a) ~C-C~ 
(c) --C-G-

o (b) )C=C< 
o (d) None of these 

10. In which case, the carbon-carbon bond length is same? 

o 
o 

(a) 2-butene 0 (b) benzene 0 
(c) I-butene 0 (d) I-propyne 0 

21. All carbon atoms are sp2-hybridised in : 

[PET (Kerala) 1010) 
(a) HC=:::C--C==CH 0 (b) H2C . C=CH2 0 
(c) 2-butene o (d) 1,3-butadine 0 
(e) cyclohexane o 
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12. Resonance is due to: ,:/' ;.r~,:i.:· " J.:" ',,~ 1; •. ~ ~ ~, j.' '{r}.~~JiJ~. 

..t'J«-: Oft '( •• I¥ 1';~1 
" (A)Aelac.alisatiQI) of sigma~elec:trOris' ' 

(b) -delocalisatiori ofpi:electrons' ,. 
(c) migration of H~atoms 
(d) migration of protons 

23. Resonance structures of a molecule do not have: 

o 
o 
o 

, ( a) identical arrangement of atoms 0 
(b) nearly the same energy content 0 
(c) the same number of paired electrons 0 
(d) identical bonding 0 

24. Which of the following statements is false about resonance? 
(a) It increases stability of the molecule 
(b) It leads to similar type of bonding 0 
(c) It increases reactivity of the molecule D 

, (d) It decreases reactivity of the molecule 0 
25. How many sigma and pi-bonds are there in the molecule of 

dicyanoethene (CN-CH CH-CN)? 
(a) 3 sigma and 3 pi 0 (b) 5 sigma and 2 pi Of 
(c) 7 sigma and 5 pi 0 (d) 2 sigma and 3 pi 0 

26-. Which of the following compounds shows evidence of the 
strongest hydrogen bonding? (SEE (WB) ZO.O) 
(a) Propane-I,2,3-triol 0 (b) Propane-l,2-diol 0 
(c) Propan-I-ol 0 (d) Propan-2-01 0 

27. The hydrogen bond is strongest in which one of the 
following? IDPMT ZOO6; AilEE %007] 
(a) F~H-:'-F 0 (b) O-H---O 0 
(c) S-H - - - F 0 (d) F-H - - - 0 0 

28. C-C bond length would be minimum in: 

I I I 
(a) ==c-y- 0 (b) =C-y- o 

(c) =y-y= 0 (d) ==C-C== o 

29. C-H bond energy in ethane, ethene and ethyne is: 
(a) equal in all the three compounds 0 
(b) maximum in ethane 0 
(c) maximum in ethene 0 
(d) maximum in ethyne 0 

30. Hybridized carbon atoms used in the formation of the 
compound, CH3-CH-CH-CH2-CH3 are: 
(a) sp and sp3 0 (b) sp and sp2 0 
(c) only sp 0 (d) sp2 and Sp3 0 

31. The state of hybridization of C2 , C3 , C5 and C6 of the 

hydrocarbon, (CBSE (Med.) ZOO9) 

yH
3 yH3 

CH3 -:,<;::-CH=CH-CH-C==CHis: . 
7 61 5 4 3 2 I 

CH3 

(a) Sp,sp3 ,sp2 and Sp3 0 (b) sp,sp2 ,sp2 and Sp3 0 
(c) sp,Sp2 ,Sp3 andsp2 0 (d) Sp3 ,sp2 ,Sp2 and sp 0 

G.R.B. Organic Chemistry for Competitions 

~.:')WfiK~b0tl~ i$th~:~tnallest? . " ".:" ':; ,,: ~":il '. r'o ", . 
(a) -C=C- '0 (b) )C=O'O 

I I 
(c) -f N- 0 (d) -f-y- 0 

33. Maximum hydrogen bonding would be observed in the 
compound: 
(a) methanol 0 (b) glycol 0 
(c) diethylamine 0 (d) diethyl ether 0 

34. . ..... bond is the most polar. 
(a) C-O 0 (b) C-Br 0 
(c) C-S 0 (d) C-F 0 

35. Examine the following two structures for the anilinium ion 
and choose the correct statement from the ones given below. 

, + 

o ~·6 
I II 

(a) II is not an acceptable canonical structure because 
carbonium ions are less stable than ammonium ions 0 

(b) II is not an acceptable canonical structure because it is 
non-aromatic 0 

(c) II is not an acceptable canonical structure because 
nitrogen has 10 valence electrons 0 

(d) II is acceptable canonical structure 0 
36. s-character of sp-sp2 -and sp3 -hybrid orbitals follows the 

decreasing order: 
(a) sp3 > Sp2 > sp 

(c) sp2 > sp3 > sp 

o (b) sp> sp2 > sp3 o 
o (d) sp2 > sp> Sp3 

37. A straight chain hydrocarbon has the molecular formula, 
CgHIO' The hybridization for the carbon atoms from one 
end of the chain to the other are sp3, sp2, Sp2, Sp3, Sp2, sp2, 

sp and sp respectively. The structural formula of the 
hydrocarbon would be: 
(a) CH3-C=C-CH2-CH=CH-CH=CH2 0 
(b) CH3-CH=CH-CH2-CH=CH-C==CH 0 

(c) CH3-CH=CH-CH2-C=C-CH=CH2 
(d) CH3-C' C-CH2-C==C-CH=CH2 0 

38. Which one of the followin,g does not have Sp2 -hybridized 

carbon? rSCECE (Med.) Z-1 
(a) Acetone 0 (b) Acetic acid 0 
(c) Acetonitrile 0 (d) Acetamide 0 

39~ Number of pi bonds in H2C=CH-CH=CH-C==CHis:: 

40. 

(a) 2 0 (b) 3 0 
(c) 4 0 (d) 5 0 
Number of pi~electrons present in naphthalene is: 
(a) 4 0 (b) 6 
(c) 10 0 (d) 14 

o 
o 

, 

, _______________________________________________ ~~t_.~~!=1Z .. r~ 
• 
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41. In a resonance hybrid, the bond length: 
(a) is smaller than in canonical structure 0 
(b) is greater than in canonical structure 0 
( c) is the same as in canonical structure 0 
(d) none of the above 0 

42. Resonance energy of benzene is about so much kcallmol: 
(a) 35 0 (b) 58 0 
00100 0 OOI~ 0 

43. Resonance in a molecule results in: 
(a) destabilisation 0 
(b) stabilisation 0 
(c) increase in bond length 0 
(d) none of the above 0 

44. In which of the compounds below is there more than one 
kind of hybridization (sp, sp 2 

, sp 3) for carbon? 

(i) CH3CH2CH2 CH3 (ii) CH3-CH=CH-CH3 
(iii) H2C=CH-CH=CH2 (iv) H-O=G-H 
(a) (i) and (iv) 0 (b) (ii) and (iii) 0 
(c) (ii) 0 (d) (iii) and (iv) 0 

45. Which of the following has a bond fonned by overlap of 
Sp3 -sp-hybrid orbitals? 

(a) CH3-C=C-CH3 [J 

(b) CH3-CH=CH-CH3 0 
(c) CH2=CH-CH=CH2 0 

. (d) HC=CH 0 

46 •. Maximum amount of hydrogen bonding occurs in case of: 
(a) HOH 0 (b) HF 0: 
(c) C2H50H 0 (d) NH3 0 

47. Intramolecular hydrogen bonding is exhibited by: 
(a) o-nitrophenol 0 (b) catechol 0 
(c) salicylic acid 0 (d) all of these 0' 

48. The maximum possible number of hydrogen bonds, a water 
molecule can form is: tCET (Karnataka) 1088] 
(a) 4 .0 (b) 3 0 
(c) 2 0 (d) 1 0 

49. Which of the following explanations accounts for o-nitro
phenol to be more volatile than p-nitrophenol? 

(a) Intermolecular hydrogen bonding· 0 
(b) Resonance 0 
( c) Intramolecular hydrogen bonding 0 
(d) Inductive effect 0 

so. Bond energy is maximum in: 
(a) 0-{) 0 (b) O=C 0 
(c) C~N 0 (d) N N 0 

51. The bond energy: of C-C bond in kcallmol is: 
(a) 58 0 (b) 83 0 
(c) 145 0 (d) 192 0 

51. The maximum bond energy is present in: 
(a) C-H o (b) C-C 
(c) C-N 0 (d) G-O 0 

53. Among the C-X bonds, the correct bond energy order is: 
(a) C-CI > C-Br> C-I 0 

... lett #'1 -
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(b) C-I> C-Cl > C-Br t)' 
(c) C-Br> C-CI > C-I 0 
(d) C-I > C-Br > C-CI 0 

54. Arrange the following compounds in order of increasing 
dipole moment: 
(i) toluene 
(iii) o-dichloro benzene 
(a) (i) < (iv) < (ii) < (iii) 
(b) (iv) < (i) < (ii) < (iii) 
(c) (iv) < (i) < (iii) < (ii) 
(d) (iv) < (ii) < (1) < (iii) 

(ii) m-dichloro benzene 
(iv) p-dichloro benzene 

55. Sublimation is a process in which a solid: 
(a) changes into another allotropic fonn 
(b) changes into liquid form 
(c) changes into vapour form 
(d) none of the above 

56. Naphthalene is a volatile solid. It is best purified by: 
(a) crystallisation 0 (b) distillation 
( c) steam distillation 0 (d) sublimation 

57. Methanol and acetone can be separated by: 

o 
o 
o 
o 

o 
o 
o 
o 

o 
o 

(a) fractional distillation 0 (b) distillation 0 
(c) steam distillation 0 (d) vacuum distillation O. 

58. Separation of two substances by fractional crystallisation 
depends upon their differences in: 
(a) densities 0 (b) volatility 
(c) solubility 0 (d) crystalline shape 

5'. Aniline is separated from a mixture by: 

o 
o 

. (a):tra.ctiQnal crystallisation . tJ 
(b) fractional distillation 0 
(c) vacuum distillation 0 
(d) steam distillation 0 

60. Glycerol is purified by: IPMT (Kefala) 10101 
(a) steam distillation 0 (b) vacuum distillation 0 
(c) sublimation 0 (d) simple distillation 0 

61. Two inuniscible liquids are separated by: 
(a) separating funnel 0 (b) fractional distillation 0 
(c) chromatography 0 (d) sublimation 0 

62. Latest technique for purification, isolation and separation of 
organic compounds is: rPMT (Kerala) 2007; 

Punjab CET (En .. ) 20081 
(a) chromatography 0 (b) steam distillation 0 
(c) crystallisation 0 (d) vacuum distillation 0 

63. Steam distillation is applied to those organic compounds 
which are steam volatile and: 
(a) soluble in water 0 
(b) insoluble in water 0 
(c) sparingly soluble in water 0 

. (d); insoluble in all solvents 0 
64. There are several criteria for purity of organic compounds. 

Out of these which one is considered best? 
(a) Melting point 
(b) Microscopic examination 
(c) Mixed melting point 
(d) Colour 

o 
[] 
[] 
[] 



-

28 

65. Two volatile and miscible liquids can be separated by 
fractiorial distillation into pure components under the 
conditions when: 
(a) they have low boiling points 0 
(b) the differcmce in their boiling points is large 0 
(c) the boiling points of the liquids are close to each other 

o 
(d) they do not form azeotropic mixture 0 

66. The boiling points of two miscible liquids, which do not 
form azeotropic mixture, are close to each other. Their 
separation is best carried out by: 
(a) vacuum distillation 0 (b) fractional distillation 0 
(c) steam distillation 0 (d) redistillation 0 

67. In paper chromatography: 
(a) the moving phase is a liquid and stationary phase is a 

solid 0 
(b) the moving phase is a solid and stationary phase is a 

liquid 0 
(c) both the phases are liquids 0 
(d) both the phases are solids 0 

68. Oils are purified by: 
(a) fractional distillation 0 (b) steam distillation 0 
(c) vacuum distillation 0 (d) simple distillation 0 

69. Chromatography technique is used for the separation of: 
(a) small samples of mixtures 0 
(b) plant pigments 0 
(c) dye stuffs 0 
(d) all of the above 0 

70. A mixture of naphthalene and benzoic acid can be separated 
by: [JIPMER 2007) 
(a) chromatography· 0 
(b) sublimation 0 
(c) fractional crystallisation 0 
(d) distillation 0 

71. In column chromatography, the moving phase is: 
(a) the substances which are to be separated 0 
(b) eluent 0 
~~~~ 0 
(d) mixture of eluent and substances to be separated 0 

72. Azeotropic mixtures: 
(a) boil at different temperatures 0 
(b) are mixtures of solids 0 
(c) are constant boiling mixtures 0 
(d) none of the above 0 

73. Which is useful for the separating benzoic acid from methyl 
benzoate? 
(a) Aq. NaHC03 0 (b) Oil. HCI 0 
(c) Aq. NaHS03 0 (d) Oil. H2 S04 0 

74. A mixture of camphor and benzoic acid can be easily 
separated by: [BBU 2005) 
(a) sublimation 0 
(b) fractional distillation 0 
(c) chemical method 0 
(d) extraction with solvents 0 
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75. Anthracene is purified by: 
(a) filtration 0 (b) distillation 
(c) crystallisation 0 (d) sublimation 0 

76. Which of the following is useful for making pure water 
from a solution of salt in water? 
(a) Filtration 0 (b) Simple distillation 0 
(c) Steam distillation 0 (d) Chromatography 0 

77. Water and alcohol can be separated from a mixture by: 
(a) fractional distillation 0 (b) sublimation 0 
( c) decantation 0 (d) evaporation 0 

78. A mixture of water and NaCI can be separated by: 
(a) sublimation 0 (b) evaporation 0 
(c) decantation 0 (d) filtration 0 

79. In laboratory, solvent can be separated from solute by the 
process: 
(a) decantation 0 (b) sedimentation 0 
(c) distillation 0 (d) filtration 0 

80. In simple distillation of liquids, it involves simultaneously: 
(a) vaporisation and condensation 0 
(b) heating and sublimation 0 
(c) vaporisation and sublimation 0 
(d) boiling and filtration 0 

81. Distillation under reduced pressure is used to purity liquids 
which: 
(a) are highly volatile 0 
(b) have high boiling points 0 
(c) are explosives 0 
(d) decomposes below their boiling points - 0 

12. which one of the following reagents is useful for separating 
aniline from nitrobenzene? 
(a) Aq. NaHC03 p (b) Aq. NaHS03 0 
(c) Aq. HCI 0 (d) Dilute H2 S04 0 

83. A mixture of phenol and benzoic acid will completely 
dissolve in an aqueous solution of: 
(a) HCI 0 (b) NaCI 0 
(c) NaHC03 0 (d) NaOH 0 

84. Silica gel is used for keeping away the moisture because it: 
(a) adsorbs water molecule 0 

. (b) absorbs water molecule 0 
( c) reacts with water 0 
(d) none of the above 0 

85. Anhydrous CaCl2 is used as drying agent, because it: 

(a) adsorbs water molecule 0 
(b) absorbs water molecule 0 
(c) both adsorbs and absorbs water molecule 0 
(d) none of the above 0 

86. The function of fractionating column is: 
(a) to separate the two components 0 
(b) to provide greater.cooling surface to the vapours 0 
(c) to kept the vapour pressure constant . 0 
(d) to avoid mixing of the vapours of two components 0 

87. One having high vapour pressure at temperature below its 
melting point is: 
(a) benzoic acid 0 (b) salicylic acid 0 
(c) citric acid 0 (d) all of these 0 
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II. Osazone formation is used to separate and identifY: 
(a) alcohols 0 (b) carboxylic acids 0 
( c) carbohydrates 0 (d) starch 0 

89. Fractional distillation is used to separate liquids which 
differ in their boiling points by: 
(a) 0-100 C 0 (b) 10- 20° C 0 
(c) 20~ 40" C 0 (d) 40- 800 C 0 

90. Which of the substance is purified by subliinaflion?oo 
[D<!E (Engg.) 2007) 

(a) Naphthalene 0 (b) Benzoic acid 0 
. (c) Catl!phor 0 (d) All of these 0 

91. A mixture of oil and water is separated by: 
(a) filtration 0 
(b) using separating funnel 0 
(c) sublimation 0 
(d) fractional distillation 0 

92. Styrene can be purified by: iJIPMER 2008] 
(a) simple distillation 0 (b) fractional distillation 0 
(c) vacuum distillation 0 (d) steam distillation 0 

'3~(A) is a higller phenol and (B) is an aromatic carboxylic 
.. acid~ Separation of a mixture of (A) and (B) can be carried 

out easily by using a solution of: 
(a) NaOH 0 (b) lime 0 
(c) NaHC03 0 (d) NazC03 . .0 

94~ Which IS correct statement about azeotropic mixture? 
(a) It boils at constant temperature 
(b) It does not obey Raoult's law 0 
( c) It cannot be separated by fractional distillation 0 
(d) All of the above 0 

95. Separation of organic compounds by column 
chromatography is due to: 
(a) selective absorption. 0 
(b) selective adsorption 0 
(c) both absorption and adsorption 0 
(d) solubilities 0 

96. The technique of gas liquid chromatography is suitable for 
compounds which are: 
(8) soluble in water 0 
(b) highly volatile 0 
(c) vaporise without decomposition 0 
(d) liquids 0 

97. Two substances when separated out on the basis of their 
extent of adsorption, by one material, the phenomenon is 
called: 
(a) chiomatography 0 (b) paper chromatography 0 
(c) steam distillation 0 (d) sublimation 0 

98. When a hybridization state of carbon atom changes from 
sp3 to spz and finally to sp, the angle between the 
hybridized orbitals: 
(a) is not affected 0 
(b) increases progressively 0 
( c) decreases gradually 0 
(d) decreases considerably 0 

99. Allyl isocyanide has: 
(a) 9 sigma and 4 pi bonds 0 
(b) 8 sigma and 5 pi bonds 0 
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(c) 8 sigma, 3 pi and 4 non-bonded electrons 0 
(d) <} sigma, 3 pi and 2 non-bonded electrons 0 

100. In th~ compound CH2=CH-CH2-CHz-C==CH, the 

C2-C3 bond is of the type: 
(a) sp_sp2 0 (b) sp3_sp3 o 
(c) sp_sp3 0 (d) sp2_sp3 .0 

101. p-nitrophenol and o-nitrophenol are separated by: 

IDPMT 2003; PMET (Punjab) 2008] 
(a) crystallisation 0 (b) fractional distillation 0 
(c) distillation 0 (d) steam distillation 0 

102. Intermolecular hydrogen bonding is strongest in: 

(a) methylamine 
(c) formaldehyde 

o (b) phenol 
o (d) methanol 

l 2 3 4 

[ADMS 2003] 
o 
o 

103. In the compound H2 C=C=CH-CH3 ,the hybridization of 

1st and 2nd carbon atom is: IBHU 2003) 
(a) sp3_sp 0 (b) sp2_sp3 0 
(c) sp2_sp 0 (d) SpZ_sp2 0 

104. Camphor is often used in molecular mass determination 
because: feBSE (Med.) 2004) 
(a) it is readily available 0 
(b) it has very high cryoscopic constant 0 . 
(c) it is volatile 0 
(d) it is a solvent for organic substances 0 

lOS. How will you separate a solution (miscible) of benzene + 
. CHCI3? -IAFMe 2005) 

(a) Distillation 0 (b) Sublimation 0 
(c) Filtration 0 (d) Crystallisation 0 

106. Allyl cyanide contains 0' and n-bonds: [PMT (MP) 2004) 
(a) 50',7n 0 (b) 90',3n 0 
(c) 30',411: 0 (d) 90',911: 0 

.107. Which of the following gives correct arrangement of 
compounds involved based on their bond strength? 

. IBHU 2005) 
(a) HF>HCl>HBr>HI 0 (b) HI > HBr >HCI >HF 0 
(c) HF>HBr>HCI>HI 0 (d) HCI>HF>HBr>HI 0 

.11. How many bonds are there in~ ? 

. . . IDeE 2005) 
(a) 140',811: 0 (b) ·180',811: 0 

, (c) 190',411: 0 (d) 140',2n 0 
109. The correct order regarding the eleetronegativity of hybrid 

orbitals of carbon is: leBSE (Med.) 2006) 
(a) sp< sp2 > sp3 0 (b) sp< spz < sp3 0 
(c) sp>spZ<sp3 0 (d) Sp>Sp2>sp3 0 

110. Among the following mixtures, dipole-dipole as the major 
interaction is present in: rAIEEE 2006) 

<I' 
(a) benzene and ethanol 0 
(b) acetonitrile and acetone 
(c) KCI and water 
(d) . benzene and carbon tetrachloride 

o 
o 
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Ill. Consider the following compounds: 
(A) chloroethene (B) benzene 
(C) buta-l,3-diene (D) 1,3,5-hexatriene 
All the carbon atoms are Sp2 -hybridized in: 

(PET (Kera.l) 1006] 
(a) A, C, D only 0 (b) A, B only 0 
(c) B, C, D only 0 (d) C, D only 0 
(e) A, B, C, D 0 

112., The d~creasing order· of bond. dissociation energies of 
C----C, C-H and H-H bonds is: 

(EAMCET (EnS8-) 10071 
(a) H-H > ----C-H > ----C----C- ,0 

. (b) . ----C----C- > ----C-H > H-H 0 
(c) ----C-H > ----C----C- > H-H 0 
(d) ----C----C- > H-H > ----C-H 0 

113. Number ofl.1 and x-bonds in C6HsCOOH is: . 

(DPMT 10071 
'(a) 131.1,4x 0 (b) 14G,4x 0 
(c) 151.1,4x 0 (d) 16o',4x 0 

114. Compare List I and List II and choose the correct matching 
codes from the choices given: . ' " 

List I List D 
(A) Glycerol (i) Sublimation. 
(B) o-nitrophenol (ii) Beilstein's test 
(C) Anthracene (iii) Victor-Meyer's method 
(D) Halogens (iv) Steam distillation 
(E) Molecular weight (v) Vacuum distillation 

(vi) Eudiometry , 
Copes: [PET (Kerala) 20071 
(a) (A-v), (B-iv), (C-i), (D-ii), (E-iii) 0 
(b) (A-iv), (B-v), (C-i), (D-vi), (E-ii) 0 
(c) (A-vi), (B-iv), (C-i), (D-iii), (E-ii) 0 

, (d) :(A-'-v), (B-iv), (C-vi), (D-ii), (E-Ui) 0 ' 
(e) (A-iv), (B-vi), (C-ii), (D-iii), (E-v) 0 

11S. Which one of the following can be purified by sublimation? 
(MOCET (Med.) 10M! 

(a) F2 0 (b) Clz 0 
(c) Br2 0 (d) 12 0 

116. What is the percentage of p-character of hybrid orbits of 
carbon in methane, ethene and ethyne respectively? 

(SCRA (Med.) 10071 
(a) 75,66,50 0 (b) 50,66,75 ,0 
(c) 25, 33, 50 0 (d) 50, 33,25 'D 

. 1t7. In the following the least stable resonance structure is: 
, . (UT 1007] 

~ @ -?,O ~.®-?,O 
(a) e N (b) ® N 

I I o 0 
e 

e 

"',;1 

(c) ~~-?,O (d) ~~/O 
I @ I • ?i 

o 0 
e e 

US. Which one of the following arrangements does not give the 
correct picture of the trends indicated against is? 

(CPMT (Med.) 2oo8J 
(a) F2 > Cl2 > Brz > 12 : Bond dissociation energy 0 
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(b) F2 > Clz > Br2> 12 : Electronegativity 
(c) F2 > Cl2 > Br2> 12 : Oxidising power 

,0 
o 
o (d) F2 > Cl2 > Br2> 12 : Electron gain enthalpy 

U9. In the hydrocarbon, 

H3 C-CH=CH-CH2 -C==CH 
6 5 4 3 2 I 

'The state of hybridization of carbons 1,3,5 are in the 
following sequence: ICPMT (Med.) 1008] 
(a) sp,Sp2,sp3 . 0 (b) sp3,Sp2,SpO 

(c). spz ,sp,sp3 0 (d) sp,sp3,sp2 0 

120. The enolic form of butanone contains: ' 
tPMT (Kerala) 1008) 

(a) 121.1 bonds, Ix bond and 2 lone pairs of electrons I. '0 
(b) 111.1 bonds, Ix bond and 2 lone pairs of electrons 0 
( c) 121.1 bonds, Ix bond and I lone pair of electrons [] 
(d) I (b bonds, 2x bonds and 2 lone pairs of electrons 0 
(e) 131.1 bonds, Ix bond and 2 lone pairs of electrons 0 

121. Hybridization of nitrogen atom in pyridine [ © liS: 

(BOU (Main.) 1001] 
(a) sp3 0 (b) spz 0 
(c) sp 0 (d) sp3d 0 

122. The number of x-bonds in the following compound 
OzN---C==C-NOz is: (DPMT 2008] 
(a) 2 0 (b) 3 0 
(c) 4 0 (d) I 0 

Ill. The compound in which underlined carbon uses only its 
sp3 -hybrid orbitals for bond formation is: 

(a) CH3 gOOH 
(c) CH3 CHzOH 

124. Match the following: 
(A) Simple distillation 

(BelCE (Med.) 200S] 
o (b) CH3 gONH2 0 
o (d) CH3 CH=CH2 0 

(i) to separate the liquids 
which are steam volatile, 
insoluble in water arid 
contains non-volatile 
impurities 

(B) Fractional distillation (ii) to separate liquids which 
decomposes at a tempera
ture below their normal 
boiling points 

(C) Vacuum distillation 

(D) Steam distillation 

ABC 

(iii) to separate two or more 
liquids which have boiling 
points close to each other. 

(iv) to separate liquid fr,Qm 
non-volatile impuritieS 

(a) (i) (ii) (iii) 
D 
(iv) 
(i) 
(ii) 
(iii) 

(b) (iv) '(iii) (ii) 
(c) (iii) (i) (iv) 
(d) (ii) (iv) (i) 

US. Match the following: 
(A) Sublimation 

(B) Distillation 

• 

(i) Ether + toluene 

(ii) o-Nitrophenol + p-nitrophenol 
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(C) Vacuum distillation (iii) Benzoic acid + benzaldehyde 

(D) Steam distillation (iv) Glycerol from spent lye 

ABC D 
(a) (iv) (iii) (ii) (i) 
(b) (i) (ii) (iii). (iv) 
(c) (iii) (i) (iv) (ii) 
(d) (ii) (iv) (i) (iii) 

SET II: This set contains the questions having one or more, correct 
answers. { ',~ "" 

126. Which resonance form in each of the fdtlowing sets is the 
major contributor to the real structure? . 'I" 

•• •• + 
(i) H2C=CH-CI: ~ H2 C-CH=CI: 

•• •• 
(a) (b) 

+ • •• -
~ H2 C-CH. CI: 

00 ,- + 
(ii) H2 C-CH=NH2 ~ 

(a) 
H2C=CH-NH2 (e) 

(b) 

(iv) Ol-O~ -(1)-~ ~ '. # llJ)J V, 
(a) (b) (e) (d) 

+ 
0- :0 

+ '. 1 _I 
(v) H2C-CH=C-H ~ H2C-CH C-H 
'W' 00 
}, Ell Ell_ 

(Vi1 6H -6: 
e 
(a) (b) 

·127. Chromatography technique is used in the sepafl:!,tion of: 
(a) volatile liquids 0'(1» amino acids 
(q) plant pigments o (d) sugars 

," .' 

o 

IlS. Mixed melting point is determined to check: 
(a) the purity of organic compound 
(b) whether the two compounds are same 
(c) whether the two compounds are different 
(d) whether the two compounds can be separated by 
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o 
o 
o 

fractional crystallisation method 0 
129. Which of the following compounds can be purified by 

vacuum distillation? 
(a) Glycerine 0 (b) Glycerol 0 
(c) Propane-l,2,3-triol 0 (d) Ethanol 0 

130. Which of the following compounds can be purified by 
steam distillation? ' , 
(a) Salicylaldehyde 
(b) Bromobenzene 
(c) p-Hydroxy benzaldehyde 

(d) Nitrobenzene 
131. Mixture of benzene and aniline can be separated by: 

(a) distillation 0 (b) steam distillation 
(c) dil. HCI 0 (d) dil. NaOH 

o 
:0 
o 
o 

o 

132. Absolute alcohol can be prepared from rectified spirit by: 
(a) azeotropic distillation with benzene 0 
(b) fractional distillation 0 
(c) keeping over fresh CaO for few hours and then 

distilling 
" _ (d) distillation under reduced pressure 

, 113. Select the wrong statements about chromatography. 

o 
o 

(a) Moving phase is liquid and stationary phase is solid 0 
(b) Moving phase is liquid and stationary phase is liquid 0 
(c) Moving phase is solid and stationary phase is solid 0 
(d) Moving phase is solid and stationary phase is liquid' 

-0 
134. A substance which decomposes at or below its boiling point 

cannot be purified by: 
'(a) steam dit>tillation 
(b) simple distillation 
( c) fractionaJ distillation . ' 
(d) distillation under reduced pressure 

135. Refining of petroleum does,not involve: 
(a) simple distillation 
(b) steam distillation 
'(c) fractional distillation ' 
(d) distillation under reduced pressure , , 

'0 
[] 

o 
o 

o 
o 

,0 
o 

ASSERrI9N·RE~ON TYp(~~:i~9~~s~I~~"j~;;:;~;= i.'~ ~~,~-:::::I,:i:::f::::::::::=:~::I: I 
.: ' 

i Instiructiom: Each question contains statement-l (Assertion, 
• A) and statement-2 (Reason, R). Of these statement,. 'Irk 
: Co !Teet choice if: ; , ' 

; ....... 

(a) Statement-l (A) and statement-2 (R) are true and 
statement-2 (R) is the correct explanation for 
statement-l (A). 

(b) Statement-I, (A) and statement-2 (R) are true and 
statement-2 (R)is not the correct explanation for 
statement-l (A). 

. " 

; (c) Statement~ r (A) is true; ~tatement-i (R) is false. ' { 
,(d) StatemeI):t.l (A) is false,! statement-2 (R) is true .... ,. -

I. (A) Oils are purified by steam distillation. 
(R) The compounds which decompose at their boiling 

. points can be purified by steam distillation. . 
- . IAIIMB--. 

2. (A) Mixture of glucose andm-dinitrobenzene can-be 
separated by shaking it with ether, 
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(R) Glucose is soluble in water. 
3. (A) Thiophene present in benzene as impurity can be 

removed by shaking the mixture with cold cone. 
H2S04 , 

(R) Thiophene is a heterocyclic aromatic compound. 
4. (A) A mixture of camphor and benzoic acid cannot be 

separated by sublimation. 
(R) Camphor on heating sublimes but benzoic acid does 

not. 
5. (A) A mixture of o-nitrophenol and p-nitrophenol can be 
. separated by steam distillation. 

(R) o-nitrophenol is steam volatile but p-nitrophenol is not 
though both are water soluble. 

6. (A) Acetone (b.pt. 329K) and methyl alcohol (b.pt. 338 K) 
are separated by fractional distillation. 

G.R.B. Organic Chemistry {Or Competitions 

(R) Fractional distillation helps in -separating two liquids 
from their mixture when their boiling points differ by 
lOoC. 

7. (A) Aniline has odd molecular mass, i.e., 93. 
(R) All nitrogenous compounds containing odd no. of 

nitrogen has odd molecular mass. 
8. (A) Molecular nitrogen is less reactive than molecular 

oxygen. 
(R) The bond length ofN2 is shorter than that of oxygen. 

9. (A) p-hydroxy benzoic acid has a lower boiling point than 
o-hydroxy benzoic acid. 

(R) o-hydroxy benzoic acid has intramolecular hydrogen 
bonding. (lIT 1007) 

10. (A) Chlorine has higher electron affinity than fluorine. 
(R) Chlorine is a poor oxidising agent than fluorine. 

(AIIMS 1007) 

ANSWERS 

OBJECTIVE QUESTIONS 

1. (c) 2. (b) 3. (c) 4. (d) 5, (c) 6. (c) 7. (a) 8. (b) 9. (a) 10. (d) 
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21. (d) 22. (b) 23. (d) 24. (c) 25. (c) 26. (a) 27. (a) 28. (d) 29. (d) 30. (d) 

31. (a) 32. (b) 33. (a) 34. (d) 35. (c) 36. (b) 37. (b) 38. (c) 39. (c) 40. (c) 

41. (a) 42. (a) 43. (b) 44. (c) 45. (a) 46. (b) 47. (d) 48. (a) 49. (c) 50. (d) 

51. (b) 52. (a) 53. (a) 54. (b) 55. (c) 56. (d) 57. (a) 58. (c) 59. (d) 60. (b) 

61" (a). 62. (a) 63. (b) 64. (c) 65. (d) 66. (b) 67. (c) 68. (b) 69. (d) 70. (a) 

71. (d) 72. (c) 73. (a) 74. (c) 75. (d) 76. (b) 77. (a) 78. (b) 79. (c) SO. (a) 

81. (d) 82. (c) 83. (d) 84. (a) 85. (b) 86. (b) 87. (a) 88. (c) 89. (a) 90. (d) 

91. (b) 92. (d) 93. (c) 94. (d) 95. (b) 96. (c) 97. (a:) 98. (b) 99. (d) 100. (d) 

101. (d) 102. (d) 103. (c) 104. (c) lOS; (ay , ; l06.)(b) , . lQ7. (a) -',:iOS: (c),' 109.-(dj 110. (b) 

11:t (e) 112. (a) 113. (c) 114. (a) '115. (d) 116. (a) 117. (a) 118. (a) 119. (d) 120. (a) 

121. (b) , 122. (c) 123. (c) 124. (b) 125. (c) 126. (i) (a) (ii) (b) (iii) (c) (iv) (a,b) (v) (a) (vi) (b) 

127. (b,c,d) J128. (a,b,c) 129. (a,b,c) 130. (a,b,d) 131. (a,c) 131. (a,c) 13J. (a,c,d) 134. (a,b,c) 135. (a,c,d) 

ASSERTION-REASON TYPE QUESTIONS 

1. (e) 1. (b) 3. (b) 4. (c) 5. (a) 6. (a) 7. (a) 8. (a) 9. (d) 10. (c) 
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[BRAIN STORMING PROBLEMS Z 

1. \ , This hydrocarbon has hybridization on 
C-atoms: 
(a) sp,sp2,sp3 0 (b) Sp,Sp2 0 
(c) sp2,sp3 0 (d) sp,sp3 0 

2. 1°,2°,3° and 4° carbon atoms are present in: 
(a) 2,2,3-trirnethyl pentane 0 
(b) 2,3,4-trirnethyl pentane 0 
(c) both (a) and (b) 0 
(d) none of the above 0 

3. Two molecules indicated below are capable to intra
moiecular H-bonding. Which is likely to form more stable 
hydrogen bonds? 

H 
I 

CH3'-...C"""C'::::::::'C,..,.,CH3 

~ 6 
H .... --
(I) 

WI 0 
(b) II 0 
( c) Both are equally capable 0 
(d) Cannot be predicted 0 

4. Which one of the underlined carbons is sp 3 -hybridized? 

(a) CH39i=CHz 0 (b) CH39iZNHZ 0 

(c) CH3§ONHZ 0 (d) CH3CH2QN 0 
s. The hybridization of iodine in iodosobenzene is : 

(a) sp 0 (b) sp2 0 
(c) sp3 0 (d) sp3d . 0 

6 •. Carboxylic acids do not give the characteristic reactions of 
> C= 0 group because of: 
(a) p()lar nature 0 (b) resonance 0 
(c) symmetrical structure 0 (d) attached alkyl group 0 

7. Which among the following has highest boiling point? 
(a)CH3CH2CHzCH2CI D. 
(b) (CH3)2CHCH2CI 0 
(c) (CH3 h C-CI 0 
(d) None of the above 0 

8. Which among the following has highest melting point? 
(a) (CH3CO)20 0 (b) CH3CN 0 
(c) CH3CONHZ 0 (d) CH3COCI 0 
[Hint: (c) Amide has highest melting point due to fonnation of 
intennolecular hydrogen bonding.) 

9. Order of arrangement of the following compounds with 
increasing dipole moment is : 

6
CI

I (ii) 

:::::::.... CI 

CH3 

(il 6 
CI 

(iVl ¢ (iii) 
~CI 
U 

CI 

(a) (i) < (iv) < (ii) < (iii) 0 (b) (iv) < (i) < (ii) «iii) 0 
(c) (iv)«i)«iii)«ii) 0 (d) (iv) < (ii) «i) «iii) 0 

yO .>-0 
10. H-C ~ H-C ~ , c-o bond lengths. 

p a-.:-H I) o· 
designated by u, Il, y and 0 are in order: 
(a) u=y<ll=o 0 (b) u<ll<y=o 0 
(c) u< y = 0< Il 0 (d) all are equal 0 
[HInt: Length of 'Y and /) will be same due to the resonance. 

o o· r 01 
H-c(O. ~ H-C(O = lH-:X~OJ} 

11. Which one ofthe following compounds is an allylic halide? 
Br 

(a) CH3-@--cH=t-CH3 0 

(b) BrCH2--@-cH=CHCH3 0 

(c) CH3-@--cH=CHCHzBr . o 

(d)CH~~HCH' . o 

[Hint: (a) is vinylic (b) is benzylic 
(c) is allylic (d) is arylic] 

ll. The compound in which all carbon atoms use only sp3 -

hybrid orbitals for bond formation is: 
(a) CH3CHO 0 (b) CH3COCH3 0 

. (c) (CH3)3COH 0 (d) HCOOH· O. 
13. Which of the following is unacceptable resonating structure 

of buta-l ,2,3-triene? 
~ ~ 0 

(a) CHz-C==C-CHz 0 (b) CHz=C-:-C=CH2 
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14. The resonating structures of cyanate ion are, 

O=C==N- ~ -O-C55N ~ +Q==C-N2-" 
(i) (il) (iii) 

The correct set of oxidation states of 0, C, and N 
respectively with the most stable structure out of the above 
is: . 

(a) (i) -3, +4,-2 

(c) (iii) -1,+4,-3 

o (b) (ii)-2,+4,-3 

o (d) (i) 0,+4,-5 

o 
o 

IS. Arrange the following molecules in increasing order ofcs to 
1t bond ratio: (1)0 (2) . ". I 'CO~ 

~ ~ 

(3) 000(4)00 
~ ~ ~ ~ ~ 

(a) 2<3<4<1 0 (b) 2<4<3<1 0 
(c) 3<2<1<4 0 (d) 2<3<1<4 0 

[HiDt:O CO ~ ~ 

120,31t 190,51t 
o 4 
i' .. 1'=4 o 19 

i' .. '5=3.8 

000 ~ ~.-9 co .~ # 

260',71t . 250,61t 
0 2;=3.71 0' 25 
i' i' = 6" =4:166] 

16. Whicb one of the following ions is the most resonance 
stabilized? [PMT (Kerala) 2010] 
(a) Ethoxide' 0 (b) iso-Propoxide 0 

, ( c) n-Butoxide 0 (d) tert. Butoxide 0 
(e) Phenoxide 0 

17. Arrange the following C-H bonds (a, p, y) in decreasing 

order of bond energy : 

f 
H-~-H 

1(<<) 

H 
(a) a>p>y 
(c) p>a>y . 

18. In the reaction, 

o 
II 

CH3-C~NH2 • 

(r) 
H-C55C-H 

(b) y>p>a 
o (d) y> Cl > p 

o 
o 
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the hybridization state of marked carbon atom changes 
from: 
(a) Sp2 to sp 

(c) Sp3 to sp2 

o . (b) Sp3 to sp 

o (d) Sp2 to sp3 

o 
o 

19. Which of the following structures have resonance stability? 

/0 <'H 
CH3-C "'" ~ CH3-C + ~ 

OH OH 
(a) (b) 

o 0-CH3-C< ~ CH3-C( + H+ 
. 0(-) 0 

(e) (d) . 

20. Arrange the following resonating structures of formic acid 
in order of decreasing stability : 

o 6 0-
~ I + I 

H-C-OH ~ H-C=OH ~ H-C-OH 
(I) (II) (~II) 

0+ 
I 

~ H---,C-OH 

(IV) 

, (a) II>I>III>IV o (b) I>III>I1>IV 0 
(c) I1I>II>IV>1 0 (d) IV>III>!>11 0 

21. Arrange the following resonating structures of vinyl 
chloride in order of decreasing stability : 

- + + -
CH2 =CH-Cl ~ CH2-CH=O ~ CH2-CH=Cl 

(I) (II) . (III) 

(a) I > II > III 
(c) II> I > III 

o (b) III> II > I 
o (d) I> 11= III 

o 
o 

22. Among the following four structures, one is not a 
permissible resonance form. Identify the wrong structure. 

+ •••• 
(a) CH2-N-0: 

. 1 •• 

+ •• o (b)CH2 N---,O: I •• o 
.CH3 'CH3 

(c) CH N=O: 
2 I •• ' o (d): CH2-:N=0: 

I -
o 

CH3 CH3 

23. Which of the following compounds has (have) sp
hybridized carbon atom? 
(a) CH2=C=0 0 (b) CH2=CH-CN 0 
(c) CH3-CH=CH2 0 (d) H2C=0 0 

,24. Identify the weakestC-Hbond among the following: 

H R R 
I I I 

H-C-H R-CH2-H R-CH-H ' R-C-H I a ' ll' I Y' I I) 

H R 
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(a) a 0 (b) ~ 0 
(c) y 0 (d) 0 0 

lS. Which of the following is the correct sequence of the bond 
.length? 
(a) S-H>C-H>N-H>O-H 0 
(b)C-H>~H>O-H>N-H 0 
(e) O-H>N-H>C-H>~H 0 
(d) ~H>O-a>N-H>C-H 0 

16. Arrange the following bonds in decreasing order of bond 
length: 

CI H H 

a4LOJ 
CI 

IHf;al CH:?, 01 H-+.OI 
CI H H 

(a) } > 2 > 3 > 4 0 (b) 4 > 3 > 2 > I 0 
(c) 2 > 3 >.1 > 4 [J (d) 4 > I > 2 > 3 0 

17. Which of the following compounds has weakest C-X 
. bond? 
(a) CH3F 0 (b) CH3C} 0 
(c) CH3Br 0 (d) CH31 0 

18. How many electrons are present in the p-orbitals of a methyl 
cation? 
(a) 2 0 (b) 3 .D 
(c) 4 D. (d) None of these 0 

19. In which of the following, delocalisation of x-electrons 
is/are possible? 
(a) CH2=CH2 0 
(b) CH3-CH2-CH=CH2 0 
(c) CH2=CH-CH=CH2 0 
(d) CHi =CH-:-CH2-CH=CH2 0 

H 

, H,e-b-C/H 

30. II I II 
H/C4-C'H 

H 
In the given Dewar structure of benzene, which of the 
following statement(s) is/are correct? 
(a) All the carbOns are in sp2-hybridstate 0, 
(b) All the carbons are in Sp3 -hybrid state Cl 

ANSWERS: BRAIN STORMING PROBLEMS I' 
1. (b) 1. (a) 3. (a) 4. (b) S. (c) 

11. (c) n. (c) 13. (d) 14. (b) IS. (c) 

11. (a) 22. (c) 13. (a, b) 14. (d) 2S. (a) 

31. (a) 31. (c) 33. (b) 34. (a) , jS. (b, c, d) 
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(c) Four carbons are in sp2 and two in Sp3 -hybrid state 0 
(d) Four carbons are in Sp3 and two in sp2-hybrid state 0 

31. The pair of structures that are resonance hybrid is : 
•• + + 

(a) HO-CHCH3 and HO=CHCH3 •• •• 
o 

o 

O-H :-0: •• 
II I 

(c) CH3-C-H and CH2 =C-H o 
+ + 

(d) CH3 CH2 and CHzCH3 

'31. The correct decreasing order of stability of I, II and III 
carbocations is: 

(I) CH3-rn-CH3 (II) CH3-rn-COCH3 
+ 

(III) CH3-CH-OCH3 
(a) I> II > III '0 (b) II >. III > I 0 
(c) III> I > II 0 (d) II> I > III 0 

B A 
33. The hybrid states of carbon atoins in (CN)4 C2 are A and B 

and number of x bonds in compound is C. Then: ' 
(a)A=sp,B=sp2 andC=9 0 
(b) A =sp2 ,B =sp, and C = 9 CI 
(c) A =sp3 ,B=sp and C= 9 0 
(d) A = sp2 ,B = sp2 and C = 9 D 

+ • .. -
34. -C- C - C -C- Select the correct state of 

XI I X2 X3 I X4 ' 

hybridization at X I , X Z ,X 3 and X 4' 

XI Xi X3 X 4 

(a) sp2 sp sp2 sp3 0 
(b)sp3 sp2 sp sp CJ 
(c) sp2 sp2, " :sJr .• sp3 0 
(d) Sp3 Sp2 Sp2 sp· 

3S. Resonating structures of a molecule have : 
(a) identical bondmg 0 
(b) different bonding CJ 
(c) identical arrangement of atoms and nearly same 

energies CJ 
(d) the same number of paired and unpaired electrons 

6. (b) 7. (a) 8.;(c) 9. (b) 10. (c) 
t 

16. (e) 17. (b) 18. (a) 19. (c,d) 10. (b) 

26. (b) 27. (d). 1& (d) 19~ (c) 30. (c) 
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LINKED COMPREHENSION TYPE QUESTIONS 

Passage 1 
A polar covalent bond is fonned between the two elements of 

different electronegativities. The polarity of a bond depends on 
the electronegativity ditlcrence, the bonding atoms and also on 
the shape of the molecule. 

A-B 
Let X:,4 and.x a are the eiectronegativities of bonding atoms A 

and B then, percentage ionic character of the bond can be 
calculated as, 

% ionic character =211 x A - Xo I +3.51 x A - xal 2 

Dipole moment of the bond ( J1) depends on the bond length 
and the polarity of the bond. 

}l=qxd 

Here, q = charge of the dipoles 

d = bond length 

It is observed that the dipole moment increases with increase 
in the inductive effect. 

Answer the following questions as indicated: 
Select code (a)ifthe statement is true and code (b) if the 

statement is false. 

1. The dipole moment of CH3-X bond lies in the 

following sequence: 
CH3-1 < CH3-Br < CH3-CI 

True (a) False (b) 
2. Dipole moment of methanol is less than ethanol: 

True (a) False (b) 
3. pipole moment of C-Cl bond is greater than C-Fpond : 

True (a) False (b) 
, . /0"", 

4. Dipole moment of methyl alcohol (CH3 H) is less 

than that of water : 
True (a) False (b) 

5. Dipole moment of trans-2-butenai is greater than butanal : 

o 
II 

/CH~ /C", 
CH3 CH2 H 

butanal 

o 
H II, ' 
""'C = ~ / "'H 

tH/ I 
3 H 

trans-2-butenal 

True (a) False (b) 
.. 6. Dipole moment of para-nitlUphenol is greater than phenol: 
" True (a) '. False (b) 
7. ,pipole moment of anilin,e, trifluoromethyl benzene and 

p-trifluoromethyl aniline lies in the following sequence: 

2) > Q > ¢ 
CF3 CF3 

, True (a) False (b) 

Passage 2 
. Geometry of organic compound is often described in tenns 

of the valence shell electron pair repUlsion theory. The VSEPR 
model rests on the premise that an electron pair, either bonded 
pair or an unshared pair, assOCiated with a particular atom will be 
as far away from the atom's other electron pairs as possible. 

The tricoordinate carbon atoms of an alkene or carbonyl 
group also fonn bonds with angles near 1200

• In these 
compounds, unsaturated double bonds have two electron 
pairs-those of the sigma and pi bonds. RePulsion by these two 
pairs are some what greater than those between single bonds, so 
that deviation from exact '1200 trigonal geometry is observed. 

Another factor which has important influence on shapes is 
non bonded repulsion between the atoms within the molecule. 
Such repulsion is also referred to as sterle effects. 

Answer the following questions: 

l,~ ~ • HuH H ~ 'CH3 

~ ~ CH3 y CH3 (CH3)3C li qCH3)3 

Select the correct sequence of bond angles indicated in the 
above molecules. 
(a) a<13<'Y<6 (b) a:~ 'Y 0 
(c) a>~>'Y>o (d) a<~dk'Y 

F~ Cl~ H~ 
2. F/C-O Cl/C-O H/C- O 

Select the correct sequence of indicated bond angles. 
(a) a<~<'Y (b) a>~>'Y 
(c) a ~='Y (d) a<~>'Y 

Select the correct sequence of indicated bond angles. 
(a) a>~>'Y (b) a=~='Y 
(c) a<~<'Y (d) a>~<'Y 

~H 
4. Cl---l.(,;(,tU 

• "q'H 
H 

Which amo~g the following is correet about the indicated 
bOnd angles? 
(a)a= ~ 
(c) a<~ 

(b) a> ~ 
(d) , Can not be predicted 

~-"--j 

,P('>' .. 'ief 
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S. Which compound has bond angles nearest to 120°? 
(a) O=C=S (b) CHI3 
(c) H2C=0 (d) H-C=C-H 
(e) CH4 

Passage 3 
Double bond equivalents help in search for structure of a 

compound. It involves following . steps: 
• Calculate the expected number of hydroge!1 atoms in the 

saturated structure. 
(a) For Cn there would be : (2n + 2) hydrogens if 

compound contains C, H, 0 only. . 
(b) For CnNm, there would be (2n + 2+ m)hydrogens. 

• Subtract the actual number of hydrogen and divide by 2. 
This gives the double bond equivalents. 

• rung is considered to possess single DBE. 

Answer the following questions on DBE: 
1. Double bond equivalent of compound C7H12 0 is: 

(a) 2 (b) 3 
(c) 4 (d) 1 

2. Double bond equivalent of benzene will be: 
(a) 2 (b) 3 
(c) 4 (d) 1 

3. Which of the following is not correct? 
Compound DBE 

(a) C7HlOO 2 
(b) C7HgO 4 
(c) C7H17N 3 
(d) C7H'3NO 2 

4. Double bond equivalent ofC7H160wouid be ... 

(a) 0 (b) 1 
(c) 2 (d) 3 

Passage 4 

The hydrogen bond is an electrostatic attractive force 
between covalently bonded hydrogen atom of one molecule and 
an electronegative atom like (F, 0, N) of other molecule. 
Hydrogen bond is nearly an electrostatic attractive force and not a 
normal chemical bond. It is very weak (2-lOkcaJ/mol) as 
compared to a covalent bond (strength 50-100kcal/mol). 

In intramolecular hydrogen bonding, the two or more than 
two molecules of the same or different substances are linked to 
form polymeric aggregate. Intermolecular hydrogen bonding 
increases the boiling point ofthe compound and also its solubility 
in water. Intramolecular hydrogen bonding occurs within two 
atoms of the same molecule. Intramolecular hydrogen bonding is 
also calied chelation, since it. involves· . ring ~ormation. 
Intramolecular hydrogen bonding decreases the boiling point of 
the compound and also its solubility in water. 

Answer the ·following questions: 
1. Which among the following has lowest boiling point? 

. NH2 

(a) 6 
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CH3 

[Hint: Tertiary arnines 
I 

(CH N) are· not involved in 3-, 
CH3 

intennolecular hydrogen bondhig, hence their boiling 
point is lowest as compared to corresponding primary 
and secondary arnines.] 

2. Which of the following molecules is dimerised' when 
dissolved in nonpolar or organic solvent? 

(a) R-COOH 

(c) R-OH 

COOH 
(b) I 

COOH 

(d) 0 
3. Which of the following compounds is (are) stablised by 

intramolecular hydrogen bonding? . 

CI OH 
.. -1 I 

(a) Cl-f-f-H 
CI OH 

fH V 
(c) CH3-C==CH-C-OC2Hs 

CH20H 
(d) I 

CH20H 

4. Select the compound which involves intramolecular 
hydrogen bonding. 
(a) HCOOH (b) CH3COOH 
(c) C6HsCOOH (d) CH3COOOH 
[Hint: Per acids fonn intramolecular hydrogen bond. 

r-

Cfl3-C("',f,+ ] 
0-0 

9. . 9. . OH P. 
II ' II . I .II 

S. CH3-C-CH2-C-CH3..----'" CH3-C=CH-C-CH3 
2,4-pentadione 4-hydroxypent-3-en-2-one 

. (.4) . (B) 

Select the correct statement about above tautomers. 
(a) Form (A) is· more stable due' to formation of 

intramolecular hydrogen bond 
(b) Form (B) is more stable due to formation of 

intermolecular hydrogen bond 
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(c) Form (B) is more stable due to the formation of 
intramolecular hydrogen bond 

'~ .. " 
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(d) Form (A) is more stable due to the formation of 
intermolecular hydrogen bond 

ANSWERS: LINKED COMPREHENSION TYPE QUESnONSI--1--------------, 
Passage I I.. (a) 2. (b) 3. (il) 4. (a) s. (a) 6. (a) 7. (b) 
passage 2 I. (a) Z. (b) 3. (a) 4. (b) S. (c) 
Passage 3 I. (a) l. (c) 3. (c) 4. (a) 
Passage 4 I. (d)%. (a) 3. (a, b, c) 4. (d) S. (c) 



2 
MOLECULAR ANALYSIS OF. 

ORGANIC COMPOUNDS 

2.1 GENERAL 

In order to establish the correct structure of an organic 
compound, it is necessary to know precisely its molecular 
formula. The following steps are . involved jn the 
determination of the molecular formula of a compound. 

(i) Detection of elements (Qualitative analysis). 
(ii) Estimation of elements (Quantitative analysis). 

(iii) The determination of molecular mass. 
(iv) Calculation of empirical and molecular formula. 

2.2 DETECTION OF ELEMENTS 
(QUALITATIVE ANALYSIS) 

Most of the organic compounds contain 2 to 5 different elements. 
The principal elements present are: carbon, hydrogen and 
oxygen. Less commonly present elements are: nitrogen, 
sulphur and halogens. In few organic compounds, phosphorus 
and metals may also be present. The order of abundance of 
these elements in organic compounds is given below: 

Carbon -Always present 
Hydrogen -Nearly always present 
Oxygen -Generally present 
Nitrogen, halogens, sulphur -Less commonly present 
Phosphorus and metals -Rarely present 

Detection of Carbon and Hydrogen 

Carbon is always present in an organic compound and 
hydrogen, too, is rarely absent However, the presence of these 
two elements is confIrmed by the given common test. 

A small amount of dry organic compound mixed with 
about eight times dry cupric oxide· is taken in a hard glass 
tube. The glass tube is clamped and fItted with a delIvery tube 
carrying a bulb in the horizontal length. The end of the 

delivery tube is immersed in lime water. The bulb of the 
delivery tube contains anhydrous copper sulphate 
(colourless). The mixture is heated very strongly. Carbon and 
hydrogen present in the organic compound are oxidised by 
cupric oxide to carbon dioxide and water; relpectively 
(Copper Oxide Test). 

C+2CUO ~ 2Cu+C02 

H2 +CuO ~ Cu+H20 

Carbon dioxide turns' the lime water milky and water 
vapours turn anhydrous copper ,sulphate. blue .. Water vapours 
condense on the cooler part of the tube. 

Ca(OHh +C02 .---,---+ CaC03 + H20 
Milky 

CuS04 + 5H20. ---'---+ CuS04 ·5H20 
(Colourless) (Blue) 
Anhydrous Hydrated 

If the substance under investigation is a volatile liquid or 
gas, the vapours are passed over heated copper oxide kept in 
combustion tube and the gaseous products are tested as above. 

If the substance under examination contains sulphur also, 
the.gases evolved are fust passed through an acidified-solution 
of potassium dichromate which absorbs all the. sulphur 
dioxide and then through lime water which turns milky. 

S +2CuO ---'---+ 2Cu +S02 

K2Cr20 7 + H2S04 + 3S02 ~ KZS04+Cr2(S04)3 + H20 > 

[S02 like CO2 turns lime water milky due to formation of 
caS°3 • . 

Ca(0H)2 + S02 . ---'---+ Caso l + H20] .. 

*Cupric oxide, CnO, is hygroscopic. It is always ignited before use as to ma1ce it completely dry. 

" 
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Organic compounds (suppose to contain phosphorus) are 
heated with oxidising agents (like sodium peroxide, Na202)' 
The phosphorus present in the organic compound is oxidised 
to phosphate. 

Detection of Nitrogen, Sulphur and Halogens 

. These elelilentsare test~d,in ~-organic compound by 
Lassaigne's t~st.TIie organic compoimd (N, S or halogens) is 
fused with sodium metal as to convert these elements into 
ionisabl~in()rgani<tsubS1{mces, i.e., 'nitrogen into sodium,. 
cyanide: sulphtirintosodhun sulphide andhalogensirito ' 
sodium halides. .. . 

Na+C+N ~ NacN 

2Na+S ~ Na2S 

2Na + X 2 ~ 2NaX' (X may be Cl, Br or I) . 

Note: . Sodium metal should be' in slight excess otherwise in 
compounds containing N and S together, sodium thiocyanate is 

. formed. With excess of sodiUm, the thiocyanate formed 
decomposes into cyanide a:ndsulphide. 

Na + C + N + S ~ NaCNS 
Sodium thiocyanate 

NaCNS + 2Na ~ NaCN + Na2S 

The cyanide, sulphide' or halide ions can be confirmed in 
the aqueous solution by usual tests. The aqueous solution is 
called Lassaigne's filtrate. . 

Instead of sodium metal, mixture of sodium carbonate and 
zinc can be used. It is called Middleton's fusion method. 

Preparation or Lassalgne's filtrate: A small piece of . 
sodium of pea size is freshly cut and dried between the folds of 
filter paper. It is taken in a fusion tube (ignition tube) and 
heated gently. When it melts to a shining globule, the tube is '. 
removed. from the flame and a small amount of organic 
compound (0.05 g of solid or 3-4 drops of liquid) is added to 

. the sodium. The tube is first gently heated till the reaction 
ceases and then strongly till it is red hot. It is now plunged 
directly into 10 to 15 mL of distilled water taken in a porcelain 
basin and crushed by the tip of the tongs. The contents are 
heated for five minutes and then filtered. The filtrate is known . 
as Lassaigne's filtrate or sodium extract. 

Organic compounds being covalentsnormally do not 
have ionisable groups, hence direct test is not possible. 

Detection of Nitrogen 

2 mL ofLassaigne's filtrate (sodium extract) is taken in a 
test tube and two or three drops of freshly prepared ferrous 
sulphate solution are added. As the solution is alkaline (excess 
of sodium reacts with water to form sodium hydroxide), a 
green precipitate of ferrous hydroxide appears. The mixture is 
boiled for two minutes, cooled and acidified with, dilute 
sulphuric acid (H2S0 4 dissolves ferrous hydroxide). 
Appearance of a green or prussian blue colour confirms the 
presence of nitrogen. Alternatively FeCl3 and dilute HCI may 
be added. . 
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Chemistry of the test: Lassaigne's filtrate consists of 
sodium cyanide and sodium hydroxide. 

Na + C + N 
'-----v----' 
From organic 

compound 

NaCN 
Sodium cyanide 

2Na + 2If20 ---7 2NaOH + H2 
Sodium hydroxide 

When the filtrate is boiled with ferrous sulphate solution, 
the following reactions take place. 

: - . 

FeSO" +2NaOH ---7 Fe(OHh + Na 2S04 
Ferrous hydroxide 

(Green) 

Fe(OHh +6NaCN ---7 Na4[Fe(CN)'6] +2NaOH 
Sodium ferrocyanide 

[Sodium 
hexacyanoferrate' (II)] 

At the same time some ferrous sulphate is converted to 
ferric sulphate. This reacts with sodium ferrocyanide to form 
ferric ferrocyanide or iron (III) hexacyanoferrate (II) which 
gives prussian blue colour or precipitate. 

3Na4[Fe(CN)6] + 2Fe2(S04)3 ~ Fe4[Fe(CN)6h + 6Na2S04 
. Ferric ferrocyanide 

(Prussian blue) 

In case ferric chloride (FeCI 3 ) is added, the following reac
tion occurs. 

4FecI3+3Na4[Fe(CN)6] ~ Fe4[Fe(CN)6h +12NaCI 

Note: (i) Sometimes when the amount of nitrogen present is small, the 
prussian blue is present in colloidal form and the solution 
looks I!reen. 

(ii) When the alkaline solution is acidified with HCI, the yellow 
colourofferric chloride produced by the acid with ferric ions 
makes the blue colour to appear as green. 

(iii) When the organic substance contains both N and S, sodium 
thiocyanate is formed which gives a blood red colouration of 
ferric sulphocyapide (or ferric thiocyanate) with ferric ions. . 

3NaCNS + FeCI3 ~ Fe(CNS)3 + 3NaCI 
Ferric sulphocyanide 
(Blood red in colour) 

(iv) This test fails in case of diazo compounds. 

Detection of Sulphur 

1. Lassaigne's test: Sulphur is present in the sodium 
extract in the· form of sodium sulphide. 

S+2Na ~ Na2S 

(When sulphur and nitrogen both are present, sodium 
thiocyanate is formed. Both are tested simultaneously with 
ferric chloride solution, when a blood red colouration 
appears). 

Sulphur is tested in the sodium extract in the following 
manner: 

(i) To a little of sodium extract, freshly prepared solution 
of sodium nitroprusside is added; a deep violet colour 
indicates the presence of sulphur. 
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Na2S + Na 2[Fe(NO)(CN)sJ ------7 Na3[Fe(ONSNa)(CN)5) 
Sodium nitroprusside (Vioiet coloured complex) 

Sodium thionitroprusside 

or Na4[Fe(CN)sNOS] 
(Purple colour complex) 

(ii) To another test portion of sodium extract, a few drops 
of acetic acid and lead acetate are added. A black precipitate 
of lead sulphide is formed. 

Na2S + (CH3COOh Pb ------7 PbS + 2CH3COONa 
(Black ppt.) 

(iii) To a small portion of sodium extract, a few drops of 
acetic acid and cadmium acetate are added. Yellow precipitate 
of cadmium sulphide is formed. 

Na 2S + (CH3C00)zCd ------7 CdS +2CH3COONa 
(Yellow ppt.) 

. 2. Oxidation test: . Sulphur can also be tested by 
oxidation test. The organic compound is fused with fusion 
mixture (a mixture of sodium carbonate and potassium 
nitrate) .. The sulphur, if present in the organic compound, is 
oxidised to sodium sulphate. 

Na2C03 + S + 30 ------7 Na2S04 + CO2 
The fused mass is dissolved in water and the solution is 

acidified with hydrochloric acid. Barium chloride solution is 
. then added. The formation of a white precipitate indicates the 
presence of sulphur. 

Na2S04 + BaCl2 ------7 BaS04 +2NaCl 
(White ppt.) 

Detection of Bah,gens 

1. Lassaigne's test: Chlorine, bromine and iodine are 
present in the sodium extract in the form of sodium chloride, 
sodium bromide and sodium iodide, respectively. For the test 
of halogens, it is necessary to remove sodium cyanide and 
sodium sulphide from the sodium extract if nitrogen and 
sulphur are present. This is done by boiling the sodium extract 
with concentrated nitric acid. . 

NaCN + HN03 ------7 NaN03 + HCN i 
. Na2S + 2HN03 ------7 2NaN03 + H2S i 

[lfNaCN and NaiS are not decomposed, white or black 
precipitate of AgCN and Ag 2S respectively are formed with 
silver nitrate solution,) 

To the sodium extract (free from NaCN and Na2S), silver 
nitrate solution is added after acidifying it with dilute nitric 
acid. Appearance of white precipitate (AgCl) or pale yellow 
precipitate (AgBr) or yellow precipitate (AgI) indicates the 
presence of chlorine, . bromine. or iodine in the organic 
compound, respectively. 

NaCI + AgN03 ------7 AgCI + NaN03 . 
(White ppt.) 

The . precipitate of AgCI dissolves in ammonium 
hydroxide. 
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NaBr + AgN03 ------7 AgBr + NaN03 
(Pale yellow ppt.) 

The precipitate of AgBr is sparingly soluble in 
ammonium hydroxide. 

NaI + AgN03 ------7 Agi + NaN03 
(Yellow ppt.) 

AgI is insoluble in ammonium hydroxide. 
2. Chlorine water test for bromine and iodine: From 

the colour of AgBr and AgI, it is difJicult to judge whether the 
organic compound contains bromine or iodine. To confirm the 
presence of bromine or iodine, the above test is supplemented 
by the chlorine water test (layer test). 

A small portion of sodium extract is acidified with dilute 
HN03 or H2S04 and then 1 mL of chloroform or carbon 
tetrachloride is added. Now shake it vigorously with excess of 
chlorine water. If chloroform layer becomes yellow or brown, 
bromine is present and if violet, iodine· is present. 

2NaBr +C12 ------7 2NaCI . + sr2 
(Turns CSz layer orange) 

Br2 dissolves in CHCl3 or CCl4 giving yellow or brown 
colour (layer). 

2NaI +C12 ------7 2NaCI +12 
(Turns CSz layer violet) 

12 dissolves in CHCl3 or CCl4 giving violet colour (layer) . 

Note: The presence of NaCN or Na2S insodiurn . eXh-act ~~ not 

interfere in this test. 

3. Beilstein test or copper wire test: The copper wire 
is flattened at one end. The flattened end is heated in an 
oxidising flame of the burner till it ceases to impart any green 
or blue colour to the flame. A small quantity of organic 
substance . is taken on the flattened end of the wire and 
introduced in the flame. A green or blue colour of the flame 
indicates the presence ofhalogen(s). The green or blue colour 
is produced due to the interaction of halogen with copper to 
form volatile copper halides. 

Note: This test, though very sensitive, is not always reliable. 
Substances which do not contain halogens such as urea, 
thiourea, pyridine, quinoline and purines, etc., also impart 
colour to the flame. . 

Detection of Phosphorus 

The organic compound is fused with the fusion mixture 
(sodium carbonate and potassium nitr<>te) or sodium peroxide. 
The phosphorus present in the organic compound is converted 
into sodium phosphate. The fused product is extracted with 
water and the aqueous solution obtained is boiled with 
concentrated nitric acid and ammonium molybdate. A yellow 
precipitate or colouration indicates the presence of 
phosphorus. The yellow precipitate is due to the furmation of 
ammonium phosphomoiybdate, (NH4) 3 PO 4 ·12Mo03· 

Bo'l [P + Na202 1) Na3P04] 

3Na2C03 +2P+50 ------7 2Na3P04+3C02 

,. 
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Na3P04 +3HN03 ~ H 3P04 +3NaN°3 

H 3P04 +12(NH4hMo04 +21HN03 ~ 

(NH4hP04 . I 2MoO 3 +21NH4N03 +12H20 
Ammonium phosphomolybdate . 

(Yellow ppt.) 

Detection or Ox.ygen 

There is no satisfactory qualitative method for the detection 
of oxygen. However, its presence can be inferred indirectly. 

(i) If the organic compound is heated alone in a dry test 
tube in presence of nitrogen, the formation of water drops on 
cooler parts ofthe tube may indicate the presence of oxygen. 

(ii) The presence of oxygen can be inferred by testing the 
presence.of functional groups known to contain oxygen, e.g., 

. hydroxyl (-OH), aldehydic (-CHO), carboxyl (-COOH), 
and nitro (-NO 2 ), etc. 

2.3 ESTIMATION OF ELEMENTS 
(QUANTITATIVE ANALYSIS) 

After qualitative analysis of tflements, the next step in the 
determination of molecular formula of an organic compouna is 
the estimation of various elements by mass, i. e., finding the 
percentage composition of the substance by mass. The various 
methods commonly employed for the estimation of principal 
elements are discussed below: 

Estimation of Carbon and Hydrogen 

Carbon and hydrogen are estimated simultaneously by 
Liebig's combustion method. 

Principle: When a known mass of an organic 
compound is strongly heated with dry cupric oxide, carbon 
and hydrogen present are quantitatively oxidised to carbon 
dioxide and water, respectively. The masses of carbon dioxide 
and water thus formed are determined and the amounts of 
carbon and hydrogen in the original compound are calculated. 

A Y CxHy +(x+ yl4)02 ~ xC02 +-H20 
Observations: 2 
(i) Let the mass of the organic compound be W g. 

(ii) Increase in the mass QfU-tube = yg 

So, Mass of water formed = y g 

Increase in the mass of potash bulbs (or 
saphnolite tube)= x g 

So, Mass of carbon dioxide formed = x g 
Calculations : 

(a) 

18 g of water contain 2 g of hydrogen 

yg of water will contain =~ x yg of hydrogen 
18 

(b) 

G.R.B. Organic Chemistry (or Competitions 

. 2 Y 
Percentage of hydrogen = - x - x 100 

18 W 

C + 02 
12g 

44 g of CO2 contain 12 g of~arbon 

x g of CO2 will contain = g x x g of carbon 
. 44 

12 x 
Percentage of carbon =- x - x 100 

44 W 

Liebig's method is most suitable in case of organic 
compounds containing C, H and oxygen only. If, however, the 
organic compound contains nitrogen, halogens and sulphur 
also, some modifications are made. . 

1. Substances containing nitrogen: The oxidation of 
nitrogen present in the organic compound occurs and oxides 
of nitrogen (N 20' NO and N02) are formed. These oxides are 
also absorbed by caustic potash solution along with CO2, The 
oxides of nitrogen are decomposed again into nitrogen by 
placing a bright copper gauze roll near the exit end. Nitrogen 
so produced is not absorbed by KOH solution; 

4Cu+2N02 ~ 4CuO+N 2 
Cu+N20 ~ CuO+N 2 

1. Substances containing halogens: Halogens present 
in organic compounds form copper halides during 
combustion. Copper halides are volatile and partly decompose 
at high temperature forming free halogens. These halogens 
and copper halides are absorbed in the absorption apparatus. 
This can be prevented by placing a bright silver gauze roll 
near the exit end. Non-volatile silver halides are formed. 

2Ag+X2 ~ 2AgX 
2Ag+CuX2 ~ 2AgX +Cu 

3. Substances containing sulphur alone or sulphur 
and halogen: The sulphur present in the organic compound 
is oxidised to sulphur dioxide which is absorbed in potash 

. bulbs. A layer of fused lead chromate is placed near the exit 
end. S02 reacts to produce nonvolatile lead sulphate. 

2PbCr04 ~ 2PbO+Cr203 +30 

PbO+S0 2 +0 ~ PbS04 
It also reacts with copper halides and free halogens to 

form lead halides which are retained in the combustion tube. 

SOME SOLVED PROBLEMS 

Problem 1. 0.92 g of an organic compound containing 
carbon, hydrogen and oxygen was analysed by combustion 
method. The increase in mass of the U-tube and the potash 
bulbs at the end of the operation was found to be 1.08 g and 
1.76 g, respectively. Determine the percentage composition of 
the compound . 
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Solution: Increase in mass of U-tube = L08 g 

Mass of water formed = 1.08 g 

Since, 18 g of water contain hydrogen = 2 g 

1.08 g of water contain hydrogen = 128 x 1.08 g 

Mass of compound taken for analysis = 0.92 g 
2 1.08 

Percentage of hydrogen = - x -- x 100 = 13.04 
18 0.92 

Increase in mass of potash bulbs = 1.76 g 

Mass of carbon dioxide formed = 1.76 g 

Since, 44 g of carbon dioxide contain carbon 12 g 

1.76 g of carbon dioxide contain carbon = ~ xl. 76 g 

12 1.76 
Percentage of carbon = 44 x 0.92 xl 00 = 52.17 

Percentage of oxygen = 100- (per cent of C + per cent of H) 

= 100- (52.17+ 13.04) 
= 100- 65. 21 = 34.79 

Composition of the compound: C = 52.17%; H = 13.04%; 
0= 34.791'10 

Estimation of Nitrogen 

The following two methods are used for the estimation of 
nitrogen in an organic substance: 

(i) Duma's method 
(ii) Kjeldahl's method 
1. Duma's method: This method can be applied in 

. case of all nitrogenous compounds. 
The elemental nitrogen is converted into molecular 

nitrogen and its volume is changed to STP data. 

2N ) N 2 (g) 
28g 22.4L at STP 

Prineiple: A nitrogenous compound of formula 
CxH yN z when strongly heated with cupric oxide, in the 
atmosphere of CO2, nitrogen. is set free along with the 
formation of carbon dioxide and water. Part of nitrogen may 
be oxidised into oxides of nitrogen. When the gaseous mixture 
is passed over a roll of heated bright copper gauze, the oxides 
of nitrogen are reduced again into nitrogen. 

. y . z 
CXHyNz +(2x+ y/2)CUO~xC02+-H20+-N2 

(Exce~) 2 2 
+ (2x + y/2)Cu 

Heat 
Oxide of nitrogen + Cu ~ N 2 + CUO· 

The resultant mixture is collected over concentrated 
KOH solution in a nitrometer,. All the gases (C02, S02' 
H20) except nitrogen are absorbed. The volume of nitrogen 
collected over KOH solution is measured. 

Observation. : 

(i) Mass of the organic substance taken = W g 

(ii) Volume of moist nitrogen in nitrometer = v mL 
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(iii) Room temperature = to C = (t + 273) K 

(iv) Atmospheric pressure = P mm 

(v) Aqueous tension at room temperature PI mm 

. . Pressure of dry N 2 gas formed = (p - PI) mm 

Alternately, volume of the vapours is changed to STP 
values. 

Calculation: 

Experimental values at STP 

PI =(p- PI)mm P2 = 760mm 

VI =VrnL V2 =? 
TI = (273 + t°C) T2 =273 

760xV2 (p- PI)XV 
-----=-= 

273 (273 + t) 
Thus, 

(l mol of every gaseous substance has volume 22.4 L at 
STP) 

So, volume of N 2 (by gas equation) 

V. = (p - PI ) X V x 273 = V mL 
2 (t + 273) 760 

Pereentage of Nitrogen: 
22400 rnL of N 2 weigh at STP = 28 g 

Therefore, V rnL of N 2 weigh at STP. 2;4~0 x V g 

Percentage of nitrogen in the given compound 
28 V . 

=----x-xlOO 
22400 W 

2. Kjeldahl'. method: This is a very convenient 
method but its use is restricted. This method is suitable for 
estimating nitrogen in those organic compounds in which 
nitrogen is linked to carbon and hydrogen. The method is not 
used in the case of nitro, azo and azoxy compounds and to the 

. compounds containing nitrogen in the ring (e.g., pyridine 
quinoline, isoquinoline, etc.). The method is extensively used 
for estimating nitrogen in food, fertilizers and agricultural 
products. . 

Principle: The method is based on the fact that when 
the nitrogenous compound is heated with concentrated 
sulphuric acid in presence of copper sulphate (as catalyst) and 
potassium sulphate solid, the nitrogen present in the 
compound is quantitatively converted to ammonium sulphate. 

CuS04 + K2S04 Organic compound + Conc. H2SO i ----"-----'=----'-7) 
Il 

(NH4hS04 

The ammonium sulphate so formed is decomposed by 
heating with excess of alkali and the ammonia evolved. is 
absorbed in known excess volume of a standard acid (H2SO 4)' 
The excess acid left after neutralisation with anUnonia is 
estimated by back titration with standard alkali. The 
percentage of nitrogen is then calculated from the amount of 
ammonia .. 



44 

Observations: 
(i) Mass of the organic compound taken = W g 

(ii) Normality of the standard acid = Nt 

(iii) Volume of the acid taken = VI mL 
(iv) Volume of the acid left after NH3 absorption = V2 mL 

(Determined by titrating with standard alkali solution) 
(v) Volume of NI acid used, i.e., neutralised by ammonia 

= (VI -V2 ) mL V mL 
Calculations: Since, V mL Nl acid = V mL Nl NH3 

and 1000mLNNH3 =17gNH3 ==14gnitrogen 
17 

So VmLNI NH3 = 1000XNj xVgNH3 

14 V' -- x NIx g rutrogen 
1000 
14 100 

Percentage of nitrogen = 1000 x NIx V X W 

1.4 X Nt x V 

W 

Problem 2. An organic compound was analysed by 
Duma s method. 0.45 g of the compound on combustion gave 
48.6 mL nitrogen at 27°C and 756 mm pressure. Calculate the 
percentage of nitrogen. 

Solution: V. = 48.6 mL 

PI =756mm 

TI =27+273 
=300K 

V2 =? 

P2 =760mm 

T2 =273 K 

. . PjVI P2V2 Applymg general gas equatIon, --;;- = T. 
.II 2 

PI VI T2 
Volume of nitrogen at STP, V2 = ~. P

2 

756x 48.6 273 = x-
300 760 

=43.99mL 

Mass of organic compound = 0.45 g 
. 28 V

2 
Percentage of nitrogen in the compound = 22400 x W x I 00 

=~x 43.99 x 100 
22400 0.45 

=12.22% 

probl.:P1~! 0.2 g of an organic compound was analysed 

by Kjeldahl s method. Ammonia evolved was absorbed in 
60 mL N I5H2S04 • Unused acid required 40 mL of N 110 
NaOH for complete neutralisation. Find the percentage of 
nitrogen in the compound. 

Soluqon: Mass' of organic compound = 0.2 g 
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N 
Unused acid required = 40 mL 10 NaOH 

N N 
40 mL - NaOH == 40 mL - H 2S04 10 10 

N 
==20 mL 5 H2S04 

Acid used for absorption of ammonia 
N. 

::: (60 20) mL 5 H2S04 

N • 
= 40 mL 5 H 2S04 

1.4 x 
Percentage of nitrogen = W 

1.4x 40 
== 56% 

0.2x5 

Problem 4. 1.216 g of an organic compound was 

reacted under Kjeldahl s method and the ammonia evolved 
was absorbed in 100 mL N H2S04 , The remaining acid 
solution was made up to 500 mL by addition of water. 20 mL of 
this dilute solution required 32 mL of NIIO caustic soda 
solution for complete neutralisation. Calculate the percentage 
of nitrogen in the compound. 

Solution: 20 mL dilute unreacted acid soln. required 

N 
=32 mL - NaOHsoln. 

500 mL dilute unreacted !2id soln. required 

;; 32 x 500 mL N NaOH soln. 
20 10 

= 32 x 500 mL N NaOH 
20 10 

==80mL NNaOH 

80 mL N NaOH = 80 mL N H2S04 

Acid used for the neutralisation of NH 3 

=(100-80) mL N H2S04 ' 

=20mLN H2S04 

V 
Percentage of nitrogen 1.4 x Nl x W 

NI =1, V =20mL and W=1.216g 

1.4 xl x20 = 23.030/0 So, percentage of nitrogen 1.216 74 

Estimation of Halog~ns 

The estimation of halogens (Cl, Br or I) in organic 
compounds is usually done by Carius method. 

Principle: The method is based on the fact that when 
an organic compound containing halogen (CI, Br or I) is 
heated in a sealed tube (Carius tube) with fuming nitric acid in 
presence of excess of silver nitrate, silver halide is formed. 



Molecular Analysis of Organic Compounds 

From the mass of silver halide formed, the percentage of the 
halogen can be calculated. 

Calculations: Mass of the organic substance = W g 

Mass of the silver halide = WI g 

(a) Chlorine: AgCl = CI 
,143.5 g 35.5 g 

143.5 g of AgCl contains chlorine = 35.5 g 

W; g AgCl contains chlorine = 35.5 x W; g 
143.5 

Percentage of chlorine = 35.5 x WI x 100 
143.5 W 

(b) Bromine: AgBr = Br 
188 g 80 g 

188 g of AgBr contains bromine = 80 g 

W; g of AgBr contains bromine = ~ x W; g 
188 

b 
. 80 WI 

Percentage of romme = - x - x 100 
188 W 

(c) Iodine: AgI = I 
235 g 127 g 

235 g of AgI contains iodine = 127 g 

I .. d· 127 W; gAg contams 10 me =- x W; g 
235 

f ·• 127 WI 10 Percentage 0 lodme = -'- x - x 0 
. 235 W 

Problem: 5. 0.5264 g silver bromide is ,obtained from 

0.5124 g of an organic compound. Calculate the percentage of 
bromine in the compound. 

Solution: Mass of organic compound, W = 0.5124 g 

Mass of silver bromide, W; = 0.5264 g 

AgBr = Br 
188g 80g 

. 80 W; 
Percentage of bromme = - x - x 100 

188 W 

=~ x 0.5264 xl00 = 43.71% 
188 0.5124 

Problem 6. 0.156 g of an organic compound on heating 
with fuming RN03 and AgN03 gives 0.235g of Agl. 
Calculate the percentage of iodine in the compound. 

L,~-

Solution: Mass of organic compound, W =:= 0.156 g 
~ :. ". 

Mass of AgI, W; =0.23Sg 

AgI = I 
235 g 127 g 

.. 127 W. 
Percentage of Iodme = -, x _I xl 00 

235 W 

= 127 x 0.235 x 100=81.41 % 
235 0.156 
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Problem 7. 0.1170g of an organic compound on 
heating with conc. RN03 and silver nitrate in Cariusfurnace 
gave 0.42 g of AgCl. Find the percentage of chlorine in the 
compound. 

Solution: Mass of organic compound, W = 0.1170 g 

Mass of AgCl, W; = 0.42 g 

AgCl = CI 
143.5 g 35.5 g 

hl
. 35.5 W; 

Percentage of c onne = -- x - xl 00 
143.5 W ' 

= 35.5 x 0.42 x 100=88.80% 
143.5 0.1170 

Hmogens can also be estimated by Schiff's and Piria 
method. 

In this method the accurately weighed organic compound 
is taken in a small plat~um crucible with a mixture of lime 
and sodium carbonate, (CaO + Na2C03). It is now heated 
strongly and then cooled and dissolved in dilute nitric acid in a 
beaker. The solution is then filtered and the halide is 
precipitated with silver nitrate solution. Halogen is now 
calculated as in Carius method. 

Estimation of Sulphur 

Sulphur in organic compounds may be estimated by any 
one of the following method: 

(a) Carius method 
(b) Messengers method 
(c) Fusion method 
The most common method for the estimation of sulphur is 

Carius method. 
Principle: When anorganic compound containing 

sulphur is heated with fuming nitric acid, sulphur is 
quantitatively oxidised to sulphuric acid. This is precipitated 
as barium sulphate by adding barium chloride solution. From 
the amount of barium sulphate, percentage of sulphur can be 
calculated. 

S + RN03 (fuming) Heat) H
2
S0

4 

H2S04 + BaCI2 ) BaS04 +2HCI 

Calculations: Mass of organic compound = W g 

Mass of barium sulphate = WI g 

BaS04 == S 
233 g 32 g 

233 g of barium sulphate contains sulphur = 32 g 

W; g of barium sulphate contain~ sulphur = 32 x W; g 
233 

32 W' 
Percentage of sulphur = - x _1 X 100 

233 W 

Problem 8. On heating 0.32 g of an organic compound 

with concentrated nitric acid and barium chloride, 0.932 g 
barium sulphate was obtained. Calculate the percentage of 

'-.':. 

sulphur in the given compound., 
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Seludon: Mass of organic compound, W = 0.32 g 

Mass of barium sulphate, Wt =0.932g 

BaS04 === S 
233 g 32 g 

32 Wt 
Percentage of sulphur = - x - x 100 

233 W 

= 32 x 0.932 xIOO=40% 
233 0.32 

Esdmadon of Phosphorus 

It is also estimated by Carius method. The organic 
compound containing phosphorus is heated' with fuming 
nitric acid. Phosphorus is oxidised to phosphoric acid. 
It is precipitated as ammonium phosphomolybdate, 
(NH4) 3 PO 4·12Mo03 by heating it with conc. HN03 and then 
adding ammonium molybdate. The yellow precipitate is 
filtered, washed, dried and weighed .. 

Alternatively phosphoric acid is precipitated as magne
sium ammonium phosphate, MgNH4P04, by the addition of 
magnesia mixture (MgS04 + NH40H + NH4CI). The 
magnesium ammonium phosphate -is washed, dried and 
ignited when it is converted to magnesium pyrophosphate 
(Mg ZPZ0 7 )· 

Magnesia mixture 
H3P04 ) MgNH4P04 

Phosphoric acid (Mg2+ + NH40H) Magnesium ammonium 
phosphate 

Heat 
2MgNH4P04 -~ Mg ZPZ0 7 +2NH3 +HzO 

From the mass of magnesium pyrophosphate, the 
percentage of phosphorus in the compound can be calculated. 

Caleulatlons: Mass of organic compound = W g 

Mass of magnesium pyrophosphate = Wt g 

Mg ZPZ0 7 === 2P 
222 g 62g 

62 W 
Percentage of phosphorus = - x _1 X 100 

222 W 

EsdOladon of Oxygen 

The usual method of determining the percentage of 
oxygen in an· organic compound is by the method of 
difference. All the elements except oxygen present in the 
organic compound are estimated and ·the total of their 
percentages is subtracted from 100 to get the percentage of 
oxygen. 

Percentage of oxygen = 100 - (Sum of the percentages 
of all other elements) 

However, a direct method for the estimation of oxygen 
was discovered in 1947. This is known as Aluise's method. A 
known amount of organic compound is subjected to pyrolysis 
(decomposition by heat) in a stream of nitrogen. The oxygen 
and other gaseous products formed during pyrolysis are 

. 3 
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passed over heated carbon at 1100°C. The oxygen combines 
with carbon forming carbon monoxide. 

. Pyrolysis 
Compound ) Oxygen + Gaseous products 

° z + 2C(~aphite) 11 OO°C) 2CO 

The gas is then passed through a tube containing iodine 
pentoxide at 175°C to liberate iodine. 

5CO+IzOs ---+ I z +5COz 
By determining the amount ofCOz or I z produced, the 

percentage of oxygen in the organic compound can be 
calculated. • 

The resulting gaseous mixture (CO z and I z) is passed 
through potassium iodide which absorbs iodine and the COz 
left is then absorbed in KOH. Knowing the increase of weight 
ofKOH, i.e., the weight ofCOz, the percentage of oxygen can 
be calculated. 

° =CO===COz 
16g 44 g 

16 Olass of CO2 Percentage of oxygen =-x x 100 
44 mass of org. oompd. 

NowadaYs, the estimation of elements (C, H and N) in an 
organic compound is done by taking only very small (micro) 
quantities (about 1-3 mg) of the substance with the help of 
instrumental automatic experiment techniques (CRN 
elemental analyzer) and the results are obtained on a screen 
(LED) within a short time. 

ILLUSTRAnONS OF OBJEcnVE QUESTIONS 

I. Lassaigne's test for the detection of nitrogen will fail in the 
case of: 
(a) NH2CONHZ 
(c) NH2NH2 ·HCI 
[Ans. (c)] 

(b) NHZCONHNH2 ·HCI 
(d) C6HsNHNH2 ·2HCI 

[HInt: For Lassaigne's test of nitrogen, compound must 
contain N in addition to carbon to form NaCN in sodium 

. extract.] 
Z. The function of boiling the sodium extract with conc. HNO] 

before testing for halogen is: 
(a) to make the solution acidic 
(b) to make the solution clear 
(c) to convert Fe2+ to Fe3+ 
(d) to destroy CN- and Sz- ions 
[Ans. (d)] 
[HInt : If N and S are already present, they will hinder in 
test of halogens as NaCN and Na 2 S will giv" white or black 
precipitate with AgN03' Boiling conc. HN03 is thus used . 
to remove ~and S2-. ions in the form of volatile HCN 
andH2S.] 

3. Sodium nitroprusside when added to an alkaline solution of 
sulphide ions produces a colouration : 1A.J.i'M.C lOM1 
(a) red (b) blue 
(c) brown (d) purple 
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[Ans. (d)] 
[HInt: Purple (deep violet) colour is due to the fonnation 
of sodium thionitroprusside, Na 4 [Fe(CN)s NOS].] 

4. In Kjeldahl's method, nitrogen present is estimated as: 
(a) N2 (b) NH3 
(c) N02 (d) none of these 
[Ans. (b)] 
[HInt: In this method the nitrogen present is 
quantitatively. converted into (NH4 )2 SO 4 on. heating with 
conc. H2 SO 4' The (NH4 )2 SO 4 is then treated with standard 
alkali solution to liberate NH3 ' which is absorbed in H2 SO 4 

to obtain percentage of nitrogen.] 
5. In Kjeldahl's method, nitrogen present' is quantitatively 

converted to : 
(a) N2 
(c) N02 
[Ans. (b)] 

(b) (NH4}z SO 4 
(d) none of these 

6. In Kjeldahl's method of estimation of nitrogen, K2 SO 4 acts 

as: 
(a) an oxidising agent 
(c) hydrolysing agent 
[Ans. (d)] 

(b) catalytic agent 
(d) boiling point elevator 

[Hint: Addition ofK2S04 increases the boiling point of 

H2S04 ,] 

7. Positive Beilstein test shows that: 
(a) halogens are surely present 
(b) halogens are absent 
( c) halogens may be present 
(d) none of the above 
[Ans. (c)] 
[Hint: Beilstein test is also given by some other 

_ compounds such as urea, pyridine thiourea and organic 
acids, etc., which imparts colour to the flame.] 

8. In an organic compound, the phosphorus is estimated as: 

(a) Mg 2Pz0 7 
(c) H3P04 
[Ans. (a)] 

(AFMC 2010) 
(b) Mg 3 (P04 h 
(d) P20 S 

2.4 DETERMINATION OF MOLECULAR MASS 

The molecular mass of the organic compounds can be 
determined by various methods. The methods may be divided 
into two groups: 

1. Physical methods: These are of two types: 

(I) For volatile compounds 
(a) Victor Meyer's method 
(b) Duma's method 
(c) Hofinann's method 

(Ii) For non-volatile compounds 
(a) Ebullioscopic method or elevation in boiling 

point method 
(b) Cryoscopic method or depression in freezing 

P9int method 
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2. Chemieal methods: 
(i) Silver salt method for acids 

(ii) Platinichloride method for bases 
(iii) Volumetric method for both acids and bases 

1. (i) Physical MethiHIs for Volatile Compounds 

(a) Vidor Meyer's method: Molecular mass of 
volatile liquids and solids can be easily determined from the 
application of Avogadro hypothesis according to which the 
mass of 22.4 litres or 22400 mL of the vapour of any volatile 
substance at NTP is equal to the molecular mass of the 
substance. 

In Victor Meyer's method, a known mass of the volatile 
substance is vaporised in a Victor Meyer's tube, The vapours 
fonned displace an equal volume of air into a graduated tube. 
The volume of air collected in graduated tube is measured 
under experimental conditions. This volume is converted to 
NTP conditions. 

Calculations: Mass of the organic substance = W g 

Let the volume of the air displaced be VI mL 

Temperature = TI K 

Pressure (after deducting aqueous tension) PI mm 

Let the volume at NTP be = V2 mL 

Applying gas equation, 

PI XVI 273 
Vz x-

11 760 

22400 mL of vapours weigh at .NTP = M (mol. mass) 

V2 mL of vapours weigh at NTP = W g 
W . 

22400 mL of vapours weigh at NTP - x 22400:: M 
V2 

or Vapour density of substance 
Mass of I mL of vapours at NTP 

Mass of 1 mL of hydrogen at NTP 

. W/V 
or V.D.= 2 

or 

0.00009 
W 

V.D.=-~·--
V2 xO.000Q9 

2W 
Mol.mas<;. M=2xV.D.=---

V2 xO.00009 

Note: Alternately volume of the vapours is changed to STP values. 
(l mol of every gaseous substance has volume 22.4 L at STP) 

Problem 9. In a Victor Meyer s determination, the 
following observations have been made: 

Mass of compound =0.17 g 

Volume of air collected = 34.2 mL 

Temperature = 15° C 

Atmospheric pressure = 750 mm 
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Vapour pressure of water at 150 C = 13 mm. 

Calculate the vapour density and molecular mass of the 
. compound. 

Solution: Given 

VI =34.2mL V2 =1 
PI = (750 -13) = 737 nnn 
TI = (l5 +273) =288 K 

P2 =760nnn 

T2 =237K 
)

NTP 
conditions 

By gas equation, 

V = 737x 34.2 x 273 =31.4376 mL 
2 288 760 

W 0.17 
Vapour density = = ------

V2 x 0.00009 31.4376 x 0.00009 
60.08 

Mol. mass = 2 x Vapour density = 2 x 60.08 = 120.16 

(b) Duma's method: The apparatus consists ofa glass 
bulb of about 250 mL capacity with a narrow outlet tube. It is 
cleaned, dried and weighed at the room temperature. A few 
mL of the organic substance (liquid) is placed in the bulb. The 
bulb is now placed in a bath and clamped. The bath consists of 
a liquid having 30-400 e higher boiling point than that of the 
substance whose molecular mass is to be determined. The bath 
is now heated to about 200 e higher than the boiling point of 
the substance kept inside the bulb. When whole of the 
substance inside the bulb has vaporised and no more vapours 
come out, the mouth of the bulb is sealed with a blow pipe 
flame. The bulb is now taken out of the bath, cleaned and 
dried from outside. It is now weighed. The volume of the bulb 
is determined by breaking the enq of the sealed mouth under 
water and weighing the bulb full of water along with broken 
pieces of glass. ;' 

Calculations : 

(i) Mass of bulb + air = ffJ. g 

(ii) Mass of bulb + vapours = ~ g 

(iii) Mass of bulb + water = ~ g 

Mass of water in bulb = (W3 - ffJ. ) g 

So Voluine of bulb = (W3 - ffJ. ) mL 

(iv) Room temperature = TI K and pressure after 
deducting vapour pressure of water = PI nnn 

Volume of the air in the bulb at NTP 

= (~ - ffJ. ) X PI x 273 = V mL 
TI 760 I 

So Mass of air = VI xO.00129 

(density of air at NTP= 0.00129 g / mL) 

(v) Temperature of the bath =T2 K 

Hence, Mass of empty bulb = (ffJ. - VI x 0.00129) g 

So Mass of vapour = [~ - (ffJ. - VI x 0.00129)] g 
Mol. mass of the substance 

[~ - (ffJ. -VI xO.00129)] 
= x 22400 V2 
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[
V2 = volume of va pours at NTP = (W3 - ffJ. ) X PI x 273] 

. ~ .. 7~ 

Problem 10. A Duma s bulb full of air weighs 22.567 g 

at 20°C and 755 mm pressure. Full of vapours of a substance 
at l20°C and the same pressure, it weighs 22.8617 g. The 
capacity of the bulb is 200 mL. Find out the mo{ecular mass of 
the substance. [Density of air =0.00129 g/mL] 

Solution: Given 

VI = volume of bulb = 200 mL V2 = ? 
TI =(20+273)=293K T2 =273K 
PI = 755 nnn P2 = 760 nnn 

) 
NTP 

conditions 

So V2 = Volume of bulb at NTP 

200x 755 273 18 ---x-= 5.122mL 
293 760 

Mass of air = V2 x 0.00129= 185.122x 0.00129 

=0.2388g 

Mass of empty bulb = (22.567 - 0.2388) 

= 22.3282 g 

Mass of vapours = (22.8617 - 22.3282) 

= 0.5335 g 

Let the volume of va pours at NTP be V. 

V = 200 x 755 x 273 =138 mL 
393 760 

mass of vapours 
Mol. mass of the substance = x 22400 

vol. of vapours at NTP 

= 0.5335 x 22400= 86.59 
138 

(c) Hofmann's method: The method is applied to 
those substances which are not stable at their boiling points, 
but which may be volatilised without decomposition under 
reduced pressure. A known mass of the substance is vaporised 
above a mercury column in a barometric tube and the volume 

. of the vapour formed is recorded. It is then reduced to NTP 
conditions. The molecular mass of the organic substance can 
be calculated by the application of following relationship: 

M 1 mass of the substance 22400 o.mass= x 
volume of the vapours at NTP 

(ii) Physical Methods for Non-volatile Substances 

The molecular mass of a non-volatile organic compound 
can be determined by noting either the elevation in boiling 
.point of the solvent (Ebullioscopic method) or the depression 
in freezing point of the solvent (Cryoscopic method) 
produced by dissolving a definite mass of the substance in a 
knoWn mass of the solvent. The molecular mass of the 
compound can be calculated from the following mathematical 
relationships: 
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Vapour pressure of water at 15° C = 13 mm , 

Calculate the vapour density and molecular mass of the 
compound. 

Solution: Given 

VI =34.2mL V2 =1 
PI = (750 -13) = 737 nnn 
TI =(15+273)=288K 

P2 = 760nnn 
T2 =237K 

)
NTP 
conditions 

By gas equation, 

V = 737x 34.2 x 273 =31.4376 mL 
2 288 760 

W 0.17 
Vapour density = = = 60.08 

V2 xO.00009 31.4376x 0.00009 

Mol. mass = 2 x Vapour density = 2 x 60.08 = 120.16 

(b) Duma's method: The apparatus consists of a glass 
bulb of about 250 mL capacity with a narrow outlet tube. It is 
cleaned, dried and weighed at the room temperature. A few 
mL of the organic substance (liquid) is placed in the bulb. The 
bulb is now placed in a bath and clamped. The bath consists of 
a liquid having 30--40° C higher boiling point than that of the 
substance whose molecular mass is to be determined. The bath 
is now heated to about 20°C higher than the boiling point of 
the substance kept inside the bulb. When whole of the 
substance inside the bulb has vaporised and no more vapours 
come out, the mouth of the bulb is sealed with a blow pipe 
flame. The bulb is now taken out of the bath, cleaned and 
dried from outside. It is now weighed. The volume of the bulb 
is determined by breaking the end of the sealed mouth under 
water and weighing the bulb full of water along with broken 
pieces of glass. ,,' 

Calculations: 

(i) Mass of bulb + air = Wj g 

(ii) Mass of bulb + vapours = Wz g 

(iii) Mass of bulb + water = W3 g 

Mass of water in bulb = (W) - Wj ) g 

So Volume of bulb = (W3 - Wj )mL 

(iv) Room temperature = TI K and pressure 
deducting vapour pressure of water = PI nnn 

Volume of the air in the bulb at NTP 

(W) - Wj ) X PI 273 
= x-=VI mL 

TI 760 

So Mass of air = VI xO.00129 

(density of air at NTP= 0.00129 g / mL) 

(v) Temperature of the bath = T2 K 

after 

Hence, Mass ofemptybulb=(Wj -VI xO.00129)g 

So Mass ofvapour=[W2 -(Wj -VI xO.00129)]g 
Mol. mass of the substance 

[Wz - (Wj -VI xO.00129)] 
= ><22400 

V2 
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[ 
(W3 - Wj ) X PI 273] 

V2 = volume of vapours at NTP = x-
T2 760 

Problem 10. A Duma s bulb full of air weighs 22.567 g 

at 20°C and 755 mm pressure. Full of vapours of a substance 
at 120°C and the sam'e pressure. it weighs 22.8617 g. The 
capacity of the bulb is 200 mL. fInd Ollt the mo(ecular mass of 
the substance. [Density of air =0.00129 g/mL] 

Solution : Given 

VI = volume of bulb = 200 mL V2 = ? 
TI = (20+273) =293 K T2 =273 K 
PI = 755 nnn P2 = 760 nnn 

) 
NTP 

conditions 

So V2 = Volume of bulb at NTP 

=200x 755 x 273 = 185.122 mL 
293 760 

Mass of air = V2 x 0.00129= l85.122x 0.00129 

=0.2388g 

Mass of empty bulb = (22.567 - 0.2388) 

= 22.3282 g 

Mass of vapours = (22.8617 - 22.3282) 

= 0.5335 g 

Let the volume of va pours at NTP be V. 

V = 200x 755 x 273 =138 mL 
393 760 

mass of vapours 
Mol. mass of the substance = x 22400 

vol. of vapours at NTP 

= 0.5335 x 22400= 86.59 
138 

(c) Hofmann's method: The method is applied to 
those substances which are not stable at their boiling points, 
but which may be volatilised without decomposition under 
reduced pressure. A known mass of the substance is vaporised 
above a mercurycolurnn in a barometric tube and the volume 
of the vapour formed is recorded. It is then reduced to NTP 
conditions. The molecular mass of the organic substance can 
be calculated by the application of following relationship: 

mass of the substance 
Mol. mass = x 22400 

volume of the vapours at NTP 

(ii) Physical Methods for Non-volatile Substances 

The molecular mass of a non-volatile organic compound 
can be determined by noting either the elevation in boiling 
point ofthe solvent (Ebullioscopic method) or the depression 
in freezing point of the solvent (Cryoscopic method) 
produced by dissolving a definite mass of the substance in a 
knoWn mass of the solvent. The molecular mass of the 
compound can be calculated from the following mathematical 
relationships: 



Molecular Analysis of Organic Compounds 

(a) Elevation in boiling point: 

where 

I 
. 1000Kb Xw 

Mo . mass;;;: ---"--
Wxl1T 

Kb = Molal elevation constant of the solvent 
w= Mass of-the compound 
W = Mass of the solvent 

I1T = Elevation in boiling point of the solvent 
(determined experimentally). 

(b) Depression in freezing point: 
1000Kj Xw 

Mol. mass == -----
Wxl1T 

where 
K j = Molal depression constant of the solvent 

w == Mass of the compound . 
W = Mass of the solvent 

I1T == Depression in freezing point' of the solvent 
( determined experimentally) 

2. Chemical Methods 

(i) Silver salt method for acids: It is based on the fact 
that silver salt of an organic acid on. heating gives residue of 

· metallic silver. 

RCOOAg Heat) Ag 
Silver salt Silver 

(residue) 

From the mass of silver salt taken and the mass of the 
silver residue obtained, the equivalent mass of the silver salt 
can be calculated. . 

Equivalent mass of silver salt Mass of silver salt 

Equivalent mass of silver Mass of silver 

Knowing the equivalent mass of silver salt, the equivalent 
· mass of the acid can be obtained. The molecular mass of an . 
acid can be determined with the help of the following 
relationship: 

Mol. mass of the acid· Equivalent mass of the acid x basi~ity 
Procedure: . The organic acid is treated with excess of 

'NH40H. The ammonium salt is formed which remains in 
dissolved form. . 

RCOOH +NH40H ---7 RCOONH4 + H 20 
The umeacted ammonia is boiled off. The neutral solution 

is then treated with silver ni~ate ·solution. The precipitated . 
· silver salt i~ filtered, washed and dried. 

RCOONH4 + AgN03 . ---7 RCOOAg + NH4N03 
A known mass of silver salt (about 0.2 g) is heated in a 

platinlim crucible when metallic silvcds obtained as residue. 
It is weighed. 

Calculations ! 
(i) . Mass of silver salt taken = w g 

(ii) . Mass of metallic silver = x g 

or 

mass of silver salt w 
=-

Eq. mass of silver x 

Eq. mass of silver salt = ~ x 108 
x 
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Let the equivalent mass of the acid be E. In the 
preparation of silver salt, a hydrogen atom of the carboxylic 
group is replaced by a silver atom. 

or 

Thus, Equivalent mass of silver sa'it = E -1 + 108 

=E +107 

Thus, 
w 

E + 107 ;;;: - xl 08 
x 

E =[; x 108 -107] 

If n be the basicity of the acid, then 

Mol. mass of the acid = [: x 108 - 107] x n 

Problem H. 0.38 g of a silver salt of a dibasic acid on 

ignition gave 0.27 g 'of silver. Calculate the molecular mass of 
the acid. 

or 

or 

Solution: Mass of silver salt;;;: 0.38 g 

Mass of silver = 0.27 g 

Eq. mass of silver salt Mass of silver salt 

Eq. mass of silver Mass of silver 

Eq. mass of silver salt 0.38 x 108 -
0.27 

0.38 . 
E +107=-·-· x 108 

0.27 
(E ;;;: Eq. mass of acid) .. 

E = [0.38 x 108 - 107J = 45 
0.27 

Mol. mass of the acid Eq. mass x basicity = 45 x 2 ;;;: 90 

(ii) Platinichloride method for bases: OrgarllC bases 
combine with chloroplatinic acid, H 2PtC16 , to form insoluble 
platinichlorides, which, on ignition, leave-a residue.ofmetallic 
platinum. Knowing the mass of platinum salt and the mass of 
metallic platinum, the molecular mass of the platinum salt can 
be determined. Let Brepresents one molecule of the base. If 
the base is mono-acidic, the formula of the double salt will be 
B2 H 2PtCl6 , 

2B Hel) 2B. HCI PtCl4 ) B
2
H

2
PtC16 

BzHzPtCl
6 

Heat) 

Double salt 
(2B'+ 410) 

Molecular mass of the salt 

Pt 
Platinum (residue) 

. (195) 

M&SS of platinum salt 

,Atomic mass of platinum Mass ofplatinun~ 

Let E be the equivalent masS of the base. 
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So, 

MolecUlar mass of the salt = 2E + 2 + 195 + 213 

=2E +410 

2E + 410 w MaSs'ofplatinum salt 
=-= 

195 x Mass of platinum 

2E = [: x 195 - 410 ] 

E=! [w x 195 - 410] 
. 2 x 

Mol. ~'of the base = Eq. mass x acidity of the base 

=Exn 
where n is the acidity of the base. 

Problem 12. 0.49 g of the chloroplatinate of a diacid 

base gave on ignition 0.195 g of platinum. Calculate the 
molecular mass of the base. 

Solution: 
Mol. mass of chloroplatinate 

At. massofplatinum 

Mass of chloroplatinate taken 

Mass of platinum left 

or 

or 

0.49 
= 
0~195 

Let B be the equivalent mass of the base. 
2B + 410 0.49-

=--
195 0.195 

'2B = [. 0.49 x 195 - 410] =80 
0.195 . 

B=40 

Mol. mass of the base = Eq. mass x acidity = 40 x 2 = 80 
(iii) Volumetric method for acids and bases: The 

molecular mass of an. acid can be determined by dissolving a 
known mass of the acid in water and titrating the solution 
against a standard solution of an alkali using phenolphthalein 
as indicator. Knowing the volume of alkali solution used, the 
mass of the acid, which will require 1000 mL of a nonnal 
alkali solution for complete neutralisation can be calculated. 
This mass of the' acid will be its equivalent mass. 

J 000 mL 1 N alkali solution, == One gram equivalent of the acid 
Qne grain equi~alent of alkali 

Calculafjolis: .Suppose wg of the organic acid requires 

V inL N 1 alkali solution for complete neutralisation. 
V mL N 1 aIkali solution == w g acid 

So, lPOOmL Nl alkalisolution w xl000g acid 
. . . VxN1 

== one gram equivalent acid 

Equivalent mass of the a~id == w x 1000' 
, -. VxN 

.. ,. .' • . . 1 

Thus, MolecUlar mass of theacid=Eq. mass x basicity 

In the case of organic bases, the khO\tmnlasS of the base is 
titrated against a standard solutio. of ~ acid. Knowing the 

. - . . 

G.R.B. Organic Chemistry for Competitions 

volume ofthe acid solution used, the mass of the organic base 
which will require 1000 mL of a normal acid solution for 
complete neutralisation can be calculated. This mass will be 
the equivalent mass of the base. 

1000 mL N acid solution == One gram equivalent of the base 
, I 

One gram equiv;lent of the acid 

MolecUlar mass of the base = Eq. mass x acidity 

Problem 13. 1.575 g of an organic acid was dissolved in 

250 mL of water. 20 mL of this solution required 16 mL of N/8 
alkali solution for cf!mplete neutralisation. If the basicity of 

. the acid is two, find its molecular mass. 

Solution: 

16 mL N /8 alkali solution == 20 mL of acid solution 

2 mL 1 N alkali solution == 20 mL of acid solution 

2 x 250 mL 1 N alkali solution == 250 mL of acid sOlution 
20 

25 mL 1 Nalkali solution == 1.575 g acid 

1000 mL 1 N alkali solution == 1.575 xl 000 g acid' 
25 

Eq. mass of the acid = 63 g acid 

MoL mass of the acid = 63 x 2 = 126 

Problem 14. 2.65 g of a diacidic base was dissolved in 
. .' N 

500 mL of water. 20 mL of this solution required 12 mL of -
6 

Hel solution. Calculate the equivalent mass and molecular 
mass of the base. . 

Solution: 

12 mL N Hel solution == 20 mL of base solution 
6 

or 2 mL 1 N Hel solution == 20 mL of base solution 

or 2. x 500 mL 1 N Hel solution == 500 mL of base solution 
20 

or 50 mL 1 N Hel solution == 2.65 g of base 

1000 mL 1 N Hel solution == 2.65 xl 000 = 53 g base 
50 

Eq. mass of the base = 53 
Mol. mass of the base = Eq. mass x acidity = 53 x 2 = 106 

ILLUSTRATIONS OF OBJECTIVE QUESTIONS 

.9. Molecular mass of a volatile organic solid can be 
determined by: 
(a) silver chloride method (b) platinichloride method 
(c) Victor Meyer's method (d) Kjeldahl's method 
[Ans. (c)] 

10. Molecular mass of a non-volatile organic solid can be 
deteimined by: 
(a) Victor Meyer's method 
(b) elevation in boiling point 
(c) silver salt method 
(d) depression in freezing point 
[Ans. (b) and (d)] 
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11. Equivalent mass of an organic acid can be determined by: 
(a) silver salt method (b) cryoscopic method 
(c) ebullioscopic method (d) platinichloride method 
[Ans. (a)] 

U. Equivalent mass of an organic base can be determined by: 
(a) silver salt method 
(b) depression in freezing point 
(c) elevation in boiling point 
(d) platinichloride method 
[Ans. (d)] 

2.5 EMPIRICAL FORMULA AND MOLECULAR 
FORMULA 

The empirical formula of a compound is the simplest 
formula which expresses the simple whole number ratio of 
the atoms of constituent elements present in the molecule. 
For example, CH20 is the empirical formula of acetic acid. It 
expresses that the simplest whole number ratio between 
carbon, hydrogen and oxygen atoms present in one molecule 
of acetic acid is I :2 : l. The empirical fOmiula does not tell us 
the exact number of various atoms of different elements 
present in one molecule of the substance. However, the exact 
number of atoms of different elements present in one molecule 
is always a simple multiple of ratio of atoms in the empirical 
formula. The formula which gives the actual number of 
atoms of various eh~inents present in tbe molecule of the 
substance is termed the molecular formula. 

Thus, Molecular formula = n X [Empirical formula] 
where n is a whole number. 

Molecular formula of acetic acid = 2 x Empirical formula 

=2xCH20 
= C2H40 2(CH3COOH) 

The value of'n' can be obtained by dividing the molecular 
mass by empirical formula mass. . . 

Molecular mass n=--------
Empirical formula mass 

For example, 

Molecular mass of acetic acid = 60 

and Empirical formula mass (CH20) = (12 +2 +16) 30 
60 

n=-=2 
30 

The percentage composition of the compound can be 
calculated from its empirical formula. For example: 

Empirical formula of acetic acid = CH20 
EmpiricaIformula mass = (12 + 2 + 16) = 30 

12 
Percentage of C = -:- X 100 40.00 

30 
. 2 

Percentage of H = - x 100 = 6.66 
30 
16 

Percentage of 0 = 30 xl 00 = 53.34 
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Thus, the simplest formula of a substance capable of 
expressing its percentage composition can be called its 
empirical formula. 

Calculation of empirical formula: Empirical formula 
is calculated from the percentage composition. The steps 
involved in the calculation are as follows: . 

Step 1: The percentage of each eli~ment is divided by 
its atomic mass. This gives the relative number of different 
atonis present in the molecule. 

Step 2: The relative numbers of different atoms 
obtained in Step I are divided by the lowest one amongst them 
as to get simple ratio of atoms present in the molecule. . 

Step 3: . The values obtained in Step 2 mayor may not 
be whole numbers. In case one or more values are fractional, 
these are multiplied by a suitable integer to get" simplest ratio 
in whole numbers. Minor fractions are neglected. 

Step 4: . The symbols of each element .present are 
written side by side in a line with the number of atoms as 
determined in Step 2 or Step 3 as subscripts to the lower 
corner of each. This gives the empirical or simplest formula. 

Knowing the empirical formula, the molecular formula 
can be ascertained if the molecular mass of the substance is 
known. It may be the same as the empirical formula of the 
substance or an exact multiple of it. 

Molecular formula;;;: n X (Empirical formula) 

The value of 'n' can be determined if molecular mass of 
the substance is known. 

Molecular mass 
n=--------

Empirical formula mass 

An alternative method of molecular formula· 
determination. . . 

In this method, molecular formula can be determined 
without determining empirical formula. It is very simple 
method and comparatively less time taking. 

Following relation is used to calculate number of moles of . 
an element in the compound.: 

". Jtt.~ .. 

Number of moles of element 
% of element Molecular mass = x--------

100 Atomic mass of ele~nt 

Problem 15. An organic compound contains 40% C, 
6.66% H and rest oxygen. Its vapour density is 30. Calculate·. 
its empirical and molecular formulas. 

Solution: Calculation of empirical formula: 

Carbon 

. Hydrogen 

Oxygen 

40.0 

6.66 

53.34 

At 
111188 

12 

16 

. Ittlatlw 
Blmbtl' 

. ,htom. 
40 . 
-=3.33 
12 

~==6.66 
1 

~3.3± =3.33 . 

3.33 ~ 1 
3.33 



52 

Empirical formula = CH20 

Empirical fonnula mass {12 +2 +16) = 30 

Mol. mass=2x V.D. 2 x30 

=60 

n = Mol. mass = 60 =2 
Emp. mass 30 

Molecular formula = 2 x (Empirical formula) 

=2.~x (CH20) = C2H40 2 

Alternatively 

Number of moles of carbon 
% of carbon . Molecular mass = x----------------

100 Atomic mass of eleJ;OOHt 

40 60 . 
=-x-=2· 

100. 12 

Number of moles ;(if hydrogen 
% of hydrogen Molecular mass = x-----------------

100 Atomic mass of hydrogen 

= 6.66 x 60 =4 
100 I 

Number of moles of oxygen 
% of oxygen Molecular mass = . . . x----------

100 Atomic mass of oxygen 
. 53.34 60 .. 
=--x--=2 

100 16 
Molecular formula =C2H40 2 

'Problem 1~. A dibasic organic. acid gave the following 
results: C= 34.62%' H '= 3.84%. 0.1076 g of this acid 

. consumes 20mL of 0.1 N NaOH for complete neutralisation. 
Find out-the molecular formul'!..,ofthe acid .. . 

Solution : .. ' Cal~ulation of eml2irical formula : 

Jlemeot ~t Relative number8lmplest ratio 
Percentage mass of atoms. . ofatoms 

34.62 12 34.62 =2.88 . 2.88 ~ I X 3 = 3 ' 
12, ' 2.88 

3.84 = 3.84 3.84:::: 1.33 x 3 =4 
1 2.88 

'Hydrogen 
. ..,. 

3.84 1 

61.54 .16 .61.54 = 3.84 3.84 = 1.33 x3= 4 
Oxygen (by difference) . 16 2.88 

. Empiri~al fopnula of the acid = C3H40 4 . . ... 

. 'Empiricalf~rmulamasS=" (3 x 12)+ (~ ~ l)'if- (4 x 16} 
=104, ' 

Calculation of molecular mass: 
, 20mLO.l NNaOHso..1075g,acid 

20xO.l mL I, N NaOH =O.I075g acid . 
'. " .. '0.1075 ; - . 

So·,·1000mL1 N NaOH= 20 Xl000g acid , xO.l 
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=53.75 g acid 
Eq. mass of the acid = 53.75 

Mol. mass of the acid = Eq. mass x basicity 

:: 53.75x2 =107.50 

n:: Mol. mass = 107.50 "" 1 
Emp. mass 104.0 

Molecular formula = C3H40 4 

Problem 17. An organic compound contains C = 48%, 

H = 8%. 0.48 g of the compound was Kjeldahlised and the 
liberated ammonia required 19.2 mL N 12 H2S04, Find the 
empirical formula of the compound. 

. 1.4 x N xv, 
Solution: Percentage of mtrogen :: ~ I 

W = Mass of organic compound = 0.48 g 
I 

NI :2=0.5, VI =19.2mL 

P f N 
1.4xO.5xI9.2 28 

ercentage 0 :: == 
0.48 

Percentage of oxygen = 100 - (48 + 8 + 28) = 16 
Calculation of empirical formul~ 

Element' Percentage At. ,mailS 
RelativeSlmple~t 
numb~rof' .. ratio.of 

Carbon '48.0 12 

Hydrogen 8.0 

Nitrogen 28.0 14 

Oxygen 16.0 16 

ato.jas· 

48 =4 
12 

8=8 
1 

28 =2 
14 
16 . 
-=1 
16 

atoms, 
,I :'" 

'" i=4 
1 

~=8 
1 

2=2 
1 

!=1 
1 

Problem 18. Haemoglobin is a chromoprotein having 
four atoms of Fe in each molecule. AnalysiS showed 0.35% 
Fe. Whatis the molecular weight of haemoglobin? 

. Solution: Atomic mass of iron = 56 amu 

Mass of iron in a molecule of haemoglobin 

= 56 x 4 = 224 anru 

': 0.35 amu of Fe is present in 100 amu of haemoglobin 

:. 224 amu of Fe will be present in 100 x 224 amu. of 
. 0.35 

haemoglobin, i.e., 64000 amu 
Thus; molecular mass of haemoglobin = 64000 amu 

2.6 MOLECULAR FORMULA OF GASEOUS 
HYDROCARBONS 

The molecular formula of g~seous hydrocarbons caribe' 
determined even without knowing their percentage 
composition. A .known volume of hydrocarbon is taken in 
eudiometer tpbe and exploded wit~ an excess of known 
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volume of oxygen. The carbon and hydrogen of the 
hydrocarbon are oxidised to carbon dioxide and water 
respectively according to the following general reaction : 

CxHy +(X+~)02 ~ xC02 + ~ H 20 

After explosion, the tube is allowed to cool to. room 
temperature. The volume of the gaseous mixture is reco~ded. 

The volume corresponds to unreacted oxygen ang carbon 
dioxide. The volume of carbon dioxide is determined by the 
decrease in volume of the gaseous mixture when caustic 
potash solution is introduced into the eudiometer tube. The 
caustic potash solution absorbs whole of carbon dioxide. The 
gas left behind is the unreacted oxygen. Volume of oxygen 
used is then calculated by subtracting the volume ofunreacted 
oxygen from the total volume of the oxygen taken initially. 

The molecular formula of the hydrocarbon can be 
evaluated by knowing (i) the volume of gaseous hydrocarbon 
taken, (U) the volume of oxygen used, and (iii) the volume of 
carbon dioxide produced. 

ILLUSTRATIONS OF OBJECTIVE QUESTIONS 

13. An organic compound has C and H percentage in the ratio 
6: 1 and C and ° percentage in the ratio 3: 4. The compound 
is: 
(a) HCHO 
(c) CH3CH20H 
[Ans. (a)] 

(b) CH30H 
(d) (COOHh 

lBint : % ratio of C: H is 6: I and % ratio of C: ° is 3: 4. 
So, % ratio of C: H: ° is 6: I: 8. 
Therefore, % ofC comes to be 3.33, % ofH is 6.66 and % of ° is 3.33. Simplest ratio of C: H: ° is I: 2: 1, i.e., CH2 0.] 

14. A hydrocarbon (X) was found to have a molecular weight 

of 80-85. A 10.02 mg sample took up 8.40 mL of H2 gas 
measured at O°C and 760 rom pressure. Ozonolysis of (X) 
yields only HCHO and OHC--CHO. Wh'at was 
hydrocarbon? 
(a) C6Hg (b) C6HIO 
(c) C6H12 (d) C6HI4 
[Ans. (a)] i.e., Hexa-I,3,5-triene 
(H2C=CH-CH=CH-CH=CH2 ) 

lBint : Moles of H2 taken up 

: 8.40 X 10-
3 

== 3.75 X 10-4 
22.4 

10.02 x 10-3 

Moles of compound: : 1.253 x 10-4 
22.4 

Thus, moles of H2 taken up by 1 mole of compound 
: 3.75 X 10-4 = 3 

1.253 X 10-4 

Therefore, molecules has three double bonds and it may be 
hexa-l ,3 ,5-triene.] 

Problem 19. :;'mL of a gas containing only carbon and 

hydrogen were mixed with an excess OJ 'oxygen (30 mL) and 
the mixture exploded by means of an electric spark. After the 
explosion, the volume of ihe mixed gases remaining was-

... . ": 
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25 mL On adding a concentrated solution of potassium 
hydroxide, the volume -forther diminished to 15 mL, the 
residual gas being pure 'oxygen. All volumes have been 
reduced to NTP. Calculate the molecular formula of the 
hydrocarbon gas. . 

Solution: Letthe formula of the hydrocarbon beCxHy-

Its combustion can be shown by the following equation: 

CxHy + (X+~)02 ~ xC02 +fH20 

1 vol. x vo!' 

5 mL S( x + i) mL 5x vol. 

Volume of carbon dioxide produced = (25 - 15) = 10 mL 
5x =10 . 

or x=2 

or 

or 

or 

Volume of oxygen used = (30 -15) = 15 mL 

[ 
y] Y15 

5 x+ 4 =15 or x+ 4 ="5=3 

2+ y =3 
4 
Y 
-=3-2=1 
4 
y=4 

Thus, the molecular formula of the hydrocarbon C 2H4 

Problem 20. 10 mL of a gaseous hydrocarbon was 

exploded with oxygen. After· explosion, there was· a • 
contraction of 20 mL in volume. On shaking the residual 
gaseous mixture with KOH, there was afurther concentration 
of20 mL in volume. Calculate the molecular formula. All the 
volumes were recorded at same temperature and pressure. 

Solution: Let the formula of the hydrocarbon ~eCXHy. 

The combustion of the hydrocarbon can be shown as : 

CxHy + (x+~)o~ ~ xC02 +fH20 

IOxmL 

The first reduction in volume after explosion 

: 10 + 10 [x + : J -lOx = 20 

= 10+ lOy =20 . 4 

10x4 
y==--=4 

10 
Thus, 

Volume of carbon dioxide produced = 20 mL 
Thus, lOx == 20 

20 
x=-=2 

10 
Henc,e, the molecular formula of the hydrocarbon: C2H4 . . \ 
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2.7 MODERN METHODS OF STRUCTURE 
ELUCIDATION 

Several new techniques have been designed during the 
last three or four decades which help in complete elucidation 
of the structure of an organic compound. These techniques not 
only help in determination of the molecular mass and various 
functional groups present in the molecule but also help to 
detemrine the complete three-dimensional structure of the 
molecule including bond length and bond angle, etc. These 
methods are broadly divided into two groups: 

. roscopic methods: These methods are based 
either on the absorption or radiation or the emission of 
radiation. The molecular mass is easily determined by the use 
of Mass spectrometry. The infrared(IR), ultraviolet (UV), 
and nuclear magnetic resonance (NMR) techniques are used 
these days to detect the presence of functional groups in the 
molecule. 

~hifraction methods: X-ray diffraction, neutron 
diffraction and electron diffraction techniques are 
commonly used to determine the three-dimensional structure. 
These methods also help in the measurement of bond lengths 
and bond angles. 

. Mass Spectrometry 

-

Mass spectrometry is the most accurate method for 
determining the molecular mass of a compound and its 
elemental composition like molecular formula and molecular 
structure of an unknown compound. When the vapour of a 
compound in high vacuum is bombarded with a moving beam 
of high energy electrons (::::. 70eV), ionisation of some 
molecule occurs with the formation of a radical cation. 

Molecule+e- ~ (Moleculet +2e-
(M) Radical cation (or M+) 

G.R.B. Organic Chemistry for Competitions 

Most of these ions carry a unit positive charge. The parent 
molecular ion possess so much excess energy that' they often 
brea~ up to give new smaller positive ions called fragment 
ions through various bond cleavages. 

ABC+ 

. ABC electric beam-E AB+C+ 
A+BC+ 

. For example, a molecule 
(neo-pentane) may break up as: 

of 2,2-dimethyl propane 

CH3 

I 
(CH3)4C or CH3 -C-CH3 

I 
CH3 

2,2-Dimethyl propane (CSH12) 

-E 

C4H; (Mass 57) 

CSH12 C3H; (Mass = 43) 

C2H; (Mass = 29) 

CSHt2 +e-, 
Parent ion 
(Mass 72) 

. Energy required to knock ion from an electron (ionisation 
potential) is only about 10-15 eY. Since, energy of the 
electron in practice is approximately 50-75 eV, the molecular 
ion is fonned with an excess energy which is large enough to 
further break it down into a mixture of neutral and positively 
charged fragments. ' 

Each kind of ion has a particular mass-to-charge ratio or 
mlZ value. For most of the ions, the charge (Z) is (i-1), so that 
mlZ usually represents the mass of the ion. All positive ions 
are accelerated in an electric field and then passed through a 
magnetic field when these get separated. Ions having the same 
mass to charge ratio are, thus collected into beams. 

Gases, liquids or solids may be used in the determination 
of mass spectra. 

4 
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IMPORTANT POINTS TO REMEMBER (SU,MMARY) 

Qualitative analysis of a pure organic compound is carried 
out for detection of elements present in it. 

Nitrogen, sulphur, halogens and phosphorus are detected 
by Lassaigne's test. Carbon and hydrogen are estimated by 
determining the amounts of carbon dioxide and water 
produced (Liebig's method). Nitrogen is estimated by 
Duma's or Kjeldahl'smethod and halogens by Carius 
method. Sulphur and phosphorus are estimated by oxidising 
them to sulphuric and phosphoric acids respectively (Carius 
method). , 

Relations for the estimation of elements in organic . 
compounds: 

Percentage of carbon (Liebig's method) 

12 Mass of CO2 formed 00 
=-x xl 

44 Mass of the compound 

Percentage of hydrogen (Liebig's method) 
2 Mass of H20 formed 

=-x xlOO 
18 Mass of the compound 

Percentage of nitrogen (Duma's method) 
28 Volume of N 2 at NTP 
x' x 100 

22,400 Mass of the compound 

Percentage of nitrogen (Kjeldahl's method) 

1.4 x Normality of acid used x Volume of acid used 
Mass of ,the compound 

Percentage of halogens (X) (Carius method) 
Atomic mass of X 

~-----------------
(108 + Atomic mass of X) 

x Mass of AgX formed x 100 
Mass of the compound 

[For CI (X = 35.5), Br (X = 80), I (X = 127)] 

Percentage of sulphur (Carius method) 

= 32 x Mass of BaS04 formed xl00 ' 
233 Mass of the compound . 

Percentage of phosphorus (Carius method) 

= 62 x Mass of Mg 2P20 7 formed xloo 
222 Mass of the compound ' 

The percentage of oxygen is usually determined by 
difference between the total percentage (loo) and the sum of 
percentages of all other elements present. 

Molecular mass determination can be done by the 
following methods: 
(a) For volatile com- (i) Victor Meyer's method 

pounds 

(b) For non-volatile 
compounds 

(c) Chemical methods 

(ii) Duma's method 

(iii) Hofmann's method 

(i) Elevation in boiling point method 

(ii) Depression in freezing point method 

(i) Silver siilt'method for acids 

(ii) Platinichloride method for bases 

(iii) Volumetric methods for both acids 
and bases 
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1, Fill in the blanks: 
(a) Lassaigne's test can be applied for the detection of 

...... , sulphur and ...... in organic Compounds. 
(b) In the Lassaigne's test, the sulphur present in the 

organic compound is converted into , ... , . 
(c) In the Lassaigne's test, the nitrogen present in the 

organic compound is converted into ..... . 
(d) The formation of violet colour by the addition of 

sodium nitroprusside to the Lassaigne's solution is the 
indication of, ..... element in the organic compound. 

(e) In the Kjeldahl's process, the nitrogen present in the 
organic compound is changed into ...... by heating 
the compound with concentrated H2S04 , 

(f) In Lassaigne's test for halogens, concentrated HN03 is 
used to destroy . . , . , . and .. , , , . 

(g) In Carius method, sulphur is oxidised to ...... with 
, fuming nitric acid. 

(h) In Duma's method, the nitrogen present in an organic 
compound is released as ...... gas. 

(i) To determine the amount of halogen in an organic 
compound, the compound is heated with fuming 
HN03 in presence of ..... . 

G) In the Lassaigne's solution with nitrogen present in the 
organic compound, ferrous sulphate solution is added 
and then boiled. It is neutralised with dilute H2S04 , A 
bright. , .... solution is formed. 

(k) . Molecular· mass of the base = Equivalent mass X 

(I) Equivalent mass of the acid 

_(MaSSOf ...... ) 
- M f'l' x108-107 asso Sl ver 

(m) 1000 mL 1 N alkali solution = ...... of the acid. 
(n) Molecular mass of a gaseous liydrocarbon can be 

determined even without knowing its percentage 
composition by . . . . . . . 

(0) Empirical formula indicates ...... present in one 
molecule of a compound.-

(P) Molecular formula indicates ...... of each of the 
constihlent elements present in one molecule. 

'. (q) Molecular formula = n X empirical formula 

where n=':":':":":': 

(r) Empirical formula of C6H6 is . . . . .. . 
. (s) Empirical formula ofC6H120 6 is ..... . 
(t) The vapour density ofNH2CONH2 is . . . . .. . 
(u) ~e sodium extract of an organic compound on boiling 

With .RN0? and treatment with ammonium molybdate 
solution gives a yellow precipitate. It indicates the 
presC''1ce of ...... in the compound. 

(v) When an organic compound is heated with dry cupric 
oxide and the gases evolved are passed through 
lime water which rums milky, the gas may be 
. .. , ... or ..... . 

(w) If nitrogen and sulphur both are present in an organic 
compound and it is fused with sodium. The sodium 
compound formed is ..... . 

(x) The percentage of carbon in CH4 is ..... . 
(y) Equivalent mass of a base 

=i[ .............. x 195-4101 
2 Mass of platinum J 

(z) The basicity ofthe acid is ...... if its molecular mass 
is 104 and equivalent mass is 52. 

2. State whether the following statements are True or False: 
(a) All organic compounds contain carbon and hydrogen 

both. 
(b) Carbon and hydrogen are detected simultaneously in 

an organic compound by Liebig method 
(c) Beilstein test is reliable test for halogens in organic 

compounds. 
(d) Sulphur is estimated by Carius method as barium 

SUlphate. 
(e) Mol. mass of an acid = Equivalent mass x acidity. 
(f) Victor Meyer's method is used for the determination of 

molecular mass of a non-volatile compound. 
(g) Duma's method can be' applied for estimation of 

nitrogen in all nitrogenous organic compounds. 
(h) Ared solution is obtained when ferric chloride solution 

is added to sodium extract. It indicates both nitrogen 
and sulphur are present in the organic compound. 

(i) In Lassaigne's test of nitrogen, the fmal product 
formed is sodium ferrocyanide. 

G) Kjeld~l's method IS applicable to all nitrogenous 
organic compounds. 

(k) Phosphorus is estimated by Carius method as 
magnesium pyrophosphate. 

(I) Ordinary CUO is used in Liebig's combustion method 
for estimation of carbon and hydrogen in organic 
compounds. 

(m) An organic base, B, whose acidity is one when 
combines with H2PtCl6 forms insoluble compound of 
formula B2 H2PtC16 . 

(n) Molecular mass . 

E 
.. 1 '" . = n, 'where n is always a whole 

mpmca lormula mass . 

number. 
(0) Silver salt methOd is a chemical method for the 

determination of equivalent mass of organic bases. 
(P) Estimation of oxygen in an organic compound can be 

made by Aluise method; 
(q) In the Carius method, the sealed Carius tube 

. containing organic compound, fuming nitric acid and 
, 

J 
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silver nitrate is heated at 300°C for six hours in the 
estimation of halogens. 

(r) In Kjeldahl's method, during digestion of the organic 
compound with conc. H2S04, potassium sulphate and 
sodiuni' sulphate are also added. 

(s) An organic compound containing nitrogen, on heating 
strongly with H2 SO 4 gives ammonium sulphate which 
on treatment with excess ofNaOH liberates ammonia. 

(t) The simplest formula that shows the ratio of the atoms 
of the various elements present in the molecule is 
called the molecular formula. 

(u) The molecular mass of a non-volatile organic com
pound is determined either by the Victor Meyer's. 
method or Duma's method. 

(v) The gas displaced in Victor Meyer's method is air .. 
(w) The gas estimated in Duma's method is nitrogen. 
(x) A Lassaigne's solution is boiled with dilute HN03 , 

cooled and AgN03 . added. It gives a yellow precipi
tate, sparingly soluble in ammonia. This indicates the 
presence of iodine in the organic compound. 

(y) A black precipitate is formed when lead acetate 
solution is added to acidified sodium extract of an 
organic compound containing sulphur. 

(z) Copper wire is used in Beilstein test. 
3. Give reasons: 

(i) During the test for nitrogen in Lassaigne's filtrate, 
sometimes red colouration is' obtained when ferric 
chloride is added. 

(ii) Why is sodium extract made acidic with acetic acid 
before the addition oflead acetate in the test of sulphur? 

(iii)' In the test of nitrogen, freshly prepared solution of 
ferrous sulphate is always used. 

(iv) During the test for halogens, why is sodium extract 
first boiled with a few drops of conc. HN03 ? 

(v) Why the organic compound is fused with sodium metal 
during detection of nitrogen, sulphur, halogens, etc.? 

(vi) What is the role of copper sulphate and potassium 
sulphate in Kjeldahl's process for the estimation of 
nitrogen in an organic compound? 

(vii) Is Beilstein test a satisfactory test for detection of 
halogens? 

4. Match the following: 
fl.'operty to be Method used for 

determined determination 

(a) Molecular mass of a I. Silver sMt method 
volatile organic solid 

(b) Molecular mass of a non- 2. Liebig method 
volatile organic solid 

(c) Estimation of chlorine 3. Platinichloride method 
in carbon tetrachloride 

(d) Estimation of nitrogen 4. Victor Meyer's method 
in l;Uliline 

(e) Equivalent mass of an 5. Depression in freezing 
organic acid point 

(f) Equivalent mass of an 6; Carius method 
organic base 

(g) Estimation of carbon 7. Kjeldahl's method 
and hydrogen in an 
organic compound 
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5. Complete the following: 

H+ 
(i) (CH3COOhPb+Na2S ~ ...... + ..... . 

(ii) Fe3+ + 3NaCNS ~ ...... + ..... . 

(iii) NaI + AgN03 ~ ...... + ..... . 

(iv) 4FeCl3 + 3Na4Fe(CN)6 ~ ...... + ..... . 

(v) FeS04 + 6NaCN ~ ...... + ..... . 

(vi) Na2S+Na2Fe(CNhNO ~ ..... . 

(vii) (NH4 h S04 + 2NaOH ~ ...... + ...... + .... .. 

(viii) 5CO+I20 5 ~ •••.•. + ..... . 

(ix) RCOONH4 + AgN03 ~ ...... + ..... . 

(x) CxHy +(X+~)02 ~ ...... + ..... . 

~ SH"OaT AN,SWER TYPE 

6. Describe the following: 

1. 

(i)' Chemistry of Lassaigne's test for the detection of 
. nitrogen in an organic compound. 

(ii) Chemistry of Lassaigne's test for the detection of 
sulphur in an organic compound. 

(iii) Chemistry of Lassaigne's test for the detection of 
halogens in an organic compound. 

(iv) Chemistry of Kj~ldahl's method for the estimation of 
nitrogen in an organic compound. 

(v) Platinichloride method of determination of molecular 
mass of an organic base. 

(vi) Silver salt method of determination of molecular 
mass of an organic acid. 

(vii) Principle of Duma's method for the estimation of 
nitrogen in an organic compound 

(viii) Liebig method for the estimation of carbon and 
hydrogen in an organic compound. 

(ix) Carius method for the estimation of sulphur in an 
organic compound. 

(x) Carius method for the estimation of halogens in an 
organic compound. 

(xi) How is molecular formula of a hydrocarbon derived 
by eudiometry? 

(xii) The difference between empirical and molecular 
formula and the relationship between them. 

(xiii) Layer test for bromine ana iodine in an organic 
compound. 

(xiv) Aluise's method for the estimation of oxygen in an 
organic compound. 

(xv) Beilstein test or copper wire test. 

""".. j:_liiliMANSWERS·:ish· - =!t'_':,'1,~~ 
. di 1 hide' (c) sodium cyanide; (a) nitrogen; halogens; (b) so um su p , s .. 

. u1 hate' (f) HCN and H2 , (d) sulphur; (e) ammoruum s p. ' d' (k) acidity" 
(g) H2S04; (h) nitrogen; (i) AgN0 3; (j) blu~coIO:. (0) simp'; 
(I) silver salt; (rn) equivalent mass; (n) eu orne • her .. 
ratio of atoms of constituent elements; (P) actual num 
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(q) Molecular mass . (r) CH; (s) CH
2
0; (t) 30; 

Empirical formula mass' 

(u) phosphorus; (v) CO2 , S02; (w) NaCNS; (x) 75; (y) mass of 
platinum salt; (z) two. 

2. (a) False-hydrogen is not always present; (b) True; 
(c) False-sometimes the test fails; (d) True; 
(e) False-molecular mass of an acid = equivalent 
mass x basicity; (t) False-used for a volatile compound; 
(g) True; (h) True; (0 False-the fmal product formed is 
ferri-ferro cyanide; (j) False-not applicable to pyridine, 
compounds containing N-N, N-O, etc. bonds; (k) True; 
.(1) False-dry CuO is used; (m) True; (n) True; (0) False-for 
the determination of equivalent mass of organic acids; (P) True; 
(q) True; (r) False-potassium sulphate and copper sulphate are 
added; (s) True; (t) False-is called empirical formula; 
(u) False-determined by either elevation in boiling point method 
or depression in freezing point method; (v) True; (w) True; 
(x) False-indicates the presence of bromine; (y) True; (z) True. 

3. (i) When nitrogen and sulphur both are present in an organic 
compound, sodium thiocyanate is formed which gives red 
colouration with FeC13• 

G.R.B. Organic Chemistry for Competitions 

(ii) Lead acetate is hydrolysed by NaOH present in sodium ex
tract. It is neutralised first with acetic acid before the addi
tion of lead acetate. 

(iii) Ferrous sulphate gets hydrolysed if its solution is stored. 
(iv) As to decompose NaCN or NazSifpresent in the sodium extract. 
(v) As to convert nitrogen, sulphur or halogens present in an or-

ganic compound into ionisable substances. 
(vi) Copper sulphate acts as a catalyst white potassium sulphate 

raises the boiling point of H2S04, 

(vii) It is not always reliable. Substances such as urea, thiourea, 
pyridine, organic acids, etc., also impart colour to flame. 

4. (a-4); (b-5); (c-<i); (d-7); (e-l); (f-3); (g-2) . 

5; (i) 2CH3COONa + PbS 0:) Fe(CNS)3 + 3Na+ 

(iii) AgI + NaN03 (iv) Fe4[Fe(CNk;h+ 12NaCI 
(v) Na4[Fe(CNk;] + Na2S04 (vi) Na4[Fe(CN)sNOS] 

(vii) 2NH3 + Na2S04 + 2H20 (viii) 12 + 5C02 

(ix) RCOOAg + NH4N03 (x) xC0z + ~ H20 
2 

r~::<:::::::' ::i::" NUMERICAL PROBLEMS FOR PRACTICE It; 
; 

1. 0.45 g of an organic compound gave on combustion 0.792 g 
of CO2 and 0.324 g of water. 0.24 g of the same substance 
was Kjeldahlised and the ammonia fonned was absorbed in 
50 mL of 0.25 N H2S04 , The excess of acid required 
77.0 mL of 0.1 N NaOH for complete neutralisation. 
Calculate the empirical fonnula of the compound. 
(Ans. C4HsNzOl 

2. A compound contains 40% C, 6.66%. Hand 53.33% 0. 
An examination reveals that 9.0 g of the compound 
dissolved in 500 g of water raises the boiling point of 
water by 0.051°C. What is the molecular fonnula of the 
compound? [Kf =0.51Kmor l kg] 

(Ans. CJllz061 
3. Tyrosine is one of the amino acids present in protein. Its 

content in the protein is 0.22% and its molecular weight is 
181 g mol-l. What is the lowest molecular weight of the 
protein? 
(Ans. 82272) 

4. A molecule was known by its mode of synthesis to contain 
10 atoms of carbon per molecule, along with unknown 
number of chlorine, hydrogen and oxygen. Analysis 
indicates that it contains 60.5% carbon, 5.55% hydrogen, 
16.1% oxygen and 17.9% chlorine. Derive molecular 
formula. 
(Ans. CloHnO:zCI) . 

5. A w~lding fuel gas con~carbon and hydrogen only. 
Bummg a small sample of It m oxygen gives 3.38 g carbon 
dioxide, 0.690 g of water and no other products. A volume 
of 10 litre (measured at STP) of this welding gas is found to 
weigh 11.6 g. Calculate (i) empirical formula (ii) molar 
mass of the gas (iii) molecular formula. 
[Ans. (i) CHz (Ii) 26 (iii) CzHz) 

6. 0.33 mole cholesterol gives 9 mole CO2 on combustion. It 

was observed that cholesterol contains 83.85% C; 12% H 
and 4.15% 0. Find its molecular fonnula and molecular 
mass. 
IAns. Cz7H 4P; 386) 

7. An automobile antifreeze consists of 38.7% carbon; 9.7% 
hydrogen and remaining oxygen by weight. When 0.93 g of 
it are vaporised at 200°C and 1 atm pressure, 582 mL of 
vapour are formed. Find molecular fonnula of antifreeze. 
(Ans. CzHpzl 

8. The compound [Pd(CxHyN z )](CI04 h contains 30.15% 

carbon and 5.06% hydrogen. The compound 
[Pd(CXHyN z )](SCN)2 contains 40.46% carbon and 5.94% 
hydrogen. Calculate x, y, Z. 

IAns. x=14,y=ZS,z=4) 
9. Methyl orange, an acid base indicator, is the sodium salt of 

an acid that contains C, H, N, S and oxygen. Quantitative 
analysis gave C = 51.4%, H = 4.3%, N = 12.8%, S = 9.8% 
and Na = 7.0%. What is the empirical fonnula of methyl 
orange? 
IAns. CI4HI4N3S03Nal 

10. The sulphur content of cystine is 26.7%. Given that cystine 
contains two sulphur atoms, what is the molecular weight of 
cystine? 
IAns. 239.7 g) 

(Bint: Atomic mass of sulphur is 32, hence for two sulphur 
atoms, the molecular formula will have 64 g sulphur. 
Thus, if 26.7 g sulphur, then molecular weight = toO g. 
and if 64 g sulphur is present, molecular weight 

100x64 . 
= ~-- = 239.7 g morl] 

26.7 

1m!' 
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SET I ! This set contains the questions with single correct answer. 

1. Carbon and hydrogen are estimated in organic compounds by: 
(a) Kjeldahl's method 0 (b) Duma's method 0 
(c) Liebig's method 0 (d) Carius method 0 

2. Lassaigne's test is used for the detection of: 
(a) carbon only 0 
(b) hydrogen only "\ • 0 
( c) oxygen only 0 
(d) nitrogen, sulphur and halogens 0 

l. In Lassaigne's test, the organic compound is fused with 
sodium metal as to: . 

(a) hydrolyse the compound 0 
(b) form a sodium derivative 0 
(c) convert nitrogen, sulphur or halogens if present into 

soluble ionic sodium compound 0 
(d) burn the compound 0 

4. Nitrogen containing organic compound when fused with 
sodium metal forms: [CET (Karnataka) 2006) 
(a) NaN02 0 (b) NaCN 0 
(c)NaNH2 0 (d) NaNC 0 

S. The sodium extract of an organic compound on treatment 
with FeS04 solution, FeCl3 and RCI gives a red solution. 
The organic compound contains: 
(a) both nitrogen and sulphur 0 
(b) nitrogen only . 0 
(c) sulphur only 0 
(d) halogen 0 

6. The prussian blue colour obtained during the test of 
nitrogen by Lassaigne's test is due to the formation of: 

[AIEEE 2004; AFMC 2010) . 

(a) Fe4[Fe(CN)6h 0 (b) Na3[Fe(CN)6] 0 
. (c) Fe(CN)3 0 (d) Na4[Fe(CN)sNOS] 0 

7. Which of the following sodium compound/compounds are 
formed "when an organic compound containing both 
nitrogen and sulphur is fused with sodium? 
(a) Cyanide and sulphide 0 (b) Thiocyanate 0 
(c) Sulphite and cyanide 0 (d) Nitrate and sulphide 0 

8. Wh~ N and S both are present in an organic compound, the 
sodium extract with FeCI3 gives: 

. (a) green colour' 0 (b) blue colour 0 
(c) yellow colour 0 (d) red colour 0 

9. The sodium extract of an organic compound on acidification 
with acetic acid and addition of lead acetate solution gives a 
black precipitate. The organic compound contains: 
(a) nitrogen 0 (b) halogen 0 
(c) sulphur . 0 (d) phosphorus 0 

10.' The Sodium extract oian organic compound on boiling with 
F1N03 and addition of ammonium molybdate solution gives 
a yellow precipitate. The compound contains: 

(a) nitrogen 0 (b) phosphorus 0 
(c) sulphur 0 (d) chlorine 0 

11. Which of the following compounds gives blood red 
colouration when its Lassaigne's extract is treated with 
alkali and ferric chloride? [DPMT 2009] 
(a) Thiourea 0 (b) Benzamide 0 
(c) Phenyl hydrazine 0 (d) Diphenyl sulphide 0 

12. Copper wire test of halogens is known as: 
(a) Liebig's test 0 (b) Lassaigne's test 0 
(c) Fusion test 0 (d) Beilstein's test 0 

13. Duma's method involves the determination of nitrogen 
content in the organic compound in the form of : 

[BBU 2005] 
(a) NH3 0 (b) N2 0 
(c) NaCN 0 (d) (NH4)2S04 0 

14. In Lassaigne's solutio!1. pink/violet colouration is produced 
when sodium nitroprusside solution is added. It indicates 
the presence of: 
(a) sulphur 0 (b) nitrogen 0 
(c) chlorine 0 (d) none of these 0 

IS. An organic compound on heating with CuO produces CO2 
but no water. It may b~ , 
(a) CR4 0 (b) C2RsI 0 
(c) CRCl 3 J 0 (d) CCl4 0 

16. In an organic compound, Kjeldahl's method is used for the 
estimation of: 
(a) halogens 0 (b) sulphur 0 
(c) nitrogen 0 (d) oxygen 0 

17. In Lassaigne's test for the detection of halogens, the sodium 
fusion extract is fIrst boiled with concentrated nitric acid. 
This is : [PET (Kerala) 2010) 
(a) to remove silver halides 0 
(b) to decompose Na2Sand NaCN, ifpresent 0 
(c) to dissolve Ag 2S 0 
(d) to dissolve A-gCN, if formed 0 
(e) because Ag 2S and AgCN are insoluble in nitric acid 

o 
18. In Kjeldahl's method of estimation of nitrogen, copper 

sulphate acts as: IUPSEE 2008] 
(a) an oxidising agent 0 (b) a reducing agent 0 
(c) a catalytic agent 0 (d). a hydrolysing agent 0 

19. In the Duma's method for the estimation of nitrogen in an 
organic compound, nitrogen is determined in the form of: 
(a) gaseous nitrogen 0 (b) gaseous ammonia 0 
(c) ammonium sulphate 0 (d) sodium cyanide 0 

20. An organic compound whiCh produces a bluish green 
coloured flame on heating in presence of copper is : 

(eET (Karnataka) 2006) 
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(a) benzaldehyde 0 (b) benzoic acid 0 
(c) aniline 0 (d) chlorobenzene 0 

21. In organic compounds, halogens are estimated by: 
(a) Carius method 0 (b) Liebig's method 0 
(c) Kjeldahl's method 0 (d) Duma's method 0 

22. In the estimation of sulphur in an organic compound, 
fuming nitric acid is used to convert sulphur into: 
(a) S02 0 (b) H2S 0 
(c) HZS03 0 (d) H2 S04 0 

23. Schiff's and Piria method is used for the estimation of: 
(a) nitrogen 0 (b) sulphur 0 
(c) halogens 0 (d) oxygen 0 

24. Prussian blue colour is obtained by mixing together aqueous 
solution ofFe3+ salt with: tCET (J&"K) ~OO11 
(a) ferricyanide 0 (b) ferrocyanide 0 
( c) hydrogen cyanide 0 (d) sodium cyanide 0 

2S. The blood red colour in the combination test of nitrogen and 
sulphur in organic compound is due to the formation of: 

(a) ferric sulpho cyanide 0 
(b) ferric acetate [J 
(c) ferrous sulpho cyanide 0 
(d) ferric cyanide 0 

26. The violet colour obtained during the test of sulphur by 
Lassaigne's test is due to the formation of: ,'M'f (K~ftliij 1M\ CM(; (V@U{)f'@) 1-1 
(a) Naz[Fe(CN)sS] 0 (b) Na2[Fe(CN)sNO] 0 
(c) Naz[Fe(CN)6] 0 (d) Na4[Fe(CNhNOS] 0 

27. Chloro acetic acid is heated with fuming nitric acid in 
presence of AgN03 in Carius tube. After filtration and 
washing, a white precipitate is obtained. This precipitate is: 

(a) AgN03 0 (b) Ag 20 0 

(c) AgCI 0 (d) CICHzCOOAg 0 
28. Mark the incorrect statement in nitrogen Kjeldahl's method 

of estimation: 
(a) nitrogen gas is collected over caustic potash solution 

. 0 

(b) potassium sulphate is used as boiling point elevator of 
H2S04 0 

(c) copper sulphate or mercury acts as a catalyst 0 
(d) nitrogen is quantitatively decomposed to give 

ammonium sulphate 0 
29. In the estimation of carbon and hydrogen, if the substance 

also contains nitrogen, then near the exit, it is placed: 
(a) a roll of silver 0 

30. 

(b) a bright copper gauge spiral 0 
(c) ammonium sulphate 0 
(d) a layer of lead chromate 0 
In the estimation of carbon and hydrogen, if the substance 
also contains halogens, then near the exjt, it is placed: 
(a) a roll of silver 0 
(b) a layer oflead chromate 0 
(c) both, a roll of silver and a layer of lead chromate 0 
(d) a bright copper gauge spIral 0 
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31. In the estimation of carbon and hydrogen, if the substance 
also contains both halogen and SUlphur, then near the exit, it 
is placed: 
(a) a roll of silver 0 
(b) a layer of lead chromate 0 
(c) a bright copper gauge spiral 0 
(d) none of the above 0 

32. In carbon and hydrogen estimation, the saphnolite (a resin) 
absorbs: 

(a) N2 0 (b) water vapours 0 
(c) both COz and H20 0 (d) only CO2 0 

33. Catalyst used in Kjeldahl's method for the estimation of 
nitrogen is: 
( a) sodium 0 (b) magnesium 0 
(c) mercury 0 (d) copper 0 

34. Formula which represents a simple ratio of atoms of 
different elements present in a molecule of the substance is 
called: 
(a) molecular formula 0 (b) empirical formula 0 
(c) structural formula 0 (d) none of these 0 

3S. An organic compound contains carbon, hydrogen and 
oxygen. Its elemental analysis gave C, 38.71% and H, 
9.67%. The empirical formula of the compound would be: 

, (CME (M~~ a_I 
(a) CHzO 0 (b) CH40 0 
(c) CH30 0 (d) CHO 0 

36. An alkaloid contains 17.28% of nitrogen aiid its molecular 
mass is 162. The number of nitrogen atoms present in one 
molecule of alkaloid is: ('''\\jiD CiT (bg.) I., 
(a) 3 0 (b) 2 0 
(c) 5 0 (d) 4 0 

37. A hydrocarbon contains 10.5 g carbon and 1 g hydrogen. Its 
0.36 g has I litre volume at 1 atm and 1270 C, the 
hydrocarbon is: (U'.ftAT ""l 
(a) C6H7 0 (b) C7Hg 0 
(c) CSH6 0 (d) None of these 0 

38. Which of the following reagents is used for the separation 
of acetaldehyde from acetophenone? . 'An~ I .. ) 
(a) NH20H 0 (b) NaOHIz 0 
(c) NaHS03 0 (d) C6 HsNHNHz 0 

39. The formula of gas is [CO]x' If its vapour density is 70, the 

value of x will be: tOCll ~l 
(a) 2.5 0 (b) 3.0 0 
(c) 5.0 0 (d) 6.0 0 

40. The ammonia evolved from the treatment of 0.30 g of an 
organic compound for the estimation of nitrogen was passed 

in 100 mL of 0.1 M sulphuric acid. The excess of acid 
" required 20 mL of 0.5 M sodium hydroxide solution for 

complete neutralization. The organic compound is: 
~liU*,,' 

o (b) thiourea 0 
o (d) benzamide 0 

(a) urea 
(c) acetamide 

Iiiiir---'--------------_______________________ --'-
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41. How will you separate a solution (miscible) of benzene 
+ CHCl3 ? (AFMC 200S) 
(a) Sublimation 0 (b) Filtration 0 
(c) Distillation 0 (d) Crystallisation 0 

42. An organic compound having molecular mass 60 is found to 
contain C = 20%, H = 6.67% and N = 46.67% while rest is 
oxygen. On heating it gives NH3 along with a solid residue. 
The solid residue gives violet colour with alkaline copper 
sulphate solution. The compound is: 

. (AIEEE 2005; PMT (Kenta) 2008) 
(a) CH3NCO 0 (b) CH3CONH2 0 
(c) (NH4 hCO 0 (d) CH3CH2 CONH2 0 

43. A compound containing only carbon, hydrogen and oxygen, 
has a molecular weight of 44. On complete oxidation it is 
converted into a compound of molecular weight 60. The 
original compound is: (KCET 200S) 
(a) an aldehyde 0 (b) an acid 0 
(c) an alcohol 0 (d) an ether 0 

44. 29.5 mg of an organic compound containing nitrogen was 
digested according to Kjeldahl's method aildthe evolved 
ammonia was absorbed in 20 ml of 0.1 MHCI solution. The 
excess of acid required 15 mlofO,1 MNaOH solution for 
complete neutralisation, The percentage of nitrogen in the 
compound is': (AIEEE 2010) 
(a) 29,S 0 (b) 59.0 0 
(c) 23.7 0 (d) 47.4 0 

45~ An aromatic hydrocarbon with empirical formula CSH.4 on 

treatment with concentrated H2 SO 4 gave a monosulphonic 
acid. 0.104 g of the acid required 10 ml of N/20 NaOH for 
complete neutralisation. The molecular formula of 
hydrocarbon is: (PET (Kerala) 2007] 
(a) CSH4 0 (b) ClOHg 0 
(c) CI5 H12 0 (d) C2oH16 0 
(e) C1sH20 0 

46. When 20 g ofnaphthoic acid (CII Hg O2 )is dissolved in 50 g 

of benzene (K f = 1.72 K kg mol-I), a freezing point 

depression of 2K is observed. The van't Hoff factor (0 is: 
(lIT 2007) 

(a) 0.5 0 (b) I 0 
~2 0003 0 

47. Sodium fusion extract, obtained from aniline, on treatment 
with iron (II) sulphate and H2 SO 4 in presence of air gives a 
prussian blue precipitate. The blue colour is due to the 
formation of: [liT 2007) 
(a) Fe4[Fe(CN)6h 0 (b) Fe3 [Fe(CN)6h 0 
(c) Fe4[Fe(CN)6h' 0 (d) Fe3[Fe(CN)6h 0 

48. CamphOr is often used in molecular mass determination 
because: (UGET (Meet) 2007) 
(a) it is readily available 0 
(b) it, has a very high cryoscopic constant 0 
(c) it is volatile 0 
(d) it is solvent for organic substances 0 
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49. Match the fo!19wing: 

Property to be 
determined 

Metbod used for 
determination 

(A) Estimation of carbon and hydrogen (i) Lassaigne's test 
in an organic compound 

(B) Estimation of nitrogen in aniline (H) Carius method 

(C) Estimation of chlorine in carbon (Hi) Liebig's method 
tetrachloride 

(D) Detection of nitrogen, sulphur and (iv) Kjeldahl's method 
halogens . 

ABC D 
(a) (i) (ii) (iii) (iv) 
(b) (iv) (iii) (i) (ii) 
(c) (ii) (i) (iv) (iii) 
(d) (iii) (iv) (ii) (i) 

SO. Match the following: 
(A) Equivalent mass of an organic acid (i) Depression in 

freezing point 
(B) Equivalent mass of an organic base (ii) Victor Meyer's 

method 
(C) Molecular mass of a volatile or- (iii) Platinichloride 

gamc solid method 

(D) Molecular mass of a non-volatile (iv) Silver .salt method 
organic solid 

A B C D 
(a) (iv) (iii) (ii) (i) 
(b) (i) (ii) (iii) (iv) 
(c) (iii) (i) (iv) (ii) 
(d) (ii) (iv) (i) (iii) 

SET II: This set contains the questions with one or more correct 
answers. 

51. Which of the following compo,unds may give blood red 
colouration while performing Lassaigne's test for nitrogen? 
(a) (NH2)2CO 0 (b) (NH2hC=S 0 
(c) p-NH2 C6H4S03H 0 (d) C6HsS03H 0 

52. The desiccants used for absorbing water during Liebig's 
method for estimation of carbon and hydrogen are: 
(a) Anhydrous CaCl2 0 (b) Anhydrous Na2S04 0 
(c) MgS04 ·7H20 0 (d) Mg(CI04h 0 

53. The empirical formula of a compound is CH2. To which of 

the hydrocarbon series does it belong? 
(a) Alkanes· 0 (b) Alkenes 0 
(c) Alkynds 0 (d) Cydoalkanes 0 

. 54. An organic compound contains about 52% carbon. Ii could 
be: 
(a) ethanol 0 (b) dimethyl ether 0 

. , (c) acetic acid 0 (d) phenol 0 
55. Presence of halogen in a compound is tested by: 

(a) Iodoform test 0 (b) Millon's test 0 
(c) Silver nitrate test 0 (d) Beilstein test 0 
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56. The weights of carbon, hydrogen and oxygen in an organic 
compound are in the ratio 6: 1 : 8 respectively. The 
molecular formula of the compound may be: 
(a) CHzO D (b) CZH40Z 0 
(c) CHzOz 0 (d) C3H60 3 

57. Which of the organic compounds will give white precipitate 
with AgN03? 
(a) C6HSNH;CI- 0 
(b) NaCI 0 

Section A : liT Type Questions 

These questions consist of an Assertion (A) and the 
Reason (R). Use the following keys to choose the appropriate 
answer: 

(a) 

(b) 

(c) 
(d) 

1. (A) 

(R) 

2. (A) 

(R) 

If both assertion and reason are correct and reason is 
the correct explanation of the assertion. 
If both assertion and reason are correct but reason is 
not the correct explanation of the assertion. 
If assertion is correct but reason is incorrect. 
If assertion is incorrect but reason is correct. 
Lassaigne's test can be used to detect nitrogen in 
hydrazine. 
During fusion with sodium metal, nitrogen and carbon 
of the organic compound combine to form sodium 
cyanide. 
If sulphur and nitrogen are also present in organic 
compound along with halogen then AgN03 solution is 
added in acidified sodium fusion extract. 
On acidification, NaCN and Na z S decompose. 

NaCN + HN03 ---+ NaN03 + HCNt 

NazS + 2HN03 ---+ 2NaN03 + Hz st 

3. (A) Litmus is not used in Lassaigne's test. 
(R) It generally forms covalent compounds. 

4. (A) In' Victor Meyer's method, vapour density is 
considered to be one-half of molecular weight. 

(R) Vapour density is other name of density. 
5. (A) Nitrogen cannot be estimated in nitrobenzene by 

Kjeldahl's method. 
(R) Nitrobenzene evolves ammonia gas on acid treatment. 

6. (A) All compounds containing an odd number of nitrogen 
atoms have odd masses and those which contain even 
number of nitrogen atoms have even masses. 

(R) Nitrogen rule can be applied to 1)oth aliphatic and 
aromatic compounds. 
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(c) C6H5CI 

(d) 2,6,6-Trinitrochlorobenzene 

o 
o 

, 58. Violet coloured complex obtained in 
sulphur is: 

the detection of 

(a) Naz[Fe(NO)(CN)sl 

(b) Na3[Fe(ONSNa)(CN,s] 

(c) Na4[Fe(CN)sNOS] 

(d) both (b) and (c) 

Section B : AIIMS Type Questions 

Choose the correet answer: 

[AFMe 2010] 
D 
D 
o 
Cl 

(a) If both (A) and (R) are correct and (R) is the correct 
explanation of (A). 

(b) If both (A) and (R) are correct but(R) is not the correct 
explanation of (A). 

( c) If (A) is correct but (R) is incorrect. 
(d) If both (A) and (R) are incorrect. 

7. (A) p-NHzC6HsS03H gives blood red colouration while 
performing Lassaigne's test for nitrogen. 

(R) Sodium fusion extract containing NaCNS gives blood 
red colour on treatment with FeC13. 

8. (A) Lassaigne's test is not shown by diazonium 
compounds. 

(R) Diazonium compounds lose N2 on heating before they 
combine with fused sodium. 

9. (A) If two compounds have the same empirical formula but 
different molecular formula, they have same vapour 
density. 

(R) glmL is the unit of vapour density. 
10. (A) Duma's method is more applicable to nitrogen 

containing organic compounds than KjeJdahl's 
method. 

(R) Kjeldahl's method does not give satisfactory results for 
compounds in which nitrogen is linked to oxygen. 

U. (A) Hydrazine contains nitrogen but does not give 
Lassaigne's test for nitrogen. 

(R) Hydrazine reacts with fused sodium to give H2 gas. . 
12. (A) Sodium fusion extract of a compound gives black 

precipitate with lead acetate. 
(R) Sulphur containing compounds form NaiS in sodium 

fusion extract. 
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,ANSWERSJ 

OBJECTIVE QUESTIONS 

1. (c) 2. (d) 3. (c) 4. (b) 5. (a) 6. (a) 7. (b) 8. (d) 9. (c) 10. (b) 

11. (a) 12. (d) 13. (b) 14. (a) 15. (d) 16. (c) 17. (b) 18. (c) 19. (a) 20. (d) 

21. (a) 22. (d) 23. (c) 24. (b) 25. (a) 26. (d) 27. (c) 28. (a) 29. (b) 30. (c) 

31. (b) 32. (d) 33. (c) 34. (b) 35. (c) 36. (b) 37. (b) 38. (c) 39. (c) 40. (a) 

41. (c) 42. (c) 43. (a) 44. (c) 45. (c) 46. (a) 47. (a) 48. (c) 49. (d) 50. (a) 

51. (b,c) 52. (a,d) 53. (b,d) 54. (a,b) 55. (c,d) 56. (a,b,d) 57. (a,d) 58. (d) 

ASSERTION-REASON TYPE QUESTIONS 
" 

1. (d) 2. (a) 3. (a) 4. (c) 5. (c) 6. (b) 7. (a) 8. (a) 9. (d) 10. (b) 

11. (a) 12. (b) 
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1. Which among the following is not correctly matched with 
their colour? 

Compound 
(a) Na4[Fe(CN)sNOS] 

Colour 
purple o 

(b) Fe4[Fe(CN)6h blue 0 
(c) Fe(CNSh blood red 0 
(d) AgCI light yellow 0 

2. In case, nitrogen and sulphur both are present in an organic 
compound, sodium thiocyanate is formed. If sodium fusion 
is carried out with excess of sodium, sodium thiocyanate 
decomposes. Which of the following compounds is/are 
present in the extract after decomposition? 
(a) NaCN 0 (b) Na2S 0 
(c) Both 0 (d) None of these 0 

3. 0.0833 mole of a carbohydrate of empirical formula CHzO 

contains 1.00 g of hydrogen. The molecular formula of the 
carbohydrate is: . . 

(a) CSHlOOS 0 (b) C3H40 3 0 
(c) C12H22011 0 (d) C6H120 6 0 

[Hint: 'I mole of carbohydrate will contain 
1 

--gof 
0.0833 

hydrogen, i.e., 12 g hydrogen. 
:. The molecular formula of the compound will be C6H 120 6] 

4. Select the organic compounds, which will give red colour in 
Lassaigne's test? 
(a) NaCNS 0 

~ 
(b) NH2-C-NH2 0 

S 
11 

(c) NH2-C-NH2 o 

(d) H2N-{ )-S03Na+ o 
5. The desiccants used for absorbing water during Liebig's 

method for estimation of carbon and hydrogen are: 
(a) CaCl2 0 (b) Na2S04 0 
(c) MgS04,7H20 0 (d) Mg(CI04 )2 0 

[Hint: . Anhydrous CaCl2 and Mg(CI04)2 are used as desiccants 
because they are efficient absorben~ of water.] 

6. Kjeldahl's method can not be used for estimation of 
nitrogen in: 
(a) pyridine 
(c) nitrobenzene 

o (b) azobenzene 
o (d) all of these 

o 
D 
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7. 9.9 g amide with molecular formula C4HsNxOy on heating 

with alkali liberated 1.7 g of ammonia. If the pe1:Centage of 
oxygen is 33.33% then the ratio of 'N' and '0' atoms in the 
compound is: 
(a) 1 : 1 0 (b) I : 2 0 
(c) 2 : 3 0 (d) 3 : 2 0 
[Hint: Amide C4HS NxOy will give x mol NH3• 

:. Molecular mass of amide = 9.9 x 17x 99x 
1.7 

% Nitrogen in the amide = 14x x 100= 14.14 
99x 

% Oxygen in the amide = 33.33 

Ratio of number of atoms of 'N' and '0' 

= 14.14 : 33.33 = I: 2] 
14 16 

8. Lassaigne's test is not shown by diazonium salts because 
they: 
(a) form NH3 gas on heating much before the reaction with 

sodium . 0 
(b) form N2 gas on heating much before the reaction with 

sodium D 
(c) are highly volatile and evaporate before the reaction 

with sodium 0 
(d) all of the above D 

9. 0.28 g of a nitrogenous compound was Kjeldahlised to 
produce 0.17 g of NH3 . The percentage of nitrogen in the 
organic compound is: 
(a) 5 
(c) 50 

D (b) 30 0 
o (d) 80 0 

[Hint: 0.17 g NH3 will contain (! ~ x 0.17) g of nitrogen, i.e., 

0.14 g of nitrogen 
. Mass of 

% Nitrogen = ~~~~~~ x 100 
. Mass of compound 

= 0.14 x 100 50%] 
0.28 

10. Kjeldahl's method cannot be used for estimation of nitrogen 
in: 
(I) C6HsCONH2 
(II) Pyridine 
(III) C6 Hs-N=N-C6 Hs (IV) C6HsNHCOCH3 
(a) I, III 0 (b) II, III 0 
(c) III, IV 0 (d) I, II D 

ANSWERS: BRAIN STORMING PROBLEMS 1--------------------:----, 
1. (d) 2. (6) 3. (d) 4. (c,d) 5. (a,d) ,6. (d) 7. (b) 8 .. (b) 9. (c) 10. (b) 
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LINKED COMPREHENSION TYPE QUESTIONS 

Passage 1 

Empirical formula. of a substance gives the sitnplest whole 
number ratio between the atoms of thevarlous elements present 
in one molecule of the substance. Molecular formula on the other 
hand gives the actual number of atoms prestntin one molecule of 
the substance. 

Molecular formula == n x Empirical formula 
where n is a simple integer 1,2, 3, ... , etc., given by the 

equation; 
Molecular mass of the compound 

n=--~~----------~~----~ 
Empirical formula mass of the compound 

Answer the following questions : 
Select (a) if True and (b) if False. 

1. Empirical and molecular formula of a compound may be 
same. , '. ','" ,,-,:' 
True (a) , " :l<'aISe(b} ""', ' , .' , ' 

2. Empirical formula of two difterelltcomp~ds cannot be ' 
,... . ",,~ . . ~. 

same. ..:' . '.:~ 
True (a)' .,,' Fat~e '(b), , . ,.,'. ",.' 

3. If two compounds have the,-aame empirical. formula but 
different molecular formula, they have same vapour aenSity. 
True (a) False (b) 

4. The two compounds having Same empirical fOlmulahave 
same percentage composition, , 
True (a) False (b) 

5. Empirical fohnula of benzene is C2 Hz .:~ 
True (a) False,',,(b) , , 

6. The compounds having same empmcalfoml.uIa.mustha'le 
same properties. , , 
True (a) False (b) 

7. Cyclo alkanes and alkenes have same empirical formula. 
True (a) False (b) 

Passage 2 

Combustion of 0.42 g of a compound gave 0.924 g CO2 ahd 
0.243 g H2 O. Due to. distillation of 0.208 g of compound with 

NaOH, ammonia evolved required 30 ml.:of
N

H2S04 for 
, , ' " 20 - , 

complete neutralization. Vapour density of the coriipoUnd is -69.5.' 
Answer the following questions: 

1. The compound has empirical formula: 
(a) C7H90 2N (b) C6 HSN02 

° II 
(c) C3H7-CONH2 (d) NHr -;;.·C-NH2 

2. Percehtage composition of carbon in the compound is .: .. 
(a) 6.43 (b) 23.48 
(c) 60, (d) 10.09 

3. what is the percentage composition of nitrogen in the 
compound? 
(a) 23.48' (b) 10.09 

, (c) 6.43 (d) 60 . 
4. What is tbepercentage composition of hydrogen in the 

co'tnpound? 
(a) 6.43 (b) 10.09 
(c) 60 (d) 23.48 

5. What is the value of 'n' for the given compound? 

" (a) 2 
, ."'(¢) L 

Molecular mass 
where n = ---:.'---------

Empirical formula mass 
(b) 3 
(d) 4 

.. ' Passage 3 

,,·ti.9~g~f~~~c compound gave on comb~stion: 
"(i)';LSS4gt'Oi ',' (ii) 0.648g H20, , 

: Wben O.:!4g bf the substance was Kjeldahlised and the 

animoW~~fo~e'd ~ absorbed in 50cm3 of
N 

H2S04 - The 
.: .•. ' . . . 4" .,", 

.exc~s-acid, required 77cttJ? Of N/IONaOH for complete 

neu:1rit.lliation.' MolecUlar mass, of the corilpounc! is estima~ed to 
'be 100. " , , 
<. A1lswe~ the following questions: 
, 1. thecorilpoiind has maximum percentage composition of 
. 'which oftlie following elements? 

{a) C' , (b) H 

(c)N, (d) ° 
2. What is the petcentlge' composition of carbon in the 

compound?' 
(a) 16% (b) 8% 
(~)28% . (d) 48% . 

3. Percentage composition of nitrogen in the compound will 
~: " " 

(a) 16 (b) 61 
'.(c) 6 ' , (d) 28 
4. Which among the following is the empirical formula of the 

compound? 
(a) CgH:4N02 (b) C4HgN20 
(c) C4HgNO (d) CgH4NO' 

5. Molecular formula of the compound will be: 
(a) CgH4 N02 (I:» C4HgN20 
(c)' C4HgNO (d) CgH4NO 

ANSWERS: LINKED COMPREHENSION TYPE QUESTIONS!-1--------::----------, 
Passage 1 1. (a) 2~ (b) 3. (b) 4. (a) 
Passage 2 1. (a) 2. (c) 3. (b) 4. (a) 
Passage 3 1. (a) 2. (d) 3. (d) 4. (b) 

5. (b) 
5. ,(c) 
5. (b) 

6. (b) 7. (a), 



3 
CLASSIFICATION AND 

NOMENCLATURE OF 
ORGANIC COMPOUNDS 

3.1 CLASSIFICATION OF ORGANIC COMPOUNDS 

Organic compounds have been classified on the basis of 
carbon skeleton (structure) or functional groups or the concept 
of homology. 

(A) Classification Based on Structure 

. All the known organic compounds have been divided into 
two main types: 

1. Acyclic or Open-chain compounds: These are the 
compounds in which the carbon atoms are linked to each other 
in such a manner that the molecule is having an open-chain 
structure. The chain of the carbon atoms may be straight or 
branched. These compounds are also called as aliphatic 
compounds. The term aliphatic has been derived from "the 
Greek word aieiphatos meaning fats, since the earliest 
compounds to be studied were fatty acids or compounds found 
in fats. Some of the examples are: 

CH3~(0 
OH 

Acetic acid· 

CH) 
I 

CH)-CH-CH) 
Isobutane 

H2C=CH2 
Ethylene 

CH3CH20H 
Ethyl alcohol 

2. Cyclic or Closed-chain compounds: These are the 
compounds in which carbon atoms are linked to each other or 
to the atoms of other elements in such a manner that the 
.molecule bas a closed-chain or cyclic or ring structure. One or 

more closed-chains or rings may be present in the molecule. 
The compounds with only one ring of atoms in the molecule 
are known as monocyclic but those with more than one ring of 
atoms are termed as polycyclic. These are further divided into 
two subgroups: 

(a) Homocyclic or Carbocyclic, (b) Heterocyclic. 
(a) Homocyclic or Carbocyclic: These are the 

compounds having a ring or rings of carbon atoms only in the 
molecule. The carbocyclic or homocyclic compounds may 
again be divided into two types: (i) Alicyclic compounds and 
(ii) Aromatic compounds. 

(i) Alicyclic compounds: These are the compounds 
which contain rings of three or more carbon atoms. These 
resemble with aliphatic compounds than aromatic compounds 
in many respects. That is why these are named alicyclic, i.e., 
aliphatic cyclic. These are also termed as polymethylenes. 
Some of the examples are: 

Cyclopropane Cyclobutane 

Cyclohexane 

(ii) Aromatic compounds: These compounds consist 
of at least one benzene ring, i.e., a six-membered carbocyclic 
ring having alternate single and double bonds. Generally, 
these compounds have some fragrant odour and hence, named 
as aromatic (Greek word aroma meaning sweet smen). 
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Examples are: 
H H H 

HC~C'CH C C 
H~ 'C/ 'CH 

I II I II I 
HC~ /CH 
. ~ 

HC'C/C~C~CH 
H H 

Benzene 
(Monocyclic) 

Naphthalene 
(Bicyclic) 

H H H 
C C C 

H~ 'C/ ~C/ ~CH 
I II I. 1 

HC C C CH 
~C/ ~C/~C/ 

H H H 
Anthracene 
(Tricyclic) 

. COOH NOz 
I I . 

OH 
I 

C 
HC~ 'CH 

C " 
H~ 'CH 

#C, 
HC~ CH 

I II I 
" 

I II 
HC~ /CH H~C/CH HC~ /CH 

C C 
H H H 

Benzoic acid Nitrobenzene Phenol 

The above compounds are also known as benzenoid 
aromatics as their molecules consist of benzene ring or rings. 
However, there are aromatic compounds, which have 
structural units different from benzenoid type, and are known 
as non-benzenoid aromatics. Tropolone and azulene are the 
examples of non-benzenoid aromatics. 

(b) Heterocyclic compouuds: These are cyclic 
compounds_having ring or rings built up of more than one kind 
of atoms. The most common other atoms (hetero-atoms) 
besides carbon are 0, N and S. A few examples ofthis class are: 

HC-CH 

II II 
HC CH 

"0/ 

Furan 

HC-CH 

II II 
He CH 

'N/ 
H 

PyrroJe 

HC-CH 

II II 
HC CH 

"S/ 

Thiophene 

H H 
HC""""C'-.,C/C~CH 
I II I 

HC~C/C~N""""CH 
H 

Quinoline 

The classification may be summarised as follows: 

ORGANIC COMPOUNDS 

Open-chain, 
acyclic or aliphatic 

compounds 

I 

Homocyclic 
compounds 

Alicyclic 
compounds 

Benzenoid 
aromatic 

compounds 

I 

Aromatic 
compounds 

I 

Closed-chain 
or cyclic 

compounds 

I 

Heterocyclic 
compounds 

Non-benzenoid 
aromatic 

compounds 

(B) Classificatiou Based on Functional Groups 

The compounds of only carbon and hydrogen are c~lled 
hydrocarbons. Hydrocarbons are considered as the parents of 
all the organic compounds. All other compounds are obtained 
from hydrocarbons by the replacement of one or more 
hydrogen atoms with o!her atoms or groups. 

R-H -H R-X 
Hydrocarbon +X Derivative of hydrocarbon 

Thus, most of the organic compounds consist of two parts, 
each of which is called a· group or radical. Both of these 
groups are responsible for the properties of the compound. 
The group R represents the carbon-hydrogen framework 
which mainly affects the physical properties while group X is 
known as functional group which is responsible for the 
chemical properties of the compound. 

A functional group is an atoni or group of atoms 
present in a molecule that gives the molecule its 
characteristic chemical properties. Double and triple bonds 
are also considered as functional groups. Functional group is 
actually the action group or the site of chemical reactivity in a 
compound. Compounds having same functional group show 
similar characteristic. chemical properties. 

Functional groups, thus, serve to classify organic 
compounds into classes/families. All compounds with the 
same functional group belong to the same class. Various 
classes of compounds having some of the common functional 
groups are listed in the table on next page. 



68 

Class 

Olefinsl Alkenes 

Acetylenes! Alkynes 

Halides 
Alcohols 

Thiols 

Aldehydes 

Ketones 

Thioketones 

Ethers 

Thioethers 

Carboxylic acid 

S~lphinic acid 

Amides 

Amines 

CyanideslNitriles 

Nitro compounds 

'" Esters 

Acid halides 

Homologous series 

1. Alkanes' ,. 
2. Alkenes 

3. Alkynes 

4. Monohydric alcohols 

5. Aldehydes 

Functional group 

)C=C( 

-C===C-
-F, -Cl, -Br, -I (Halo) 

.-OH (Hydroxy) 

'-SH 

-~:-H (Aldehydic) 

° 
° II 

-C- (Ketonic) 

S 
II 

-C-
I I -f-o-f- (Alkoxy) 

I I 
-G-S-C-

I I 

° II 
-C-OH (Carboxyl) 

° II 
-S-OH 

° II 
-C-NH2 (Amide) 

_N<H (Amino) 

H 

-C===N (Cyano) 

-N<O (Nitro) 

° 
° II I 

-C-O-C- (Ester) 
. I· 

° , II 
-C-X (Acylhalide) 

General forlllula 

CnH2Ir+2 

Cft2n 

Cft2n-2 

CnH2Ir+ IOH 

C,.H2n0 
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Certain compounds contain more than one functional 
groups. Such compounds are called polyfunctional 
compounds. The properties of each functional group may be 
modified by the presence of the others. 

Homologous series: Organic compounds belonging to 
a main class can be divided into different families, known as 
homologous series, on the basis of similarity in structure and 
chemical properties. All compounds having same carbon 
framework (skeleton) and same functional group in their 
molecules possess similar properties. Such compounds when 
arranged in order of their molecular masses constitute a series 
called homologous series and the individual members are called 
homologues. The property by virtue of which a number of organic 
compounds fonn a homologous series is tenned 'homology'. 

A homologous seri~ can be defined as a group of 
compounds in which the various' members have similar 
structural features and similar chemical properties and the 
successive members dift"er in their molf'Cuiar formula by CH 2' 

The general characteristics of a homologous series are: 
(i) All compounds in the series are composed of same 

elements and contain the same functional group. 
(ii) All compounds in the series can be represented by 

one general formula, e.g., the homologous series of 
monohydric alcohols can be represented by the general 
formula* Cn H2n+IOH. The formula of various homologues 
can be written by giving the values 1,2, 3, .. ; to n. 

n CIIH2Ir+ IOH 1 The molecular formula of 

CH30H ~CH2 ) each member differs from 
the members above and 

2 C2HsOH . below it by one CH2 
3 C3H70H CH2 group. 

4 C4H90H CH2 

(iii) The molecular mass of every two adjacent members 
differs by 14 (CH2 =12+2xl=14). 

(iv) All compounds in the series have similar chemical 
properties because of the presence of same functional group. 

(v) The members of the series show a gradual gradation 
in their physical properties like solubility, density, melting and 
boiling points. The physical properties generally increase as 
the molecular mass increases. 

(vi) Thehomologues can be prepared by almost similar 
methods. These are known as general methods of preparation. 

There are a number of homologous series in organic 
compounds. Some important series of aliphatic compounds 
are Jisted below: 

Functional group 

, )C=C( 
-C===C-

-OH 

-C(H 

° 
Contd. 
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R~m~logous serles i General formula 

6. Ketones C"H2I,o 

7. Monocarboxylic acids C"H2n°2 

8. Ethers C"H2n+20 

. Fuaetioa." group 

)C=O 

-e<O 
OH 

->C-O-Cf or 

H 
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-O-R 

9. Amines (pri., sec., tert.) C"H2n+lNH2 (C"H2n+3N) -N< ,. -NH-, ~N 
(tert.) 

10. Amides 

II. Esters C"H2n°2 
12. Nitriles C}l2n+lCN 

13. Thiols C,;H2n+ ISH 

14. Thioeth~ C"H2n+2S 

3.2 SATURATED AND UNSATURATED 
COMPOUNDS 

If, in an organic compound containing two or more carbon 
atoms, there are only single bonds between carbon atoms, then 
the compound is said to be saturated, e.g., ethane, n-propyl 
alcohol, acetaldehyde, etc. 

H H H H H -H 
H-6-6-H' H-6-6-6-O-H' H-6-e(0 

1 1 ' 1·1 1 'I ""H H H H H H H 
Ethane n-propyl alcohol Acetaldehyde 

On the other hand, if the compound contains at least one 
pair of adjacent carbon atoms linked by a multiple bond, then 
tJ.1at compound is said to be unsaturated, e.g., ethylene, 
acetylene, vinyl alcohol, acraldehyde, etc.· 

H <H )c=c .; 
H H 

Eth~lene 

H H 
1 I 

H-C=C-OH; 
Vinyl alcohol 

H-e' C-H; 
Acetylene 

Acraldehyde 

Note: The double bond between carbon and oxygen atoms is not a 
sign of unsaturation as in acetaldehyde_ or acetone. 

H (sec.) 

(pri.) 

W 
-C-O-R 

-CeeN 
-SH 

I I -rS-r 
3.3 NOMENCLATURE OF ORGANIC 

COMPOUNDS 
Nomenclature means the assignment-of names to 

organic compounds. The naming of organic compounds is an 
important aspect in the study of organic chemistry as their . 
number is vel)' large and variety of molecular structures exist 
in their molecules. The field has become more complex on 
account of the phenomenon of isomerism. There are two main 
systems of nomenclature of organic compounds : 

I. Trivial system, . n. IUPAC system. 

I. Trivial System 

This is the oldest system of naming organic compounds. 
Whenever a new compound was discovered, it was given an 
individual name. Such a name was assigned at the whim of the . 
discoverer and had no system. These trivial names are called . 
common names and generally based. on the source, from 
which they w~ obtained. Quite frequently, the names chosen 
had Latin or Greek roots. The following examples justify the 
above statement: . 

(a) Acetic acid derives its name from vinegar of which it 
is the chief constituent (Latin: acetum vinegar). 

(b) Formic acid was named as it was obtained from red 
ants. The Greek word for the red ants isformicus. 

(c) The names oxalic acid (oxalus), malic acid (pyrus 
malus), citric acid (~:'''Us) have been derived from botanical 

. sources given in parentheses. 
(d) Urea and uric acid have derived their names from 

urine in which both are present. 
(e) The liquid obtained by the destructive distillation of' 

wood was named as wood spirit. Later on, it was named 
methyl alcohol (Greek: methu = spirit; hule = wood). 
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(1) Names like glucose (sweet), pentane (five), hexane 
(six), etc., were derived from Greek words describing their 
properties or structures. 

(g) Methane was named as marsh gas because it was 
produced in marshes. It was also named as fire damp as it 
formed explosive mixture with air. 

The IUPAC names have become very popular these days 
. but certain common or trivial names are so familiar that their 

use could not be completely discarded. A few of these 
common names have become a part of the IUPAC system 
while some others continue to be used along with the 
corresponding IUPAC names~ These common names may 
include simple compounds such as acetone, acetic acid, glycol, 
glycerol, benzene, toluene, phenol, etc; or complex compounds 
such as penicillin, streptomycin, qumme, morphine, 
vitamin-A, etc. A student must be familiar with both 
common and IUPAC names of organic compounds as both 
the names are generally used in the standard text books on 
organic chemistry. A brief description of important members 
of various families with their comnion names has been made 
here. 

(1) Saturated hydrocarbons: Hydrocarbons are 
compounds that contain only carbon and hydrogen. The 
saturated hydrocarbons contain only single bonds between 
carbon, atoms. These are also .called paraffins (Latin: 
parum small, and affinis affinity) as these are chemically 
less reactive and represented by the general formula C n H 2n+2 • 

The first four members are known as methane, ethane, 
propane and butane. The names of the higher members have 

. Greek prefixes indicating the number of carbon atoms in the 
molecule. 

Methane CH4 ' 

Ethane C2H 6 

Propane C3Hg 

Butane . ". C4HIO 
Pentane CSH12 
Hexane C6H14 
Heptane C7H16 

Octane CgH1g 
Nonane C9H20 
Decane CIOH22 

Chain isomerism (see chapter 4) starts from butane. All 
isomeric paraffins have same parent name. The names of 
various isomers are distinguished by prefixes. 

(a) Prefix n- is used for those paraffins in which all the 
carbon atoms are in one continuous chain. The prefix n-stands 
for normal or straight chain. 

CH3CH2CH2CH3, Cil3CH2CH2CH2CH3, 
n-Butane n-Pentane 

CH3CH2CH2CH2CH2CH3 
n-Hexane 

G.R.B. Organic Chemistry for Competitions 

(b) Prefix iso- is used for those paraffins in which methyl 
group is attached to the second last carbon atom or the 
continuous chain. 

CH3 

I 
CH3-CH-CH3 

. lsobutane 
(continuous chain) 

CH3 

I 
CH3-CH-CH2-CH3 

lsopentane 
(continuous chain) 

CH3 

I 
CH3-CH-CHz-CH2-

lsopentyl 

(c) Prefix neo- is used for those paraffins in which two 
methyl groups are attached to the second last carbon atom of 
the continuous chain. 

CH3 

I 
CH3-C-CH3 

I 
CH3 

Neopentane 
(continuous chain) 

CH3 

I 
CH3-C-CH2-

I . 
CH3 

Neopentyl 

Neohexane Neohexyl 
(continuous chain) 

There are four types of carbons in the carbon chain. 
(i) Primary carbon: A carbon atom attached to one (or 

no) other carbon atom is tenned prinwy carbon or 1 ° carbon 
atom. 

(n) Secondary carbon: A carbon atom attached to two 
other carbon atoms is termed secondary carbon or 2° carbon 
atom . 

(iii) Tertiary carbon: A carbon atom attached to three 
other carbon atoms is termed tertiary carbon or 3° carbon 
atom. 

(iv) Quaternary carbon: A carbon atom attached to 
four other carbon atoms is termed quaternary carbon or 4° 
carbon atom. 

CH3 CH3 
I I 

CH C CH CH CH (2,2,3-Trimethyl pentane) 

3-~3 -1' L3 
Primary (1°) 
Secondary (2°) 

l...------Tertiary (3°) 
'-----,-------Quatemary (4°) 

[The hydrogen atoms attached to primary, secondary and 
tertiary carbon atoms are correspondingly termed as primary, 
secondary and tertiary hydrogen atoms respectively.] 

j 
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Normal hydrocarbons contain either only primary or 
both primary and secondary carbon atoms. No branching 
is present. 

Iso-hydrocarbons contain a tertiary carbon atom, i.e., 
(CH3 hCH-. 

Neo-hydrocarbons contain a quaternary carbon atom, 
i.e., (CH3 hC-. 

The isomers of butanes (2) and pentanes (3) can be named 
by using prefixes (n-, iso-, neo-) but it will be difficult to name 
properly all the hexanes (5), heptanes (9) and decanes (75) by 
this method. 

Alkyl groups: These are univalent groups or radicals 
obtained by the removal of one hydrogen atom from a 
molecule of a paraffm. The symbol 'R' is often used to -
represent an alkyl group. 

(Alkane) C n H 2n+2 
(R-H) 

-H 
--~) C"nH2n+l (Alkyl group) 

(R-) 

Alkyl groups are named by dropping -ane from the name 
of corresponding paraffm and adding the ending -yl. 

Parent saturated " Name. of the 
Structure hydrocarbon _ aIkylgroup 

Methane Methyl CH3-

Ethane Ethyl CH3-CH2-

Propane n-Propyl CH3-CH2-CH2-

Butane n-Butyl CH3-CH2-CH2-CH2-

Alkyl groups derived from saturated hydrocarbons having 
three or more carbon atoms exist in isomeric forms. 

/c~7)3CH2CH2- n-Propyl 

CH3CH2CH3 ~ CH- Isopropyl 
Propane CH3 

/

CH3CH2CH2CH2- n-Butyl 

CH3CH2) 
CH3CH2CH2CH3 ~ CH- Sec. butyl 

n-Butane CH3 

or 

Isobutyl 

Tertiary butyl 
(Tert. butyl) 

Beyond butyl, the number of isomeric groups derived 
from each paraffin becomes so great that it is impracticable to 
designate them all by various prefixes. 

(2) Olefins: These are unsaturated hydrocarbons 
containing two hydrogen atoms less than the corresponding 
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paraffin, i. e., there is one double bond between two carbon 
" atoms in their molecules. They have the general formula 

C n H 2n . The first member of the series is C2H4 • These 
"unsaturated hydrocarbons are named olefins (Latin: oleum 
= oil; fiant = making). The names are derived by substituting 
the suffix -ane of the corresponding paraffin by -ylene. 

H2C=CH2 Ethylene 

CH3---CH=CH2 Propylene 

CH3-CH2---CH=CH2 Butylene 

CH34=CH2 Isobutylene 

CH 3 

-H Alkene ) Alkenyl Alkenyl 
(-e+ yl) 

-H H2C=CH2 ~ H2C=CH- Ethenyl (Vinyl) 
Ethene 

-H H2C=CH-CH3 ~ H2C=CH- CH2-
2-Propenyl (Allyl) 

-H 
H3C-CH=CH2 ~ H3C-CH=CH- I-Propenyl 

(3) Acetylenes: These are unsaturated hydrocarbons" 
containing four hydrogen atoms less than corresponding 
paraffin. There is one triple bond between two carbon atoms. 
These have general fOrnlula-Cn H 2n- 2 • The first member of the 
series is C2 H2. The various homologues are considered to be 
derived from acetylene by replacement of one or both 
hydrogen atoms by alkyl groups. 

HC==CH 
CH3-C==CH 

CH3-C " C---CH3 

Acetylene 
Methyl acetylene (Allylene) 

Dimethyl acetylene (Crotonylene) 

Alkyne -H) Alkynyl 
(-e+ yl) 

HC=CH ~ HC=C

-H 
H3C-C==CH ~ H3C- C==C-

-H 
HC=C-CH3 ~ HC=C-CH2-

Ethynyl 

I-Propynyl 

2-Propynyl 

(Propargyl) 

(4) Alkyl halides: These are monohalogen derivatives 
of paraffms and are obtained by the replacement of one 
hydrogen atom by halogen atom X (X = F, CI, Br or I). These 
have the general formula C n H2n+lX, Common names are 
obtained by naming the alkyl groups and adding the name of 
the halide as separate word. The position of the halogen atom 
is indicated by primary, secondary or tertiary prefix. 

CH3Br 
Methyl bromide 

Br 
I 

CH3CH2CI; CH3---CH---CH3 
Ethyl chloride Isopropyl bromide 
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Dicarboxylic acids: These compounds contain two 
carboxylic groups attached to same or different carbon atoms. 
The names of the individual acids are generally derived from 
some source of the acid. 

COOH 
I 
COOH 

Oxalic acid 

CH2COOH 
I 
CHzCOOH 
Succinic acid 

<COOH 
CH2 

COOH 
Malonic acid 

<CH2COOH 
CHz 

. CHzCOOH 
Glutaric acid 

(10) Acid derivatives: These are the . compounds 
which are obtained by the replacement of hydroxyl part of the 
carboxyl group with other groups. 

o 
II 

(i) Acid cblorides : OH part of the -C-OH group is 
replaced by Cl atom. These are named by removing the ending 
-:ic acid of the carboxylic acid and adding -yl chloride. 

CH3COCI Acetyl chloride 

CzHsCOCI Propionyl chloride 

CH3CHzCHzCOCI n-Butyryl cbloride 

o 
II 

(ii) Amides: OH part of the -C-OH group is 
replaced by NHz. These are named by replacing -ic acid of the 
carboxylic acid by -amide. 

HCONHz Formarnide 

CH3CONHZ 

CH3CONHCH3 

CH3CON(CH3 h 

HCON(CH3 h 

Acetamide 

N-Methyl acetamide 

N,N-Dimetbyl acetamide 

N,N-Dimethyl formarnide (DMF) 

CHz =CHCONHz Acrylarnide 

o 
. II 

(iii) Esters: OH part of the· -C-OH group . is 
replaced by OR. They are named as alkyl salts of the parent 
acid by replacing -ic acid of the carboxylic acid by -ate. 

HCOOCH3 Methyl formate 

CH3COOCzHs Ethyl acetate 

CzHsCOOCH3 Methyl propionate 

C3H7COOCzHs' Ethyl butyrate 

o 
II 

(iv) Acid anbydrides : OH part of -C-OH group is 
replaced by OCOR. They are named by changing the suffix 
acid to anhydride. 

CH3CO) C2HSCO) CH3CO)O 
0; 0; 

CH3CO . C2HsCO C2HsCO 
Acetic anhydride Propionic anhydride Acetic propionic 

anhydride 
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(11) Amines: They are the derivatives of ammonia and 
are obtained by the replacement of hydrogen atoms of 
ammonia by alkyl groups. They are called primary. secondary 
and tertiary arnines depending on the number of hydrogen 
atoms of ammonia replaced. The common names are obtained 
by adding the names of alkyl groups to the suffix amine. 

CH3 I . 
CH3NH2 CH3-NH-CH3; CH3-N-CH3 

Methyl amine 00) Dimethyl amine (20) Trimethyl amine W) 

CH3 

I 
CzHsNHz ; 

Ethyl amine 00) 
CH3NHCzHs ; CzHs-N-CH3 
. Ethyl methyl Ethyl dimethyl 

amine (2°) amine (30) 

CH3CH2CH2NHZ ; 

n-Propyl amine 
C2HsNH-CH(CH3 )2 

Ethyl isopropyl . 
W) amine (2°) 

(C2HShN-CH3 

Diethyl methyl 
amineW) 

(12) Cyanides: These compounds contain -,-CN 
group attacbed to an alkyl group and are named as alkyl 
cyanide or carbonitrile (Replacing -ic acid of their carboxylic 
acid by -Onitrile). 

CH3CN 
Methyl cyanide 

(Acetonitrile) 

CH3CH2CH2CN ; 
n-Propyl cyanide 
(Butyro nitrile) 

C2HsCN 
Ethyl cyanide 

(Propiononitrile) 

(CH3hCHCN 
Isopropyl cyanide 
(Isobutyro nitrile) 

H2C=CHCN 
Vmyl cyanide (Acrylo nitrile) 

(13) Isocyanides: These compounds contain -NC 
group attached to an alkyl group and named as. alkyl 
isocyanide or alkane isonitrile. They are also called alkyl 
carbylamine. 

CH3NC 
Methyl isocyanide 

(Methyl carbylamine 
or Methane isonitrile) 

C2HSNC 
Ethyl isocyanide 

(Ethyl carbylamine 
or Ethane isonitrile) 

(14) Common names of aromatic compounds: The 
simplest aromatic compound is the hydrocarbon. C6H6 • It is 
called benzene and represented as: 
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H 
I 

H-C~C'-....C-":"H 
Or I II 

H-C~C/C-H 

I 
H 

For naming aromatic compounds, no special rules are 
required, but they are named as substituted benzene. . 

The monosubstituted derivatives of benzene are those m 
which a hydrogen of the ring is replaced by another 
substituent. These are named by prefixing the name of the 
substituent to the word benzene. Some derivatives have 
special names. 

66 NH2 COOH S03H 

0 00 ~ I.~. ~ I 
Toluene Phenol· Aniline Benzoic Benzene 

(Methylbenzene) . acid sulphonic acid 

CI 

(5 0 
CHO 

0 0 
Chlorobenzene Nitrobenzene Ethylbenzene Benzaldehyde 

CH3 CH3 

0 OCH' OCH' 
OCOOH 
~ COOH 

CH3 
o-Xylene m-Xylene . p-Xylene Phthalic acid 

CH(CH3)2 

6 
CH=CH2 

6 0 
Cumene Styrene Cyclopropyl 

(Isopropyl benzene) (Vinyl benzene) benzene 

The following names are given to certain aromatic 
hydrocarbon residues formed by the loss of one or more 
hydrogen atoms from the parent hydrocarbon. 

00=0 
CJIs- C6H4( CH3CJI4-
(Phenyl) (o-Phenylene) (o-Tolyl) 

'0- CH( C~ • 

0 r 0 
CJI5CH2-. .a C6HsCH( C6H5C~ 
(Benzyl or (Benzalor (Benzo;or. 

Phenyl methyl),' Benzylidene) Benzylidyne) 
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II. IUPAC System 

The first rational system of naming organic compounds was 
evolved in 1892 by the International Chemical Congress at 
Geneva under the name of Geneva system of nomenclature. 
However, the system could not be successfully applied to 
complicated and multifunctional organic compounds. This 
system was partially revised in 1931 and the revised system 
was referred to ruc system. Modifications in this system have 
been made from time to time by the International Union of 
Pure and Applied Cbemistry and in its present form, the 
system is known as IUPAC system (pronounced as 
eye-you-pack). It is the most modem and largely used system. 
This system has been evolved in1957 and some additions and 
subtractions were done in 1967. The IUPAC system has set 
rules for naming organic compounds on the basis of their 
structures. These rules underwent further modifications in 
1979 and later revised in 1993 (A Guide to IUPAC 
Nomenclature of Organic Chemistry by R. Panico, W.H. 
Powell and J.C. Ricber). The name assigned on the ba~is of 
latest IUPAC rules to an organic compound is known as its 
systematic name. 

Salient Features of IUPAC System 

1. A given compound can be assigned only one name. 
2. A given name can clearly direct in writing of one and 

only one molecular structure. . 
3. The system can be applied in naming complex organ~c 

compounds. . . 
4. The system can be applied in naming multifunctional 

organic compounds. . 
5. This is a simple, systematic and scientific method for 

nomenclature of organic compounds. 
Basic rules of nomenclature: For naming simple 

aliphatic compounds, the normal saturated hydrocarbons have 
been considered as the parent compounds and the other 
compounds as their derivatives obtained by the replacement of 
one or more hydrogen atoms with various functional groups. 
Each systematic name has two or three of the following parts: 

(i) Root word, (ii) Primary suffix and (iii) Secondary suffix. 
(i) Root words: The basic unit is a series of root words 

which indicate linear or continuous chains of carbon atoms. 
Chains containing one to four carbon atoms are known by 
special root words while chains from Cs onwards are known 
by Greek number roots. 

Chain length Root word Chain length Root word 

CI Meth- Cil Undec-

Cz Eth- CIZ Dodec-

C3 Prop- C13 Tridec-

C4 But- CI4 Tetradec-

Cs Pent- CIS ·Pentadec-

~ Hex- CI6 Hexadec-

C1 Hept- Czo Eicos-

Cg Oct- C30 Triacont- . 

C9 Non- C40 Tetracont-

C Dec- C Pentacont-
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In general, the root word for any carbon chain is alk-. 
(ii) Primary suffixes: PriIruuy suffixes are added to the 

root words to show saturation or unsaturation in a carbon chain. 

NIlPlreof carbon Primary IUPAC 
e~aiD· ·sul'fix name 

Saturated (C-C) -ane Alkane 

rnsaturated (C=C) 
with one double bond -ene Alkene 

{unsaturated (C==C) 
with one triple bond 

-yne Alkyne 

{unsaturated with 
two (C=C) bonds 

. -adiene Alkadiene 

{Unsaturated with 
two (C==C) bonds 

-adiyne Alkadiyne 

{
unsaturated with 

three (C=C) bonds -atriene Alkatriene 

(iii) Secondary suffixes: Suffixes added after the pri
mary s1.dflX to indicate the presence of a particular functional 
group in the carbon chain are known as secondary suffixes. 

Alcohol (-,-()H) 

Aldehyde (--CHO) 

Ketone ( >CO) 

Carboxylic acid ('-COOH) 

Sulphonic (-S03H) 

Amine (-NH2) 

Thioalcohol (-SH) 

Cyanide (-eN) 

Ester (--COOR) 

Amide (-CONH2) 

Acid halide (-COX) 

-01 

-al 

-one 

-oic acid 

-sulphonic acid 

-amine 

-thiol 

-nitrile 

-oate 

-amide 

-oyl halide 

The terminal' e' of the primary suffix is usually removed 
before attaching the secondary suffIx. To illustrate the 
application of above basic rules, the IUPAC names of few 
classes of organic compounds are given below: 

.. Homologous 
~li~: . 

Alcohols 
(saturated) 

Alcohols 
(unsaturated) 
one double bond 

Root, .Prlmary 
word . suftix 

Alk -ane 

Alk -ene 

Secondary 
IUPACname 

suffix 

-01 Alkanol 

-01 Alkenol 
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Alcohols 
(unsaturated) Alk -yne -01 Alkynol 
one triple bond 

Aldehydes 
Alk -al Alkanal (saturated) -ane 

Ketones 
(saturated) Alk -ane -one Alkanone 

Carboxylic acids 
Alk -oic acid Alkanoic acid (saturated) -ane 

Acid chlorides -oyl 
(saturated) Alk -ane 

chloride 
Alkanoyl chloride 

Prefix: It should always be kept in mind that alkyl 
groups forming branches of the parent chain are considered as 
side-chains. Atoms or groups of atoms such as fluoro (-F), 
chloro (--CI), bromo (-Br), iodo (-I), nitro (-N02 ) and 
nitroso (--'-NO) are referred to as substituents. Root words are 
prefixed with the name of the substituent or side chain. 

Arrangement of Prefixes, Root word and Suffixes 

These are arranged as follows while writing the name. 
Prefu (es) + Root word + Primary suffu + Secondary suffu 

For example, 
4 3 2 1 
CH3-CH-CH2COOH 

I 
Br 

Prefu = Bromo (at position 3) 
Root word = But, 

Primary suffu = -ane, 
Secondary suffu -oic acid 

Hence, the name of the compound is, 

3-Bromo butanoic acid 
5 4 3 2 1 
CH3-CH-CH=CHCH20H 

I 
CH3 

. Prefu = Methyl (at position 4), 

Root word = Pent, 

Primary suffu = - ene (at position 2), 

Secondary suffu = - 01 
Hence, the name of the compound is, 

4-Me.hylpent-2-en-l-ol 

The names of simple aliphatic organic compounds 
containing only straight chains of carbon atoms of various 
hqmologous series are described in tables (pages 76-77) as to 
explain the basic rules of IUPAC system. In case of 
compounds, other than hydrocarbons, only the saturated 
compounds have been considered. 

? J -
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S.No. 

I. 

Homologous series 
(1) 

Paraffms or Alkanes (C~2ni-2) 

2. Olefins or Alkenes (C~2n) 

I 
CH4 

Struetural formula 
(%) 

2 1 
CH3 CH3 
3 2 I 
CH3 CH2CH3 
432 I 
CH) CH2 CH2 CH3 

2 I 
H2C=CH2 
3 2 I 
CH3 CH=CH2 
4 3 2 I 
CH3 CH2CH=CH2 
4 3 2 I 
CH3 CH=CHCH3 

3. Acetylenes or Alkynes (CnH~2) H~-CH 

4. Monohydric Alcohols 
(C~2ni-IOH) 

5. Aldehydes (C~2nO) 

7. Carboxylic acids (Mono) 
(C~2n02) 

8. Acid chlorides (RCOCI) 

3 2 I 
CH3-CE!!CH 
4 3 2 I 
CH3 CH2-C -CH 
4 3 2 I 
CH3-C-C-CH3 
1 
CH30H 
2 1 
CH3CH10H 
3 2 I 
CH3 CH2 CH20H 
3 2 1 
CH3 CHOHCH3 
4 3 . 2 1 

CH3 CH2 CH2 CH20H 
4 3 2 1 
CH3 CH2 CHOHCH3 

I 
HCHO 
2 I 
CH3 CHO 
3 2 1 
CH3 CH2 CHO 
432 I 
CH3 CH2 CH2 CHO 
3 2 I 
CH3 COCH) 
4 3 2 I 
CH3 CH2 COCH3 
5 4 3 2 I 
CH3 CH2 CH2 COCH3 
5 4 3 2 I 
CH3 CH2 COCH2 CH3 

I 
HCOOH 

2 1 
CH3 COOH 
3 2 I 
CH)CH2COOH 
4 3 2 1 
CH3 CH2 CH£COOH 
2 I 
CH3 COCl 
3 2· 1 
CH3 CH2 COCI 
432 I 
CH) CH2 CH2 COCl 
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Root word Primary sumxSeeondary suffix • IUPAC name 
(3) (4) • • (5) • ,. (6) 

Meth 

Eth 

Prop 

But 

Eth 

. Prop 

But 

But 

Eth 

Prop 

But 

But 

Meth 

Eth 

Prop 

Prop 

But 

But 

Meth 

Eth 

Prop 

But 

Prop 

But 

Pent 

Pent 

Meth 

Eth 

Prop 

But 

Eth 

Prop 

But 

~ane 

-ane 

-ane 

-ane 

-ene 

-ene 

-ene 

-ene 

-yne 

-yne 

-yne 

-yne 

-ane -01 

-ane -01 

-ane -01 

-ane -01 

-ane -01 

-ane -01 

-ane -a1 

-ane -al 

-ane -al 

-ane -al 

-ane -one 

-ane -one 

-ane -one 

-ane -one 

-ane -oic acid 

-ane -oic acid 

-ane -oic acid 

~ane -ole acid 

-ane -oyl chloride 

-ane -oyl chloride 

-ane -oyl chloride. 

Methane 

Ettume 

Propane ' 

Butane 

Bthene 

Propene 

But-l-ene 

But-2-ene 

Ethyne 

Propyne 

But-I-yne 

But-2-yne 

Methanol 

Ethanol 

Propan-I-ol 

Propan-2-ol 

Butan-l-ol 

Butan-2-01 

Methanal 

Ethanal 

Propanal 

. Butanal 

Propanone 

Butanone 

Pentan-2-one 

Pentan-3-one 

Methanoic acid 

Ethanoic acid 

Propanoic acid 

Butanoic acid 

Ethanoyl chloride 

Propanoyl chloride 

Butanoyl chloride 

Contd. 
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S.No.. 
Homologous series Structural formula Root word Primary sufra Secondary sufra IUPACname 

(1) (%) 

9. Acid amides (RCONH2 ) 
2 I 
CH3CONH2 
3 2 I 
CH3 CH2 CONH2 
4 3 2 I 
CH3 CH2 CH2 CONH2 

10. Amines (R-NH2) Primary I 
CH3NH2 
2 1 
CH3 CH2NH2 
3 2 1 
CH3 CH2CH2NH2 
3 2 1 
CH3 CHNH2 CH3 

II. Cyanides or nitriles 2 1 

(R-CN) 
CH3 CN 

3 2 1 
CH3 CH2CN 
4 3 2 1 
CH3 CH2 CH2CN 

12. Alkyl halides (C"H2n+ IX) 1 
CH3CI 
2 1 
CH3CH2CI 
3 2 I 

CH3 CH2CH2Br 
3 2 1 
CH3 CHBrCl:h 

13. Ethers I 
CH3OCH3t 
2 1 
CH3 CH2OCH3t 
2 I 
CH3CH2OC2Hst 

14. Nitro compounds I 
CH3N02 
2 I 
CH3 CH2N02 
3 2 I 
CH3 CH2 CH2N02 

. 3 2 1 
CH3CHN02CH3 

(15) Esters: The esters are formed when the hydrogen 
atom in the carboxyl group is replaced by an alkyl group. 

-H , 
RCOOH ~ RCOOR, [--COOR'] 

Carboxylic acid + .l\. Ester Functional group 

These are named as the alkyl salts of the parent acid. Their 
names consist of two words. The first word is the name of the 
alkyl group attached to 'oxygen atom. The second word is derived 
from the carboxylic acid name with -ic acid changed to -ate. 

o 0 
II II 

H-C-OCH3 CH3-C-OC2Hs 
Methyl methanoate Ethyl ethanoate 

?! 
C2Hs-C~C2H5 

Ethyl propanoate 

.* 'e' of the primary suffix -ane is not removed. 
t Carbon of the ~oxy group is not counted in the chain. 

(3) (4) (5) (6) 

Eth -ane amide Ethanamide 

Prop -ane amide Propanamide 

But -ane amide Butanamide 

Meth -ane amine Methanamine 

Eth -ane amine Ethanamine 

Prop -ane amine Propan-l-amine 

Prop -ane amine Propan-2-amine 

Eth -ane* nitrile Ethane nitrile 

Prop -ane* nitrile Propane nitrile 

But -ane* nitrile Butane nitrile 

Meth -ane • Chloro Chloromethane 

Eth -ane Chloro Chloroethane 

Prop -ane Bromo I-Bromopropane 

Prop -ane Bromo 2-Bromopropane 

Meth -ane Methoxy Methoxymethane 

Eth -ane Methoxy 
;..! 

Methoxyethane t+= 
<I) 

Eth Ethoxy 
~ 

Ethoxyethane -ane -
Meth -ane Nitro Nitromethane 

Eth -ane Nitro Nitroethane 

Prop -ane Nitro I-Nitropropane 
j j 

Prop -ane Nitro 2-Nitropropane 

(16) Anhydrides: Anhydrides are derived from acids 
by replacing OH with OCOR. Anhydrides are named by 
changing the suffix .acid of the parent acid to anhydride. 

000 
II OH 1/ II 

.R-C-OH ) R-C-O-C-R' 

~ 
+O--C-K 

o 0 
II II 

CH3-C-O-C--CH 3; 

o 0 
1/ II 

C2H5-C~-C-C2Hs 
Ethanoic anhydride. Propanoic anhydride 

o 0 
II 1/ 

CH3-C-O-C-C2Hs 
Ethanoic propanoic anhydride 
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Bo.nd Line Notations of Organic Molecules 

It is a simple, short and convenient method of 
representing organic molecules. The main points of this 
notation are as follows: 

(i) The bonds (C-C) are shown by lines: Single bond by 
a single line (-), double bond by two parallel lines ( ) and a 
triple bond by three parallel lines 

G.R.B. Organic Chemistry for Competitions 

(ii) Carbon atoms are represented by lines drawn in a 
zig-zag fashion and carbon atoms by line ends and 
intersections. It is assumed that required number of hydrogen 
atoms are present wherever they are necessary to satisfy the 
tetravalency of carbon. Terminal denotes CH3 groups and 
unsubstituted intersection, a CH2 group. 

IUPAC Nomenclature of Organic Compounds in Bond Line Structures 
Series Name· Structural formula Series Name Stmctural·formula· 

I. Alkanes Ethane 4. Alcohols Propan-I-ol 

~ 
(Mono) (I-Propanol) ~OH 

Propane 

Propan-2-o1 
OH 

Butane ~ (2-Propanol) A (>-OH) 
Pentane ~ Butan-I-ol 

2-Methyl ~ 
(I-Butanol) "~OH 

butane Butan-2-o1 OR 

~ 
(2-Butanol) .. ~ 2,2-Dimethyl 

butane 2-Methyl OH 

~ 
propan-2-o1 

~. (rOH) 2, 3-Dimethyl 
(2-Methyl-

butane 2-propanol) 

2,2-Dimethyl 

2,2-Dimethyl ~ ()-) 
propan~I-ol ~OH (2, 2-Dimethyl-

propane I-propanol) 
~ 

2. Alkenes Ethene -- ~H 5. Aldehydes Propanal 
Propene ~ 0 

But-I-ene ~ 
0 

Butanal ~H 
But-2-ene ~ 

3-Methyl ~ 
2-Methyl ~H 

but-I-ene 
propanal 

0 

2-Methyl ~ ~H but-2-ene 2, 3-Dimethyl 

~ 
butanal 

3-Methyl 
pent-I-ene 

6. Ketones . Butan-2-one. 0 
3. Alkynes Ethyne === (2-Butanone) ~ 

Prop-I-yne ~ (- ) Pentan-2-one 0 

~ 
(2-Pentanone) ~ But-I-yne . ~) 
3-Methyl 0 

But-2-yne ~ ( = ) butan-2-one 

~ (3-Methyl-2-, 
"- butanone) 

Pent-I-yne ~ 
-

3-Methyl 

~ 
Pentan-3-one ~ but-I-yne (3-Pentanone) 

0 

Contd 
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Series Name structural formula . Series Name structural formula 

0 II.Amiues Ethanamine 
~NH2 7. Carboxylic 

Ethanoic acid ~OH (Primary) 
acids 
(Mono) Propanol-amine ~NH2 

~OH 
(l-Propanamine) 

NH2 
Propanoic acid Propan-2-amine . A (>-NH2) 0 (2-Propanamine) 

0 

Butanoic acid ~OH 
3-Methyl 

~NH2 butanol-amine 

0 12. Cyanides Ethane nitrile '--C==N 

2-Methyl ~OH Propane nitrile ~C N butanoic acid 

Butane nitrile ~C==N 

0 
8. Acid Ethanoyl ~Cl 4-Methyl pentane ~C==N chlorides chloride nitrile 

~Cl 
13. Alkyl Chloroethane ~Cl Propanoyl halides 

chloride 
Br 

0 2-Bromo 

A . (>-Br) propane 
0 

Butanoyl 

~~Cl chloride· 3-Methyl 

~CI l-chlorobutane 

0 
9. Acid amides Ethanamide )~NH2 

2-Chloro 

~ ()-CI) 2-methyl 
propane CI 

~ 

~NH2 14. Ethers Methoxy 
/O~ Propanamide methane (-0-) 

0 Methoxy 
/O~ 0 ethane 

3-Methyl 

~~NH2 butanamide Ethoxy ethane ~O~ 

0 2-Methoxy )-0- (~) to. Esters Methyl )~O/ propane 
ethanoate 

IS. Nitro Nitro ethane ~N02 
.~O", 

alkanes 
Methyl· 
propanmlte 

. I-Nitro propane ~N02· 0 

Ethyl 
0 

N02 

~O~ ethanoate 2-Nitro butane ~ 
0 

N02 
Ethyl ~~O~ 2-Methyl-2-nitro 

~ ()-N02) . butanoate propane 

ii&'" 
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3.4 IUPAC SYSTEM OF NOMENCLATURE OF 
COMPLEX COMPOUNDS 

IUPAC system has framed a set of rules for various types of 
organic compounds. 

(AI Rules for Naming Complex Aliphatic Compounds 
when no Functional Group is Present (Saturated 
Hydrocarbons or Paraffins or Alkanes) 

1. Longest chain rule: The first step in naming an 
organic compound is to select the longest continuous chain of 
carbon atoms which mayor may not be horizontal (straight). 
This continuous chain is called parent chain or main chain 
and other carbon chains attached to it are known as side chains 
(substituents). On the basis of number of carbon atoms present 
in the parent chain, the parent normal hydrocarbon is named 
(Root word + ane). The groups attached to this chain are 
identified and named accordingly. 

Examples: 
(a) The longest chain is of five carbon atoms. Hence, it is a 

derivative of pentane. The substituent is a methyl group. 
r----------------------------------1 
:CH3-CH2-CH--C;H2-CH3': 
~--------------~t-----------------~ 

CH3 

(Derivative of pentane) 

(b) The horizontal straight chain consists six carbon atoms 
while the longest zig-zag chain consis(s eight carbon 
atoms. Hence, the longest chain consists eight carbon 
atoms and the compound is a derivative of octane. The 
various substituents are methyl groups. 

. CH
3 

CH3 

r-~-------------------J---------
CH3+-C-CH2-CH2 -C-CH3 ! 

: I :--------------t---------
: CH2: CH3 : I : , , 
i CH2 i 
: I : , , , , 
: CH3 : 1 ______ -, 

(
Derivative) 
of octane 

(c) The horizontal chain consists six carbon atoms while the 
longest zig-zag chain consists seven carbon atoms. It is, thus, 
derivative of heptane. The substituents are ethyl and methyl 
groups. 

;CH3 

i--------t----------------i 
: CH3-CH-CH2-CHt--CH2-CH3 !..---------------------, I : 

iCH~=CH~--=-CH;j 
(Derivative ortreptaney----------

Note: It is possible that sometimes there may be two or more carbon 
chains of equal lengths in the molecule. In such a case the 
selected chain should (a) contain maximum number of side 
chains (substituents) or (b) have the least branched side chains. 

Example: 

(a) 
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CH3 -+CiI-=-CH;-i 
,---------------: I r------~ 
: CH3-CH2-CH~H2-CH3 1 ____________________ 1 

(I) 
Two substituents 

CH3-CH-CH3 

r---------------J------------------, : CH3-CH2-CH-CH2-CH3: L ________________ ~ __________ ~-----J 

(II) 
One substituent 

The chain of (1) is chosen as the parent chain because it 
has two substituents. 

Example: 

(b) 

r-----_ 
'C ' : H3: : I J---

i 

CH3-ld-CH3 ! I L ________________ , 
CH3-CH2-+CH-CH2-CH3 : L ___________________ J 

(I) 
Three substituents 

_ CH3 

I 
CH3-C-CH3 . 

r --'--- -------- --1 ----- --------~.----, 
:CH3-CH2-CH-CH2-CH3 : L_~ _______________________________ J 

(II) 
One substituent 

The chain of (1) is chosen as the parent chain because it 
has three substituents. 

Example: 

rCH~--=---CH=CH=CH=ciT--cii;i 
'--------i------t-----1------t---------- J 

(c) CH3 CH2 CH3 CH3 . 

I 
CH3 

(I) 
Four substituents 

CH3 -CH -+cif=cii=cif=ciI-;] 
I i I :-+----+-----:-----' 
CH3 i C

1 

H2i CH3 CH3 
, I 
, I. :CH3 : , ______ 1 

(II) 
Three substituents 

The chain of (1) is chosen as the parent chain because it 
has four substituents. 

2. Numbering of the carbon atoms of the longest 
chain: The carbon atoms of the longest continuous chain 
(parent chain) are numbered by arabic numerals I, 2, 3, 4 ... 
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etc., from one end to the other. The number that locates the preferred which has a lower number at the first point of j 

position of the substituent is known as Locant. difference even, if it violates the lowest sum rule (First point 
(a) The carbon a"toms carrying the first substituent getthe of difference rule). 

lowest possible number Oowest individual number rule or Correct munbering -_~ 

lowest locant rule). The positions of the substituents (side 10 9 8 7 6 5 4 3 2 ,J 
chains) are indicated by the number assigned to the carbon CH3-CH2-CH-CH-CH2-CH2-CH;r-CH2-CH-CH3 

, ' 2 31 41 5 6 7 8 91 ~,o atom to which it is attached. 
5 4 3 2 , 1 2 3 4 5 CH3 CH3 CH3 
CH3-CH2-CH:r-CH-CH3; CH3-CH2-CH2-CH-CH3; Wrong numbering 

1 ' " 1 ' The correct name is 2,7,8-trimethyldecane and not 
CH3 CH3 3,4,9-trimethyldecane, because at the first point of difference 

2-Methylpentane ' 4-Methylpentane 2 is less than 3. Thus,the lowest set of locants rule is mo"e 
(Correct) . (Wrong) • 

general and preferred over the lQwest sum rule. Other example 
(b) In case, there are two or more similar substituents . 

IS, 
attached to the parent chain, their positions are indicated 
separately by the prefixes such as di, tri, tetra, etc. 

(Lowest set of locants rule). 

CH3 
S 4 3 21 1 1 2 3 4 S 

CH3-.:cH-CH-CH2-CH3; 

1 1 ' 
CH3 CH3 ' 

2,3-Dimethylpentane (Correct) 
3,4-Dimethylpentane (Wrong) , 

CH3-CH-CH2-C-CH3; 

.I 1 
CH3 ' CH3 

2,2,4-Trimethylpentane (Correct) 
2,4,4~Trimethylpentane (Wrong) 

(c) When many substituents are present, the numbering is 
done from the end where upon the sum of 16cants is the lowest 
(Lowest sum rule). 

I 2 3' 4 5 6 
CH3-CH-CH-CH2-CH-CH3 

I I "I 

CH3 CH3 CH3 
2,3,5-Trimethylhexane (Correct) 

Sum of locants = 2 + 3 + 5 = 10 

2,4,5-Trimethylhexane (Wrong) 

Sum of locants = 2 + 4 + 5 11 

CH3 CH3 
61 5 4 3 21 1 

CH3-C-CH2-CH2-CH2-C-CH3 
1 1 . 

, 1 
CH2 CH3 

S6H
3 

" 

2,2,6,6-Tetramelhyloctane (Correct) 

Sum oflocants = 2 + 2 + 6 + 6 = 16 

3,3,7,7-Tetramethyloctane (Wrong) 

Sum of locants 3 + 3 + 7 + 7 20 

Thus, it is evident from the above examples that both the ," 
lowest set of locants rule and lowest sum rule give the same 
results when the length of the carbon chain is not very long. 
However, when the length of the carbon chain is long, the two 
rules often give different results. Hence, that set of locants is 

CH3 

I " 2 3 4 5 61 7 8 - Correct 
CH3-CH-CH2-CH2-CH-=C-CHz-CH3 numbering 
8 71 6 5 41 31 2 . 'i 

CH3 CH3 CH3 I 
Wrong numbering 

The correct name is 2,5,6,6-tetramethyloctane and not 
3,3,4,7-tetramethyloctane, because 2 is lower than 3 when we 
compare the locants in the two names term by term. 

(d) If there are different alkyl substituents attached to the 
parent chain, their names are written in the alphabetical order 
(Alphabetical order of simplesubstituents).1t may be noted 

, that prefixes such as di, tri, etc., are not considered while 
arranging the substituent alphabetically. 

I 234 S 

CH3 • 

5 4 5"1 2 I 
CH3-CH-CH-CH2-CH3; 

1 1 

CH3-CH2-C--CH-CH3 
I I 

CH3 C2Hs C2HsCH3 
3-Ethyl-2-methylpentane 3-Ethyl-2,3-dimethylpentane 

CH3 
6 5 41 3 2 I 
CH3-CH2-C-CH2-CH-CH3 

" 1 1 ' 
C2HS CH3 

4-Ethyl-2,4-dimethylhexane 

2 1 
CH2-CH3 

31 4 
CH3-=CH-CH-CH2-CH3 

I 
CH2-CH2-CH3 
5 6 7 

4-Ethyl-3-methylheptane 

CH3 CH3 
I . 21 3 . 4 51 6 

CH3-C--CH-CH2-CH-CH3 
1 I 
CH3 CHz-CH3 

3-Ethyl c 2,2,5-trimethylhexane 



-

82 

CH3 

I 
CH2 CH3 

41 3 21 1 
CH3-C----.-.cH-:c-CH 3 

sill 
CH2 CH3 CH3 
I 6CH I 2 

1CH3 
4-Ethyl-2,2,3,4-tetramethyllieptane 

(e) In case, there are different alkyl substituents at 
eqtiivalent positions, then' numbering of the parent chain is 
.done in such a way thatthe alkyl group which comes first in 
the alphabetical order g'-:,ts the lower number. 

6 s 4, 3 2 1 

, CHr-CH2-CH-CH~CH2-CH3 , I I . 
'. CH3 C2H S -

3-Ethyl-4-~thylhexane 

1 2 3 4- S 6 ~ 

CH3-CH2-iH-:-CH2-iH-CH2-CH3 

C2HS CH3 

3-Ethyl-5-methylheptane 

, C2H5 CH3 
1 2 31 41 5 6 ' 
CH3-CH2.......:c--C-CH2-CH3 

I I 
.C2H5 CH3 

3,3-Diethyl-4,4-dhnethylheXane 

C2HS 

I 
CH3-CH2-C-CH2-CH3 

I 
CH3 

3-Ethyl-3-methylpentane 

(f) Naming the complex alkyl substituents: When 
the substituents on the parent chain has itself branched chain, 
it is named as substituted alkyl' group and its carbon chain is 
separately numbered in such a way, that the carbon atom 
directly attached to the parent chain is given number 1'. The 
name of this complex substituent is written in brackets. to 
avoid confusion with the number of carbon atoms of the 
parent chain. 

1234567 
CH3'--CH2-CH2-CH-CHz-CH2-CH3 

I' -
, ,l'CH-CH

3 , , 1 ' 

CH3 
, 4-( I ~ -Methyl' ethyl) heptane or 4-Isopropylhep):ane • 

Note: AccordIng to IUPAC system ofnomenCl~ture, certain trivial or 
semi-systematic names may be used for unsubstituted radicals. 
For example, the following names may be us.ed: 

, (CH3)2CH- Isopropyl 
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(CH3)2CHCH2'
CH3CH2THCH3 

(CH3)3C-
(CH3hCHCH2CH2- ' 
(CH3)3C- CH2-

. CH
3 

I 
CH3CH2-C-

I 
CH3 

(CH3hCH-CH2CH2CHr-

Isobutyl 
Sec. butyl 

Tert. butyl 
Isopentyl _ 
Neopentyl 

Tert.pentyl 

lsohexyl 
. , 

1 ,2 3 4 5 6 7 8 9 

CH3-CH2-CHz-CHz4H-CH2-CH2-CH2-CH3 

. l'CH 
1 z 

2CH-CH3 
1 

CH3 
5-(2' -Methyl propyl)nonane or 5-1sobutyl nonane 

The preffixes iso, neo and cyclo are considered in 
alphabetising substituent groups. 

87654321 
CH3-CH:z-CH2-CH-CHz-CH2-CH-CH3 . 

I ' 1 
CH-CH3 CH3 
1 

CH3 
. 5-Isopropyl-2-methyloctane 

While deciding th~ alphabetical order of the various 
substituents, the name of the complex substituent is 
considered to begin with the first letter of its complete name. 

I 2 ~ 4 5 6 189 
CH3-CH-CH2-CH2-CH-CH2-CH-CH2-CH3 

I I 1 . 
CH . . I'CH-CH CH 

3 1 3 3 

CH2 

1 
CH3 

2,7-Dimethyl-5-(I' -Methyl propyl)nonane 
or 2,7-Dimethyl-5-Sec. butyl nonaqe 

Alphabet'd' of dimethyl group as a complete substituent 
comes before' m' of methyl propyl group. 

C2H5 , CH3 . 

1 2 31. 4 s '6 11 8 9 10 
CH3-CH2-CH-CH-CH2-CHz-~H-CHz-CH2-CH3 

1,1 
CH3-C-CH3 

I 
CH3 

4-(1 ',1' -Dimethyl ethyl)-3-ethylc 7.methyldecane 

-

The numerical prefixes 'bis-' (for two), 'tris-' (for three), 
etc., are used to indicate a murtiplicity of substituted. 
substituent. . ' . 
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CH3 

) 
CH--CH3 

I 2 3 41 5 6 7 
CH~H--CH2--C--CH2--CH2--CH3 

I. 1,1 
CH3 CH---CH3 

I 
CH3 

2-Methyl-4,4-bis(I' -methyl ethyl)heptane 

(Bis is used for two same complex substituents.) 
CH2CI 

1 2 I 4 5 
CICH~HT2c--cH2--CH2CI 

I 
CH2CI 

3,3-Bis-( cWoro methyl)-I,5-dichloropentane 

SOME WORKED EXAMPLES 

CH3 
I 

Example 1. CH3--CH2-C--CH3 
4 3 12 I 

CH3 

The name of the compound is : 
2,2-Dimethylbutane 

Br 
I 

Example 2. CH3-CH2-CH-CH-CH3 
5 4 3 12 I 

The name of the compound is : 
3-Bromo-2-methylpentane, ' 

CH3 
I 

CH3 

CH3 CH2 CH3 

1 21 31 1 5 6 
Example 3. CHr -::CH--=CH-t:H--CH2--CH3 

The name of the compound is: 

3-Ethyl-2,4-dimethylhexane. 

[BJ Rules for Naming Complex Unsaturated Aliphatic 
Hydrocarbons 

(1) Longest chain: In the case of unsaturated 
hydrocarbons, the longest chain of carbon atoms (parent 
chain) is so selected as to include the double or triple b,ond 
even if it is not the actual longest chain of carbon atoms. 
765432 I . 
CH3--CHz--CH2--CH2--CH--CH CHz - Parent chain 

. 1 
CH2--CH2--CH3 

The name of the compound is: 
3-Propylhept-I-ene 

When more than one double or triple bond is present in 
the molecule, the longest chain of carbon atoms is so selected 
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. that it includes maximum number of such bonds even if it is 
not the actual longest chain. 

6 5 4 3 2 1 
CH3--CH=CH--CH--CH=CH2 

I . 
CH2--CHz--CH3 

The name of the compound is: 
3-Propylhexa-l,4-diene 
(2) A primary suffix is added to the root word to indicate 

the presence of double or triple bond in the parent chain. 

For one double bond = Root word + locant + ene 

For one triple bond = Root word + locant + yne' 

In case the parent chains contain two or more double 
bonds (two or more triple bonds), the prefixes di-, tri~, tetra-, 
etc., are used before primary suffix. 

For two double bonds = Root word + locant +diene 

For two triple bonds = Root word + loeant + diyne 

(3) Numbering of carbon cbain; The parent carbon 
chain is numbered in a manner so as to give lowest number to 
that carbon atom linked by double or triple bond even if it 
violates the rules of saturated hydrocarbons. 

CH3 CH3 
I I 

CH3--CH=CH--CH--CH2--CH-CH3 1234567 
(A) 

The name of the compound is: 4,6-Dimethylhept-2~ene. 
The position of the multiple bond (double or triple) is 

placed immediately before the suffIX ene or the yne and not 
before the root word as was the practice being followed 
earlier. For example, 

4 3 Z I 

CH3 CH2 CH=CH2 
But-I-ene 

(Formerly I-butene) 
5 4 3 2 I 

CH3-CH2-CH=CH-CH3 
Pent-2-ene 

(Formerly 2-Pentene) 
I 2 3 4 5 6 
CH3-C=C-CH2---,CHz-CH3 

Hex-2-yne 
(Formerly 2-Hexyne)' 

Note: Whenever the word formerly his been used, it implies that this 
name is still being used but the one given outside the bracket is 
preferred. 

(4) Alkyl groups or other substituents' are numbered, 
named and placed as prefixes in alphabetical order. 

Examples: 
CH3 I . 

(a) C--CH~H--CH3 
3 4 5 6 

5-Methylhex-2-yne 
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(b) 
CH3) <CH3 

,C=C 
3 2 

. CH3 CH3 
4 1 

2,3-Dimethylbut-2-ene 

CH3 
6 Is 4 3 2 1 

(C) CH3~H~H=CH~H=CH2 
5-Methylhexa-I,3-diene 

S 4 3 2 1 
HC!i!i.'5C~H-~-C!i!i.'5CH 

I 
CH3 

3-Methylpenta-I,4-diyne 
1 2 3 4 

H2C=C~H-CH2 

I 
CH3 

2-Methylbuta-l,3-diene 

3 2 1 
CH2~H=CH2 

. J s' 6 

CH3CH2CH2CH2~=CH-CH3 
4 .. Sutylhexa-I,4-diene 

,[C] R .. les for Naming Complex Aliphatic Compounds 
Containing One Functional Group 

(1) Longest chain: The parent carbon chain is so , 
chosen as to include the functional group even if it is not the 
aCtual longest continuous chain. 

5 4 • 3 2 

CH3~H2-CH2-CH~H2~H3 

1 I 
·CH20H 

2-Ethylpentan-I-ol 

(2) Numbering of. parent chain: The numbering of 
the parent carbon chain is done in such a way thatthe carbon 
linking to functional group gets the lowest number even if 
there is violation of saturated hydrocarbon rules. 

CH3~H2~H2~H-CH2-CH3 
6 S 4, P 

CH2~H20H 
2 1 

3-Ethylhexan-I-ol 

CH3 
6 Is' 4 3 2 1 
CH3-C-CH2~H2-CH-CH3 

I . I. 
CH

3 
.. OH 

5,5-Dimethylhexan -2-01 

Note: When Ii chain terminating group such as -CHO, -COOH, 
~R, -CONHl , -C==N, etc., is present as the functihnal 
group, it must be assigned number I. This does not apply to 
non.,.terminalgroupssuch as >CO, -NHl and ~H which 

mayor may not be assigned I. 
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432 
CH3-CH2-yH-CH2-CHl 

I I . 
COOH 

6 5 4 3·2 I 
CH3-CH2-CH2-CH-CHr-CH3 

. I 
OH 

(3) The last 'e' of the primary suffix is dropped and the 
secondary suffix representing the functional group is added. 

The number giving the position of the functional group is 
inserted in the name. 

6 S 4 3 2 \ 

The compound CH3CH2CH2CH2COCH3 is named as: 
Hexan-2-one 

1 2 3 4 5 
Similarly, the compound CH3CH2CHOHCH2CH3 may 

be named as: Pentan-3-01. . 
(4) The names of the substituents are prefixed to the 

. parent hydrocarbon according to IUPAC rules with 
alphabetical order without considering the presence of 
functional group. Halo and nitro groups are considered as 
substituents. 

(5) Numerical prefixes di-, trio, tetra-, etc., are attached 
before the designations of functional group if two or mot.:e 
identical groups are present, e.g., 

\ 2 
(i) CH20H-CH20H is named ethane-l,2-diol. 

2 1 
CH2COOH 

(ii) 31 4 
CH2COOH 

is named butane-l ,4-dioic acid. 

2' \' 2 3 4 s 
(iii) CH3-CH~H~H2-CH-CH3 

I 11 I 
CH3 CHO CH3 

2( r -Methyl ethyl)-4 -methylpentanal 
or 2-Isopropyl-4-methylpentanal 

SOME MORE WORKED EXAMPLES 

Example 1. (CH3hCH-CH2~OOH 

Rewriting the structure of the compound, 
432 1 

CH3~H~H2-COOH . I . 
CH3 

The name of the compound is : 

3-Methylbutanoic acid. 
I 2 3 4 

Example 2. CH3COCH2CH3 
The name of the compound is : 

Butan-2-one 

(H0yY) 

(~) 
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3 2 I 

Example 3. CH3-CH-CHOH-CH3 ' 

. f~2 ( OH) 
CII, \~ 

The name of the compound is: 

3~Methylpentan-2-01 

Example 4. CH3-CH2-bc-cH3 

The name of the compound is: 

Methoxyethane 

° Example 5. CH3-C/~ 
. ""oCH3 

The name of the "compound is: 

Methylethanoate 

Example 6. CH20HCHOHCH20H 

Rewriting the structure of the compound. 

(~o-) , 

(O~OH" 
~ OH ) 

The name of the (:ompound is: 

Propane-I,2,3-triol 

Example 7. 
4 3 2 I 

CH3-CH-CH2-CH---<3HO 
I " I" 

CI CH3 

The name of the compound is: 
4-Cl;tloro-2-methylpentanal 

(D] Rules for Naming Aliphatic Compounds Having 
Polyfunctional Groups 
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The carboxylic and sulphonic acid groups are always 
chosen as principal functions, and the' choice of the principal 
functional group is made on the basis of the folloWing order of 
preference. 

Sulphonic acids > carboxylic acids > acid anhydrides 
> esters >"acid chlorides > acid amides > cyanides > 
aldehydes> ketones > a1cohols1 phenols, thiols > amines 
> ethers> alkenes, alkynes. ,. 

Alkyl (R-), phenyl (C6HS-" ), CI, Br, NOz, etc., are 
prefix substituents. . 

The order of seniority among the principal groups is .given 
acCording to the following table along with· their "prefix and 
suffix names. The functional group which occurs higher up m 
the table is the principal functional group: 

Seniority Table for Principal Groups 
(Highest Priority Group at the Top) 

Group Prefh name ' Sufth II8IIIe 

-803H Sulpbo sulpb~nic acid 

-4::00H Carboxy -.oic acid 

-4::00R Alkoxy carbonyl or alkyloate 
carbalkoxy 

-4::OX Halofonnyl or halocarbony -.oylhalide 

-4::0NH2 Carbamoyl amide 

-eN Cyano nitrile -

-NC Isocyano carbyJamine 

-4::HO Fonnyl or aldQ " -at 
)C=O Ketooroxo -.one . 

--OJ:I Hydroxy -.oJ 

-8H Mercapto thioL 

-NH2 Amino . amine 

--OR Alkoxy 

-C-C- Epoxy 

V 
0 

)CC< .:cue 
-4::=C- .• -yne 
-N=N- Am 
-NOz Nitro, 

'-NO Nitroso 

~X Helo JChloro, bromo,iodo) -
r 

. A compound is said to be polyfunctional compound if it 
contains more than one functional group. The multiple bond 
(>C . C< or -C==C-) is also considered as a functional 
group., In IUPAC sys~m, one of the functional groups is 
chosen as the principal funetional group (secondary suffix) 1.-The first step in the naming of polyfimctionalcompounds 
and the remaining functional groups (secondary functional is the selection of principal functional grOup. The' "principal 
groups) are treated:as substituents and indicated by prefixes. functional group gives the class name of the structure: " 
For example, in the following structure: 2. The second step is the selection of Parent ch8in. The 

OH - Substituent parent chain is so selected that it includes the maxlmuin number 
1-' 

CH:;-CH-CHz-CHz-COOH - Principal functional group of functional groups including the principal group. c 

The -COOH group is the principal functional group,. 3. The third step is the nUmbering~f parent chain. The 
while the -oH group is a substituent. The principal parent chain is numbered from the side of principalJwictioQal 
functional group is mentioned with its suffIX name while group; i.e., it gets lowest number. The following decreasing 
secondary .fimctional groups are mentioned oniy with their order of preference for giving the !owest numbers i~ followed. .. 
prefix name. . 

_,'$t, , .. en 

15 q , 

. 
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Principal functional group> Double bond 

or Triple bond> Substituents 

Note: (a) If a" molecule contains both carbon-carbon double or triple 
bonds, the two are treated at par in seeking the lowest num
bercombin~tion. However, if the sum of numbers turns out 
to be the same siarting from either of the carbon chain; then 
loweSt nUmber is given to the C. . CdoublebOnd. Such com
pounds are na.m,ed as aikenYIle5 (a derivative of alkynes 
rather than alkenes)with numhering as ,low as possible 
given to the multiple bonds. 

.. 

S 4. 3'.' 2 1 
CH3------:CR CH~C '. CH 

Pcnt-3-en-l-yne 

S 4' 32 1 
CH3~CC-CHCH2 

Pent-l-en-3-yne 

5 4 3 2 1 
HC-C.....-,CH2~CH=CH2·· 

. Pentcl~en-4-yne 

~) 

(~) 

(~) 
6'" 5 4 ' 3,2 ] ".., , 

HC~C~CH=CH,,-,-CH=CH2 (~) 
Hexa4,3omen-5-yne '. , 

So, in'the parent ciullo containing both double and triple 
" bonds;~e~ermina:l'e' in the name is dropped when it is 

followedbythesuffixbeginning with 'a', 'i', '0'. 'u' or 'y'. 
" TherefO(e,the.~erminal 'e'ofenem e1J-yne and adien-yne 

is dl'OppedbecauSeit comes beforey (ofcyne). However, 
'e'is Dotdropp~ in case of enediyne because it comes 
betorei'd:of-diyne. ' 

, ' , 

. (b) Incase two substituents of Same sehlority Occupy identical 
pogitionsinrelation to the end of the chain, the lowest number 
should·be given to the Substituent in alphabetical order. 

'3 i I ,12 3 
CICH;CH2 CH2Bt CICH2CH2CH2:Br 

1"aromO.j~chloropropane3-Bronio-l-chioropropane 
(Right) (Wrong) 

4~ Substituents, side chains and secondary functional 
groups are named in ~lphabetical order. 

Some Specific Rules for IUPAC Nomenclature 
1. If the substituent group is named as an oxygen 

derivative of CH3- or CH2 group, the carbon atom of the 
substituent group is also counted towards parent chain. 

For example: 
H 
1 

0= C-CH2-COOH 3-Formylpropanoic acid 
3 2 1 

2. Nomenclature of polyfunctional compounds 
containing more than two like functional groups. 

According to IUPAC convention 1993, if an unbranched 
carbon chain is directly linked to more than two like 
functional groups, the organic compound is named as a 
derivative Qf parent alkane which does not include the carbon 
atom of the functional groups. These are named by use of 
suffix such as tricarboxylic acid (for three -COOH groups), 
tricarboaldehyde (for three -CHO groups) or tricarbo· 
nitrile (for three -CN groups). 

e.g.; 
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CN CN CN 
I 1 I 

CH2-CH-CH2-CH2 
1 2 3 4 
Butane-I,2,4-tricarbonitrile 

(formerly 3-cyanohexane-l,6-dinitrile) 

COOH COOH COOH 
I I I 
CH2-CH2-CH-CH2--CH2 
1 234 5 

Pentane-I,3,5-tricarboxylic acid, 
(formerly 4-carboxy heptane-I,7-dioic acid) 

123 
CH2-CH-CH2 
I II 

CHO CHO CHO 
Propane-I,2,3-tricarboaldehyde 

(furmerly 3-formyl pentane-l,5~dial) 

Note: If all the three like groups are not directly linked to the 
unbranched carbon chain, the carbon atoms of the two like 
groups are included in the parent chain while the third which 
forms the side chain is considered as a substituent group. 

e.g., 

(i) 

(ii) 

6 
CN CH2CN 

51 4 31 2· 1 

CH2 -CH2---':CH-CH2 CN 
3-(Cyano methyl) hexane-I,6-dinitrile 

CH2CHO 
6 5 4 31 2 1 

OHC-CH2-CH2-C-CH2CHO 
I 

CH2CHO 
3,3-Bis (formyl methyl) hexane-l,6-dial 

CH2COOH 
6 5 4 31 2 1 

(iii) HOOC-CH2-CH2-CH--CH2 COOH 
, 3-(Carboxy methyl) hexane-!,6-dioic acid 

Q CH2CONH2 
511 4 31 2 ! 

H2N -C-CH2 --C-CH2CONH2 
1 

(iv) 

CH2CONH2 
3,3-Bis (carbamoyl methyl) pentane-l,5-diamide 

3. Replacement ".l..,t'!1~w>'ture: In this system, ethers, 
sulphides, selenides and amines are named as oxa, thia, selena 
and aza derivatives of alkane corresponding to the total 
number of carbon and oxygen or sulphur or selenium or 
nitrogen atoms. .. 

The location of these hetero atoms on the c3.rb0n chain are 
indicated by numerals in accordance with lowest set oflocant rule. 

e.g., 
CH2CH3 

1 2 3 4 51 6 7 
(a) CH3-CH2-NH-CH2-CH-CH2CH3 

5-Ethyl-3-azaheptane ' 
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1 2 3 4 5 6 

(b) H2N-CH2-CH2-NH-CH2-CH3 
1,4-Diazahexane 

123456789 
(c) CH3-O-CH2----:-CH2-O-CH2-CH2-O-CH3 

2,5,8-Trioxanonane 

CH3 
12 II 10 9 81 7 6 5 4 

(d) CH3-S-CH2-S-CH-CH2-S-CH2-S-
3 2' 1 
CH2-S-CH3 

8-Methyl-2,4,6,9,11-pentathiadodecane 

(e) 0 Oxacyclobexane 

o 

(I) 0 Thiacyclohexane 

(g) ~ Jlzacyclohexane 

N 
I 

H 

MISCELLANEOUS WORKED EXAMPLES 

Example 8. 
CH3 CH2--CH3 CH3 
I I I 

CH3 CH2 CH2 CH2 
1 Iz 13 14 5 (\ 71 8 9 
CH3--C--CH--CH--CH2--CH2-CH-CH2--CH3 

1 
CH3 

The name of the compound is: 
3,7 -Diethyl-2,2':'dimethyl-4-propylnonane 

Example 9. . 
CH3 . 

1 Iz 3 4 5 6 7 8 9 
CH3--C-'-CH2--CH2--CH--CHz--CH2--CH2--CH3 

1 . II" . 
CH3 CH3--C-CH3 

Iz' CH . 
3,A 
CH3CH3 

Branched chain 

2,2-Dimethyl-5-(I', 1',2' -trimethylpropyl)nonane 

C2HS 

I 
Example 10. H2C=CH-CH-CH=CH2 

1 2 3 4 5 
5 4 3 2 1 

3-Ethylpenta-IA-diene 

Example 11. 

CI Br N02 

I I I 
CH3-CH2-CH-CH-CH2-CH-CH2-CH3 
1 2 345 678 

4-Bromo-3-chloro-6-nitro octane 
CH 0 
16 5 II 

Example 12. CH3--C--CH-C--CH3 
5 14 31 2 I 

CH3 CHCI 
. 1'1 

CH3 

.3-( I' -Chloroethyl)-4-methyl-4-phenylpentan-2-one 
o 0 
~ ~ 

Example 13. CH3-C-CH2-CH2-C-OH 
5 4 . 3 2 I . 

4-0xopentanoic acid 
o 0 
II II 

Example 14. CH3-C-C-CH3 
I 2 3 4 

Butane-2,3-dione 
OH 0 
I II 

Example 15. CH3-CH-CH2 -C-OCH2CH3 
4 3 2 1 . 

Ethyl-3-hydroxybutimo~te 

OCH3 0 
I II 

Example 16. CH3-CH2-CH-CH2-C-CI 
5 432 1 

3-Methoxypenta~oylchloride 

I 2 3 
Example 17. CH2-CH-CH2 

I I I 
CN CN CN 
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In this case a special suffix carbonitrile is used and all" 
functional groups having highest priority should be trf.':ated as 
principal functional groups. Thus, these are named as 
carbonitrile derivatives of the parent chain. 

Thus, the name of the compound* is: 
Propane-l ,2,3-tricarbonitrile 

(*Formerly named as 3-cyanopentane-l;S-dinitrile) 
5 4 3 2 1 

Example 18. CH3-CH=CH-C==CH 

Pent-3-en-l-yne 
1 2 3. 4 

Example 19. H2C=CH-C==CH 

But-l-en-3-yne 
Example 20. 

5 6 7 8 9 
CHz-CH=CH--CHz-CH3 I '. . 

CH3--CH~CH--CH2~H--CH2--CH2--COOH 
. 4 3 2.' '1 

4-(2' -Butenyl)-non-6-enoic acid 
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CH3 

I . 
. Example 21. N=C-CH2 -C-COOH 

3 21 I' 

CH3 

3-Cyano-2,2-dimethylpropanoic acid 
o CH3 

II I,! 
Example 22. CH3CH2-C-O-CH 

3 2 I 1 

CH3 

(l'-Methylethyl) propanoate or Isopropylpropanoate 

I 2. 3 

Example 23. CH2--CH--CH2 

I I I 
COOH COOH COOH 

Propane-I,2,3-tricarboxylic acid 
(Formerly named as 3-carboxy pentane-l,5-dioic acid) 

CN 
5 4 31 2 I 

Example 24. CH3-CH2-CH-CH2--CONH2 

3-Cyanopentanamide 

3.5 IUPAC NOMENCLATURE OF ALICYCLIC 
·COMPOUNDS 

(1) Cycloalkanes: Cycloalkanes are alkanes in which 
carbon atoms are arranged in a ring. These are named by 
adding the prefix cyclo. to the name of alkane having the same 
number of carbon atoms as in the rings. 

H'C\/CH' 

C 
H2 

Cyclopropane 

H2C--CH2 

1 I· 
H2C CH2 
··~C/ 

H2 

CYclopentalle 

Cyclobutane 

These are also represented by si~ple geometrical fi~es . 

V 0 0 
Cyclopropane Cyclobutane Cyclopentane Cyclohexane 

Substituted cycloalkanes are named as alkyl 
cycloalkanes. The numbering of the carbon atoms in the ring 

. is done in such a way that the substituent which comes first in 
the alphabetical order is given the lowest possible number 
provided it does not vIolate the lowest set oflocants rule. 
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1,2-Dimethy\ 
cyclopentane 

CH3 

OCH'CH' 

CH3 

I-Ethyl-3-methyl 
cyclohexane 

2-Ethyl-I,4-dimethyl- 3-Ethyl-l, I-dimethyl-
cyC\ohexane cyclohexane 

When the ring contains more or equal number of carbon 
atoms than the alkyl group attached to it, then it is named as a 
derivative of cycloalkane and the alkyl group is treated as 
substituent. 

DCH'CH,CH' 

Propylcyc\obutane 

(2-Butyl) cyclopentane 

Butylcyclohexane 

Propylcy.c\opropane 

(CH2)sCH3 

00 CH3(CH')'O(CH')'CH3 
Cyclohexyl 

Cyclohexane 1,3,5-Tris (hexyl) 
. Cyclohexane 

Note: In case, the alkane chain contains greater number of carbon 
. atoms than present in the ring, the compound is corisidered as 
the derivative of alkane and the ring is designated. as substituent. 

. D CH,CH,cH,CH,cH3 

l-Cyclobutylpentane 

CH3-CH-CH2CH3 ". "CH3-CH2-CH-CH2CH3 

. ~ ." 

2-Cyclopropylbutane D 
3-Cyclobutylpentane 

. (2) Cycloalkenes and cycloalkynes: The word cyclo 
is prefixed before the name of alkene and alkyne having the 
same number of carbon atoms as in the ring. . o 0,' o 

Cyclohexene Cyclopentyne Cyclobutene 
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In the case of substituted cycloalkenes and cycloalkynes, 
the numbering of double or triple bond is done as 1 and 2, the 
direction is so chosen as to give lowest numbers to the 
substituents. 

:0: H~D~ 
63. 

.3-Methylcyclohexene 3-Methylcyclobutyne 3-Ethylcyc1opentene 

(3) Alicyclic compounds containing functional group: 
Alicyclic alcohols, amines, aldehydes, ketones, acids, etc. are 
named in the same fashion as corresponding aliphatic 
compounds by prefixing the word cyclo before the name .. 

OOH U NH

' CJ 
Cyclopentanol Cyclobutane- Cyclohexanone 

amine 

If however, the side chain contains a multiple bond or a 
functional group, . the alicyclic ring is treated as substituent 
irrespective of the size of the ring. 

4 3 2 1 ·5H
,.-CH""'CH2 

4-Cyc1obutylbut-J -ene 

o 
1 2 3\\ 4 5 

c5""'CH--C--C
H

2
CH

l 

l-Cyc1ohexyl pent-l-en-3-one 

o 

6cCH3 
21 6 

3. 4 5 CH
3 

5,6-Dimethyl cyc10 
hex-2-en-I-one 

2 1 

a
COOH 

2-Cyclohexyl ethanoic acid 

3 2 1 
CH=CH-COOH 

6 
3-Cyclopropyl 
prop~2-en-I-oic acid 

3~Cyclobut-l-enylpropanal 

Methyl (2-hydroxy cyc1opentane) 
carboxylate' . 

4 

~, 

U bH 
3-Cyclohexyl butan-2-o1 

q"CH

2

CH

l 

. . OH 
1,3-Dimethyl cyclopent-I-ene 2-Ethyl cyclobutan-I-ol 

o if) 
Cyclobutane carbonyl 

chloride 

UOCH3 

Methoxy cyclopentane 
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(yL V . OCH,CH3 

Ethyl cyclohexyl 
methanoale 

N-Cyc1ohexyl prop!lIlamide 

In case of cyclic ketones any functional group present in 
the ring is treated as substituents (even -CHO, -COOH 
etc.) and keto group is always treated as principal functional 
group. This is because carbon of the keto group is a part of the 
ring. This rule is applicable till the number of carbon atoms in 
substituent is less or equal to the number of carbon atoms 
present in the ring e.g., 

~COOH ~HO 
2-Carboxy cyclohexanone 3-Formylcyclohexanone 

Cyclic amides are called Lactams. The IUPAC name of 
these compounds are Azacycloalkanone. 

GNH aCH3 
2-Aza cyc1opentanone 2-Aza-3-methyl cyclohexanone 

Cyclic esters are called Lactones. The IUPAC name of . 
these compounds are Oxacycloalkanone. 

6 Go 
2-0xa cyclohexanone 2-0xa cyclopentanone 

Nomenclature of Bicyclo and Spiro Compounds 
o Bicyclo compounds contain two fused rings with the help 

of a bridge. We use the name of the alkane corresponding to 
the total number of carbon atoms as the base name. The. 
carbon atoms common to both the rings are called bridge 
heads, and each bond or chain of atoms connecting the bridge 
head atoms, is called a.bridge. 
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~ Bridge head 

/CI~ on~;:;~on 
Two ! CH2 ('YH21l Two 

carbon I CH2 I carbon-
bridges CH I CH bridges 

~/ 2 

CH 

"-Bridge head 

1 

2~6 
3~S 

4 

.. (BicycJoheptane) . 

While naming the bicycloalkane we yvrite an expression 
between the word bicyclo and alkane (in square bracket), that 
denotes the number of carbon atoms in each bridge. The 
numerals are written in descending order and the numbers are 
separated by full stops. 

Examples of Bicyclo Compounds 

CH 

C'I~CH2 
(1) I CH

2 
I Bicycl0 [2.2.1] heptane. 

I 
It's common name is norbomane 

CH2 CH2 
~/ 

CH 

/CH" 
(2) H2C I CH2 BicycJo [1.1.0] butane 

"'C~ 

(3) 0 Bloyclo [4.1.01'-ne 

10 2 

(4) '9C03 

s 6 " 

Bicyclo [4.4.0] decane 
(Decalin) 

7 S 

(5) Bicyclo [3.2.2] nonane 

(6) _I 

1 I 
BicycJo [2.2.0] hexane 

(7) 0) BicycJo [3.3.1] nonane 

(8) D> BicycJo [2.1.0] pentane 

(9) OJ BicycJo [2.2.2] octane 

(10) <J;> Bloyclo [LUI p" .... " 
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If substituents are present, we number the bridged ring 
system beginning .at one bridge head, proceeding first along 
the longest bridge to the other bridge head, then along the next 
longest bridge back to the first bridge head. The shortest 
bridge is' named the last. 

e.g., 

(1) 

(2) 

(3) 

(4) 

7 1 2 
CH2-CH-CH2 

I "'-3 
CH3- siH /CH2 

CH-CH-CH2 6 2 S 4 

8-Methyl bicycJo [3.2.1] octane 

2 

CH38~3 
~4 

S 

8-Methyl bicyclo [4.3.0] nonane 

S 

BicycJo [2.2.1] hept-2-ene 

2 

I 

r--+----=r--C2HS 

6 

S 

2-Ethyl+iodo bicycJo [2.2.1] heptane 

(5) ~ BI,yclo [2.2.21 o_2,6-<llone :~2 . 
4 3 

cxrlO 
I 2. C2Hs 

9 3 
• 3-Ethyl bicyclo [4.4.0] decane 

s 6 4 

(6) 

7 S 

Spiro compounds: If two rings are joined by 
quaternary carbon at the apex, then they are prefixed by the· 
word spiro followed by brackets contaming the number of 
carbon atoms in each ring in ascending order and then by the 
name of parent hydrocarbon containing total number of 
carbon atoms in the two rings. The numbering starts from the 
atom next to the spiro atom and proceeds through the smaller 
ring first. 
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(\) r)Kj 
7 2 

Spiro [2.41 heptane 

Spiro [3.5] nonane 

(3) t>d Spiro [2.2] pentane 

5 2 

(4) ,<:=)<J' 
7 8 2 

Spiro [2.5] octane 

6 5 1 

(5) 7002 Spiro [3.4} octane 

8 3 

Nomenclature of Tricyclic Compounds: The 
nomenclature of tricyclic compounds is similar to bicyclo 
compounds. Tricyclic compounds have four bridges. The 
largest ring and the longest bridge make the bicyclic system 
whose numbenng is done as per rules of the bicyclic systems. 
The loc~tion of the fourth bridge (secondary bridge) is shown 
by superscripts following the number indicating the number of 
carbon atoms intbe fourth bridge. While the superscripts 
denote the lowest set of locants of the carbon atoms holding 
that bridge. 

e.g., . 

d5
7 

4 '" ::!:;;e 
Second [5 31 First 

, bridge b'd 
6 2 n ge 

/ 
Fourth 
bridge 

Tricyclo [2,2,1 0 2,6] heptane 

IUPAC Nomenclature of unbranched identical 
bydrocarbon units joined by a single )ond. 

These systems are named by placing a suitable numeral 
prefix: as bi, ter, quater, quinque for two, three, four, five 
respectively before the name of hydrocarbon unit. Starting 

. from either end, the carbon atoms of each repetitive 
hydrocarbon unit are numbered with unprimed and primed 
arabic numerals such as 1, 2, 3 ... , 1',2',3' ...... ,1",2" , 3" ...... , 
etc. The connecting points of hydrocarbon units are indicated 
by placing the appropriate locants before the name. 

e.g., 

2[>-<11' 2' (1) 
3 . ·3' 

1,1' -Bicyclopropane 

(2) d tJ' 2 1 1" 2" 

4' 3' 

1,1' ;l', 1"-Tercyclobutane 

3 i 3' 

(3) 4 

5 6 6' 5' 

1,1',4',1"-Terphenyl 

2" 3" 

3.6 WRITING THE STRUCTURAL FORMULA 
FROM THE GIVEN IUPAC NAME 
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The IUPAC name of an organic compound consists two, three 
or all the following parts: 

(a) Root word, (b) Primary suffix, (c) Secondary suffix, 
(d) Prefixes. 

(a) Root word indicates the longest carbon chain. Thus, 
the first step is to locate the longest chain from the root word. 
Write the number of carbon atoms in a straight chain and 
number them from one end. 

(b) Primary suffix (-ane, -ene or -yne) indicates the 
nature of the chain. IQ case multiple bonds are present, place 
them at proper places in the chain and rest by single bonds. 

(c) Secondary suffix indicates the principal functional 
group. Place it at proper place in the chain. In case the 
principal functional group is the chain terminating group, put 
it at carbon-I. (If the functional group does not carry any 
numerical number, it is assumed that it is located at carbon-I.) 

(d) Prefixes are the substituents or secondary functional 
groups. Place them at the proper places with the help oflocants. 

(e) Skeleton formula is obtained by considering the above 
steps: Now add hydrogen atoms to satisfy four valencies of each 
carbon atom to get the structural formula. 

Example 1. Write the structural formula of 2-methyl 
pentan-I-oL 

Root word = Pent, Primary suffix = an(e) 
Thus, the chain consists five carbon atoms, all linked by 

single bonds. 
5 4 321 
C-C-C-C-C 

Functional group = -01 = -OH at carbon-l 
54321 
C-C-C-C-C-OH 

Substituent = methyl group at carbon-2 



92 

CH3 
S 4 3 _zl I 

C-C-C-C-C-OH 

Satisfying four valencies of carbon atoms, the structural 
fonnula obtained is: 

H H H CH3 H 
I I I I I 

H-?-?-?4-?-OH (~OH) 
H H H H H 

Example 2. Write the structural fonnula of the compound 
4-methyl pent-2-ene 

/!~ 
4-methyl 
(Substituent 
with locant) 

H CH3 H 
51 41 3 z II 

Pent 
(Root 
word) 

H-C-C-C=C-C-H 
I I I I 1 
H H H H-H 

2-ene 
(Double bond 
at carbon-2) 

Example 3. Write the structural fonnula of the compound 
3-methylbutanoic acid. 

. H CH3 H 
I I I /0 

H-C-C-C-C( 
41 31 Zl I OH 
H H H 

Example 4. Write the structural formula of the compound 
5-chloro-7 -hydroxy-3-methoxyoct-5-enaJ. 

H OH H CI H OCH3 H 

H-1-1-b=b-b-1--b-c(O 
Is 17 6 S 14 13 Iz I H 
H H H H H 

(~H) 
Example 5. Write the structural (onnula of the compound 

2-bromo butanoylchloride: 
H H Br --

I I 1 -<0 H-C-C-C-C 
41 31 zl 1 Cl 
H H H 

Example 6. Write the structural formula of the 
compound 4-hydroxy-4-methyl-2-pentanone. 

G.R.B. Organic Chemistry for Competitions 

o OH 
I zll 3 41 5 
CH3-C-CHz-C-CH3 

I 
CH3 

Example 7. Write the structural formula of the 
compound 2,3,4-trimethylhexan-3-ol. 

I z ~H 4 -s 6 (u) CH3-CH-C-CH-CHz-CH3 

I I I HO 
CH3 CH3 CH3 . 

Example 8. Write the structural fonnula of the 
compound 4-fonnyl-3-methylbutanoic acid. 

(H~OH) 
4 3 Z I 
CHz -CH-CHzCOOH 
I I 
CHO CH3 

Example 9. Write the structural fonnula of' the 
compound methyl-2-ethylbutanoate. 

o 
4 3 z III 
CH3CHz-CH-C-QCH3 

I 
CHz 
I 

(?:::J 
CH3 

Example 10. Write the structural fonnula 
compound 6-ethyl-5-methyl dec-5-enoic acid. 

of the 

10 987654-;3 Z I 

CH3CHzCHzCHz-C=C-CHzCHzCHzCOOH . . I I 
CzHs CH3 

SOME MORE WORKED EXAMPLES 
--~==:===~~~==~ .. ~ . .. 

(a) 3-Methylhexane 

(b) 3-Methyl penta-l,4-diene 

(c) 2-Chloro-3-methyl hexa-l,4-diene 

(d) 2-Ethyl-3:-methyl pent-2-en~ l-al 

Z 4 

1~5 jl. 16 

2 4 

I~S 

I~ 

~~. 
I .- S 

3 
4 

-, 
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(e) 3-Cyclohexyl butan-2-o1 

~I 
U hH 

(f) 5,6-Dimethyl cyclohex-2-en-l-one & 
4 

(g) 2-Bromo-3-methyl pent-2-ene 

(h) 5-Ethyl-4-methylnon-4-enoic acid 

(i) 2,3-Dimethyl cyclohexanone 

(D 1,3-Dicyclohexylpropane 

(k) Dicyclopropyl methane 

(I) Cyclohexyl benzene 

Etx:::6 7 8 
51 9 

Me 4 2 COOH 
3 I 

~O 
:U6 

5 

0;yC) 
[>-cH2-<J 
©--O 

(m) 5-Ethyl-3-methyl octanoic acid 

~l 
8 (, 4 2 OH 

(0) J, I ,2,4-tetraetby'-3-me',. '.11 cyc10butane * 
OH . 

(0) 3-(2-propynyl) cyc1obexanol A . 
UCH2-C-CH 

(P) Metbyl-2(chlorocarbonyl) benzoate 

rATCOOCH3 

~COCI' 

(q) 1,3-bis (bromomethyl) benzene 

(r) 1-(2-butenyl) cyclohexene 

Q-cH2CH=CH-CH3 

(s) 2-Isopropyl-4-methyJ cyclohexanol 

H3C-crH 
CH(CH3h 

(t) 5-Bromo-2,2-dimethyl cyclohexanone 

Jv~: BrV' 
(u) 3-Ethoxy carbonyl cyclohexane carboxylic acid 

COOH 

(v) Ethyl-3-oxobutanoate 

(w) 5-(l,2-dimethyl propyl) nonane 

0COOC2H5 

o 0 

)V~OC2H5 

~ 
o 

(x) N-Ethyl-N-phenyl butanamide 
~N~ 

© 
C=N 

(y) 2,2-Dimetbyl cyclobutane carl"mitrile QCH
1 

CH3 

(z) I-Isobutyl-2-metbyJ cyc10hexane cxY 
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IMPORTANT POINTS TO REMEMBER (SUM 

o Organic compounds have been classified on the basis of carbon skeleton (structure) or functional group or the concept of 
homology. 

o Acyclic or open-chain compounds (Aliphatic compounds) may be straight or branched chains. 
o Cyclic or closed-chain compounds (Ring compounds) contain one or more closed-chains or rings of atoms in their 

molecules. 
o Homocyclic or carbocyclic compounds contain a ring or rings of carbon atom only in the molecule. 
o Alicyclic compounds (Cycloalkanes) are carbocyclic compounds which resemble aliphatic compounds, in most of their 

properties. Examples are cyclopropane, cyclobutane, cyclopentane and cyclohexane, etc. 
o Aromatic compounds consist of at least one benzene ring, i.e., a six-membered carbocyclic ring having alternate single and 

double bonds. 
o Heterocyclic compounds are cyclic compounds containing one or more hetero atoms{O, N, S, etc.) iIi the ring. Examples are 

furan, thiophene, pyrrole, pyridine, indole and quinoline, etc. 
o Functional group is an atom or group of atoms present in a molecule which largely determines its chemical properties. For 

example C=C C==" X(CI Br I) -OH, -SH -C-H, -C- -C~OH, -C-Cl, -C-NH2 -C-OR 
, ,=--, '" , II II' II ·11 II ' II ' 

o 0' 0 O· 0 0 

C-O-C, -S-OH, -NH2' > NH, ~N, -C==:N, -N~, -N~, -O-N=O, etc. 

II ° o 
o Homologous series is a group of compounds in which the various members have the SImilar structural features and similar 

chemical properties and the two successive members differ in their molecular formula by CH2 (molecularlnass 14). 
o Nomenclature of organic compounds: Their common names (Trivial system) are generally based on the source from 

which they were obtained. 
o IUPAC System: The complete IUPAC name of an organic compound consists of the following parts: .. 

Secondary prefix + Primary prefix + Root word + Primary suffix + Secondary suffix. 
The IUPAC names of some simple aliphatic organic compounds are as follows : 
Alkane, Alkene, Alkyne, Haloalkane, Alkanol, AlkaDal, Alkanone, Alkanoic !lcid, Alkanoyl chloride, Alkanamide, 
Alkylalkanoate, Alkanoic anhydride, Alkanamine, Alkane nitrile, Alkane isonitrile, Alkoxy alkane, Nitroalkane and 
Alkanethiol etc. . . 
IUPAC system has framed a set of rules for nomenclature of various types of organic compounds such as : 

o Nomenclature of complex branched chain alkanes. • 
o Nomenclature of complex unsaturated aliphatic hydrocarbons. 
o Nomenclature of complex aliphatic compounds containing one functional group, multiple bonds. and substituents. 
o Nomenclature of aliphatic compounds having polyfunctional groups. The order of preference for the choice of principal -

functional group is: 
Sulphonic acids' > carboxylic acids> acid anhydrides> esters> acid chlorides> acid amides > cyanides> aldehydes 
> ketones> alcohols, phenols, thiols > amines > ethers> alkenes, alkynes > halo, nitro, alkyl. 

o Nomenclature of polyfunctional compounds containing more than two like functional groups . 
. 0 Nomenclature of organic compounds in bond Line structures. 
o Nomenclature of alicyclic compounds. 
CJ Nomenclature of bicyclo and spiro compounds. 
o Nomenclature of simple aromatic compounds. 
i:I Nomenclature of di and poly functional aromatic compounds. 

" 
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.:. Very $hortAnswer Type 
1. Fill in the blanks: 

(i) Cyclohexane is an ...... while benzene is an. . . .. . 
(ii) Organic compounds are broadly classified as 

· ..... chain and ...... chain compounds. 
(iii) The organic compounds containing carbon and 

· ..... only are called hydrocarbons~ These are 
· ..... and unsaturated. 

(iv) Each member of a homologous series differs from its 
preceding member by a common difference of . . . . .. . 

(v) Open chain compounds are also called. . .. . ." 
(vi) The two types of aliphatic unsaturated hydrocarbons 

are ...... and ..... . 
(vii) A functional group is an atom or ...... in a 

molecule that gives the molecule its characteristic 

(viii) All members of homologous series are composed of 
· ..... elements and contain the same ...... group. 

(ix) The general formula of the alkenes is ..... . 
(x) Thiophene is a ...... compound. 

(xi) The trivial names of organic compounds are called 

(xii) Wood spirit waS named ..... . 
(xiii) Systematic names of organic compounds are 

obtained from ...... system. 
(xiv) Full form of IUPAC system is ..... . 
(xv) ...... system of nomenclature of organic 

compounds is universally accepted system. 
(xvi) The functional group in an alcohol is ...... and its 

suffix in IUPAC system is ..... . 
(xvii) Paraffins are ...... aliphatic hydrocarbons. 

(xviii) The systematic names of the alkanes ar(( based on 
· ..... . . of carbon atoms in the ...... continuous 
chain of carbon atoms. 

(xix) Maximum number of functional groups must be 
included in the carbon atoms chain selected even if it 
does not satisfy the . . . . . . ' 

(xx) In the case pf compounds containing more than one. 
functional group, the most important functional 
group is considered as ...... and the rest are 
considered as . . . . . . . 

(xxi) In case a carbon compound consists two functional 
groups one of which is -COOH "group, the 
numbering of the chain should start from carbon 
atom linked to . . . . .. . 

(xxii) The name of compound with the structural formula, 

CH3 
I 

CH3-CH2-C-CH20H is ..... . 
. I 

CH2 

I 
CH3 

... --- -----, 
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(xxiii) IUPAC name of succinic acid is ..... . 
(xxiv) IUPAC name ofCH3CHCICH2CHOis ..... . 
(xxv) The common name ofCH2=CHCNis ..... . 

(xxvi) I-Hydroxy-2-propanone has the structural formula 

(xxvii) The structural formula of 3-Ethyl-2-methyl hexane. is 

(xxviii) The IUPAC name of the compound 
HC=C-CH2-CH2-CH3 is ..... . 

(xxix) The IUPAC name of tertiary butyl bromide is ..... 
(xxx) The IUPAC name of the organic compound having 

structur~, 

CH3-CH2-CH2-CH-CH2-CH - CH3 . I . 2 

CH3-CH-CH3 

is ...... 
State, whether the following statements are True or False : 

(i) Homologous series can be· represented oy a general 
formula.' . 

(ii) Chemical properties of an organic compound depend 
on the functional group. 

(iii) In homologouS series, all members have the same 
physical properties. 

(iv) CnH2n is the general formula of alkanes. 
(v) Groups ootained by the removal of one hydrogen 

atom from the alkanes are called as alkyl radicals: 
(vi) IUPAC means International Union of Physics and 

Chemistry. 
(vii) Propane consists two primary carbon atoms and one 

• secondary carbon atom. 
(viii) Alli:ynes consist of one double bond in their molecules. 

(ix) Acetic acid is the systematic name of vinegar. 
o 

(x) CH3-C< is an unsaturated compound. 
. OH 

(xi) Prefixes like n-, iso-, sec-, tert-, neo-, etc., are used in 
IUPAC system. 

(xii) The systematic names of the acids are formed by 
dropping the -e of the name of parent alkane and 
adding suffix -oic acid; 

(xiii) Primary suffixes are added to the root word to show 
saturation or unsaturation in a carbon ~hain. 

(xiv) Neohydrocarbons contain a tertiary carbon atom. 
(xv) The common name of2-propanol is isopropyl alcohol. 

(xvi) The IUPAC name of CH3COOCH3 is methyl acetate. 
(xvii) 'The IUPAC name of HCHO is methanal. 
(xviii) The IUPAC name of CH3 CN is methyl cyanide. 
(xix) Methane was named as firedamp as it formed explosive 

mixture with air. 
(xx) The IUP~C name of dimethyl ketone is propanone. 

'~ 
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3. Match the following: 
[A] (a) Benzene 

(b) Pyridine 
(c) Cycloalkane 
(d) Anthracene 
(e) Glycerol 
(f) Next homologue of 

CH)CHO 
[8] (a) Acetic acid 

(b) Wood spirit 
(c) Acetone 
(d) Dimethyl acetylene 

(e) Chlorofonn 
(0 Frcon 

[C] (a) C" HZII+2 

(b) C"Hz" 
(e) C"H 2,,_2 

(0) C"H 2J1+ I CN 
~ (e) Principal functional 

group 

(l) Alicyclic 
(2) Aliphatic 
(3) C2HsCHO 
(4) Aromati,c (Monocyclic) 
(5) Aromatic (Tricyclic) 
(6) Heterocyclic 

(I) 2-Butyne 
(2) Trichloromethane 
(3) Ethanoic acid 
(4) Dichlorodifluoro • 

methane 
(5) Methanol 
(6) Propanone 
(1) Alkynes 
(2) Nitrites 
(3) Carboxylic group 
(4) Alkenes 
(5) Cyclohexane 

(0 C(,.112 (6) Paraftins or alkanes 
4. Select the principal functional group when the following 

groups are present in the molecule: 
(a) Oil. COOH. -NOz 
(h) N02 • NH 2 .-CONHz 
(e) Hr. Cllv·_·CHO 
(d) CI. CIl~.-OH. 

5. Name the Ii.lllow"ing alkyl groups: 

. CH 1CHJ) 
(u) (,11,CII 2 (e) ('II 

CH) 

(b) (CI11h(' 

(e) (Clld2 CII 
(tI) CII,('II,CII, 

(f) CH ,-CH--CH, 
, . 1 -

CHI 

6. What is 'the n~lIure-orearbon alom marked with astcrisk(*) sign 
in the lollowing compounds'! 

CH 
1* 3 

(a) CH~-C--CH~ 'I -
CH) 

CH 
1* ) 

(b) H-C-CH,CH] 
1 _. 

CH) 

. . 
(c) CH)-CHz-CH1-CH) (d) CH3-CH2-CH2-CH~ 

7. Answer the following: 
(i) What would be the molecular formula for a straight 

chain hydrocarbon having 8 carbon atoms with (a) all 
C--C single bonds; (b) One C--C double bond, 
(c) One C--C triple bond? 

,(ii) What is the structural unit that is added to one normal 
alkane in order to form the next member in the ho
mologous series? 

(iii) What is the minimum number of carbon atoms in, 
(a) a branched alkane, (b) cyclo-alkane? 

(iv) Name the isoradical that does not have a correspond
ing isoalkane. 

(v) What system of nomenclature of organic compounds 
are universally accepted? 
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8. Give the IUPAC names of the following compounds: 

CH3 

I 
(i) CH3-CHr -CH-CH-CH,-CH,-CH. I - - .' 

CH-CH,-CH3 I -
CH3 

CH3 CH2-CH3 CH, 
I I I . 

(ii) CH3-CH-C-CH2-CH=C-CH] I . 
CH ' 
I 2 

CH2 

I 
CH-CH3 

I 
CH3 

(iii) CHr-CH2-C~C-CH-CH=CHi 
I 

CH2 
I 

CH-CH3 

I 
CH3 

(iv) CH 2=CH-CH{CH3h 
. CH

3 
I 

(v) ,·LC-N--C-CH,-CH, 
" .' 1 I - .' 

CH) C2HS 

Me 

(vi) Me~Me 
Me~Me 

or 

CI 
I 

(vii) CH2=CH-CH-C=CH2 
I 
CH2 

I 
CH3 

(viii) (CH3h COH 
(ix) CH3HC=CHCH2 NH2 

~ ~ 
(x) H-G-C-OH 

(xi) CH3~CH-CH-CH3 
1 I 

CI Br 

[PMT (Kerala) 2006) 
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(xii) CH3 CHZ-fH-F-CHZ-CH3 

C2 HsI 

9. Write the IUPAC names of the following compounds: 

fH
3 r 

(a) CH3-CH-CH2-CHz-C-CHzCl 

(b) HzC=CH-f=CH-CH=CHz 

Br 

Cl CHz-CHz~H3 
I I . 

(c) CH3~H~H~Hz-CH~H3 . 
I 
Br 

Br Br 
I I 

(d) CI-CH2-C=C-CH2Cl 

(e) Cl-CH2-C-CH2-CH~CH 
II I 3 
o CH

3 
. 

(0 HzC=C-CHz-CH I 3 

CH-CH3 
I 
CH3 

CH3 

I 
(h) CH3-f-CH2-CHO 

A 

C H 0 I 6 s II 
(i) CH3-C--CH-C-CH3 . 

I I 
CH3 CHCI 
. I 

CH3 

(j) CH3-CH-CHz-CH -OH . I .2 

CI 

(k) CH3CH2CH=CHCOOH 

(I) CH2-CH-CH2 CI 
"-/ o 

(in) CH2 (COOHh 

(n) CH,OCH2CH2N<:; 

.. 

(0) CH
3
-CH-C-CH2-COOH 

I 
CONH2 

(p) H2C=f-CH2~CH2-CH3 

CH-CH3 
I 
CH

3 
. 
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10. Write the structures of the following compounds .whose 
IUPAC names are given as under: 
(a) But-2-ene (b) 1,2,3-propantriOl . 
(c) Ethanoyl chloride (d) 2,3-pentadione 
(e) Octa-3,5-diene 
(f) 4-hydroxy-3-penfenoic acid 
(g). 2,3-dimethylbutan-2-01 (h) 2,2-dimethylpentanal 
(i) 2,7-dimethylocta-2,4,6~triene . 

H. Give the IUPAC names of the following compounds: 
(a) Glycerol (b) Acetone 
(c) Formic acid (d) Oxalic acid 
(e) Isopropyl alcohol (t) Acetaldehyde 
(g) Acetylene (h) Ethyl alcohol 
(i) Acetic acid (j) Ethylene 
(k) Vinyl cyanide 

12. Give the common names of the following compounds 
which have been named according to the IUPAC system of 
nomenclature: 
(a) Ethanoyl chloride 
(c) Ethanol . 
(e) Propane-l,2,3-tri

carboxylic acid 
. (g) Butanal 
(i) . Ethyl carbylarnine 

(b) .Methanol 
(d) Ethanoic acid 
(t) 1,2,3-Prop-anetriol 

(h) Methyl ethanoate 

13. Explain why the given names in the following are wrong. 
Give a correct name in each case:· . 
(a) I-methylpentane 
(b) 2-ethylbutane 
(c) 2,3-dichloropropane 
(d) 1,1,3-trimethyl propane 
(e) 3-bromo-2-methylpropane 
(t) l-chloro-l-methylpropan-2-01 
(g) 3-propyl-4-methylbutan-l-oic acid 
(h) 4,4-dimethylbut-2-en-I-ol 
(i) 1,1 ,2,2-tetramethylethane 
(j) 1,4-dihydroxybut-2-yne 
(k) 2-keto-pentan-5-oic acid 
(I) l-aminobutan-3-one. 

14. Are the following names correct according to IUPAC 
system of nomenclature? If not, give the correct names: 
(a) Pent-3-yne (b) Tert. butanol 
(c) Hexa-l,6-diene (d) 4,4,3-Trimethylhex-l-yne 
(e) 2-Keto-n-propanol (t) ·1-Methoxyethan-2~01 
(g) 3-Methylhexa-l,5-diyne (h) 4,4,5-Trimethylhex-l-yne 

15. Gi:ve the correct IUPAC names of the following: 
(at 2Ninyl propane (b) Isoprene 
(c) Succinic acid (d) Tartaric acid 
(e) Chloropicrin (t) Neopentane 
(g) Methyl cyanide (h) Dimethyl ether 
(i) Acetamide (j) Ethyl chloride 
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16. Assign theIUPAC names for the following compounds: 
H2C-COOH 

I 
(a) HO-f-"COOH 

H2C-COOH 

(b) OHC~CI:I3 ~CH3 

~ 
. 4 5 .. gCH3 

(e) 0
1 [CBSE (Med.) 2005) 

(c) 

(e) 

(g) 

[CBSE (Med.) 2005] 

o 

(f)o-~-O 

(h)U CN~. 

(d)~ 

~ 
(f) A 
(h)~ 

(j) 61 
(l)~ 

H .H 

• (n) O:(OH 
o . 

. OH 

GeReB. Or~aniF Chemistry for Competitions 

o 0 

(P) ~)~. 

(r)~ 

(n\ 
(t) ~' 

0 

(u) 
I1H 

(v) 
HO 
~H 

0 

b COOH ± (w) .. (x) 

OHe 

~ (y) . . I ;:YaH 
(z) I 

18. Draw the bond line structures of the following compounds 
whose IUPAC names are given as under: 
(a) 4-Methylpent-I-ene; 
(b) Hex-l-yne; 
(c) 2,3-Dimethyl but-2-ene; 
(d) 3~Isobutylhept-l-ene; 
(e) 3-Ethyl-5-methylhex-l-ene; 
(f) Penta-I, 4-diyne; 
(g) Pent-l-en-4-yne; 
(h) Trans-I,3-dichlorocydopentane; 
(i) 3 ,4-Dipropy lhepta-l,3 ,5-triene; 
Gt 4,4-Dimethylpentanal; 
(k) Ethyl-2-cyanopropanoate; 
(1) N-Methylpropan-l-amine; 
(m) N-Ethyl-N-methyl-2-aminopropane; 
(n) Pentanalimine; 
(0) N-N-Dimethylbutanamide; 
(P) 4-Phenylbutanal; 
(q) 3-Ethenylpenta-l,3-diene; 
(r) 4-Hydroxy-4-methyl-2-pentanone; 
(s) 2,6~Dimethylhepta-2,5-dlenoic acid; 
(t) l-Cyclopropyl-3-methylpent-l-ene; 
(u)· 2,2,6,6-Tetramethyloctane; 
(v) 3-Cyc1obutylbut-l-ene; 
(w) 5,6-Dimethylcyc1ohex-2-en-l-Qne; 
(x) 3-Ethyl-4-methylhex-4-en-2-one; 
(y) 3-Phenylprop-2-en-l-oic acid; . 
(z) 1,1,1-Trichloro-2,2-dipheny lethanee 
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~:.~i1~n.wer Type 
19. Draw polygon fonnulae for C5HlOO. 

20. Define the following tenns: 
(a) Paraffins 
(b) Alkyl group 
( c) Carbocyclic compounds 
(d) Heterocyclic compounds 
(e) Unsaturated compounds 
(f) Saturated comp0ll'Q-ds 

n. Write the structural fonnulae of (a) a dibasic acid, (b) a 
polyhydric alcohol and (c) an acid chloride. Name them 
according to IUPAC system. 

22. Explain the lowest sum rule in IUPAC system with an example. 
23. What is the meaning of primary, secondary and tertiary 

carbon atom? 
24. Mention four characteristics of homologous series. 

ANSWERS 
I. (i) alicyclic, aromatic; (ii) open, closed; (iii) hydrogen, saturated; 

(iv) CH2; (v) acyclic or aliphatic compounds; (vi) alkenes or 
oiefins, alkynes Qr acetylenes; (vii) group of atoms, chemical 
properties; (viii) same, functional; (ix) CnH2n; (x) heterocyclic; 
(xi) conunon names; . (xii) methyl alcohol or methanol; 
(xiii) IUPAC; (xiv) International union of pure and applied 
chemistry; (xv) IUPAC; (xvi) -oH, -01; (xvii) saturated; (xviii) 
number, longest; (xix) longest chain rule; (xx) principal functional 

. group, substifuents; (xxi) -eOOH group; (xxii) 
2-ethyl-2-methyl-I-butanol; . (xxiii) 1,4-butanedioic acid; 
(xxiv) 3-chloro-butanal; (xxv) vinyl cyanide; 

H 0 H 
I II I 

(xxvi) H-C-C-C-OH' I I·· , 
H H 

(xxvii) CH3-CH-CH -CH2-CH2-CH3; 
I I 

CH3 C2HS 

(xxviii) pent-l-yne; (xXix) 2-bromo-2-methyl propane; 
(xxx) 4(l'-methyl ethyl)-heptane. 

2. (i) True; (ii) True; (iii) False-In homologous series, there is a 
gradual change in the physical properties from member to member; 
(iv) False-cnH2n is the general formula of alkenes; (v) TrUe; 
(vi) False-futemational union of pure and. applied chemistry; 
(vii) True; (viti) False-Alkynes consist of one triple bond in their 
molecules; (ix) False-Acetic acid is the cortunon name of 
vinegar; (x) False-Is a saturated compound; (xi) False-used in 
trivial system; (xii) True; (xiii) True; (xiv) False-having one 
quaternary carbon atom; (xv) True; (xvi) False- methyl ethanoate; 
(xvii) True; (xviii) False-ethane nitrile; (xix) True; (xx) True. 

3. [A] (a-4); (b -6); (c-l); (d-5); (e-2); (f-3) 

[B] (a-3); (b -5); (c-6); (d-l); (e-2); (f- 4) 
[C] (a-6); (b - 4); (c-l); (d-2); (e-3); (f-5) 

4. (a) CarlJoxylic, -COOH; (b) Amide, -eONH2; 

(c) Aldehyde, -eHO; (d) Alcoholic, -oH. 
5. (a) Ethyl; (b) Tert. butyl; (c) Isopropyl; (d) n-Propyl; (e) Sec. butyl; 

(f) IsobUtyl. 
6. (a) Quaternary; (b) Tertiary; (c) Secondary; (d) Primary. 
7. (i) (a) CSHlS; (b) CSHI6; (c) CSHI4; (ii) CH2; (iii) (a) 4; (b) 3; 

(iv) Isopropyl (CH1hCH-; (v) IUPAC . 

8. (i) 3,5-Dimethyl-4-propylheptane; (li) 5-Ethyl-2,8-dimethyl-5-
(1' -methylethyl) non-2-ene; (iii) 3-(2' -Methyl propyl)hept-I-en-4-yne; 
(iv) 3-Methylbut-l-ene; (v) 3-(N, N -Dimethylamino)-3-methyl 
pentane; (yi) 5,6-Diethyl-3-methyldec-4-ene; 
(vii) 2-Chloro-3-ethylpenta-1-4-diene; (viii) 2-Methylpropan-2-ol; 
(ix) But-2-en-l-amine; (x) 2-0xoethanoic acid. (xi) 2-Bromo-3-
chlorobutane; (xii) 3-Ethyl-4-iodohexane. 

9. (a) l-Chloro-5-methylhexan-2-one; (b) 3-Bromohexa-l,3,5-triene; 
(c) 3-Bromo-2-chloro-5-methyloctane; 
(d) 2,3-Dibromo-I ,4-dichlorobut-2-ene; 
(e) I-Chloro-4-methYlpentan-2-one; (f) 2-Ethyl-3-methylbut-l-ene; 
(g) 4-Chloropent-2-yne; (h) 3-Cyclopropyl-3-methylbutanal; 
(i) 3-(1' -Chloroethyl)-4-methyl-4-~enylpentan-2-one; 
(j) 3-Chlorobutan-l-01; (k) Pent-2cenoic acid; (I) 3-Chloro-
1,2-epoxypropane; (m) Propan-I,3-dioic acid; 
(n) 2-Methoxy-I-N-methylethanamine; (0) 3-carbamoyl 
pent-3-enoicacid; (P) 2-(1' -methyl ethyl)pent-l-ene. 

10. (a) CR3-CH---'CH-CH3 

(b) CH20H· CHOR· CHzOH 
(c) CHjCOCI 

. (d) CH.1COCOCH2CH3 
(e) CH1CH2CH=CH-CH=CH-CH2-CH3 ' 

(f) HOOC-CH2-CH=C(OH)CH1 
OH 
I 

(g) CH3-eH-C-CH3 . I I . 
CH3 CH3 

(h) CH3-CH2-CH2-C(CH3)2---':C~O . "H 
(i) (CH3h-C=CH-CH=CH-CH=C(CH3h 

11. (a) Propane-l,2,3-triol; (b) Propanone; (C) Methanoic -acid; 
(d) Ethanedioic· acid; (e) Propan-2-01; (f) Ethanal; (g) Ethyne; 
(h) Ethanol; (i) Ethanoic acid; (j) Ethene; (k) 
Prop-2-en-l-nitrile. 

12. (a) Acetyl chloride;. (b) Methyl alcohol; (c) Ethyl alcohol; 
(d) Acetic acid; (e.L,1ricarballylic acid; (f) Glycerol; 
(g) Butyraldehyde; (h) ~t}lyl acetate; (i) Ethyl isocyanide. '. 

13. (a) The longest chain is of six cilrbon atoms. The correct name is hexane. 
. (b) The longest chain consists of five carbon atoms. The correct 

name is 3-methylpentane. 
(c) The numbering has been done wrongly. The correct name is 

1,2-dichloro propane. 
(d) The longest chain consists of five carbon atoms. The correct 

name is 2-methyl pentane. 
(e) The numbering" has been done wrongly. The correct name is 

I-bromo-2-methylpropane. 
(f) The longest chain has not been selected properly. The correct 

name is 3-chloro butan-2-oL 
(g) The longest chain consists of 6 carbon atoms. The correct name 

is 3-ethylhexanoic acid. ,< 
(h) The longest chain consists of five car"bon atoms. The correct name 

is 4-methyl pent-2-en-I-ol. 
0) The longest chain consists of four carbon atoms. The correct name 

is 2,3-dimethyl butane. 
(j) -OH is a primary functional group and not substituent. The 

correct name is but-2-yne-I,4-diol. 
(k) Carboxylic group is a principal functional group and number

ing should be done from this end. The correct name of the com
pound is 4-ketopentanoic acid. 
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(I) Keto is a principal functional group and lowest number should 
be given to it. The correct name of the compound. is 
4-amiIiobutan-2-one. . 

14. (a) No, it should be pent-2-yne; (b) No, Tert. word is not used in 
IUPAC system. It is 2-methylpropan-2-ol; (c) No, it should be 
hexa-I,5-diene; (d) No, it should be 3,4,4-trimethylhex-l-)ine; 
(e) No, Keto is not used. It is the principal functional group. It is 
I-hydroxy propan-2-one; (t) No, it should be 2-methoxy 
ethan-I-ol; (g) Yes; (h) Yes. 

15. (a) 3-Methylbut-l-ene 
(c) Butane-I,4-dioic acid 

(b) 2-Methylbuta-I,3-diene 
(d) 2,3-Dihydroxybutane-l, 

4-dioic acid 
(e) Trichloro nitro methane (t) 2,2-Dimethyl propane 
(g) Ethane nitrile (b) Methoxy methane 
(i) Ethanamide (j) Cbloroethane 

16. (a) 2-Hydroxy-l,2,3-propane tricarboxylic acid; 
(b) 3,7-Dimethylocta-2,6-dienal; 
(c) 3-Methyl cyclohexyne; 
(d) Methyl-3-chlorobut-2-enoate. 
(e) 2-Bromo-6-methyl cyclohexane carbaldehyde. 
(t) Cyclohexane carbonylcbloride. 
(g) Cyclopentane carboxamide. 
(h) Cyclobutane carbonitrile. 
(i) Propyl cyclopentyl methanoate. 
(j) 3-Bromo-4,4-dimetbyl cyclohexanol. 

17. (a) 3-Metbyl hexane; (b) 3,3,4-Trimethyloctane; 
(c) Cis-2-butene; (d) Trans-2-outene; 
(e) Hexa-2,4-diyne; (t) 4-Isopropyl-oct-2-ene; 
(g) 3,3-Diinethyl pent-l-en-4-yne; (h) Octa-l-en-4-yne; . 
(i) Cyclo dodecane; (j) 3-Methyl-I-cyclohexyne; 
(k) Trans-l,2-dimethyl cyc1ohexane;· . 
(I) Cis-l,3-dimethyl cyclobutane; . 
(m) 4-Ethyl-2-cycloPropyl-hex-l-ene; 
(n) 1,2-Ethanedioic acid; . 
(0) 2-(2' -Chloropropyl)hexa-l,3,5-triene; 
(P) Propanoic anhydride; 
(q) 4-Ethyl hex-4-en-2-01; 
(r) 3-Methyl bexa-I,3,5-triene; 
(s) l-Chloro-3-ethyl-2-pentanone; 
(t) 3,7 .. Dimethyl octa-I,3,6-triene; 
(u) 3,4-Dimethyl pent-l-en-3-01; 
(v) 3-Hydroxy-3-methyl butanoic acid; 
(w) 2-Carboxy-5-formyl cyclohexanone; 
(x) 5-Ethyl-4,6-dimethyl octa-l,4-diene; 
(y) 2~Ethenyl-3-methyl cyclohexa-I,3-diene; 
(z)3,3,5-Trimetbyl hex-l-en-2~01. 

18. (a) ~ (b)~ 

(c) T=< (d) ~ 
(e) ~ (t) HAH 

• , 
(g) ~H (b) CI-G. ; 

"'''''''CI 

G.R.B. Organic Chemistry for Competitions 

(i) 

]: ~O~ 
(k) / If 

o 
'-....N~ (m)A 

(j) ~H 
o 

H 

(I) ~N< 

(n) ~NH; 
H 

o o 

(O)~N/ ; (P) H· 

'" 
(q)~ (r) 

NOOH (,) X ; (t) 

(u) ~ ; (v) 

0 

(w) Lx ; (x) 

0 

(y) ~OH; (z) 

19. (a) o (b) IT 

.) 

o 
. )lJ<?H 

6. 

ft: 
~CI (QY 61 

(c) L 

, 

" , 



-

Classification and Nomenclature of Organic Compounds 101 

~ •. ~·.!.:08JE(TIVE OUESTIOMS ~;;;;;;;;;;~~ 
I'! .. 

SET I: This set contains questions with single correct answer. 
1. Alicyclic compounds are: 

(a) aromatic compounds 0 
(b) aliphatic cyclic compounds 0 
(c) heterocyclic compounds 0 
(d) none of the above 0 

2. Which one of the following is the heterocyclic compound? 
(a) Pyrene 0 (b) Thiophene . 0 
(c) Phenol D· (d) Aniline 0 

3. A group closely related compounds which can be 
expressed by a general formula and in which two 
consecutive members differ by 14. in their molecular 
masses is called: 
(a) a homologous series 0 
(b) a homogeneous series 0 
(c) a heterogeneo~s series 0 
(d) an electrochemical series 0 

4. Which one is not correct for a homologous series? 
(a) All members have a general formula . 0 
(b) All members have same chemical properties 0 
(c) All members have same physical properties 0 
(d) All members have same functional group , 0 

5. The correct decreasing order of preference of functional 
groups during the IUPAC nomenclature of polyfunctional 
compounds is: . [AIEEE 2008J 
(a) -COOH, -S03H, -:-CONH2, -CHO 0 
(b) -S03H, -COOH, -CONH2 , -CHO 0 
(c) -CHO,-COOH,-S03H,-CONH2 0 
(d) -CONH2, -CHO, -S03H, -COOH 0 

6. The IUPAC name of (CH3 h CHCH3 is: [BHU(S) 2008] 

(a) isopropyl methane 0 (b) 2-methyl propane 0 
(c) trimethyl methane 0 . (d) dimethyl ethane 0 

7. The IUPAC name ofCH30C2Hs is: 

(a) ethoxy methane 0 (b) methoxyethane O. 
(c) ethyl methyl ether 0 (d) methyl ethyl ether 0 

8. The IUPAC name of CH3CH(OH)CH2CH:iCOOH is: . 

(a) 4-hydroxy pentanoic acid 0 
(b) l-carboxybutan-3-01 0 
(c) l-carboxybutan-4-01 0 
(d) 4-carboxybutan-2-01 . 0 

9. The name(s) of the following compound is: 

pH 
CH2--C-'-CH2 
1 1 'I 
COOH COOH COOH 

(a) 2-hydroxypropane-1 ,2,3 -tricarboxylic acid 0 
(b) 3-carboxy-3-hydroxy-l,5~pentanedioic acid 0 
(c) citric acid 0 
(d) all of the above EJ 

10 •. The IUPAC name of the· following compound is: 

CH2 ---:,CH-CH2 
I 1 I 
CN CN CN 

(a) 1,2,3-tricyano propane 
(b) propane tricarbylamine 

. ." o 
[] 

o (c) 1,2,3-propane tricarbonitrile 
(d) 3-cyanopropane-l,5-dinitrile '0 

11. The IUPAC name of the following compound is: 

(CH3 h CH-CH2CH=CH-CH==CH-CHCH3 
1 ' 
C2HS' , 

(a) 1, 1,7,7 -tetramethyl-2,5-octadiene 
(b) 2,8-dimethyl-3,6-decadiene 
(c) I ,5-di-isopropyl-1 ,4-hexadiene 
(d) 3,9-dimethyl-4,6-decadiene 
(e) 2,8-dimethyl-4,6-decadiene '. 

[PET (Kerala) 2010) 

o 
o 
.0 
o 

,0 
12. The structure of4-methylpent-2-en-l-ol is: 

(a) (CH3 h C==CHCH~CH20H 
(b) (CH3)2CHCH=CHCH20H 

(c) CH3CH2 CH=CHCH20H . 

(d) CH3CHOHCH=C(CH3h 
13. The IUPAC name for the following compound is: 

OH OH 
I 1 

. GH3- r CH2-CH-CH3 

CH3 

o 
0·· 

o 
o 

(a) 1,1-:dimethyl-l,3-butandiol 0 
(b) 2-methyl-2,4-pentandiol 0 
(c) 4-methyl-2,4-pentandiol 0 
(d) 1,3,3-trimethyl-l,3:propandiol 0 

14. The IUPAC name ofCH3 -rH-CH2-CH(OH)-.,-CH31s: 

(a) 2-ethylpentan-4-01 
(b) 4-ethylpentan-2-01 
(c) 4-methylhexan-2~ol 
(d) 4-methylpentan·2-01 

CH2CH3 

15. The IUPAC name of the following compound is: 

H2C=C-CH2 - CH3 
·1 . 
CH~CH3 

I 
CH3 

o 
o 
o 
o 
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(a) 2-ethyl-3-methylbut-l-ene 
(b) 2-isopropylbut-l-ene 
(c) 2-methyl-3-ethylbut-3-ene 
(d) ethyl isopropyl ethene 

[] 
[] 
[] 
[] 

16. The IUPAC name ofCI3CCH2 CHOis: 

(a). chloral [] 
(b) 3,3,3-trichloropropanal [] 
(c) 1,1,1-trichloropropanal [] 
(d) 2,2,2-trichloropropanal [] 

17. The IUPAC name of the compound having the formula 
CH2=CHCH2CI.is: 
(a) allyl chloride [] (b) l-chloroprop-3-ene [] 
( c) 3-chloropropylene [] (d) 3-chloroprop-l-ene [] 

18. The IUPAC name of the following compound is: 

CH3-CH=CH-C=:=CH [AIPMT 2010] 

(a) Pent-4-yn-2-ene [] (b) Pent-2-en-4-yne [] 
(c) Pent-3-en-l-yne [] (d)· Pent-I-yn-3-ene [] 

19. The formula of propanenitrile is: 
(a) CH3CN [] (b) C2HsCN [] 

. (c) C3H7CN [] (d) C2HSNC [] 
20. The compound CH3COOCzHs belongs to the class: 

(a) alkanals [] (b) alkanones [] 
(c) alkyl alkanoates [] (d) alkanediols [] 

21. The IUPAC name ofneopentane is: [AIEEE2009] 
(a) 2,2-dimethyl propane [J (b) 2-methyl propane [] 
(c) 2,2-dimethyl butane [] (d) 2-methyl butane [] 

22. The correct name of CH3 --CH2 9H2 is: 
I II . 
C=C-CH 

(a) hex-3-yn-5-ene [] (b) hex-5-en-3-yne [] 
(c) hex-3-yn-I-ene [] (d) hex-l-en-3-yne [] 

23. Which of the following compounds has isopropyl group? 
[BHU 2005] 

(a) 2,2,3,3-tetramethylpentane [] 
(b) 2,2-dimethylpentane [] 
(c) 2,2,3-trimethylpentane .[] 
(d) 2-methylpentane [] 

24. The IUPAC name OfH3C-fH-CH2-fH-CH2CI is: 

C2H S OH 

( a) l-chloro-4-methy lhexan-2-01 [] 
(b) l-chloro-4-methylhexan-2-al [] 
(c) l-chloro-4-ethylpentan-2-01 [] 
(d) 1 :chloro-2-hydroxy-4-methylhexane [] 

25. The IUPAC name ofCH3-CH=C-CH2CH3 is: 
. . I' 

CH2CH2CH3 
.. [CPMT 2002] 
. (a)3-propylhex-2-ene [] (b) 3-propylhex-3-ene [] 
(c) 4-ethylhex-4-ene [] (d) 3-ethylhex-2-ene [] 

26. The IUPAC nomenclature of (CH3 h C--CH-C(CH3 )2 

is: [AFMC 2010] 

G.R.B. Organic Chemistryfor Competitions 

(a) 2,4,4-trimethyl'pent-3-ene 
(b) 2,4,4-trimethyl pent-2-ene 
(c) 2,2,4-trimethyl pent-3-ene 
(d) 2,2,4-trimethyl pent-2-ene 

27. Which one of the following IUPAC names is incorrect? 

[] 

[] 

[] 

[] 

(a) Ethanoic acid [] (b) Ethanal . '. [] 
(c) Pent-3-ene [] (d) 3-Methyl-pentan-2-01D 

28. The correct IUPAC name for 
CH3 

I 
CH3 --CH2 -O-CH-CH2 --CH2 --CH2Cl 

is: [DCE2009] 
(a) 2-ethoxy-5-chloropentane 
(b) l-chloro-4-ethoxy-4-methyl butane 
(c) i -chloro-4-ethoxy pentane 
(d) ethyl-l-chloropentyl ether 

29. Ethanoyl chloride is the IUPAC name of: 
(a) CH3CH2CI [] (b) CH3COCI 

(c) CCI 3CHO 0 (d) CH2CICOOH 

30. The IUPAC name of the compound CH3 CONHBr is: 

[] 
[] 
[] 
[] 

[] 

o 

(a) I-bromoacetamide [] (b) ethanoyl bromide 0 
. (c) N-bromoethanarnide [] (d) none of these [] 

CH2 CH3 

II I 
31. The IUPAC name ofC2 Hs-C-CH2-CHNH2 is: 

(a) 4-arnino-2-ethylpent-I-ene [] 
(b) 2-ethylpentan-4-arnine 0 
(c) aminopent-4-ene [] 
(d) 4-ethylpent-4-en-2-arnine [] 

C2
H
S-

O> . 
32. The IUPAC I).ame of c=o is: 

CH3-CH 
I 
CH3 

(a) ethoxy methanone 0 
(b) ethyl-2-methyl propanoate [] 
( c) ethoxypropanone [] 
(d) 2-methyl ethoxy propanone [] 

33. The correct IUPAC name of the compound, 

CH3 

I 
CH~CH2-C=CH-CH-CH2-CH3 

I 
CH3 CH2-CH-CH2-CH2-CH2~CH3 is: 

(a) 5,6-diethyl-3-methyl-dec-4-ene [] 
(b) 5,6-diethyl-8-methyl-dec-6-ene [] 
(c) 6-butyl-5-ethyl-3-methyl-oct-4-ene [] 
(d) 2,4,5-triethyl-3-nonene [] 

. 34. The IUPAC name of iso-octane is: 
(a) 2,2-dimethylpentane [] 
(b) 2,3-dimethylpentane [] 
(c) 2,3,3-trimethylpentane ,0 
(d) 2,2,4-trimethylpentane [] 
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35. The IUPAC name of the following compound is: 

O=C-CH-CH2 
I J I 
OH NH2 OH 

(a) 3-amino-2-hydroxy propanoic acid 
(b) 2-amino-propan-3-ol-l-oic acid , 
(c) 2-amino-3-hydroxy propanoic acid 
(d) amino hydroxy propanoic acid 

H 
I 

o 
o 
o 
o 

36. The IUPAC name oflhe compound CH, ~ CH,CH, j" 

(a) 3-phenylbutane 0 (b) 3-cyclohexylbutane 0 
(c) 2-cyclohexylbutane 0 (d) 2-phenylbutane 0 

C3 H7", ' /C3H7 

37. The IUPAC name of the compound ~=C", ' 
CH3 CH3 

is: 
(a) 4,5-dimethyloct-4-ene 
(b) 2,3-dipropylbut-2-ene 
(c) 4-methyl-5-propylhex-4-ene 
(d) none of the above 

o 
II' , ' C2HS-C)', ' 

38. The IUPAC name of the compound , 0 is: 
CH3-C 
" II , 0 

o 
o 
o 
o 

(a) propionic acetic anhydride 0 
(b) ethanoic propanoic anhydride 0 
(c) aceto ethanoate 0 
(d) none of the above 0 

39. The name of citric acid is: 
(a) 2-hydroxy propane-I,2,3-tricarboxylic acid 0 

,(b) 3-carboxy-3-hydroxy pentane-I,5-dioic acid ,0 
(c) both (a) and (b) are correct 0 
(d) both (a) and (b) are wrong 0 

40. The IUPAC name of the following is: 

CH3CH=CH-CH2-CH-CH2COOH 
I ' 
NH2 

(a) 3-arninohept-5-enoic acid 0 
(b) 5-aminohex-2-ene-carboxylic acid 0 
(c) 3-amino~o -heptenoic acid 0 
(d) 5-aminohept-2-enoic acid 0 

41. The IUPAC,name ofCH3-C=CCH(CH3h is: 
(a) 4-methylpent-2-yne 0 
(b) 4,4'-dimethylpent-2-yne 0 

./ 

(c) methyl isopropyl acetylene 
.l 

(d) 2-methylpen~4-yne 
42.' The IUPAC lJame of (CH3 h C-CH=CH2 is: 
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o 
o 

IAMU (Med.) 2005] 
(a) 2,2-dimethylbut-3-ene 0 
(b) 2,2-dimethylpent-4-ene 0 
(c) 3,3-dimethyibut-I-ene .. 0 
(d) hex-I-ene 0 

43. The IUPAC name of,CH2=CH-:-CN is: [NSEC 2001] 
'(a) ethenenitrile 0 (b) vinyl cyanide 0 
(c) cyano ethene 0 (d) prop-2-enenitrile 0 

OH 

44. The IUPAC name Of& . is , 

~COOCH3 
(a) 2-hydroxy methyl benzoate 
(b) 2-hydroxy ethyl benzoate 
(c) 3-hydroxy methyl benzoate 
(d) l:-hydroxy methyl benzoate 

45. The IUPAC name of the compound 
BrCH2 -(CONH2 )CH-CO-CH2 -CHj is : 

(a) 2-(bromoethyl)-3-oxopentanarnide 
(b) 2-(bromoethyl)-3-keto pentanarnide 
(c) 2-(brQmomethyl)-3~oxopentanarnide 
(d) 3-(bromoethyl)-3-oxopentanamide 

, OH 

46., TheIUPAC name 'Of I is : 

(a) 4-ethyl cyclobut-2-en-I-ol 
(b) 4-ethyl cyclobut"1-en-3-o1 
,(c) 3-ethyl cyclobut~ l-en-2-o1 
(d) 2-ethyl cyclobut-3-en-l-ol 

47, The IUPAC name of the given compound 
CH3 -CH2 -C-F-C-H is: 

~ CN ~ 

o 
o 
o 
o 

o 
o 

- 0 
o 

o 
0\ 
0, 
o 

.. J 

(a) 2-cyano-3-oxopentanal 0 
(b) 2-formyl-3..oxopentanenitrile 0 
(c) 1,3-dioxo-2-cyanoPentane 0 
'(d) 2..cyano~1,3-pentanedione 0 

, 48. The IUPAC nomenclature of the given organic compound 
willbe; (CH3hC(CH2CH3)CH2CH(CI)CH3 : 

[BCECE 2001] 
(a) 5-chloro 3,3- dimethylhexane 0 
(b),4-chloro-2-ethyl-2-methylpentane 0 
(c) 2-chloro-4-ethyl-4-methylpelltane 0 
(d) 2-chloro-4, 4-dimethylhexane 0 

'49, The IUPAC name of4-isopropyl'm-xylene is: [DPMT 2001] 
(a) I-isopropyI2,4-dimethylbenzene 0 
(b) 4-isopropyl-m-xylene 0 
(c) l-isopropyl-3,5-dimethylbenzene 0 
(d) 4-isopropyl-3,5-dimethylbenzene 0 

'. 
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SO. The IUPAC name of the given structure H is : 
(a) 2,2-dimethyl butane 0 (b) isohexane 0 
( c) 2,3-dimethyl butane 0 (d) disohexane 0 

51. The structural formula of 2~oxo-3-methyl-(N-bromo) 
butanamide is : . 
(a) CH3CH2 -CO-CO-NH-Br 

CH3 
·1 

(b) CH3-CH-CO-CO-NH-Br 

CH3 
I 

(c)' CH3 -CH-CO-CO-NOBr 

(d) (CH3)3 C-CO-CO-NH-Br 

52. The IUPAC name of the given structure A is: 
(a) 1,2-dimethyl cyclopropane 
(b) cyclopropane-I,2-dimethyl 
(c) I-methyl-I-methyl cyclopropane 
(d) cyclopentane . 

CH3 

o 

o 

o 
o 

o 
o 
o 
o 

53. The IUPAC name Of6 is: (AIIMS 2003) 

(a) 3-methyl cyclohexene 
. (b) I-methyl cyclohex-2-ene 

(c;)6-methyl cyclohexene 
(d) I-methyl cyclohex-5-ene 

54. ThecorrectIUPAC name for H2C=CH-C==CHis: 

o 
o 
o 
o 

(CBSE (Meet.) 2009) 
(a) but-3-en-I-yne 
(c) but-I-yn-3-ene . 

o (b) but-I-en-3-yne' 0 
o (d) but-3-yn-l-ene 0 

o CH3 
. . II I· . 
55. The IUPAC name of CIC-CH2 -C-CH2 -COOH IS : 

I 
CH3 

(a) 3,3-dimethyl-5-carboxy pentanoyl chloride 0 
(b) 4-chloroformyl-3,3-dimethyl pentanoic acid 0 
(c) 5-carboxy-3,3-dimethyl pentanoyl chloride 0 
(d) 5-chloroformyl-3,3-diIDethyl pentanoic acid 0 

56. The IUPAC name of the compound 
CH3-CH2-CH-C~OH is: (BHU 2004) 

.' I . 
. OCH3 

(a)2-methoxy-I-butanol 0 (b) 3-methoxy-I-butanol 0 
(c) I-methoxy-l-butanoID (d) 1,2-methoxybutanol 0 

. 57. The IUPAC name of the compound 

'HoD i" 
. fa) 3,3~dimethyl-I-hydroxy cyclohexane 

(b) 1, l-dimethyl-3-hydroxy cyclohexane 
. (c) 3,J-dimethyl-l-cyclohexanol 
(d) 1,1,-dimethyl-3-cyCiohexanol 

lAIEEE 2004) 

D· 
o 
o 
o 
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58. The IUPAC name of the compound (DPMT 2004) 

Cl ~ /CH2CH3 " 
/C=C"" IS: 

H3C 1 

(a) trans-2-chloro-3-iodopent-2-ene 0 
(b) cis-2-chloro-3-iodopent-2-ene 0 
(c) trans-3-iodo-4-chloropent-3-ene 0 
(d) cis-3-iodo-4-chloropent-3-ene 0 

59. The IUPAC name of the compound 
COOH 
I 

CH3-CH2-CH2-r-CH2-CH3 is: 

COOH 

(a) 2-propyl-2-ethylpropanedioic acid 0 
(b) 2-ethyl-2-propyl propanedioic acid 0 
(c) 2-ethyl-2-carboxy pentanoic acid 0 
(d) 2-carboxy-2-ethyl pentanoic acid 0 

60. The IUPAC name of the following compound is: 

~ 
VCN 

Bt 

(a) 4-bormo-3-cyanophenol 
(b) " 2-bromo-5-hydroxy benzonitrile 
(c) 2-cyano-4-hydroxy bromobenzene 
(d) 6-bromo-3-hydroxy benzonitrile 

61. The IUPAC name of . (,), is: ely 
Br 

lOT 2009) 

o 
o 
o 
o 

(a) 4-bromo-3-chloro-I-cyc1ohexen-5-yne 0 
(b) 5-bromo-6-chloro-I-cyc1ohexen-3-yne 0 
(c) 6-bromo-5-chloro-3-cyclohexen-l-yne 0 
(d) 6-bromo-5-chloro-I-cyclohexen-3-yne 0 

62. The compound which contains all the four 10
, 20

, 30 and 40 

carbon atom is: (CET (J & K) 2005) 
(a) 2,3-dimethylpentane 0 
(b) 3-chloro-2,3-dimethylpentane 0 
(c) 2,3,4-trimethylpentane 0 
(d) 3,3-dimethylpentane 0 

63. TheIUPAC name Of~(CI is: 

o 
(CBSE (Med.) 2006; AIEEE 2006) 

(a) 2-ethyl-3-methyl"butanoyl chloride ' 0 
(b') 2,3-dimethyl pentanoyl chloride . 0 

. (c) 3,4-dimethyl pentanoyl chloride 0 
(d) l-chloro-I-oxo-2,3-dimethyl pentane 0 

, . 
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64. The IUPAC name of the compound shown below is: 

OBr 
(a) 2-bromo-6-chlorocyclohex -l-ene 
(b) 6-bromo-2-chlorocyclohexene 
(c) 3-bromo-I-chlorocyclohexene 
(d) I-bromo-3-chlorocyclohexene 

6S. The IUPAC name ofC6HsCOCI is: 

(a) benzoyl cbloride 
(b) benzene cbloroketone 
( c) benzene carbonylchloride 
(d) chlorophenyl ketone 

(AIEEE 2006) 

o 
o 
o 
o 

(lIT 2006) 
o 
o 
o 
o 

66. The IUPAC name of CI-CH2 -CH=C-CH2 OH is: 
I 

CH2CH3 

. (a) l-chloro-2-ethyl-4-hydroxybut-2-ene 
(b) 4-hydroxy-l-chloro-2-ethylbut-2-ene 
(c) 4-chloro-2-ethylbut-2-en-l-ol 
(d) 2-etbyl-4-chlorobut-2-en-l-ol 

o 

(DPMT 2006) 
o 
o 
o 
o 

67. The IUPAC name of Q--1-NH-C6H5 is: 

(a) N-cyclohexyl benzamide 
(b) N-cydobexyl-N-pbenyl methyl amide 
(c) N-phenyl-N-cyclohexyl methanamide 
(d) N-phenyl cyclohexane carboxamide 

'68. The IUPAC name of ~ is: 

(a) 3-ethyl-4,4-dimethylbeptane 
(b) I, l-diethyl-2,2-dimethylpentane 
(c) 4,4-dimethyl-5,5-diethylpentane 
(d) 5,5-diethyl-4,4-dimethylpentane 

o 
o 
o 
o 

[AIEEE 2007) 

o 
o 
o 
o 

69. The IUPAC name of CH3 --CH2--CH-C=CH2 is: . I ' I 
cH2 CH3 

I 
CH3 

[Punjab PMET(Med.) 2008; CPMT 2008) 
(a) 2-metbyl-3-ethyl-l-pentene 0 
(b) 3-ethyl-4-metbyl-4-pentene 0 
(c) 3-ethyl-2-methyl-I-pentene 0 
(d) 3-methxl-2-ethyl-l-pentene 0 

70. The IUPAC' name of the compound 

H2C=CH-F-F-F--CH3 is: [DPMT 2007) 

CH3 CfHs OH 

(a) 3-ethyl-4-methyU1ex-5-en-2~ol 
(b) 3-methyI4-ethylbex-I-en-5-o1 
(c) 3-ethyl-2-hydroxy-4-metbylbex-5-ene 
(d) none of the above 

o 
o 

-, 0 

o 
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71. The IUPAC name of the following compound is: 
[UGET (Moo.) 2007) 

(a) bicyclo [2.2.0] octane '. 
(b) bicyclo [0.2.2] hexane 
(c) bicyclo [2.1.1] bexane , 
(d) bicyclo [2.2.0] bexane ' 

72. The IUPAC name of the compound 
(CH3)2 CH--CH=CH--CHOH--CH3 is: 

o 
o 
o 
o 

(a) 5-methylbex-3-en-2-o1 
(b) 2-methylbex-3-en-5-ol 

[EAMCET (Engg.) 2007) 
o 
o 

(c) 2-bydroxy-5-methyl-3-hexene 
(d) 5-hydroxy-2-methyl-3-hexene 

73. The IUPAC name of 

,
H3V 

CH3 --C-C--CH2 --CH20H is: 

(a) I-hydroxy-4-methylpentan-3-one 
(b) 2-methyl-5-hydroxypentan-3-one 
(c) 4-methyl-3-oxopentan-l-ol 
(d) hexan-l-oI-3-one 

74. The correct IUPAC name of the compound 

CHO 

¢rN~ is: 

OCH3 

(a) 2;.formyl-5-methoxynitrobenzene 
(b) 4-formyl-3-nitroanisole 
(c) 4-methoxy-2-nitrobenzaldehyde 
(d) 4-methoxy-6-nitrobenzaldehyde 

o 
o 

[AIIMS 2007] 
o 
o 
o 
o 

[~FMC 2007) 

o 
o 
o 
o 

7S. The IUPAC name of tertiary butyl iodide is: 
[eET (Karnataka) 2008) 

(a) l-iodo-3-methyl propane 
(b) 2-iodo-2-methyl propane 
(c) 4-iodobutane 
(d) 2-iodobutane 

o 
o 
o 
o 

76. The correct structure of 4-bromo-3-methyl but-I-ene is: 

(a) BrCH=C(CH3)2 

(b) H2C=C(CH3 )CH2CH2Br 

[AIIMS 2008) 

o 

(c) H2C=CH--CH(CH3 )--CH2Br 

(d) CH3 --C(CH3 )=CHCH2Br 

o 
o 
o 

o 
, II <CH3 

77. The IUPAC name of the compound [>--C-N is: 

. CH3 • 

(a) cyclopropionamide 
(b) N-methyl cyclopropanamide . 

[JIPMER (Med.) 2008) 

o 
o 



106 

(c) N ,N-dimethyl cyclopropane carboxamide 
(d) none of the above 

o 
o 

78. The IUPAC name of the following compound 

?H3 
CH3 -N-C-CHz -CH3 is: 
, I I (DPMT2008] 

CH3 C2HS 
r 

(a) 3-dimethylamino-3-methyl pentane 
(b) 3-(N ,N-trimethyl)-3-aminopentane 
( c) 3-N ,N-trimethyl pentanimine 
(d) 3-(N,N-dimethyl) arnino-3-methylpentane 

79. The IUPAC name of the following compound is: 

o 
o 
o 
o 

CH3--rn-CHz-CH3 (AFMC2008] 

C6HS 

(a) 2-cyclohexyl butane 0 (b) sec.-butyl benzene 0 
. (c) 3-cyclohexyl butane 0 (d) 2-phenyl butane 0 . 

80. The IUPAC name of the compound 

~. 
. . Clis: (AMU (Engg.) 20101 

(a) 3-bromomethyl-I-chloro-S-methyl hexane 0 
(b) 1,I-dimethyl-3-bromoethyl-S-chloropentane 0 
(c) .1-bromomethyl-2..,chloroethyl-4-methyl pentane 0 
(d) 4-bromomethyl-I-chloro-6-methyl heptane 0 

81. Match the List I and List Il and select the correct answer 
using the code given below the lists: 

List I List II 

I. CnHZn (A) alcohols, ethers 
2. CnHZn- 2 (B) alkenes, cycloaJkanes 
3. Cn H2n+20 (C) aldehydes, ketones 
4. CnH2nO (D) aJkynes, alkadienes 
Codes: ..• 
(a) I-A, 2-B, 3-C, 4-D <'0 . (0) I-D, 2-C, 3-B,. 4-A D 
(c) loB, 2-D, 3-A, 4-C '"[J :(d) I-C, 2-A, 3-D, 4-B D 

82. Match the following: 
1. Dimethyl acetylene 
2. Methyl acetic acid 
3. Chloroform 
4. Acetone 
Codes: 

(A) Propanone 
(B) Trichloromethane 
(C) Propanoic acid 
(D) But-2-yne 

(a) I-D,2-C, 3-B, 4-A 0 (b) I-A, 2-B, 3-C, 4-D 0 
(c) I-C, 2-D, 3-A, 4-B 0 (d) I-B, 2-A, 3-D, 4-C 0 

83.. Match the following: 
1. Benzene 
2. Naphthah;me 
3. Anthracene 
4, Pyridine 
S. Cycloalkane 
Codes: 
(a) I-A, 2-B, 3-C, 4-E, S-D 
(b) l;.B, 2-A, 3-E, 4-D, S-C 
(c) I-C, 2-E, 3-D, 4-B, S-A 

/ 

(A) Aromatic (Bicyclic) 
(B) Aromatic (Monocyclic) 
(C) Alicyclic 
(D) Heterocyclic 
(E) Aromatic (Tricyclic) 

o 
D 
D 

G.R.B. Organic Chemistry for Competitions 

(d) I-D, 2-C, 3-B, 4-A, S-E. 
(e) I-E, 2-D, 3-A, 4-C, S-B . 

D 
D 

SET II: This set contains the questions with one or more correct 

answers.. A 
84. The compound CH3-CH2-C-- CH2 may be named as: 

I 
CH3 

(a) 2-ethyl-2-methyloxirane D 
(b) 1,2-epoxy-2":methylbutane D 
(c) 1,2-oxapentane D 
(d) 2-methyl-2-butoxide D 

85. Which of the following names are not correct for the given 
compound? . . 

CH2-CH-CH 
I I I 2 

CHO CHO CHO 

• 

(a) 3-Formyl pentane-I,S-dial D 
(b) 1,2,3-Triformyl-propane D 
(c) 2-Formylbutane-I,4-dial D 

. (d) Propane-I,2,3-tricarbaldehyde D 
86. The name chloromethyl acetylene implies: 

(a) CH3-CH eHCI 0 (b) CICH2-CH=CH2 D 
(c) CH3-C=C-CI 0 (d) CICH2-C==CH 0 

87. The compound CH3-C=G-CH3 can be named as: 
(a) dimethyl acetylene 0 (b) crotonylene 0 
(c) but-2-yne 0 (d) allylene 0 

. 88. The compound (CH3 h C(OH) CHzCH3 is called: 

(a) 2.,.methyl butan-2-ol D 
(b) isoamyl alcohol 0 
(c) ethyl dimethyl carbinol 0 
(d) tert.-pentyl alcohol D 

89. Which of the following names are correct for the 
compound? 

o 
II 

CH3-C-CH2-COOH 

(a) 3-Keto butan-I-oic acid 0. 
(b) 4-Carboxy butan-2-one 0 
(c) 3-0xo butan-I-oic acid D 
(d) 3-Carboxyacetone 0 

90. The compound C6HS-CH=CH-COOH may be called 

as: 
(a) succinic acid D 
(b) 3-phenylprop~2-en-I-oic acid 0 
(c) mandelic acid' 0 
(d) cinnamic acid 0 

91. Which of the following statements is/are correct? 
(a) Spirocompounds. contain fqsed rings at quaternary 

carbon 0 
(b) Bicyclo compounds contain two rings connected by a 

. bridge 0 
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(q) Bicyclo compounds cannot be aro~atic 
(d) ~yclic alkynes are unstable 

92. The IUPAC name for diglyme, i.e., 
CH30CH2CH20CH2CHzOCH3 is/are: 
(a) 2,5,8-trioxanonane 
(b) bis (2-methoxy ethyl) ether 
(c) p,W-dimethoxy-diethyl ether 

o 
o 

o 
o 
o 

(d) diethylene glycol dimethyl ether 0 
93. Which of the following are the names of cyclic ether? 

(a) Oxirane 0 (b) Epoxyalkane 0 
(c) Alkene oxide 0- (d) Carbinol 0 

94. Which of the following names are correct for the 
compound? 

COOH 
I 

HOOC-CH2-CH2-CH-CH2-CH2-COOH 

(a) Pentane-l,3,5-tricarboxylic acid 
(b) 4-Carboxy heptane-l,7-dioic acid 

o 
o 
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(c) Heptane-I,4,7-trioic acid 0 
(d) All are correct . 0 

95. Which of the following names are correct for the 
compound? 

(CH3}zCHCN 

(a) 2-Methyl propane nitrile 0 
(b) Isobutyro nitrile 0 
(c) Isopropyl cyanide . 0 
(d) All are correct 0 

96. The name(s) of the following compoUnd is/are: 

CH(OH)COOH 
I 

(a) tartaric acid CH(OH)COOH 0 
(b) 2,3-dihydroxy butane-I,4-dioic apid 0 
(c) ap.'-dihydroxy succinic acid 0 
(d) all of the above 0 

;ASSERTION-REASON TYPE QUESTIONS 

Following questions consist of an Assertion (A) and Reason (R). 
Use the folloWing keys to select correct answer: 

. (a) If both assertion and reason are correct and reason is 
the correct explanation of !he assertion. 

(b) If both assertion and reason are correct but reason is 
not correct explanation of the. assertion. 

(c) If assertion is correct but 'lason is incorrect. 
(d) Ifassertion is incorrect but reason is correct. 

1. (Al ~ IUPAC name for '00 is 7-oxabicyclo 

[4.1.0] heptane. 

(R) The prefix oxo is used for )C=O group. 

2. (A) The IUPAC name of the compound 
cyclohexylidene methanone. 

(R) CH2=C 0 is called ketene. 

00 is 

3. (A) OH is called cyclohexanitrile. 
. eN 

. (R) It is an aromatic compound. _ 
4. (A) The locant (2.8.7) is preferred over the locant (3.4.9). 

(R) Lowest locant number at first difference is preferred. 
. 5. (A) The IUPAC name of CH3-CH=CH-C==C-H is 

pent-3-en-I-yne and not Pent-2-en-4-yne. 
(R) Lowest locant rule for mUltiple bond" is preferred. 

6. (A) The IUPAC name for the compound 
C6HsCOOCHzCH2 COOH is 3-benzoyloxy propanoic 
acid. 

(R) C6HsCH20 is called benzoyloxy group. 
7. (A) The correct iuPAC name for the compound 

D-CH(CH3 }z is I-methyl ethyl cyclopentane. 

(R) It is named as derivative of cyc10pentane because the 
number of carbon atoms in the ring is more than the side 
chain. . 
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I ANSWERS I 

OBJECTIVE QUESTIONS 
1. (b) 2. (b) 3. (a) 4. (c) 5. (b) 6. (b) 7. (b) 8. (a) 9. (d) 10. (c) . 

11. (e) 12. (b) 13. (b) 14. (c) 15. (a) 16: (b) 17. (d) 18. (c) 19. (b) 20 • (c) 

22. (d) 23. (d) 24. (a) 25. 
. 

26. 27. 28. (a) 29. 21. (a) (d) (b) (c) (b) 30. (c). 

31. (d) 32. (b) 33. (a) 34. (d) 35. (c) 36. (d) 37. (a) 38. (b) 39. (c) 40. (a) . 
41. (a) 42. (c) .43. (d) 44. (c) 45. (c) 46. (a) 47. (b) . 48. (d) 49. (a) SO. (c) 

51. (b) 52. (a) 53. (a) 54. (b) 55. (d) . 56. (a) 57. (c) 58. (a) 59. (b) 60. (b) 

61. (b) 62. (b) 63. (b) 64. (c) 65. (c) 66. (c) 67. (d) 68. (a) 69. (c). 70. (a) 

71. (d) 72. (a) 73. (a) 74. (c) 75. (b) 76. (c) 77. (c) 78. (d) 7'. (d) 80. (a) 
• 

81. (c) 82. (a) 83. (b) 84. (a,b) 85. (b,e) 86. (e,d) 87. (a,b,e) 88. (a,e,d) 89. (a,e) 90. (b,d) 

91. (a,b;d) 92. (a,b) 93. (a,b,e) 94. (a,b) 95. (d) 96. (d) 

ASSERTION-REASON TYPE QUESTIONS 
1. (b) 2. (b) 3. (c) . 4. (a) 5. (a) . 6. (c) 7. (a) . 

• 
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BRAIN STORMING PROBLEMS 

Give the IUPAC names of the following compounds: 

1. 

2. 

7 

6 

8 CH3 C H 
2 25 

A--=<' 

Ans. 3-Chloro-2-ethyl-I,8-dimethylbicyclo [3.2.1] octane 

8 9 
CH=CH2 NO CH2Cl 

71 6 5 41 3 21 1 . 
CH2 CH--CH-CH-:-CH--=C-CN 

1 1 1 1 
OCH3 CHO CH20H N-CH3 

'1 
CH3 

. Ans. 2-Chloromethyl-5-fonnyl~3-hydroxymethyl-2-N.N-

8. 

Ans. I, r, 3', f'-Tercyclobutane. 
3 4 

[Hint: 

1,1',3',1"-Tercyclobutane 

NOz HOOC 

dimethylamino-6-methoxy-4-nitroso non-8-en-I-nitrile 9. 4 

Ans. Ethyl-2-cyano-3-oxo-4,6-dimethyl-5-cyclopropylhept-5 
-ene-I-oate 

CzHs 
1 

CH2 N-CH3 CONH2 
II· I I 

4. CH3-CH-CH=CH-C--C=CH-CH:z----(:-COOH 
. 1 . 1 

COOC~7 COCl 

Ans. 2-Amide-2-chlorocarbonyl-5-(N-ethyl, N-methyl) amino-
6-methylene-9-propoxycarbonyldec-4, 7 -diene-I-oic 
acid 

5. n-~-o-rH-CH3' 
y 0 CH3 
OH 

Ans. Isopropyl-3-hydroxycyclohexane carboxylate 

, , . HX (CHZ)9CH3 

6. CH3(CH2)~H 

H (CHZ)9CH3 
Ans. 1,3,5-Trisdecylcyclohexane 

HOCH2CH2-O> 
7. CH-COOH 

HOCHzCH2-O 
Ans. 2,2-Bis (2-hydroxy ethoxy) ethanoic acid 

10. 

Ans. 6,ff -Dinitrophenyl-2, 2' -dicarboxylic acid 

o 
~1' 2' 3' 4' 0' CH,CH,COCH, 

Ans. 2-(3' -Oxobutyl) cyclohexan-I-one 

~CH3 
11. s0J 

. 7 6 4 . 

Ans. 2-Methyl spiro [4.5] deca-I,6 diene 

12. :60, 
o 3 
5 

13. 

Ans. 5-0xa-spiro [3.4] octane 
8 

6 
eN 

A,ns. Bicyclo [2.2.2] oct-5-ene-2-nitrile 

14 •. ~ 
Ans. 3, 3-Diethylpentane 
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15. 

Ans. 7-Ethyl-2,4,5,6-tetramethyldec-I,8-diene 
CH3 CH3 

I I 
16. CH3-CH-CH-CH(CH2CH2CH2CH3h 

Ans. 5-( 1',7. -dimethyl propyl) nonane 

17. CH'NH-@-@NHCH' 

Ans. 3, 4'-Bis (N-methylamino) biphenyl" 
2:' I" S 4 I' 2' 

18. BrCH2-CHCI---.:.cH-CH-CHBrCH2CI 
I I 

20. 

CH3-CHz-CHz CH2-CH2-CH3 
8 7 6 3 2 I 

Ans. 4-(1' -Bromo,2' -cbloroethyl).5-(2" -bromo-I" -cbloroethyl) 
octane. 

Ans. Ethyl-2-methyl~2-(3'-nitro phenyl) propanoate 

OH 

-'"' J ~ /CH3 CHi" '-'7, ~ . 
CH3 

Ans. 5-methyl-3,6-octadien-4-ol 

21.~ 
Ans. 2,3,3,7,7-Pentamethyloctane 

22. ClzCH-fH-fH-CCl3 

CzHs C2HS 

Ans. 3-(Dicbloromethyl)-4-(trichloromethyI) hexane 

23. SHC-@-COOH 

,Ans. 4-Thioformyl benzoic acid 

24. :C) • 

4 

ADs. I,4-Dioxacyclohexane 

G.R.B. Organic Chemistry tor Competitions 

25·0C=O 

Ans. Cyclohexylidene methanone 
4 3 2 I 

26. CH2 -CH2-CH- CH2 
. I I I 

CHO . CHO CHO 

Ans. Butane-I, 2, 4-tricarbaldehyde 
27. CH2--CH--CH2 

I I I 
CONH2 CONH2 CONH2 . 
Ans. Propane-I, 2, 3-tric¢oxamide 

o 0 
"6 S 4 3 2 III 

,28. H-C-CH2-CH2-CH-CH2-C-H 
I . 
CH2CHO 

Ans. 3-(Formyl methyl) hexane-I,6-dial 
I 

29. 2N!S. 
3~5 

4 

Ans. Bicyclo [3.2.1] octane 

9 10 1 

30. 8( >t:YCH3 

7 6 4 3 

Ans. 2-Methyl spiro [4.5] deca-l, 6-diene 

.~ 
31. ~ 

32. 

2 3 4 

Ans. Bicyclo [1.1.0] butane 

1 6QJZ 
s 3 

4 

Ans. 7,7-Dimethyl bicyclo [2.2.1] heptane 
'Cl 

33·,W 
34. 

764 3 

Ans. 2-Chlorospiro [4.5] decane 

'0' 
7C1J4 

S • 

• 

Ans. 2,6,6-Trimethylbicyclo [3.1.1] hept-2-ene 
3' 

2[>A<J2". 
1 . 

I' 2' \'. 
3 3" 

Ans. I,r, 2', f'-Tercycl?propane. 
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36. The nJPAC name of 

FH2-lf-YH-CH2-W-NH2' is: 

CONH2 NH CONH2 0 

(a) 2-iminobutan-I,3,4-tricarboxamide 0 
(b) 3-imino-4-carbamylhexan-I,6-diamide 0 
(c) 6-amino-2-imino-4-carbamylhexanamide 0 
(d) none of the above 0 

37. The nJPAC name of· (:2:J ,i.: 
(a) bicyclo [4.3.1] decane 0 
(b) bicyclo [3.2.0] nonane 0 
(c) bicyclo [2.2.2] decane. 0 
(d) bicyclo [3.3.0J nonane . 0 

38. The IUPAC name of the compound 

~H3'~' 
(a) 3-(3-methylcyclopentyl) benzene 0 
(0) 1-(3'-IIlethylcyclopentyl) benzene 0 
(c) 2-(2-methylcyclopentyl) benzene 0 
(d) none of the above 0 

CH3 . 

I CH 

D
CH-CH2-cFl2-CH< 3 

39. I. . CH3 

C2HS 

The nJPAC name of the above compound wili be: 
(a) l-ethyl-4-(5-methylhexyl)cyclohex-l-ene 0 
(b) l-ethyl-4(l,4-dimethylpentyl) cyclohex-l-ene 0 
(c) 5-( 1 ,4-dimethylpentyl)-2-ethylcyclohex -I-ene 0 
(d) 4-(1,4-dimethylpentyl)-I-ethylcyclohex-I-ene 0 

40. The IUPAC name of the compound 

is: 

(a) 2,4,5,6-tetramethyl-7-ethyldeca-l,7-diene 
(b) 7 -ethyl-2,4,5 ,6-tetramethyldeca-1 ,8-diene 
(c) 4-ethyl-5,6,7,9-tetramethyl deca-2,9-diene 
(d) none of the above 

D. 
o 
o 
o 

41. WhiCh one of the following compounds has incorrect 
IUPAC nomenclature? 
(a) CH3-CH2CH2-COOC2Hs 

ethylbutanoate 

(b) CH3-fH-fHCH3 

CH3 0H 

2-methylbutan-3-o1 

o 

o 

(c)- CH3CH-C-CH2CH3 I \I . 
CH3 0 

2-methylpentan -3-0!1e 

(d) CH3-fH-CH2CHO 

CH3 

3-methylbutanal 
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o 

o 

42. Match the List I and List II; seiect the correct answer from 
the given code: 

List I List II 

A. 00 
RCO 
C.~ 
Codes: , 

I. fused bicycle 

2. bridged bicyclic 

3. spirocyclic ~ 

(a) (A-3), (H-I), (C-2) 0 (b) (A-I), (B-2), (C-3) 0 
(c) (A..,.3), (B-2), (C-I) 0 (d) (A-2), (B-1), (C-3) 0 

CH3CH2CH2D 
43. . 

CH3 CH2CH3 

The IUPAC name of the above compound will be: 
(a) 5-ethyl-l-methyl-2-propylcyclohexane 0 
(b) l-ethyl-3-methyl-4-propylcyclohexane 0 
(c) 4-ethyl-2-methyl-I-propylcyclohexane 0 
(d) l-propyl-3-ethyl-2-methylcyclohexane . 0 

44. The IUPAC name of the compound 

(CH3 )3 c-Q-<1 is : 

(a) l-cyclopropyl-4-tert. butyl cyclohexane 0 
(b) 4-cyclopropyl-l-tert. butyl cyclohexane 0 
(c) l-cyclopropyl hexyl-2,2-dimethylpropane 0 
(d) I-dimethyl ethyl-4-cyclopropyl cyclohexane 0 

45. Select the correct nJPAC name of the following compound: 

CI~ 

C2Hs~OH 
(a) 2-ethyl, l-chloro, cyclohexanol 0 
(b) 4-chloro, 3-ethylcyclohexanol 0 
(c) 4-chloro, 5-ethylcyclohexanol 0 
(d) 4-hydroxy, 2-ethyl-I-chlorocyclohexane 0 

46. Give the nJPAC name of the following compound: 

S 
\I 

CH3-C-CH2-COOH 
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(a) 3-Thiabutanoic acid 0 
(b) 3-Sulphobutanoic acid 0 
(c) 3-Thiobutanoic acid . 0 
(d) 3-Thioxobutanoic acid 0 

47. Select the correct IUPAC name of the following compound: 

cY> 
(a) l,l-cyclobutyl heptane 
(b) Bicyclo [6.3.0] nonane 
(c) Spiro [3.6] decane 
(d) Spiro [6.3] decane 

o 
o 
o 
o 

Which of the following is the correct IUPAC name of the 
above compound? 
(a) 3-cyclobutyl-l-methylcyclohexane 0 
(b) I-methyl-3-cyclobutylcyclohexane.ift [] 

• (c) l-cyclobutyl-5-methylcyclohexane 0 
(d) l-cyclobu~I-3-methylcyclohexane 0 

ro
~ CH CH2 

49~ . 
~ 

Give the correct IUPAC name of the above compound: 
(a) 2-vinyl-3,4,7,10-tetrabydronaphthalene 0 
(b) I-vinyl-5,8,9,10-tetrabydronaphthalene 0 
(c) 2-ethenylbicycl~·[4:4.0] deca-l,5,8-triene 0 
(d) 3-ethenyl bicyclo [4.4.0] deca-3,5,8-triene . 0 

50. Select the correct IUPAC name of the following compoUhd: 

h 
(a) 3-ethyl-l,5-dimethylcyclopentane 0 
(b) l-ethyl-3,4-dimethylcyclopentane . 0 
(c) 4-ethyl-l,2-dimethylcyclopentane 0 
(d) 2-ethy!-4,5-dimethylcyclopentane 0 

51. Select the stt'ucture :with correct numbering for IUPAC 
name of the compound: 

(a) 

(c) 

¢
S~ OH 

51 3 

6 2 
I 

OH 
SH 

6g1' 2
0H 

5 3 

4 

OH 

(b) :Q:OH 

(d) 

OH 
SH gOH 

21 6 

3 5 

4 

OH 
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51. Which of the following is the correct IUPAC name for the 
compound given in above question? 
(a) 6-mercapto-4-cyclohexene-l,3-diol 0 
(b) 4;mercapto-5-cyclohexene-l,3-diol 0 
( c) 2,4-dihydroxy-5-cyclohexene-l-mercaptan 0 
(d) 4,6-dihydroxy-2-cyclohexene-l-mercaptan 0 

53. The IUPAC name of which of the following compounds is 
not correct? 

Compound 

(a) Q-cOOH 

COOH 

(b) HOOC-{ )---cOOH 

(c) CH3-Q-c00H 

(d) Br~OOH 

IUPAC name 

cyclohexanoic acid 

1,2,4-benzene tricarboxylic 
acid 

4-methylcyclohexane
carboxylic acid 

4-bromobenzoic acid 

54. Select the correct priority for citation as principal group: 

~ ~ ~. 
(a) -C-OH >-C- >-C-H :::f-OH >-SH 0 

~ ~ ~ 
(b) -C-OH >-C- >-C-H>-SH >-OH 0 

o 0 0 
II Il II 

(c) -C-OH >-C-H >-C-,- >-SH >-OH 0 

V ~ ~ 
(d) -C-OH >-C-H >-C- >-OH >-SH 0 

55. What will be the prefix in the following compound? 

HOOG-CH2 

I . 
.HOOC-CH2-CH---':"'CH2-CH2-COOH 

(a) methylcarboxy 0 (b) carboxymethyl 0 
(c) carboxyethyl 0 (d) ethylcarboxy 0 

o 

S6. TIie IUPAC name of < )1-CH3 is: 

(a) phenylethanone 
(c) acetophenone 

~ 

o (b) methylphenylketone 0 
o (d) phenylmethylketone 0 

.57. CH3-CH-C-CH-OCH2-CH3 

I I 
OCH3 'CH3 

The IUPAC name of this compound is: 

• 
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(a)2-ethoxy-4-methoxy-pentan-3-one [] 
(b) 2-methoxy-4-ethoxy-pentan-3-one 0 
(e) 2-ethoxy-3-methoxy-pentan-3-one [] 
(d) none of the above 0 

58. The IUPAC name of BrCH2 CHCOCH2CH2CH3, is: 
I 
CONH2 

(a) 2-bromomethyl-3-oxohexanamide 0 
(b) I-bromo-2-amido-3-oxohexane 0 
(c) l-bromo-2-amido-n-propylketone 0 
(d) 3-bromo-2-propyl propanamide 0 

59. Which name is incorrect? 

(a)~ 
(b) «==J 

0Y'r(0 
(c) V 

(d)~ 

Bicyclo (2.2.1) hept-2-ene 

Bicyclo (3.2.1) octane 

Bicyclo (2.2.2) octane-2,6-dione 

Bicyclo (2.2.0) hexane 
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[Hlni: Th, IUPAC nrun. of ~ ;, b;,yolo (2.2.2) h'","' I 

60. Select the correct IUPAC names among the following: 
Compound IUPAC name 

2. c:)<) 

3.~ 
Et 

4.~N~ 

I 
(a) 1,2,4 
(c) 2,3,4 

3,7 -dimethyloct -2,6-dienil 

Spiro (3.6) decane 

3-Ethyl-7 -iodobieyclo 
(2.2.1) heptane 

N-ethyl-N-methyl 
ethanamine 

o (b) 1,3,4 
o (d) 1,2,3 

o 
o 

ANSWERS: BRAIN STORMING PROBLEMS II-' -----------------------, 

36. (b) 37. (a) 38. (b) 39. (b) 

46. (a) 47. (c) 

56. (a) 57. (a) 

48. (d) 

58. (a) 

49. (e) 

59. (d) 

40. (b) 

SO. (c) 

60. (a) 

41. (b) 

51. (b) 

42. (a) 

52. (a) 

43. (e) 

53. (a) 

44. (a) 

54. (d) 

45. (b) 

55. (b) 

----------------.... 
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. LINKED COMPREHENSION TYPE QUESTIONS 

Passage 1 

In addition to the standard ring systems (such as 
cyclohexane), cyclic compounds can also be bicyclic, tricyclic, 
etc., . or they can be spiroeyclic, bicycHc or bridge head carbons. 
The ~int of attachment of two rings are caUed bridge head atoms 

.. Some bicyclic compounds· like camphor are commonly 
found in plants. Others like norbomane can be synthesized in the 
laboratory. The formal names ofbicyclic and related ring systems 
are based on: 

(I) Total number of atoms in the molecule. 
(2) The number of atoms in each bridge conilecting the 

bridge head atoms. These numbers are Written in square bracket 
in decreasing order. 

Spirocyclic compo~ds have two fused rings, but only one 
bridge head atom. Spirocyclic compounds are named like 
bicyclic compounds, but have the. prefix spirocyclo. 

Answer the following questions: 

What is the IUPAC name of the above compound? 
(a) cyclo [1.2.2] heptane (b) bicyclo [1.2.2] heptane 
(c) bicyclo [2.2.1] heptane (d) cyclo [2.2.1] heptane 

2. <t) The number of atoms in each bridge are: 

(a) [3.2.1] (b) [3.1.0] 
(c) [1.3.0] (d) [2~1.0] 

3. Select the correct statements about the following 
compounds: 

(a) it is a tricyclic compound 
(b) it is bicyclo compound 
(c) it is spiro compound 

. (d) its IUPAC name is bicyclo [2.2.2] octane 
4. Match the List I with List II and select the correct answer 

from the given codes: 
List I 

(Compounds) 
List II 

(Number of carbons 
in the bridges) 

(i) [3.2.1] 

BoCO 
C. OJ 

DO~ 
Codes: 
(a) (A-H); (B-iii); (C-iv); (D-i) 
(b) (A-i); (B-ii); (C-iii); (D-iv) 
(c) (A-iv); (B-iii); (C-ii); (D-i) . 
(d) (A-ii); (B-iv); (C-iii); (D-i) 

(ii) [4.3 .0] 

(iii) [404.0] 

(iv) [3.2.0} 

5. Which of the following is the correct structure of bicyclo 
[1.1.0] butane? 

(al <l> (b)[2J 

Passage 2 

If the organic compound contains more than two similar 
terminal groups and all of them are directly attached to the 
principal chain, then none of them forms a part of the principal 
chain. Special sufftxes are used to name these. 

Functional group Suffix 
. -CONH2 Carboxamide 
-CN Carbonitrile 
-CHO Carbaldehyde 
-COOH Carboxylic acid 

Carbon atoms of these terminal groups are not counted in the 
principal chain. If anyone of these terminal groups is not directly 
attached to the parent chain and forms the part of side chain, then 
the longest chain is selected containing two such similar groups at 
its two ends. The groups present in the side chain-are treated as 
substituents and are indicated by suitable prefixes. 

Indicate whether the following IUPAC names are true (a) or 
false (b). 



Classification and Nomenclature of Organic Compounds 

COl,Ilpound 

fOOH 

1. BOOC-CH2-CH-CH2-COOH 

True (a) 
CN 
I 

2. NC-CH2-'-CH-CH2-CN 

True (a) 
CH2-COOH 

, I 
3. HOOG-CHz-CH-CHz-COOH" 

True (a) 

CH2CHO 
, I 

4. OHC-CH2-CH-CHz-CHO 

,True (a) , 

CONH2 

I 
5. H2NOC-CH2-CH-,-CH2~CONIf2" 

True (a), 

Passage 3 

The priqrities for citing principal groups in a carboxylic acid 
derivative areas follows: 

acid > anhydride > ester > acid halide > amide > cyanide 
All of these groups have citation priority over aldehydes and 

ketones as well as the other functional groups. 
Name ,of' carboxylic acid derivatives when used as 

substituent groups are : 
Group Name 

-COOH carboxy 
o 
II 

'-C-OCH3 methoxy carbonyl 

V 
-C-OC2 Hs ethoxy carbonyl 

o 
II 

-CH2-C-OH carboxy methyl 

V 
-0-G-CH3 ' acetoxy 

o 
II 

-C-CI chloroformyl 

o 
II 

---'C-NH2 carbamoyl 

Answer the' following questions: 
1. Which ofthe following structures has the correct locants? 

IUPAC Name 

Propane-l,2,3-tricarboxylic acid 

False (b) 

3 -cyanopentane-l ,5-dinitrile 

False (b) 

3-( carboxymethyl) pentane-l ,5-dioic acid ' 

False (b) 

3-( formylmethyl) pentane-l,5-dial 

False (b) 

,Propane-l,2,3-tricarboxamide 

False (b) 

, 0*6 COOH" II S ' 

(a) CI-C 4f_\~\, 02CH3 

3 2 
CN 

o C02H "*1 (b) CI-C, Sf_'2 OzCH3 

4 3 

CN 

?!*IC02H 

(c) CI-C, 3 f_' 6, 02CH3 

4 5, " 

CN 

o 

2. Cl-QJ--NH-CH' 
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Which of the following is the correct IUpAC name of the 
above compound? 
(a) p-acetamido chlorocyclohexane, 
(b) 4-chloro-N-methyleyclohexane carboxamide , 
(c) N-methyl amido chlorocyclohexane 
(d) none of the above ' 

"; 
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Which·among the given statements is/are correct about the 
.. above compound? 

V 
(a) CH)-C-NH- group is principal group 

r . 
(b) CH3-C-NH- will be considered as substituent 

group 
(c) Locant number 1 will be assigned to -COOH 
(d) p-acetamidobenzoic acid -is its systematic name 

4. For which of the following compounds, the IUPAC name is 
wrong? 

Compound IUPAC name 

2-methyl .:yclopentane 
carboxamide 

G.R.B. Organic Chemistry tor Competitions 

CN 

(c) Q 
CH) 

Br . 

~COOCH3 
(d)U 

r 

Cyclohexaneoyl chloride 

2-methylcyclobutane 
carbonitrile 

Methyl,2-bromocyclohexane 
carboxylate 

5 .. CH3-fH-Clll-C-O-CHz-fH-CH3 

CI Br 
Select the correct IUPAC name among the following: 
(a) 3-chlorobutyl-2-bromopropanoate 
(h)· ::!-chl .. robutyl-3-bromopropanoate 
I,'j ..., -hl\liilopropyl-3-chlorobutanoate 
l d I ,I-bromopropyl-Jl-chlorobutyrate 

ANSWERS: LINKED COMPREHf;NSION TYPE QUESTIONS 11-._--.,... _____________ -. 

Pissage 1 . 1. (c) "2. (b) 3. (b,d) 4. (a) " 5. (a,b) 
Passage 2 1. (af 2. (b) 3. (a) 4. (a) 5. (a) 
~Pa~~ilge 3. .". . 1. (b) 2. (b) : 3 •. i(b;c,d) 4. (b) 5. (c) 



4 
ISOMERISM 

( 

4.1 INTRODUCTION 
The molecular structure of the organic compounds plays a very important role in the study of organic chemistry. There are 
numerous examples where it is observed that the same molecularformula can represent more than one compound having different 
properties. For example, ethyl alcohol and dimethyl ether have the same molecular formula (C2H60) but show different physical 
and chemical properties. 

. Ethyl alcobol (ClHP) CH~HPH 

1. It is a liquid. 

2. Its boiling point is 78°C. 

3. It reacts vigorously with sodium and evolves hydrogen. 

4. It reacts with HI and forms ethyl iodide, C2HSL 

Some other examples are: 

Molecular formula 

CH)CH2CH2CH3 
n-Butane 

CH3COOH 
Acetic acid 

CH3CH2COOH 
Propionic acid 

CH3CH2CH20H 
n-PropylalooooJ 

CH3-CH2-CH =CH2 
But-I-ene 

. 
H

3
C> <H C=C 
H CH3 

Trans-2-butene . 

Dimethyl ether (C1UP)CRr-O-CH3 

It is a gas. 

Its boiling point is -24°C. 

It does not react with sodium. 

It reacts with HI and forms methyl iodide, CH)1. 

Some possible f:ompouDCIs 

HCOOCH3 
Methyl formate 

HCOOC2Hs 
Ethyl formate 

CH3-CH-CH3 

6H 
lsopropylalcohol 

H2r-TH~ 
H2C-CH2 
Cyclobutane 

H)C) <CH3 
C=C 

H H 
Cis-2· butene 

CH3-0-C2lfs 
Ethyl methyl ether 

CH3CH=CHCH3 
,But-2-ene 

CH3-C=CHz 
I 

CH3 
2-Methylpropene 

P.--------------------~ 
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Such orgamc compounds having same molecular 
formula but differing from each other at least in some 
physical properties or chemical properties or both are 
known as isomers and the phenomenon is known as 
isomerism. The term isomer was first introduced by 
;Berzelius (Greek: Iso"", equal, meros parts). The difference 

in properties of isomers is due to the difference in the relative 
arrangements of various atoms or groups present in their 
molecules. There are two main types of isomerism: 

1. Structural isomerism or constitutional isomerism 
2. Space or stereoisomerism 
1. Structural isomerism: It is due to the difference in 

the manner in which the constituent atoms or groups are 
linked to one another within the molecule, without any 
reference to space. Structural isomers are compounds having 
same molecular 'formula' but different structural formulae. 
Structural isomerism is further classified into different types: 

Structural isomerism 
I 

I I 
Chain Position. Ring chain Functional Meta- Tauto-

isomerism isomerism isomerism isomerism merism merism 

2. Space or' stereoisomerism : ,It is due to the 
difference in relative arrangement of atoms or groups in space. 
Stereo isomers are compounds having the same molecular and 
structural formulae, but different spatial arrangement of atoms 
or groups. The spatial arrangement of atoms orgroups is also 
referred to as configuration of the molecule. It is further 
classified into three types: 

Geometrical 
isomerism 

Stereoisomerism 

Optical 
isomerism 

Confonnational 
isomerism 

A brief review of various types of structural isomerism is . 
, given below: 

4.2 CHAIN OR NUCLEAR ISOMERISM 
This type of isomerism is due to differencein the arrangement 
of carbon 'atoms constituting the chain, i. e., straight or 
branched chain of carbon atoms. It is also known as, nuclear 
or skeletal isomerism. The isomers showing chain isomerism' 
belong to same homologous series. The simplest compound 
exhibiting this type of isomerism is of molecular formula, 
C4H lO (butane). It exists in two forms, 

CH3 

'I 
CH3CH2CH2CH3 CH3-CH-CH3 

n-J.3utane (Butane). lsobutane (2-Methylpropane) 
(StraIght carbon cham) (Branched carbon chain) 

Pentane (CsHI2) exists in three isomers, 

CH3CH2CH2CH2CH3 CHi-CH-CH2--CH3 
n-Pentane (Pentane) 1 

CH3 

lsopentane (2-Methylbutane) 
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CH3 

I . 
CH3-C-CFh 

I ' 
CH3 

Neopentane 
(2,2-Dimethylpropane) 

The number of theoretical possible isomers of a given 
formula increases rapidly with the increase of the number of 
carbon atoms. Thus, there are 5· hexanes, 9 heptanes, 
18 octanes, 35 nonanes and 75 decanes. 

Besides hydrocarbons, this type of isomerism is possible' 
in other homologous series. 

CH3CH2CH =CH2; 
But-I-ene 

CH3CH2CH2CH20H ; 
Butan-I-ol . 

CH3 
I ' 

CH3-C=CH2 
2-Methylpropene 

CH3CHCH20H 
I . 

CH3 
. 2-Methylpropan -1-01 

CH3 I . 
CH3CH2CH1CH2CHO; 

Pentanal 
CH3CHCH2CHO 

3-Methylbutanal 

HC=CCH2CH2CH3 ; 

Pent-I-yne 

C4 Hli N CH;CH2CHiCH2NH2 ; 
Butan-I-amine 

HC=CCHCH3 

J 
CH3 

3-Methylbut -l-yne 

CH3CHCH2NH2 I ' 
CH3 

2-Methylpropan -I-amine 

SOME SOLVED PROBLEMS 

Example 1. Select the pair of chain isomers among the 
following: 

. (i)~' 

(iii) ~ 

(V)'~OH 

o 

(vi,) & 

(ii) 

(iv) c5 
(W) ~OH 

o 

(viii)~ 



"J 

Isomerism 

Solution: (ii) and (iii) ; (iv) and (vii); (v) and (vi); 
(i) and (viii). 

'Example 2. Write down all structural isomers ofC6H14 . 

Indicate chain and position isomers among them. 
Solution: 

(a) ~ (p) ~ 
n-Hexane 2-Methylpentane 

(c) ~ (d) ~ 
3-Methylpentane 2,2-Dimethylbutane 

(e) 

2,3-Dimt(thylbutane 
," 

, Chain isomers: (a), (b),(c), (d), (e) 
Position isomers: (i) (b) and (c); (ii) (d) and (e) 

4.3 'POSITION ISOMERISM 
It is due to the difference in the positions occupied by the 
particular atom or group (substituents) in the same carbon 
chliin or due to different positions of double or triple bonds in 
alkenes and alkynes. 

,Examples: 
C4H S CH3CH2CH=CH2 

But-I-ene 
CH3CH2C=CH 

But-l~)'ml 

CH3CH2CH2Cl 
l-Chloropropane 

C 3H 7N02 CH3CH2CH2N02 
1-Nitropropane 

CH3CH2CH20H 
Propan-I-ol 

(n-fropyl alcohol) , 

CH3CH2CH2CH20H; 
Butan-I-ol 

CH3CH"':"-CHCH3 
But-2-ene 

CH3C==CCH3 
But-2-yne 

CH3CHCICH3 
2-Ch!9ropropane 

CH3CHCH3 
1 

N02 
2-Nitropropane 

CH34H-CH3 

OH 
Propan-2.:.o1 

'(Isopropyl alcohol) 

CH3CHCH2CH3 

1 
OH 
Butan-2-o1 

Note: Aldehydes, carboxylic acids (and their derivatives), arid 
cyanides do not exhibit isomerism. 

Cl Cl Cl 

C~4C12 OCl; OCl; 0 
Q-Dichloro- m-Dichloro~ CI 

benzene benzene' p-Dichlorobenzene . 
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CH3 CH3 CH3 

CgHlO OCH3; OCH; 0 
f)-Xylene m-Xylene CH3 

p-Xylene 

CsHgCh CC oCI 
CI CI 

1,2 1,3 
Dichlorocyclopentane 

Example 3. Give the possible cyclic isomers of 
formula C6H12. 

Solution: 

o 

4.4, RING-CHAIN ISOMER'ISM 
This type of isomerism is due to different modes oflinking of 
carbon atoms, i.e., the isomers possess either open chain or 
,closed chain structures. 

Examples': 

CH'3-CH=CH1; 
Propene 

CH r-'-C==CH ; 
Propyne 

CH2 
/\: 

H2C-CH2 
Cyclopropane 

CH ' A2 
HC=CH 

Cyclopropene 

CH3 

1 

H 2C-CH2 
C4H S CH3CH2CH=cH2 ;1 'I ; 

But-I-ene HiC-CH2 

CH 
A 

H 2C-CH2 
Methylcyclo

propane , Cyclob!ltane 
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CH3CH2CH2CH2CH=CH2 
Hex-I-ene 

It can be included in functional isomerism, if ring chain 
isomerism is not mentioned. 

4.5 FUNCTIONAL ISOMERISM 
Compounds having same molecular formula but different 
functional groups in their molecules s.how functional 
isomerism and are called functional isomers. As the functional 
group determines largely the properties of a compound, such 
isomers differ in their physical and chemical properties. 

Examples: 
. (i) Alcohols and Ethers (Cn H 2n+20) 

C2H60 CH3CH20H H3C-O-CH3 
Ethyl alcohol Dimethyl ether 

CH 3CH2CH20H 
n-Propyl alcohol 

C2Hs-O-CH3 
Ethyl methyl ether 

C4HlOO CH3CH2CH2CH20H C2Hs-O-C2Hs 
n-Butyl alcohol Diethyl ether 

(ii) Aldehydes, Ketones and Unsaturated alcohols, 
Ethers and other Cyclic compounds .•• etc., (C n H 2nO) 

C3 H60 CH3CH2CHO 
Propionaldehyde 

CH2-CH-':"CH3 
"-:/ 
° 1,2-Epoxy propane 

(2-Methyloxirane) 

o 

-0 
II 

CH3-C-CH} ; 
Acetone 

H2C=CH-CH20H 
Prop-2-en-I-ol 
(Allyl alcohol) 

1 ,3-Epoxy propane 
(Oxetane) 

Methyl vinyl ether Cyclopropanol 

(ill) Acids, Esters and Hydroxy carbonyl compounds 
.•• etc., (C n H 2n0 2 ) 

C2H40 2 ' CH
3
COOH 

Acetic acid 

CH3CH2COOH 
Propionic acid 

CH3CHCHO 
I 

OH 
2-Hydroxypropanal 

HCOOCH3 
Methyl formate 

CH3COOCH3 
Methyl acetate 

o 
II 

CH3 CCH20H 
I-Hydroxy

propan -2-one 

(iv) Alkynes Alkadienes and cycloalkenes (C n H 2n_2 ) 

C4H6 CH3CH2-C=CH H2C=CH-CH=CH2 . 

But-I-yne Buta-l,3-diene 

CH3-C==C-CH3 
.But-2-yne 

H2C=C. CH-CH3 
Buta -1 ,2-diene 
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Cyclobutene 3-Methyl 
cyclopropene 

If\, CH
3 I-Methyl 

. cyclopropene 

(v) Cyanides and Isocyanides (-CN and -NC) 

C2H3N CH3CN CH3~C 
Methyl cyanide Methyl is('cyanide 

(vi) Nitro alkanes and Alkyl nitrites (-NOz and 
-O-N=O) 

Nitroethane 

C2Hs-O-N=O 
Ethyl nitrite 

(vii) Amines (Primary, Secondary and Tertiary) 

C3H9N CH3CH2CH2NH2 CH3CH2-N<H 
Propanol-amine CH

3 

CH3CHCH3 
I 

NH2 
Propan -2-arnine 

(viii) Alcohols and Phenols 
CH20H 

O~I C7HsO ~ 

Benzyl alcohol 

(ix) Oximes and Amides 

CH3CH=NOH; 
Acetaldoxime 

N -Methylethanarnine 

CH3-N <CH 3 

CH3 
N • N -Dimethyl

methanamine 

OH OCH, 
o-Cresol 

(x) Thio alcohols and Thio ethers 

C2H(;S C2HsSH CH3-S-CH3 
Ethyl thioaIcohol Dimethyl thioether 

4.6 METAMERISM 
It is the isomerism in the same homologous series. It is due to the 
presence of different alkyl groups attached to the same 
polyvalent functional group or atom (i.e., -S---, 
-NH- and -CO-) So, the compounds having same 
. molecular formula but different structural formulae due to 
different (size or nature) alkyl groups on either si!ie of the 
functional group are called metamers and the phenomenon is 
known as metamerism. 

Examples: 
C4H lOO C2HsOC2Hs . 

Diethyl ether 
,. C3H70CH3 

Methyl propyl ether 
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Solution: (ii) and (iii) ; (iv) and (vii); (v) and (vi); 
(i) and (viii). 

-Example 2. Write down all structural isomers ofC6 H14 . 

Indicate chain and position isomers among them. 
Solution: 

(a) ~ (b) ~ 
n-Hexane 

2-~etbylpentuie 

(c) ~ (d) ~ 
3-Methylpentane 2,2-Dimetbylbutane 

(e) 

2,3-Dimetbylbutane 

_ Cham isomers: (a), (b),(c), (d), (e) 
Position isomers: (i) (b) and (c); (ii) (d) and (e) 

4.3 POSITION ISOMERISM 
It is due to the difference in the positions occupied by the 
particular atom or group (substituents) in the same carbon 
chain or due to different positions of double or triple bonds in 
alkenes and alkynes. 

Examples: 
C4Hg CH3CH2CH=CH2 

But-I-ene 

C4H 6 CH3CH2C=CH 
But-l~yne 

C3H 7CI CH3CH2CH2CI , 
l-Chloropropane 

C3H 7N02 CH3CH2CH2N02 
I-Nitropropane 

. C3H gO . CH3CHiCH20H 
Propan-I-ol 

(n-Propyl alcohol) . 

C4H lOO CH3CH2CH2CH2OH; 
Butan-I-ol 

CH3CH=CHCH3 
But-2-ene 

CH3C==CCB3 
But-2-yne 

CH3CHCICH3 
2-Chloropropane 

CH3CHCH3 
- I 
N02 

2-Nitropropane 

CH3 - rH-CH3 

OH 
Propan-2~01 

(Isopropyl alcohol) 

CH3CHCH2CH3 
I 

OH 
Butan-2oOl 

Note: Aldehydes, carboxylic acids (and tbeir derivatives)_ 
cyanides· do not exhibit position isomerism. 

CI CI Cl 

C6~C12 OCI; OCI; 0 ~ . 

o-Dichloro- m-Dichlol;Th- Cl 
benzene benzene p-Dichlorobenzene . 
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CH3 CH3 CH3 

CSHIO OCH
3; OCH; 0 

fJ-Xylene m-Xylene CH3 

p-Xylene 

c(1 5JP 
Cl Cl 

l~ l~ 

Dichlorocyclopentane 

Example 3. Give the possible cyclic isomers of _ 
formula C6H 12. 

Solution: 

o 

4.4 RING-CHAIN ISOMER-ISM 
This type of isomerism is due to different modes oflinking of 
carbon atoms, i.e., the isomers possess either open _chain or 
closed chain structures. 

Examples-: 

CH3-CH=CH2; 
Propene 

CH3-"-C=CH ; 
Propyne 

C4H~ CH3CH2CH=CH2 ; 
But-l-ene 

CH2 A-
H 2C--:-CH2 
Cyclopropane 

CH -
0,2 " 

HC=CH 
Cyclopropene 

CH3 

I 
CH 

A 
H 2C-CH2 
Methylcyclo

propane 

CH2-CH2) I CHCH3 
CH2-CH2 

Methylcyclopentane 

-=----------------------------....... ~ 
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CH3CH2CH2CH2CH =CH2 
Hex-I-ene 

It can be included in functional isomerism, if ring chain 
isomerism is not mentioned. 

4.5 FUNCTIONAL ISOMERISM 
Compounds having same molecular formula but different 
functional groups in their molecules show functional 
isomerism and are called functional isomers. As the functional 
group determines hugely the properties of a compound, such 
isomers differ in their physical and chemical properties. 

Exampl~s : 
. (i) Alcohols and Ethers (C"HZn+ZO) 

CZH60 CH3CHzOH H3C- O- CH3 
Ethyl alcohol Dimethyl ether 

CH3CHzCH20H 
n-Propyl alcohol 

CH3CH2CH2CH20H 
n-Butyl alcohol 

C2H5-O-CH3 
Ethyl methyl ether 

C2H 5-O-C2H5 
DiethyJ ether 

(ii) Aldehydes, Ketones and Unsaturated alcohols, 
Ethers and other Cyclic compounds ... etc., (CnHZ"O) 

C3H 60 CH3CHzCHO 
Propionaldehyde 

CHz-CH-CH3 

~ 

° 1,2-Epoxy propane 
(2-Methyloxirane) 

o 

° II 
CH3-C-CH3 ; 

Acetone 

H2C=CH-CH20H 
Prop-2-en-l-ol 
(Allyl alcohol) 

1,3-Epoxy propane 
(Oxetane) 

Methyl vinyl ether Cyclopropanol 

(iii) Acids, Esters and Hydroxy carbonyl compounds 
... etc., (C"Hz"Oz) 

C2H40 2 CH3COOH 
Acetic acid 

CH3CH2COOH 
Propionic acid 

CH3CHCHO 
I 

OH 
2-HydroxypropanaJ 

HCOOCH3 
Methyl formate 

CH3COOCH3 
Methyl acetate 

o 
II 

CH3 CCH20H 
I-Hydroxy

propan-2-one 

(iv) Alkynes Alkadienes and cycloalkenes (C"Hz,,_z) 

C4H 6 CH3CH2-C==CH H2C=CH-CH=CH2 
But-I-yne Buta-I,3-diene 

CH3-C==C-CH3 
.. But-2-yne 

H2C=C-:-CH-CH3 
Buta-l,2-diene 
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Cyclobutene 3-Methyl 
cyclopropene 

(v) Cyanides and Isocyanides (-CN and -NC) 

CZH3N CH3(.'N CH3N"C 
Methyl cyanide Methyl iSC'cyanide 

(vi) Nitro alkanes and Alkyl nitrites (-NOz and 
-O-N=O) 

Nitroethane 

C2H5-O-N =O 
Ethyl nitrite 

(vii) Amines (Primary, Secondary and Tertiary) 

C3H9N CH3CH2CH2NH2 CH3CH2-N<H 
Propanol-amine CH

3 

CH3CHCH3 

I 
NH2 

Propan -2-amine 

(viii) Alcohols and Phenols 
CH20H 

0?71 C7HgO ~ 

Benzyl alcohol 

(ix) Oximes and Amides 

CH3CH=NOH; 
Acetaldoxime 

N -Methylethanamine 

CH3-N <CH3 

CH 3 
N, N -Dimethyl

metha.ne 

OH OCH
3 

o-Cresol 

° II 
CH3-C-NH2 

Acetamide 

(x) Thio alcohols and Thio ethers 

C2H(jS C2H 5SH CH3-S-CH3 
Ethyl thioalcohol Dimethyl thioether 

4.6 METAMERISM 
It is the isomerism in the same homologous series. It is due to the 
presence of different alkyl groups attached to the same 
polyvalent functional group or atom (i.e., -S-, 
-NH- and -CO---). So, the compounds having same 
. molecular formula but different structural formulae due to 
different (size or nature) alkyl groups on either si!ie of the 
functional group are called metamers and the phenomenon is 
known as metamerism. 

Examples: 
C4H IOO C2H50C2H 5 

Diethyl ether 
,. C3H 70CH3 

Methyl propyl ether 
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C2Hs--8-C2Hs ; 
Diethyl thioether 

C2H 5COC2Hs 
Diethyl ketone 

C2Hs-NH-C2HS ; 
. Diethyl amine 

/CH3 

C3H7-N~ 
CH3 

Dimethyl propyl amine 

C3H7--8-CH3 
Methyl propyl thioether 

C,H7COCH3 
Methyl propyl ketone 

C 3H7-NH-CH3 
Methyl propyl amine 

(

C2HS 

C2HS-N 
CH3 

N -Ethyl-N -methyl 
ethanamine 

C6HlSN C3H7-NH-C3H7 C2Hs-NH-C4H9 
Dipropyl amine Butylethyl amine 

If same polyvalent functional group is there in two or 
more organic compounds, then never write chain or position 
isomerism, it will be metamerism, e.g., 

(a) CH3-fl-CH2CH2CH3 ~ CH3CH2-fl-CH2CH3 

o 0 
(Pentan-2-one) (Pentan-3-one) 

are metamers and not position isomers. They can be included 
. in position isomerism, if metamerism is not mentioned. 

(b) CH3-C---CH2CH2CH3 ; 
II o 

(Pentan-2-one) 

are metamers and not chain isomers. 

4.7 TAUTOMERISM 

CH3-C-CH-CH3 

II I o CH3 
(3-Methyl butan-2-one) 

This is a special type of functional isomerism where the isomers 
exist simultaneously in equilibrium with each other.' The term 
tautomerism (Greek: lauto = same; meros = parts) was used by 

Laar . in 1885 to describe the phenomenon of a substance 
reacting chemically according to two possible structures. 

The type of isomerism in which a substance exists in 
two readily interconvertible different structures leading to 
dynamic eqUilibrium is known as tautomerism -and the 
different forms are called tautomers (or tautomerides). It 
i~ caused by the wandering nature (1,2 or mainly 1,3-
migration) of mobile hydrogen atom between two polyvalent 
atonis within the same molecule. It is also known as 
desmotropism(desmos= bond; tropos= turn). If the' 
hydrogen atom oscillates between' two polyvalent atoms 
linked together, the system is a dyad and if the hydrogen atom 
travels from first to third in a chain, the system is a triad. 

1. Hydrocyanic acid is an example of dyad system in which 
hydro~eD atom oscillates between carbon and nitrogen atoms. 

H-C=sN C~N-H 

2. Triad system : 
(i) Keto-enol system: Polyvalent atoms are oxygen 

and two carbon atoms. 

Examples: 

o H OH 
II I I 

-C-C- -C=C-
I I 

(Keto) (Enol) 
(Bond energy, 361 keal) (Bond energy. 343 kca I 

The keto form is more stable (by about 18 kcal/mol) than 
the enolic form. 

·0 OH 
II I 

CH3-C-H (~ CH2=C-H 
Aeetaldellyde Vinyl alcohol 

(Keto fOlm,IOO%) (Enolie form, negligible amount) 

0 OH 
II I 

CH3-C-CH3 ~~ CH2=C-CH3 
Acetone Prop-I-en-2-o1 

(Keto fonn, 1 00%) (Enolie form, negligible amount) 

0 OH 

6 ~ 6 
Cyclohexanone eye lohex-l-en-I-ol 

(Keto form, 99%) (Enotie form, 1%) . 

The greater stability of keto form than the enol form in all 
these examples is due to greater strength of C-O, 1t-bond 
(87 kcaUmol) as compared to C-C, 1t-bond (60 kcaUmol). 

(a) Acetoacetic ester (Ethyl acetoacetate) : 

h) l~ 
CH3-C-CH2COOC2Hs ~ CH3-C=CHCOOC2Hs 

Keto form Enol form 

Acetoacetic ester gives certain reactions showing the 
presence of keto group (reactions with HCN, H2NOH, 
H2NNHC6Hs, etc.) and certain reactions showing the 
presence ofenolic group (reactions with Na, CH3COCI, NH3, 

PCIs, Br2 water and colour with neutral FeC13 , etc.). 
(b) Acetyl acetone : 

.. ~-)\ 
. CH3-C-±.CH2COCH3 

. Keto form 

o 
F\J (C)~-CH3 

Ketofonn 

(d)\ rH 
Enol form 

---"
~ 

Enol form 

Keto form 



Enolisation: The conversion of keto form into enol 
form is known as enolisation. The enolisation of a compound 
has been found to depend upon various factors such, as 
structural factor (Resonance and hydrogen bondiIlg), the 
,temperature and nature of, , solvent. Experimentally the 
percentage of enol form has been found to increase in the 

, order: ' 
Simple aldehydes and ketones < !}-keto ester 
, < !}-diketones having phenyl group < phenols. 
This is because of the fact that there occurs increasingly' 

stabilisation of enol forms of the above type of compoundl! by 
resonance and hydrogen bonding than their corresponding 
keto forms. 

, Enolisation is in order: 

, CH3COCH3<CH3COCH2COOC2H5 <C6HsCOCH2COOC2Hs 
, < CH3COCH2CO<;:H3 < CH3COCH2COCH3 

« >=0 
Percentage of enol content in some compounds 

Ci!Dipound " Enol (in %) 

o 
II 0.00025 

CHr~C-CH3, 

o 
~ " , 

CH3-'-C-----;CHz-<':;OOCH3 
4.8 

" ,~ ", ' 

CHr ,,-C-'-CH2--:-CO°CzHs' , 
7.] 

o 
II, , ,21.0 

C6Hs-C~CHz-COOC2H5 

, ~,'·l 
CH3-C-CH2-C~CH3 

80.4 

o 0 
1111' , 89.2 

CJIs~C-CH2-:-C-,:-,-CH3 

<>=0 99.99 ' 

100.0 
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, Stability, of keto, and enol forms 

In acetaldehyde and acetone, the amounts of enolic forms 
are almost negligible. However, if the two keto groups of a 

, compound are separated by methylene group, then enolic form 
becomes more stable by intramolecular hydrogen bonding 
(chelation). For example, in acetoacetic ester, the amount of 
enolic form is about 7%. 

, , ~ ',~ " ,~C~ 
CH3-C~CH2-C~C2H5~ CH3-C=CH-C-OC2Hs 

Acetoacetic ester' 'Enotic form, (7%) 
(l,3-Dicarbonyl compound) 

Keto furm, (93%) 

But inacetylacetone (1 ,3~diketone), the amount of enolic 
form here is much higher (76%) than even in acetoacetic ester. ' 
This is because' the keto group is much more electron 
withdrawing in nature than the ester group. 

~ ~ ~"~~~~" 
CH3~C-CH2-:C-CH3 ........- CH3-C=CH----:C-CH3 

Acetyl acetone ' , Enol fonn, (76%) 
Keto form, (24%) 

O---H-O 
II I , 

f----7 CH3-C-CH=C-CH3 

Iftheenolic form besides H-bonding is also stabilised by , 
conjugation, (i.e.; enolic double bond is in conjugation with 

, another double bond or amuItiple bond or a benzene ring) the 
enol contentfurther'tncreases. Thus, the only form which is 
exhibited in phenol is enolic form. 

bOH' 

" I, ' ',H,' , '",,---.. ,',,> ' 
'h ': ....-

Cyclohexa-2,4-dien-l-one' , Phenol 
(Keto fonn, negligible amount) (EnoHc fonn, tot3J.ly) 

Therefore, higher the stability of,the enol ,form, greater is 
the enol ,content. 

Enol content of 1,2-cyclohexanedione (99%}is more than 
the biacetyl (0.0056%). This can be explained as follows: 

, 1,2-cyclohexanedione ( cyclic structure) has two keto 
groups with, their 'dipole pointing in the same direction 
(syn~conformation). Therefore" the enol form ha$ strong 
intramolecular H-bonding resulting into increased enol 
content. 

& 
(Keto) . (Enol) 
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Biacetyl on the other hand can redrtce similar repulsion 
(anti-conformation) by a simple rotation around sigma bond 
connecting the keto groups. . 

Effect of solvent on keto-enol contents . 
. Solvation .causes change in entropy effect which is 

depending on the nature of solvent. In polar (protic) solvents, 
s~ch a~ water, alcohol, acetic acid, etc.,' which form H-bonds 
with the)C 0 group of keto form, decrease the enol content. 

. On the~ other~hand, in non-polar (aprotic) solvents such as 
benzene or hexane etc: (or even in absence of solvent) there 
occurS an increase in the enol content ina keto-enol system .. 
For example, enol content of acetoacetic ester is 7% in 
methanol, 46% in hexane, 0.4% in water and 20% in toluene 
etc. 

Steric factor: For example, the enol content, of 
a-meth);} acetyl acetone (44% in gas phase) is much lower 
than that of acetyl acetone (92% in gas phase). The enol form 
. of a~methyl form has greater internal strain. 

Acid catalysedconversion: 
. 0 

,(II' .' H+ 
CH3-C-CH2~R ::;=: 

(Keto) . 

OH 
I . 

CH3-C-CH-R 
~ I 

H 

OH 
-w . I . 

. ----? CH3-C=CH-R 
(Enol) 

. Essential condition for tautomerism: Aldehydes and 
ketones having atleast one a-hydrogen atom show keto-enol 
tautomerism., Following compounds do not show 
tautomerism. 

o . 

( .)-LH; 
Benzaldehyde 

o 

. 0 CH3 . II I 
~~-C-CH" 
~_ \,.3,. 

CH3 
Tert. I:mtyl phenyl ketone 

. 0,'. n--Qf.' " -C. , 
- -

00.0 ; 

Benzophenone p-Be~quinone 

. 2,2,6,6-Tetramethylcyclohexan-l-one 
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Thus" propanal, b~tan-2-One and acetophenOlie 'having 
a-'hydrogen atom show keto-enol tautomerism. 

00. . 0 
. '(1 II' '(1 ,11'(1 '(Q?" ,II· a 
CH3CHi-C-H; CH3-CHz-C-CH3;, . .-eH3 

. Propanal Butan-2-one .' ' . . . 
. . . Acetophenone . 

. (ii) Triad system containing nitrogen : 
Examples: 
(a) Nitrite-nitro system .: 

H-O~N=O 

Nitrite form 

(b) Nitro-aciuitro system: 

. (0 
CH~~CH2N" . 

, 0 
Nitro form' 

(

0 

H-:-N". 
. 0 

Nitro form 

. . 0 

CH3CH=N< 
'. OH 

Aci form 

. (c) Nitroso-oxime tautomerism 

R2CH-' N=O R2C=NOH 
Nitroso Oxime (isonitroso) 

(d) lmine-enamine tautomerism 
, CH3 -':"CH2 -CH=c= NH ~ CH3 -CH=CH-NH2 

. Imine Euamirte ' 

. (e) Azo-hydrazone tautomerism 

R2CH-N=N-R R2C=N-:--NHR 
Azo form Hydrazone 

(t) Amide-imidol tautomerism 

~ f ?H 
R-C-' N-H ~R-C=NH 

Amide lmidol . 

Example 4. Write possible isomers having molecular 
formulae (a) C4H9Br (b) C3H60 2. Give theirIUPACnam~s. 

Solution: . (a) (i) CH3CH2CH2CHiBr' 
l-BromObutane 

CH3 

I 
(ii) CH3CH2CHCH3 

. I' 
(iii) CH3 CHCH2Br 

l-Bromo-2-methy\·propane 
Br 

2-Bromobutane 

CH3 . 

I 
(iv) .. CH3-C- CH3 

I . 
Br 

2-Bromo-2-metbyJpropane 

(b) (i) CH3CH2COOH 
Propanoic acid 

(ii) CH3COOCH3 

Methyl ethanoate 



.. · .• 1~4 

(iii) HCOOC2H s 
Ethyl methanoate 

o 
II 

(v) CH3-C--CH20H 
I-Hydroxypropan -2-one 

(iv) CH 3CH-CHO 
I 
OH 

2-Hydroxypropanal 

ILLUSTRATIONS OF OBJECTIVE QUESTIONS 
1. Which of the following is a dynamic isomerism? 

(a) Metamerism (b) Geometrical isomerism 
(c) Tautomerism (d) Optical isomerism 
[Ans. (c)] 

3. Enol content is maximum in: 
(a) acetone (b) acetophenone 
(c) acetic acid (d) acetylacetone 
[Ans. (d)] 

?! ?! 
[Hint: CH3-C-CHz-C-CH3 ~ 

Acetyl acetone 
(Keto form, 24%) 

~j ~lf ?!---H-? 
CH3-C=CH-C-CH, f---7 CH3-C-CH=C-CH31 

(Enol form, 76%) 

3. Cyclobutane and but-2-ene are the examples of: 
(a) position isomerism (b) ring chain isomerism 
(c) metamerism (d) geometrical isomerism 
[Ans. (b)] 

4. Which of the following are examples of metamerism? 
(a) Ethoxy ethane and I-methoxy propane 
(b) Pentan-2-one and pentan-3-one 
(c) N-Methyl propan-l-amine and N-ethyl ethanamine 
(d) All of the above 
[Ans. (d)] 

5. n-propyl alcohol and isopropyl alcohol are: 
(a) position isomers (b) chain isomers 
(c) tautomers (d) geometrical isomers 
[Ans. (a)] 

6. Maximum enolisation takes place in: 
o 
II 

(a) CH3 -C-CH3 . 

o 
II 

(b) CH3-C-CH2 -CHO 

o 0 
II II 

(c) CH3 -C-CH2-C-CH3 

(d)C)=O 

[Ans. (d)] 
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[Hint: ( )-oH will be most stable enol fonn due to 

resonance. 1 
7. Which of the following is( are) an isomer of compound (i)? 

(i) CHz -CH-CH3 

"-/ 
o 

o 
II 

(ii) CH3 -CHz -C-H 

o 
II 

(iii) CH3 -C-CH3 
(iv) CH3 -CH=CH-OH 
(a) (ii) (b) (iv) 
(c) (ii) and (iii) 

. [Ans. (d)] 
(d) all of these 

[Hint: All are structural isomer to each (ll",:'] 
8. Metamers of ethyl propionate are: [UPSEE (Engg;) 2007] 

(a) C4 H9COOH and HCOOC4H9 
(b) C4H9COOH and CH3COOC3 II 
(c) CH 3COOCHJ and CH3COOC)H7 
(d) CH3COOC3H7 and C3H7COOCH3 
[Ans. (d)] 

Double bond equivalent or the Index number 
With the help of double bond equivalent, the problems on 

structural isomerism may be c~lsily solved. . 

D.B.E.= .En(v-2) +1 
2 

where n = number of different kinds of atoms present in 
the molecule, 

e.g., 

v = valency of each atom. 

C
4
H

6
: D.B.E.= 4x(4-2)+6x(I-2) +1 

2 

·g-6 
=--+1=2 

2 

. Thus, the compound may contain (i) two double bonds or 
a triple ~ond, (ii) one ring and one double bond, (iii) two 
rings. 

Example 5. Write all the cyclic and acyclic isomers 
having the molecular formula C, H60. 

Solution: 

D E 
= 3 x(4-2J +6x (1-2)+1 x (2-2) 1 .B. . + 

=6-6+°+1=1 
2 

2 

Thus, molecule may contain a double bond (C=C, or 
C=O) or a ring. It's possible isomers are: 
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(3) Acyclic isomers 

o 
II 

CH3-C-CH3 ; 
Acetone 

o 
II 

CH3-CH2-C-H 
Propanal 

CH2=CHCHPH; CH2=CH-O-CH3 
Prop-2-en-l-ol Methoxy ethene 
(Allyl alcohol) (Methyl vinyl ether) 

(b) Cyclic isomers 

Ci 0 XH 

1\ CH3 
Oxetane Propyleneoxide Cyclopropanol 

or 

~CH2 

o 
1,3-Epoxypropane 

or 

CH3~C~H2 

o 
1,2-Epoxypropane 

Thus, there are total seven isomers. 

Note: For writing the structural isomcl's for any given molecular 
formula, tautomers are neglecl(',1 unless otherwise asked for. 

4.8 GEOMETRICAL ISOMERISM 

A double bond between two carb(>n atoms consi~ts one sigma 
(0) bond and one pi (re) bond. Both the carbon atoms are sp2_ 

hybridized, giving thre'c hybrid orbitals each. One p-orbital of 
each of the carbon atoms is left as such, i, c., it does not take 
part in hybridization. The sigma bond between the two carbon 
atoms is formed by overlap of one hybrid orbital of each of the 
carbon atom, while 1t -bond is formed by the overlap of one 
p-orbital of each carbon atom. 

Like the p-orbitals, a re -bond has two lobes. One half of 
the 1t -bond lies above the plane containing the two nuclei and 
other halflies below the plane (The two carbon atoms a!1d four 
hybrid orbitals lie in ihl! same plane while the lobes of 1t-bond 
lie above and below this plane). Rotation around 1t-bond is 
not possible. If any attempt is made to rotate one of the carbon 
atoms, the lobes of p-orbitals will no longer remain coplanar, 
i. e., no parallel overlap will be possible and thus, 1t-bond will 
break and it requires the energy ofthe order of 251 kJ. This is 
known as concept of restricted rotation~ In other words, the 
presence of 1t-bond makes the position of two carbon atoms 
rigid, i.e., fixed with respect of each olIK'!'. The restriction in 
rotation makes the position of four groups attached to two 

Hybrid 
, orbital 

Hybrid 
orbital 

p-orbital p-orbital 

Hybrid 
orbital 

Fig. 4.1 Formation of double bond 

carbon atoms (two groups linked to each carbon atom utilising 
hybrid orbitals) fixed in space and is responsible for space 
isomerism known as geometrical isomerism. 

So, in genera l. the geometrical isomerism is shown by 
alkenes or their tkrivatives in which two different atoms or 
groups are attached to each carbon containing double bond 
and carbon atoms joined by double bond cannot rotate freely. 

Let us consider now the various groups linked to two 
carbon atoms joined by a double bond. 

1st Case: When two groups attached to a carbon 
atom are same, 

a-C-a a-C-a 

II or II 
a-C-b ~C--a . 

(I) 
Both the structures are identical 

a-C-a a-C-a 

II or II 
b-C-d d-C-b . 

(II) 
Both the structures are identical 

Geometrical figures in (I) and (II) will be identical, hence, 
no geomdrical isomers are possible. 

2nd Case: When two groups attached to 3 carbon 
atom are different, 

b-C-a 

II or 
b-C-a 

II . 
b-C-a a-C-b 

v 
(III) 

Non-identical 

b-C-a b-C-a 

II or II 
d-C-e e-C-d 

" (IV) 
Non -identical 

~C-a ~C-a 

II or II 
d--,-C-a a-C-d. 

v 
(V) 

Non -identical 

The two geometrical figures [as shown in (m), (IV) and (V)] 
will be different and hence, geometrical isomers are possible. 

Such isomers, which possess the same molecular and 
structural formula but differ in the arrangement of atoms 
or groups in space due to hindered rotation around the 
double bonded atoms, (i.e., )C=C, )C=Nand 

-N=N) are known as geometrical iS01ners and the 
phenomenon is known as geometrical isomerism. The 
isomer which has similar groups on the same side of the 
double bonded carbon is called 'cis' isomer (Latin: cis = same 
side) and the isomer which has similar groups on the opposite 
side of the double bond is known as 'trans' isomer (Latin : 
trans = across). However, in cases where all the four groups 
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are. different (abC=Cde), it'is notpossible to decide the cis ' 
and'transisomers. ' . ' ' , " 
" The compounds· like" 1 ,2-qisubstituted "alkenes and, 
uns'aturated dibasic acids are capable ofshowtng geometrical 

, isomerism. 
, Examples: (a)Ctsand1.hins:' 

(i) 1,2-Dichloroethene' 

:)cc<:· H)' '<CI, C=C " 
CI H' , 

(Cis) (Trans) 

(ii) But-2-ene (CH3CH,:....-CHCH3) 

H3
C

) _ <CH3 H3C~_ (, 
C-C , /v-:C, 

H H H," H3 
(Cis) (Trans) 

(iii) Maleic and fumaric acids 

HOOC) <COOH HOOC) , '<'H ", 
C=C ' c=c' ' 

H H H COOH 
Maleic acid Fumaric acid 

(Cis) (Trans) 

(iv) Crotonic acid and isoCrotonlc acid 

H)C=C<H H)C=C<' COOH, 

H3C " ' COOH H3C ' ' , H ' ' 

Isocrotonic acid 
(Cis) 

, (v) Pent-2-ene 

H3)' <C2H5 
C=C 

H H 
(Cis) , 

(vi) Hex-3-ene 

CrotClnic acid 
(Trans) 

C2H')C~C<C2H' . 
H ' H 

(Cis) 

(vii) Cinnamic acid 

. C6H')o-.C<aJOH 
H, H 

C6H5) ,<H 'C=C ' 
H ' COOH 

(Cis) (Trans) 

(b) Geometrical isomerism in compounds containing 
C=N and N=Nbonds: 'In addition to alkenes compounds 
containing C N (aldoxime and ketoxime) and N = N (azo 
compounds) bonds also ~how geometrical isomerism. 
However, in these cases~ 'syn' (for cis) and 'anti' (for trans) 
are more commonly used. 
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In aldoximes;when -H and ~H groqps are, on the 
same side of the, double bond, the isomer is known as'syn' 

, , (analogous to cis) and When these groups are on opposite sides 
of the double bonq, the isomer is known as 'anti' (analogous to 
trans).,' ' 

" ' 

. (i) " CJIs--C,--H 
" II CJI~~H 

'11 ' 
N---OH 

Syn-benzaldoxime 
(a),m.pt~ 35°C 

HO-N 
Anti-benzaldoxime 
(~), m.pt. 30~C 

,(ii) Similarly, azocompounds are also named 

N N N N/
CJIs 

CJIi' =, "Ct;Hs CJIi' 
Syn-azobeniene Anti~azobenzene, 

In ketoxime, the prefixes'syn' aild 'anti' indicate the 
relationship of,fjrst group named with respect to ~H group, 

(iii) C6Hs--G-CH3 
, II 

(iv) 

N---:-OH' 
Syn-methyl,phenylketoxime 
Anti-phenyl methylketoxime 

, CJIs--C--CH3 
II 

HO-N 
Syn-phenyl methylketoxime ' 
Anti-methyl phenylketoxime 

, p;-CH3-C6H4-C-C6H5 
, '~ , 

N-OH 
Syn -phenyl p..tolylketoxime 
Anti-p-tolylphenylketoxime 

p;-CH3-C6H4-~-C6H5 

HO-N 
Syn-p-tolyl phenylketoxime 
Anti -phenyl p-tolylketoxime 

All aromati<; ketoximes do not show geometrical 
isomerism, e.g.; (C6H5hC=NOH, benzophenone oxime 
having two similar aryl groups does not show geometrical 
isomerism. ' .' 

(c) A1icyc~ic compounds; Geometrical iSQmerism, is 
also exhibited by disubstituted cyclic compounds which may 
have hindered rotation due to the reasons other than the 
presence of double bonds, Thus, alicyclic compounds because 
oftheir rigid ri'Qgstructures also eXhibit hindered rotation and 
geometrical isomerism. 

Examples: (i) Cyclopropane 1,2-dicarboxylic acid 

H H OOH 

COOH COOH COOH H 
(Cis) (Trans) 
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(ii) Cycl~tane 1,2 and Cyclobutane 1, 3-dimethylderivative 

.lQl 
CH3 CH3 

(Cis) 

fHf 
CH3 H 

(Trans) 

Hrl 
f-lCH3 

CH
3 

' 

~J 
(Cis) 

CH3 

(Trans) 

(iii) In contrast cyclohexane shows thiee position 
isomers (l,2; 1,3; 1,4-) each has two geometrical forms, e.g., 

Q ff· 
CH3 CH3 H CH3 

(Cis) (Trans) 
1,2-Dinietl).yl cyc10hexane 

n 
}--ItH3 ~=r 
CH3 

(Cis) 

CH3 " 

{Trans) 

1,3-Dimethyl cyclohexane 

.t-\f t:=r 
d~tH3 CH3 . H 

(Cis) (!,:ans) 

1,4-Dimethyl cyclohexane 

(d) Alkadienes: For example, hexa-2,4-diene shows 
different cis and trans isomers. 

cis cis trans 

FvV~ trans 

Physical properties 'of cis-trans isomers: 

\!~. 
~ 

(i) melting point: m.p. of trans-isomer" is more than 
that of cis-isomer. " 

(ii) boiling point: b.p. of cis-isomer is more than that of 
trans-isomer. 

(iii) solubility: The solubility viscosity and refractive 
index of cis-isomer is more than the trans isomer in a given 
solvent. 
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(iv) dipole moment : In general cis-isomer has higher 
dipole moment than trans-isomer as cis-isomer of an: alkene IS " 
found to 'be more polar than the tfans-:-isomer. . 

(v) Stability: Ingeneral,trans~isomer is more stable 
but less reactive than cis-isomers. The stearic repulsion ofthe 
groups (same) makes the cis-isomer less stable and more 
reactive than the trans-isomer. For example, " 

But-2-ene: 

H) "<H 
H3C C=CCH

3 
b.pt. = 277 K ' 

(Cis) 
1l=0.33D 

(1\) 
(Cis) 

1,2-Dichloroethene: 

CI). /Cl 
H C=C~H 

b.pt. 333.3 K 
(Cis) 

1l=1.85D 

H) "<CH
3 

C=C 
H3C H 

b.pt. = 274 K 
, (Trans) 
Il=O;OOD 

(;d) 
(Trans) 

CI) <H C=C 
H Cl 

b.pt. = 320.5 K 
(Trans) 

·1l=O.OOD 

Maleic acid and fumaric acid : 

H) <H . C=C 

HOOC COOH 
Maleic acid (cis-) 
,mpt. =403 K 

(Solubility 79 gil 00 mI H20) 

H) <COOH 
C=C 

HOOC H 
Fumaric acid (trans-) 

mpt. = 575 K 
(Solubility ofO.7g1100ml H20) 

Cis-trans isomers are configuration isomers and called 
diastereomers as they are not mirror images of each other. 

Cis-trans isomers have similar but not identical 
chemical properties. For example, maleic acid (cis-isomer) 
forms anhydride on heating while fumaric acid (trans-isomer) 
does not give anhydride. This means that in maleic acid, the 
two-COOH groups are on the same side of double bond and 
on this basis the configuration of maleic and fumaric acid can 
be established. ' 

H-C-COOH 403K 
II ) 

H~C-COOH (Heat) 

H-C-CO) , 
II ," O+H20 

H-C-CO 
(Cis) Maleic acid Maleic anhydride 

Further ciS'- and tranS'- isomers behave differently towards 
alkaline KMnO 4 and Br 2 water. 



H-C-COOH 
II 

H-C-COOH 
Maleic acid 

(Cis) 

H-C-COOH 
II 

HOOC-C~H 

Fumaric acid 
(Trans) 

CH3-C-H 
II 

CH3-C- f' 

Cis-2-b\u 

Alk. KMn04 

(Syn-addition) 

Br2 water 

(Anti -addition) 

COOH 
1 

H--C-OH 
1 

H-C-OH 
1 
COOH 

(meso) 

COOH 
1 

H-C-Br 
1 

Br-C-H 
I 
COOH 

. d- and.l
(racemic) 

COOH 
I 

Alk.KMn04 

(Syn-addition) 

H-C-OH 
I 

HO--C-H 
I 
COOH 

d- and 1-
(raCemic) 

rOOH 

Br2 water 
H-C-Br 

I 
(Anti-addition) H-C-Br 

I 
COOH 
(meso) 

H 
I 

Alk.KMn04 
CH3-C-OH 

I 
CH3-C-OH 

I 
H 

(meso) 

Br2 
~ d-and/-

(Anti-addition) (racemic) 
2,3~Dibromobutane 

H 
I 

Alk:. KMn04 
CH3-C-OH 

- I 
HO-C-CH3 

CH3-C-H I 
II H 

H-C-CH3 d- and /-

Trans-2-butene (racemic) 

Br2 
(meso) 

(Anti-addition) 
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Syn-additlon: Addition of electrophile and nucleophile . 
on the available sites (same side of the molecule). 

Anti-addition: Addition of these reagents trans to 
available sites (opposite side of the molecule). 

CH3 

I 
H-C 

II 
H-C 

I 
CH3 

X 2, Syn-addition 

(available site) 

CH3 

·1 
H-C-X 

I 
H-C-X 

I 
CH3 

(I) 

CH3 
I . 

X An · ddl' H-C-X 
But-2-ene 

2' tl-a tlOn I 
(addition on trans side) X -C-H 

CH3 

I . 
H-C---; 

1\ 
C-H 
I 

.• CH3 

But-2-ene 

I 
CH3 

(II) 

X 2, Syn-addition 

(on available site) 
(II) 

X2, Anti-addition (I) 
(addition to trans side 
but on available site) 

Determination of configuration of aldoxime and 
ketoximes: The two fonns 'syn' and 'anti' of aromatic oximes 
resemble each other in many ways but differ in the behaviour of 
their acetyl derivatives towards sodium carbonate solution. 

Ar ......... C/H r 
\I Na2C03.. C + AcOH 

Acb/
N m 

(Anti) 

Ar ......... /H 
C 
\I 
N 

......... OAc 

(Syn) 

Cyanide 

Ar ......... /H 
. C 

\I + AcOH 
N ......... 

OH 
Aldoxime 

Configuration of ketoximes is determined by Beckmann 
rearrangement. 

R 

) C=NOH 
R' 

Ketoxime 

H2S04
) R'CONHR or RCONHR' 

Acid amide 
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The two different amides can be identified by their 
hydrolysis to different acids and amines. In this rearrangement 
the migration of groups is always trans (anti) to the leaving. 
group (-OH). 

~ 

(
R-C:JR' . II 

HO-N -
Ketoxime 

R-C=O 
I HOH ~ RCOOH + R'NH2 

NHR' 
Amide 

. ~ .. 

CR-C-R') H SO [R'-C-OHl II 2 4~ II 
N-OH . NR -

R'-C=O 
I HOH ~ R'COOH + RNH2 

,NHR 
. . 

The rearrangement is intramolecular and involves 1,2-
shift. 

The conversion of ciS'-isomer into tranS'-isomer or vice
versa is possible only if either isomer is heated to a high . 
temperature or absorbs energy. The supplied energy (about 
62 kcallmol) breaks the it-bond and the rotation about sigma 
bond becomes possible. Upon cooling, the reformation of 
it-bond can take place in two ways forming a mixture of ciS'
and trans-isomers.' 

CH3-C-H 350-4000C CH3-C-H 
~ ~ 

CH3-C-H (Heat) H~C-CH3 

But-2-ene (cis) 
(47%) 

H3C) <CH2CH3 

C=C 

H H 
Pent-2-ene (cis) 

But-2-ene (trans) 
(53%) 

HC H 
>450K. 3 )c-c< 

hv H CH
2
CH

3 
Pent-2-ene (trans) 

E and Z system of nomenclature: 'Cis' ~llrl ' "'C' 

designations cannot be used for highly substil;'l"d alr,"aes if 
four different atoms or groups are attached to the carbon 
atoms of a double bond. 

a d 

)C=C<· 
b/ e 

In such cases, E and Z system of nomenclature is used. 
This system is based on a priority system developed by Cabn, 
Ingold and Prelog. 

In this system, the two atoms or groups attached to each of 
the doubly bonded' carbon are put in order of precedence 
(priority) on the basis of sequence rules. 

(i) The symbol 'E' is assigned to an isomer in which the 

atoms or groups of higher precedence are on the opposite 
side (E from German word, Entgegen;:;: across or opposite). 

(ii) The symbol 'Z' is assigned to an isomer in which the 

atoms or groups of higher. precedence are on the same side (Z 
from German word, ZuSitfhmen :;;: together) .. 

CD)c=c<@ . (D", c:_c<CD 
@ . CD (Jy? . (f) 

E-isomer Z-isomer 

Note: 1 signifies higher preeedenee and 2 signifies lower preeedence. 
In most of the cases 'Z:' corresponds to cis-form and 'E to 
trans-form. However, there are many.exceptions . 

Sequence rules: The following rules are followed' for . 
deciding the precedence order of the atoms or groups. 

(1) Higher priority is assigned to the atoms of higher 
atomic number. For example, the order of precedence in the 
following atoms, 

H, Cl, I,Br is: 
I (at. no. 53) >Br (at. no. 35) > Cl (at. no. 17) > H (at. no. 1) 

(2) If isotopes of the same element are attached, the 
isotope with higher mass number is given higher onkr of 
precedence. For example, deuterium(tD)' is assigned higher 

priority in comparison to hydrogen (: H). 

(3) In the groups, the order of precedence is also decided 
on the basis of atomic number of first atom of the group .. For 
example, in the following set, . 

-Ct, -OH, -COOH, -NHCH3, -S03H 

The order of precedence is: 

-Cl >-S03H> -OH> 
. . ~ . ~ t 
(at. no. 17) (at. no. 16) (at. no. 8) 

NHCH3 > -CDOH 
~. ~ 

(at. no. 7) (at. no. 6) 

When the order of precedence of the groups cannot be 
settled on the firSt atom, the second atom or the sUD sequent 
atoms in the groups are considered. For example, in the set 
-CH2 -CH3,-CH3, -COOR, the order cannot be 
decided on the basis of first atom as it is same in all the groups. 
However, in -CH2-CH" the second atom is carbon, in 
. ~CH ~. the second atom is hydrogen while in -COOH, the 
second atom is oxygen. Hence, the order of precedence is: 

~OH > -CH2-CH3 > -CH3 
. ~ ~ ~ 

(at. no. 8) . (at. no. 6) (at. no. == 1) 

(4) A doubly or triply bonded atom is considered 
equivalent to two or three such atoms. For example, 

the group> C=O is equal to >C-O 
I o 

N 
I 

and the group -C=N is equal to -C-N. . . I 
N 
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Example 6. Give the E-Z designation of each of the 
following: 

(i) F)c=c<Br 

CI I 

HOOC) <H 
(ii) C=C 

H COOH 

Cl COOH 

(iii) )c=c< 
. HO I 

(iv) C
6H

S)C=C<:6
H

S 

H . COOH 

H3C) <CH3 
(v) C=C 

H H 

H <CI 
(Vl) )C=C 

CI Br 

(vii) \ /. \ 

(vlb) / 

(;x) C,H, )C.q:<I 
CH3NH Br 

(x) C
2H

S )C=C<D 
. H H 

Solution: 
(i) Ptecedence order: -CI> - F; - I > - Br 

CD 0 <D 0 
0)c=c~ 
CD ~ 

Thus, it is 'Z' isomer. 
(ii) Precedence order: -COOH>-H 

CD @ 

~c=c<0 crt CD 
The senior groups are on opposite side. Hence, it is the' E' 

isomer; 
(iii) Precedence order: -CI > -OR; 

CD 0. 

:>c~c<: 

.. > 

I >-COOH 
Q) 0 
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The senior groups are on the opposite side. Hence, it is the 
'E'isomer. 

(iv) Precedence order : 

C6HS->-B; -COOH>C6HS 
(i) G:i (j) cy 

~c=c(G) 
ar" CD 

The senior groups are on the opposite side. Hence, it is the 
'E'isomer. 

(v) Precedence order: CH3 > H 
CD @ 

~C=_fl 
(if" L~G> 

The senior groups are on the same side. Hence, it is the 'Z' 
isomer. 

(vi) CI> H, Br > C~ hence, it is ' Z' isomer. 
(vii) It is 2,4-hexadiene. At position 2(CH3 > H, 

-CH =CHCH3 > H), it is ' Z' isomer and also at position 4, it 
is ' Z' isomer. Thus, it is (2Z, 4Z) isomer. 

(viii) It is hexa-2,4-diene. At position 2, it is 'E' isomer 
and so at position 4. Thus, it is (2E, 4E) isomer. 

(ix) 'E' isomer. 
(x) 'Z' isomer. 
Example 7. . Indicate the configurations of the following 

geometrical isomers: 

(a)~ (b);=U 

(C)h (d) r 
Solution: (a) Trans-2-hexene (b) Cis-2-hexene 

(c) E-3-methyl-2-pentene (d) Z-3-methyl-2-pentene. 
Example 8. Identify 'E' and 'Z' forms of stilbene. 

Solution: (a) 'E' (b) 'Z' 

Calculation of geometrical isomers in polyenes 

(a) When the ends of polyene are different, then the 
Number of geometrical isomers =2n 

(where n == number of double bonds) 
Examples are, H3C-CH=CH-CH=CH-CI 
here n = 2, sO, ,the number of geometrical isomers 

=22 =4 

C6Hs -CH=CH-CH=CH-CH=CH-CH=CH-CI 
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here, 
n = 4, number of geometrical isomers =24 =16 

(b) When the ends of polyene are same, 
(i) When n is an even number, then the 
number of geometrical isomers =2(n-l) + 2(nI2-1) 

For examples, . 

X -CH=CH-CH=CH-CH=CH-CH=CH-X 

n= 4 (even), Number of geometrical isomers 
~-1 

=24-1 +22 =23 +21 =10 
(ii) When n is an odd number, then the 

(n-l) 
number of geometrical isomers =2(n-l) + 2 2. 
For example, 

CH3 -CH=CH-CH=CH-CH=CH-CH3 

n = 3 (odd), Number of geometrical isomers 
3-1 

=23- 1 +22"" =22 +21 =6 

4.9 OPTICAL ACTIVITY 
Ordinary light consists of rays of varying wavelengths 
vibrating in all possible directions perpendicular to the 
direction of propagation. When ordinary light is passed 
through a nicol prism (made of calcite, CaC03), the vibrations 
are adjusted in a single plane only. The light whose 
vibrations occur only in one plane is termed plane 
polarised or simply polarised. The device that brings 
polarisation in light is called a polariser. 

Some substances have the ability to rotate the plane 
polarised light either to the right (clockwise) or to the left 
(anticlockwise). These substances are termed as optically 
active substance and the property is called optical activity. 
The apparatus which measures the extent of rotation of the 
polarised light is called polarimeter. 

The extent or angle of rOtation depends on a number of 
factors: 

(i) Nature of the substance, 
(ii) Wavelength of the light used (A), 
(iii) Concentration bf the solution (C) in g cm -3 , 

(iv) Nature of the solvent, 
(v) Length of the path through which polarised light 

passes, 
(vi) Temperature at which the measurements are made. 

Fig. 4.2 

Rotated 
to right 

or~ 
Rotated 
to left 

The measurement of optical activity is done in terms of 
specific rotation which is defined as the rotation produced 
by a solution of length of-l0 centimetre (one decimetre) 
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and unit concentratiqn (1 glmL) for the given wavelength 
of the light at the given temperature. 

S ··fi '. ['ltOC a obs peel IC rotahon, a ..... wavelength =--
IxC 

where, a obs is the rOtation observed, I is the length of the 
solution in deeimetre and C is the number of grams in 1 mL of 
solution. The specific rotation' of sucrose at 20°C using 
sodium light (D-line, A =5893 A) is + 66.5°C and is denoted 
as:. 

[a];roC = + 665°C (C =0.02 gtmL water) 

+ sign indicates the rotation in clockwise direction. 

Optical isomerism: Compounds having simHar 
physical and chemical properties but differing only in ,~he 
behaviour iowards polarised light are called optical 
isomers and this phenomenon as optical isomerism. 

On the basis of the study of optical activity, the various 
organic compounds were divided into three types: 

(i) The optical isomer which rotates the plane polarised 
light to the right (clockwise) is known as dextrorotatory 
isomer (Latin: dexter = right) or d-form or indicated by +ve 
sign. 

(ii) The optical isomer which rotates the plane polarised 
light to the left (anticlockwise) is known as laevorotatory 
isomer (Latin: laevo :: left) or I-form or in~icated by -ve sign. 

(iii) The optical powers of the above two isomers are 
equal in magnitude but opposite in sign. An equimolar 
mixture of the two forms, therefore, will be optically inactive. 
This mixture is termed racemic mixture or dl-form or (±) 
mixture. 

Lactic acid, tartaric add, malic acid, amyl alcohol, 
glucose, sucrose and butan-2-01 are some of the organic 
compounds which show optical isomerism. 

Cause of Optical Activity or Optical Isomerism 

A plane which divides an object into two symmetrical 
halves. Such that one half of the molecule is a mirror image of 
the other, is said to be plane of symmetry or mirror plane. 
An object having no plane of symmetry is called 
dissymmetric or chiral (pronounced as ki-ral, Greek word 
meaning hand). A symmetric object is referred to as Achiral. 
A dissymmetric or chiral object can be defined as the one 

Plane of~ymmetry 
.: 

Chiral Achiral 
(two unequal halves) . (Two equal halves) 

Fig. 4.3 Chiral and achiral objects 



that is not superimposable on. its mirror image. For 
example, a ball is an achiral object while a hand is a chiral. 
object. Thus, dissymmetry Is the necessary and sufficient 
condition for the existence of enantiomers. 

Enantiomers 
In order to ~xbibit optical activity, ali object must be 

cbiral. Compounds which are mirror images of each other and 
are not superimposable are termed enantiomers (Greek: 
enantio = opposite; meros = parts) and the phenomenon is 
described as enantiomerism. The molecular dissymmetry or 
chirality is a necessary condition for the existence of 
enantiomers. A pair of enantiomers have identical physical 
and chemical. properties but differ from each other in their 
action on·plane polarised light. They have identical structures 
but differ, from each other in having different spatial 
disposition of atoms or groups constituting them. 

The concept of chirality and achirality can also be 
illustrated by alphabet letters. For example, alphabetsF, J, K, 
L, N, P, R, etc., do not have plane of symmetry and hence are 
chiral. On the other hand alphabets such as A, M, 0, X, '?tc., 
have plane of symmetry and can be superimposed on its mirror 
image, thus they are non-chiral. 

Mirror Mirror 
I I 

P 
I q A 

, 

A 
I , , I , ' .. , I , I ., , , , , , , , 
I , 

Chiral Achiral 
(Non-superimposable) (Superimposable) 

The cause of optical activity was put forward by van't 
Hofland Le Bel in 1867. According to them, the four 
valencies of carbon atoms are directed towards. the four 
corners of a regular tetrahedron. If there are four different 
atoms or groups a, b, c, d attached to four corners of a 
tetrahedron, then two different arrangements are possible' 
which are not· superimposable and bear the mirror-image 
relationship, i.e., act as enantiomers. (Fig. 4A). Hence, a 
compound which consists of atleast one asymmetric 
carbon atom is capable of showing the phenomenon of 
optical isomerism. 

.Mirror 
d 

b c 

a a 
Fig. 4.4 
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d 

Mirror 
. I 

I 
I 
I 

I 
1 

.1 

d 

c~----~----~b b~----~----~c 

a a 

Fig. 4.5 

CHIRALITY CENTRE 

A carbon atom which is bonded to four different atoms 
or groups in the molecule is called Chiral carbon or stereo 
centre or Stereogenic centre or an asymmetric carbon atom 
(Chirality centre). The molecule having asymmetric carbon 
atom lacks a plane of symmetry. For asymmetric molecules, 
the terni dissymmetric or chiral molecules is used these days. 
It is further observed that as soon as any two ofthe four groups 
or atoms to an asymmetric carbon atom become identical, the 
carbon atom becomes symmetric (achiral) and lIence, loses its. 
optical activity. 

CH3 

1* 
CH3 

1 

CH3 

I 
H-C-OH 

1 . 

H-C-CH3 
I 

H-C-H 
I 

COOH COOH COOH 
. Lactic acid Isobutyric acid Propionic acid 

(Chiral) (Achiral) (Achiral) 
optically active optically inactive optically inactive 

When an interchange of two ligands bonded to an atom 
results . in a new stereoisomer, the atom is termed as 
stereogenic centre (stereocentre). 

. It is true that most of the compounds which contain 
chirality centre show optical isomerism. The formulae of a 
few compounds are given below and each has atleast one 
chirality centre (stereo genic centre) and hence, optically 
active. It is marked by asterisk sign (*). 

CH3 H3C 

1 * I 
(i) H-C-OH HO-C-H 

I 1 
COOH HOOC 
Lactic acid (Two enantiomers) 

Amyl alcohol (Two enantiomers) 
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(iii) 

(iv) 

COOH 
1 

H-C~H 
1* HO-C-H 
I 

COOH 

HOOC 
1 

HO-C-H 
I 

H-C-OH 
I 

HOOC 
Tartaric acid (Two enantiomers) 

Valerie acid (Two enantiomers) 

COOH HOOC 
I 

(v) H-C~H 
1 

HO-C-H 
1 I 

CH2COOH HOOCCH2 

Malic ,acid (Two enantiomers) 

Mirror 

Butan-2-o1 
(A) 

Butan-2-01 is a chiral because (A) and its mirror image (B) 
(or C) are non-superimposable (Wedge representati,on). 

In all these example, the mirror image is not 
superimposable and so, a single asymmetric carbon atom 
makes the molecule chiral and hence, optically active. On the , 
other hand, there are certain compounds such as substituted 
allenes (2,3-pentadiene) and substituted biphenyls which have 
no asymmetric carbons but are optically active and show 
optical isomerism. 

In Flying·Wedge representation, three types of lines are 
used in a standard way to indicate three dimensional structures 
in two-dimensional picture. A solid wedge, .... (thick line) 
represents a bond projecting above the plane of the paper 
toward the observer. ContiilUouS lines,-(solidliiles) are 

'bonds in the plane of the paper. A broken wedge, 1Jt;!o ..... (dashed 
lines) is a bond below the plane (i.e., a bond pointing away 
from the observer). 

For example, 

THO ~ In the plane of the paper 

""G· ..... I ' 
. H'~. "OH 

Below the plane--C~ Above the plane of the paper 

of the paper 

Racemic mixture or racemic modificatiou: . It ·is an 
equimolecular mixture of two enantiomers (d-and i-form) and 
is represented by prefIXing dl or (±) before the name. The 
rotation of d (or +) form is exactly compensated (cancelled) 

~33 
.J 

externally by the same number of molecules of 1 (or -) form 
and hence, it is optically inactive due to external 
compensation. 

The process of conversion 'Of one enantiom_er (+ or -) or 
optically active cOD?-pound into a racemic mixture (dl or ±) is 
termed as racemisation. 

Retention: The relative spatial arrangement of bonds at 
an asymmetric carbon centre in a chiral molecule remains the 
same before and after the chemical reaction or transformation, 
the reaction is said to proceed with retention of configuration. 

So, retention of configuration means "the preservation 
of integrity of the spatial arrangement of bonds to an 
asymmetric centre during a chemical reaction." For example, 

a c 
~x 

b 

+y --x 
a c 

'~Y , 
'b 

It is also the configurational correlation when a chemical 
species Xcabc is converted into the chemical species Ycabc 
having the same relative configuration, i.e., the retention of 
configuration occurs in this reaction because the relative 
configurations of the atoms b, a and c are the same (clockwise 
from b to c), both in the reactant and in the product. 

In general, if during a' reaction, no bond . to the 
stereocentre is broken, the product will have the same general 
configuration of atoms or groups around the stereocentre as 
that of the reactant. Such a reaction provides a method with 
retention of configuration even though the sign of optical 
rotation has changed. For example,. when (-)-2-methyl 
butan-I-ol is heated with conc. HCI (or thionyl chloride, 
SOCI2 ) it forms (+)-1-chloro-2-inethyl butane. 

~H3 ~H3 . 

H ..... t ... CHz+oH + HCI ~ H ..... t ... CHzCI + H-0H 
I (Cone,) I 
rHz ' rHz 

CH3 CH3 
H-2-Methyl . (+)-1-Chloro-2-

butan-.1-o1 methylbutane 

Inversion, retention and race"':isation: ' Whenever in a 
chemical reaction, a bond is broken at the chiral carbon atom, 
there are three possibilities. For example, consider the 

, rep~acement of a group x by y in the following reaction: 

CzHs CzHs CzHs I I . I 
H,C j C .... H ~ C...-H 

""y -x X/~CH -x Y/~CH 
CH3 '1 3 " 3 

(B) +y -x (A) 

A+B 
; f A is the only compound obtained, the process is called 

as stereospecific retention, of configuration. If B is the only 
compound obtained, the process IS called as stereospecJfic 
inversion of configuration. If a 50·: 50 (equal) mixture of A 
and B is obtained, the process is called as a non-stereospecific 
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reaction or racemisation and the product is optically 
inactive, as one isomer will rotate the plane of polarised light 
in one direction and the other will rotate in opposite direction 
but to the same extent. 

4.10 OPTICAL ISOMERISM OF LACTIC ACID 
Lactic acid is an example of a compound which shows optical 
isomerism. It contains one asymmetric carbon atom. 

COOH 
I. 

H-C-OH 
1 

CH3 

Three forms of lactic acid are known. Two are optically 
active and third is optically inactive. 

(i) Dextrorotatory (d-form) or (+) lactic acid: If 
rotates the plane polarised light to the right. It can be obtained 
from meat extract. It melts at 26°C and is known as sarcolactic 
acid. 

(ii) Laevorotatory (I-form) or (-) lactic acid: It rotates 
the plane polarised light to the left. It can be obtained during 
fermentation of sucrose by Bacillus aceti-Iactiti. It melts at 
26°C. 

(iii) Racemic (dl-form) or (±) lactic acid: This is an 
equimolecular mixture of d- and I-forms. It is optically 
inactive. The inactivity is due to external compensation. It is 
present in sour milk and can be obtained by· synthetic 
methods. It can be resolved into d- and I-forms. It melts at 
18°C. 

Using the projection formula, the two forms 
(enantiomers) can be represented as: 

1---------1 
:H3C : 
: I : , . 
H-C--OH 

I 
COOH 

Dextrorotatory or 
d( + ) Lactic aCid 

Mirror 

!---cii;-l 
: I : . , 

HO-C-H 
I 

HOOC 
Laevorotatory or 
d(-) Lactic acid 

These structures are not identical as they cannot. be 
superimposed on each other. One is the mirror image of the 
other (i.e., each dextro form has one laevo form). 

The direction of rotation is decided by putting an arrow 
from H- to -OH over (through) a group oflower molecular 
mass. 

The well known and common examples of compounds 
having one asymmetric carbon atom are: mandelic acid, malic 
acid, amino acids, amyl alcohol, valeric acid, glyceraldehyde, 
2-butanol, 2-chlorobutane and 3-methylhexane, etc. 

4.11 OPTICAL ISOMERISM IN TARTARIC ACID 
Tartaric acid'has two asymmetric carbon atoms each linked to 
the same four different groups, viz., -OH, H, -COOH and 
-CH(OH)COOH The spatial arrangement of various groups 
in tartaric· acid can be represented in three ways. 
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r~--cooH7 
: I : , . 
H-C-OH 

I 
HO-C-H 
t I '-, 
L ____ 9Q2!!:! 
Dextro or (+) 

(1) 
Mirror 

r---cooii7 
'I ' , I , . 
H-C-OH 

riio-oc----l 
\ I' \ , 
• 1 

HO-C-H 
I 

H-C-OH 
/ I 

:IIOOC : 
1 ______ --------

Laevoor(-) 
(II) 

-----+ ---- --- Plane of Symmetry 
H-C-OH 
,I \ 
: COOH; t ____ .:.. _______ , 

Meso 
(III) 

Corresponding to these different configurations, tartaric 
acid exists in four forms: 

(i) Dextro-tartaric acid (d-form): This rotates the 
plane polarised light to the right. Both the asymmetric carbon 
atoms reinforce each other and cause the rotation of plane 
polarised light in the same direction, i.e., towards right. It has 
no plane of symmetry. It occurs in nature and is obtained from 
natural sources like tamarind and grapes. Its melting point is 
170°C. 

(ii) Laevo-tartaric acid (I-form): This rotates the 
plane polarised light to the left. Both the asymmetric carbon 
atoms rotate the plane of polarised light in the same direction, 
i.e., towards left. It also has no plane of symmetry. It does not 
occur in nature and hence, it is prepared by resolving racemic 
tartaric acid. It melts at 170°C. 

Both dextro and laevo forms do not have the plane of 
symmetry. One is the mirror image of the other. Thus, they are 
enantiomers~ 

(iii) Meso-tartaric acid: Model (ill) represents meso 
form. It possesses a plane of symmetry and is consequently 
optically inactive. One of the asymmetric carbon atom turns 
the plane of polarised light to the right and other to the left and 
to the same extent so that the rotation due to upper half is 
compensated by the lower half, i. e., internally compensated. It 

. does not occur in nature and cannot be resolved into d- and 
I-forms. It is obtained by synthetic methods. It melts at 143°C. 

(iv) Racemic tartaric acid: It is an equimolecqlar 
mixture of d- and I-forms. The rotation of the d-fonn is 
compensated exlernally by I-form and hence, it is optically 
inactive due to external compensation. It can be resolved into d
and I-forms. It can be synthesised in the laboratory or obtained 
from argol. It melts at 205°C. 

Synthetic acid is.always inactive being either racemic or a 
mixture of racemic and meso variety. 
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Some special examples of optical isomerism in compounds 
containing no cbiral carbon atom : 

1. Allenes: Allenes are the compounds with the general 
formula, 

>c=c=c< 
Allenes are found to he optically active when the two 
groups attached to each terminal carbon atom are 
different, Examples are : 

A) <A A) X C=C=C, c=c=c< ' 
B B B Y 

H) <C2Hs 
C=C=C , 

H3C H 

o2
N> <NH

2 
. C=C=C 

Et Et 

2. Alkylidenes: When one of the C-C double bonds in 
allenes is replaced by one cyclohexyl ring, the 
compound is known as alkylidene cycloalkane. Such 
compounds will be optically active if two groups 
attached to each terminal carbon atom are· different. 
Examples are : 

3. Spiranes : When both the C-C double bonds 
(C=C=C) in allenes are replaced by two cycloalkanes 
(same or different) rings, the system is known as 
spiranes. Examples are : • 

AXXXA 
B B 

A~X 

B~Y 

CI>ocxH 
Br NH2 

4. Biphenyls: They show optical isomerism when the 
following two conditions are satisfied : . 
(i) Each ring in biphenyl should have two different ortho 
substituting groups or the minimum number of 
substituents should be two i.e., one substituent in each 
ring. The two substituents must have a large group 
(bulky) like -N02 or-S03Hgroups. Examples are: 

<()~A~(» N~ F 

BD 
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(ii) Each ring should be unsymmetrically substituted, 
i.e., neither ring should have a plane of symmetry. A BB AA BB 

---\B;. ~B}m-<B; \O}m 
B B B B 
(Both rings have no plane of symmetry) . 

--'~\~; ~Otm 
A B 

(Both rings have plane of symmetry) 

4.12 NUMBER OF POSSIBLE STEREOISOMERS 
IN COMPOUNDS CONTAINING DIFFERENT 
NUMBER OF ASYMMETRIC ATOMS 

The number of optical isomers of a compound depends on 
its structure and number of asymmetric carbon atoms present 
in its molecule. The number of optical isomers is calculated by 
the application of the following rules: 

(i) Wheri the molecule cannot be divided into two equal 
halves, i.e., the molecule has no symmetry (unsymme
trical) and (n) is the number of asymmetric carbon atoms, then 

The number of d- and 1-( optically active) forms, a 211 

and The number of meso-forms, m = 0 

Total number of optical (stereo) isomers = a + m = 2 11 

* For example, CH3-CHOH-COOH (Lactic acid) 

where, n =: I, a = 21 = 2, m = 0, r = 2 = I 
2 

So, total optical isomers =: 2 + 0 =: 2 

(ii) When the molecule can be divided into equal halves, 
i.e., the molecule has symmetry and the number (n) of 
asymmetric carbon atoms is even, then 

The number of d- and l-(optically active) forms, a =2(11-1) 

and The number of meso-forms, m = 2 (11/2)-:1 

Total number of optical isomers = a + m 
=2(111) +2(n/2)-1 

* I * 
For example, HOOC-CHOH-l-CHOH-COOH 

Wh 2 2n-1 22-1 2'1 2 ere,n= ,a= = = = 
m =2(nI2-1) =2(212-1) =2° =1 

So, total optical isomers =: 2 + 1 = 3 



. (iii) When the molecule can be divided into two equal halves 
(symmetrical) and the number (n) of asymmetric carbon 
atoms is odd, then 

The number of d- and I-forms, a =2(11-1) _2(n-I)12 

and The number of meso-forms, m =2(n 1)/2 

Total number of optical isomers = a + m = 2(n-1) 

For example, 
'" '" I '" 

CH20H-CHOH-dHOH-CHOH-CH20H 
I 

where, n == 3, a == 2 (n-I) - 2(1l-1)/2 - 21 == 2 
m==2(n-l)/2 =2(3:"'1)/2 =21 =2 

So, total optical isomers 2 + 2 4 
In all the above three cases, the number of race,mic 

forms will he al2 
Example 9. Mark the asymmetric carbon atoms and give 

the number of optical isomers in the following compounds: ' 
(i) CH3-(CHOHh-COOH 

(if) HOCH2-'---(CHOH)4-CHO 
. (iii) HOCH2-(CHOH)4-CH20H 
, Solution: 

H H 
L I. 

(i) CH.3-C- C-,-COOH 
. I I .. 

OH OH 

The compound cannot be divided into equal halves and it 
consists of two asymmetric carbon atoms, 

Hence, the nurriber of d- and 1- (optIcally active) isomers, 
a =211 =22 =4 

and Number of meso forms, m = 0 

So, Total' optical isomers = a + m = 4 + 0 = 4 

H H H H H H 
II I I I I 

(ii) HO-C-C~~-· -C~=O (Glucose) 

~ 6H 6H 6H 6H 

. 16 
where n=4 a =24 =16, m=O r= ::::8 . " , 2 

So, Total optical isomers = 16 + 0 = 16 

IH H H H H H 
II I I I I 

(iii) HO-C-C~~~~-OH (Sorbitol) 
, I \ I I I I 
. H OH OH OH OH H 

where,n=4,a=2(4-1) ::::23 =8,m=2(4/2-1) =2(2-1) =2, 

8 
r =4 

·2 

So, Total optical isomers =8 + 2 = 10 

Example 10. Indicate whether the following pairs are 
identical or enantiomers : 
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(i) t)f' 
Cl H K:j' CI H 

(ii) ~a avo 
CH3 CH 
I I 3 

(iiz) C H /C---H 
2 5 "'Br 

H--~C,C H 
Br'" 2 5 

CH2Cl 
I 

CH2Cl 
I 

H-:-C-OH HO-C-H 
(iv) I I 

HO-C-H H-C-OH 
I \' 
CH2CI CH2Cl 

OH OH 
I I 

(v) CH/C~-H H---C,C H 
2 5. CzH5 / 2 5 

C2H5 

Solution: Enantiomers (i), (li), (iii) and (iv); Identical (v). 
Example 11. Calculate the d- and I-isomers formed by 

the follOWing compound and also give the number of meso 
forms. .. . 

HOOC-CH(CH3 )-CHOH-,- CHBr-CHOH-

CH(CH3 )-COOH 
SoIWi'jil: The compound can be divided into two equal 

halves and it consists of five asymmetric carbon atoms, i. e., 
odd number of asymmetric carbon atoms. 

Hence, the number of d- and I-isomers 
= 2(n-l) _ 2 (n-I)/2 

=2(5-1) _2(0.5X5-0.5) 

=24 _2(2.5-0.5) =24 _22 

=16-4 =12 
Number of meso isOmers == 2 (n-I)/2 

= 2 (2.5-0.5) = 22= 4 

So, total number of configurational isomers = 12 + 4:::: 16 . 

Example 12. Calculate the number of geometrical .. 
isomers in the following polyenes~ 

(i) H3C-CH=CH-CH=CH-CH=CH-CH 
r =CH-Br 

(Ii) H3C-CH=CH-CH=CH-CH=CH-CH 
=CH-CH3 ' 

(iii) C6H5 -CH=CH-CH=CH-CH=CH-C6H s 
(tv) C6Hs-CH=CH-CH=CH-C1 
Solution: (i) The molecule has four double bonds and 

can not be divided into two equal halves (unsymmetrical). 
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The number of geof!letrical isomers = 2 n 

=24 =.16 

(ii) The molecule has four double bonds (even number) 
and the end of polyene are same (symmetry). 

The number ofgeometric~l isomers =2(n-l) +2(n/2)-I, 

=23 +21 =8+2=10 

(iii) The molecule has three double bonds (odd number). 
(n+l) _I 

The number of geometrical isomers = 2(n-l) + 2 2 

=22 +22- 1 =4+2=6 
.(iv) The moh:icule has two double bonds and is 

unsymmetrical. 
The number of geometrical isomers = 2 n 

=22 =4 

ILLUSTRATIONS OF OBJECTIVE QUESTIONS 

9. Which is optically inactive? 

(a) a)c=c=c=c<a 
b b 

a a 
(b) )c=c=c< 

b b 

(c)( t-N<: (d) None of these 

[Ans. (a)] 
(Hint: Formula trienes show only geometrical isomerism, not 

optical isomerism because these molecules are planar.] 
10. Which will show geometrical isomerism? 

(a) CH3 -CH N-OH (b)W 

H3C> (c) CH N-OH (d) HO-N N-OH· 

H3 C 
[Ans. (a), (b)] 
[Hint: (c) and (d) are symmetrical molecules, there is no possi

bility of geometrical isomerism.] 
11. Which will show geometrical isomerism? 

(a) 1,1,2-Trimethyl cyclopropane 

12. 

(b) 1,2-Dimethyl cyclobutane 
(c) Methyl cyclohexane 
(d) 3,4-Dimethyl hexane 
[Ans. (b)] 
[Hint: 

'cis' 'trans' 

Which type of isomerism shown by the product of reaction 
between benzaldehyde and hydroxyl amine is? 
(a) syn and anti (b) cis and trans 
(c) E and Z (d) None of these 

[Ans. (a)] 
(Hint: 

H H 

( }-b=O+NH2-0H~ ( >--:ob. N-OH+H20 
X1me 

It shows 'sYn' and 'anti' isomer. 

~H5",/H 
c 
II and 
N-OH 

13. Which of the following alkenes shown below· has the 
Z-configuration of its double bond? 

(a)~ 

(c) lyly 
[Ans. (c)] 

(b)~ 

(d)~ 

4.13 RESOLUTION OF RACEMIC MIXTURE·S 

When an optically active compound is synthesised, the 
product formed is found to be an optically inactive racemic 
mixture containing equal proportions of both d- and I-forms. 
The process of separation of a racemic mixture into d- and 
I-forms (its enantiomorphs) is called resolution. 

The main difficulty in the process of resolution is that d
and I-forms have identical physical and chemical properties, 
so they cannot be separated by ordinary methods. However, 
the following methods can be used for this purpose: 

(i) Mechanical separation: If the d- and I-forms of a 
substance exist in well defined crystalline forms, the 
separation can be done by 'hand picking' with the help of 
magnifying lens and a pair of tweezers. For example, the d
and I-forms of sodium ammonium tartarate can be separated 
by this method. The method· has a very limited application 
and .. applies to only few crystalline constituents having 
different shapes. 

(ii) Biochemical separation: In this method, the 
resolution is done by the use of micro-organisms. When 
certain bacteria or moulds are added to a solution of a racemic 
mixture, they decompose one of the optically active forms 
more rapidly than the other. For example, when the mould, 
Penicillium glaucum is allowed to grow in a solution of 
racemic ammonium tartarate, the mould completely 
decomposes the d- form while I-form is left practically 
unaffected. The main drawback of the method is that half of 
the material is destroyed during resolution. The process is 
very slow and only small amounts of the materials can be 
separated. 
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(iii) Chemical separatio~: This i~ probably the best 
method of resolution. The racemic mixture is made to. 
combine with another optically active compound and the 
resulting products (salt-formation) differ in properties, 
particularly in solubility in various solvents. By fractional 
crystallisation from a suitable solvent, they can be separated. 
For example, the racemic mixture of lactic. acid is allowed to 
combine with the optically active base (-) strychnine or (+) 
brucine. The salts formed are: 

(a) (-) Strychnine (+) lactate and 
(b) (-) Strychnine (-) lactate. 
These two salts formed are no longer mirror image 

isomers and may be separated by fractional crystallisation and 
then treatment with dilute mineral acid yields the requisite 
isomers. 

(iv) Chromatographic method (column chromatography) 
(v) Selective adsorption method. 
Racemisation: It is reverse of resolution, i.e., the 

conversion of (+) or (-) isomer (optically active compounds) 
into its racemic mixture (±) is termed racemisation. This 
involves the change of half of the active compound to the 
isomer of opposite rotation (S N 1 mechanism), resulting the 
formation of racemic. mixture which is always optically 
inactive, i.e., 

2(+)A ---7 (+)A and (-)Aor(±)mixture 

or 2 (-) A ---7 (+) A and (-) A or (±) mixture 

Racemisation can occur either by heat, light or use of 
chemical reagents (acids, bases), etc. 

For example, when a solution of(+) or (-)tartaric acid in 
water is heated under pressure, it is transformed into a 
completely inactive mixture of racemic (or also meso) tartaric 
acid. 

Asymmetric synthesis: The synthesis of an optically 
active compound (asymmetric) fr.om a symmetrical molecule 
(having no asymmetric carbon) without resolution to form (+) 
or (-) isomer directly is termed asymmetric synthesis. For 

~ 
example, the reduction of pyruvic acid (CH3-C-C00H) in 

presence of nickel catalyst gives (±) lacpc acid (racemic 
mixture). 

(i) On the other hand, pyruvic acid is reduced to ( - ) lactic 

acid only by yeast or to (+) lactic acid with NaBH4 
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CH3 CH3 

2H I I 
H-C-OH + HO-C-H 

'Ni' I I 
COOH COOH 

(+) Lactic acid (-) Lactic acid 
, I 

~e 

CH) CH) 
I 
C=O 

Reduction 2H I 
HO-C-H 

I Yeast 

COOH 
Pyruvic acid 

(2-Keto propanoic acid) 

i 2H 
I ) 

NaBH4 

I 
COOH 

(-) Lactic acid 

CH) 
I 

H-C-OH 
I 
COOH 

(+ ) Lactic acid 

In this reaction, Sp2 -hybrid carbon converts into chiral 
carbon. Out ofthe two stereoisomers only one is formed. This 
reaction is known as stereoselective reaction. 

(ii) Synthesis of Mandelic acid: (-) Man~elic acid 
has also been synthesised by treating benzaldehyde with HCN 
in the presence of optically active enzyme emulsin (present in 
almonds) with subsequent hydrolysis. 

o OH 

II HCN I H20 
C6HS-C-H ~ C6Hs-C-H ~ 

Benzaldehyde I· 
CN 

(-) Mandelic acid 

Walden inversion (Optical inversion): The conver
sion of (+) form of an optically active compound into (-) form 
of the same or different compound and vice-versa is called 
Walden Inversion. When an atom or group directly linked to 
an asymmetric carbon atom is replaced (inverse), e.g., in S N 2 

reaction the configuration of the new compound may be 
opposite to that of the original, i.e., . 

COOH COOH 

H--1-OH PCls .. CI--1-H AgOH .. 

I I 
CH2COOH CH2COOH 

(+) Malic acid (-) ChIoro succinic 
acid 

COOH 
I 

H-C-OH '" I 
CH2COOH 

(+) Malic acid 

AgOH 

COOH 
I 

HO-C-H 
I 

CH2COOH 

(-) Malic acid 

1 PCls 

COOH 
I 

H-C-CI 
I 
CH2COOH 

(+) Chloro succinic 
acid 
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Thus, among other factors, the nature of reagent plays an 
important role in Walden inversion. It has been observed that 
mild or weak reagent like moist Ag20 does not affect Walden 
inversion directly while strong reagents like PCls .and KOH 
(or AgOH) cause this inversion. 

4~14 DIASTEREOMERS . 
A compound containing one asynnnetric carbon atom exists in 
two stereoisomers which are known as enantiomers and are 
mirror images of each other. As the number of asynnnetric 
carbon atoms increases, the number of stereoisomers also 
increases. For example, a compound having two asynnnetric 
carbon atoms can have four stereoisomers as shown below in 
the case of tartaric acid: 

COOH HOOC 
I I 

H-C-OH HO-C-H 
I I 

HO-C-H H--C-OH 
I I 
COOH HOOC 
(I) Mirror (II) 

• 
One pair of eoantiomers 

$ 

.,COOH HOOC 
I I 

H--C-OH HO-C-H 
I I 

H-C-OH HO--C-H 
I I 
COOH HOOC 

(III) Mirror (IV) . 
Second pair of enantiomers 

(I) is mirror image of (II); similarly (111) and (IV) are 
mirror images of each other. Thus, the four isomers are two 
pairs of enantiomers. Now compare (I) with (III); they are 
neither superimposable nor they are mirror images. They are 
called diastereomers. (I) and (IV) are also diastereomers, as 
are (ll) and (111) arid (II) and (IV). 

Another example is 2-bromo-3-chlorobutane. It has two 
chiral centres (2n) and can have four stereoisomers or two 

pairs of enantiomers. 
• • 

CH3-CH-CH-CH3 

~i tl. 
Me 

H-f-cl 

Br-l-H 
Me 
(i) 

Mirror 

Me 

Cl+H 

H+Br 
Me 
(ii) 

Me 

H+Cl 

H-l-Br 
Me 
(iii) 

Mirror 

Me 

CI+H 

Br+H 
Me 

(iv) 
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(i) is enantiomer of (ii) and diastereomer of (iii) and (iv) 
(ii) is enantiomer of (i) and diastereomer of (iii) and (iv) 
(iii) is enantiomer of (iv) and diastereomer of (i) and (ii) 
(iv) is enantiomer of (iii) and diastereomer of (i) and (ii) 
Stereoisomers that are not mirror images (enantio-

mers) of each other are called diastereomers. 
Diastereomers are also encountered in the case of 

geometrical isomers. 

CH
3> <CH

3 
CH

3> <H C=C C=C 
H H H CH3 

(Cis) (Trans) 

The important characteristics of diastereomers are: 
(i) They show similar but not identical chemical 

properties. The rates of reactions are different. 
(ii) They have different physical properties, such as 

melting points, boiling points, densities, solubilities, 
refractive indices, etc. 

(iii) They can be easily separated through fractional 
crystallisation, fractional distillation, chromatography, etc. 

Erythro and threo system 

This nomenclature is used only for two. adjacent chiral 
carbon compounds and have the following structure: 

R '-Cab-Cbd-R" 
Out of six substituents, the two substituents (i.e., group b) 

on two chiral centres should be same. 
When Fischer projections are drawn for stereoisomers 

with two adjacent chirality centre the pair of enantiomers with 
similar groups on the same side of carbon vertical chain is 
called erythro form. The pair of enantiomers with similar 
groups on the opposite side is called threofor·m. 

R" 
Erythro form 

R' 

:+: 
R" 

Threoform 

The stereoisomers (iii) and (iv) are the erytbro 
. enantiomers and (i) and (ii) are the threo enantiomers. 

4.15 FISCHER PROJECTION FORMULAE 
Emil Fischer (1891) provided an easy method to represent the 
three dimensional formulae of various organic molecules on 
paper. Thus, Fischer projection is a planar representation 
of the three dimensional structure. 



By convention, the following points are followed in 
writing the Fischer formula: 

(i) The carbon chain of the compound is arranged 
vertically with the most oxidised carbon at the top. 

(ii) The asymmetric carbon atom is in the paper plane and 
is represented at the interaction of crossed lines. 

Asymmetric 
carbon atom 

~--- ~-..--------~ b-
~ I 

(iii) Vertical lines are used to represent bonds going away 
from the observer, i. e., groups attached to the vertical lines are 
understood to. be present behind the plane of the paper. 

(iv) Horizontal lines represent bonds coming towards the 
observer, i .. e., groups attached to the horizontal lines are 
understood to be present above the plane of the paper. 

The Fischer projection formulae of enantiomers of lactic 
acid and butan-2-01 are as given below: Chi r 

CH ' H C / ra lty 
. I._ 3 1 3

1
/

y

• centre 
H I OH! HO---,-H 

COOH : HOOC 
I 

(Enantiomers of lactic acid) hi I' 
CH : H C C ra Ity I 3 I 3

1

/ centre 

H ---r-0H l HO H 

C2HS 1 HSC2 

(Enantiomers of butan-2-ol) 

. Some other Fischer projections are as given below: 

H~rH~H ~ r~r 
COOH CH3 

Fischer projection of Fischer projection of 
one of the enantiomers one of the enantiOiners 

. of tartaric acid of 2,3-dibromobutane 

Along with Fischer projection formulae, the enantiomers 
of a compound can also be represented by the given \vays: 

(a) Perspective Formulae: For example, 

- (Enantiomers of 2-bromo-l-propanol) 

(b) Projection Formulae : For example, 
I 

CH3 :, H3C 
I , , 
, , I 

H-C-OH 1 HO-C-H 
I 
I 
I 
I 
I 
I 

! 

(Enantiomers ofbutan-2'-ol) 
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4.16 SPECIFICA1"ION OF CONFIGURATION 
The arrangement in space of the atoms" or' groups that 
characterizes a stereoisomer is called its configuration. A 
stereoisomer should be recognised by its configuration and 
not by its property of rotation whether it is dextrorotatory (~) 
or laevorotatory (-) as the sign of rotation of a stereoisomer IS 

not related to its configuration. A compound and its 
derivatives having the same configuration may have different 
sign. of rotations. Lactic acid and its ester having same 
configuration possess opposite sign of rotation. 

COOH COOCH3 

I I 
HO-C-H HO-C-H 

I I 
CH3 CH3 

(+) Lactic acid (-) Methyl ester 
of lactic acid 

Two systems have been developed for studying the 
configuration of stereoisomers. 

(i) Relative configuration (D, L-nomenclature): . Before 
1951 no method was available to determine the absolute , . 
configuration. (actual arrangement of atoms or groups 10 

space) of a stereoisomer. The configuration of various 
stereoisomers were studied with respect to glyceraldehyde, 
(i.e., relative configuration) which was taken as an arbitrary 
standard. Glyceraldehyde having the -OH group on the right 
and hydrogen atom on the left was arbitrarily given the 
configurational symbol 'D' and its mirror image with-OR 
group on the left and hydrogen atom on the right was given the 
configurational symbol 'L'. 

CHO CHO 
I I 

H-C-OH HO-C-H 
I I 
CH20H CH20H 
D-form L-form 

(-OH group on the right side) (-OH group on the left side) 

Any stereoisomer which can be obtained from or 
converted into D-glyceraldehyde will belong to D-series. 
Similarly, any stereoisomer which can be obtained from or 
converted into L-glyceraldehyde wifl belong to L-series. 
The sign (+) or (-) added after D- and L-Ietters indicates the 
direction of the optical rotation. An optical active substance 
having D-configuration can be dextro (+) or laevorotatory 
(-). Similarly, an optical active substance having 
L-configuration can be dextro (+) or laevorotatory (-). 

Now, the comparison can be made with the absolute 
configurations of glyceraldehyde as given below: 

CHO CHO 

H I OH HO I H 
CH20H CH20H 

D (+) Glyceraldehyde L (-) Glyceraldehyde 
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For Example, the most oxidised carbon attached to the chiral 
centre is placed on the top of vertical line and the group with 
carbon atom forming a part of the chain is kept at the bottom 
of vertical line. The horizontal line represents the remaining 
atoms or groups projected towards the observer. 

I I .,...---Cru:bo~ in the higher 
-C- ' -' -C-I - OXldationstate 

-C-
I 

, (bOnded to more oxygen) 
X _ C~Chiral centre . 

V ~Carbon in the lower 
-C - Oxidation state I (bonded to less oxygen) 

Other examples are lactic acid, glyceric acid, glucose and 
fructose, etc. 

CH3 

H . I OH 
COOH 

D (+) Lactic acid 

CHO 
. I 

(CHOHh 
,------~- ------, 
:H-'--C-OH: , I ' , , 
, I 

L ____ ~g~2!"!j 

CH3 · 

HO+H 
COOH 

L (-) Lactic acid 

CH20H 
I 
C=O 
I , 

(CHOH)2 
,-- ----~-------, 
: H-'--C-OH: 
: I' .: , , , ' , 
L ____ ~g~2!"!] 

D(+) Glucose D(-) Fructose 

(In sugar series, the letters D- and L- are related to the 
. configuration of the last but one C-atom in a moleoule.) 

Example 13. Which of the following compounds, are 
erythro and threo enantiomers? 

H 

CH3 CH3 H3 H3 

CI H CI H 

Br Br H CI 

OH H 

CH
3 

(iii) 

H H 

OH 

Solution: Structures (i) and (iv) are erythro 
enantiomers because the two like H -atoms are on the same 
side in Fischer projection formula., 

Structures (ii) and (iii) are threo enantiomers. 
(ii) Absolute configuration (R and S systems of 

nomenclature): Butan-2-01 molecule can have the 
following two different contigurations: 

The formula ofbutan-2-01 can be represented in a number 
. of ways, e.g., . 

OH H 
I I 

H-C-'--CH3; 
I 

CH3-C-OH' 
I ' 

C2HS CzHs 

C2HS 

I 
CH3-C-OH' , I ' 

H 

The above formulae represent either configuration (1) or 
configuration (II). In order to designate these configurations, 
a system of nomenclature called Cahn-Ingold-Prelog system' 
has been developed. The important features of the system are: 

Step 1. Order of Priority: The four diflerent groups 
attached to the chiral caJ;bon atom are assigned a priority or 
order of precedence I, 2, 3 or 4 on the basis of sequence rules 
(see Sec. 4.8). 1 is the highest priority group and 4 is the 
lowest, (i.e., 1 >2 >3 >4). 

Sequence Rule I. If all the four atoms attached to 
chirality centre are different, their priority numbers are 
decided on the basis of their atomic numbers. The atom of 
higher atomic number gets the higher priority. 

For example, in the compound,' bromochloroiodo 
methane (CHClBrI), the order of decreasing priority is 
I (1), 13F == (2), CI == (3) and H == (4). 

If two of the atoms attached to chirality centre are 
isot{)pes of the same element, then atom of higher mass 
nhmber gets higher prioritY. 

For example, in the compound, a.-deuterio ethylbromide 
[CH;CH(D)Br], the order of decreasing priority is: Br (1), 

CH3 ~ (2), D== (3) and H == (4). 
, 4H 

2
Br+ I 

3el 

Rule II. ,If two of the atoms attached to chirality centre 
are same and their priority sequence unable to be decided on 
the basis of rule I, in such cases the relative priorities can be 
decided by comparing the second (or even third) atom of the 
respective group. . 

For example, in butan-2-01, the chiral carbon is attached 
. to OH, H, CH3" CH3CH2 groups; The priorities of CH3 and 
CH3CH2 -groups cannot be decided·by rule LIn CH3 group, 
the second atoms are H, H, H while in CH3CH2 group, the 

second atoms are C, H, H. Now by comparison, C has higher 
atomic number than H, therefore CH 3CHz group gets priority 
over CH3 group. Hence, the sequence of priority for 

butan-2-01 is; OH= (1), CH3CH2 -= (2), CH3 = (3) and 
H == (4). The other example is 2-bromobutane. 
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3C1H3 2CIH2CH3 
2H3CH~C· 10H 4H 3CH3 

4H IBr 
Butan-2-o1 2-Bromobutane 

Rule III. This is an extension of rule n. If the second 
atom is attached by double bond or triple bond, then double 
bonds are treated as they have two single bonds and triple 
bonds have three single bonds respectively. In other words, 
each doubly bonded atom is duplicated and triply bonded 
atom is triplicated. Thus, 

I I 
-C=A is equivalent to -C-A; 

I 
A 

H 
I I 

-CH=CH2 is equivalent to -C-C-H 
I 
H 

x 
I 

-C;::;;;:;X is equivalent to ~ C -X 
I , X 

For example, in glyceraldehyde 
H 

~=O H H 
I I I 

H-C-OH, the -C=O is equivalent to -C-O 
I ' I 

CHtQH ° 
and -OH has the highest priority of all the substituents in' 
glyceraldehyde. Thus, 0, 0, H of -CHO gets priority over 0, 
H, H of -CH20H Hence, the order of decreasing priority is: 

-OH = (1), -CHO = (2), -CH20H = (3) and -H = (4) 

In case of phenyl (C6HS) group 

I 
C 

HC/I'CH - C)t C t<C 
H ............ / H 

(Kekule structure) 
©=.6 
The C, C, C of phenyl group gets priority over C, C, H of 

isopropyl group. In general, the decreasing order of priority in 
phenyl, ethynyl (acetylenic), ethenyl (vinyl) and isopropyl 
groups are as follows: 

C6HS-'->-C==CH>-CH=CH2 >-CH(CH3)2 
Step 2. After deciding the priority of four atoms or 

groups attached to the chirality centre, the molecule (formula) 
is now rotated so that the group of lowest priority (4) is 
directed away from the eye (viewer). The arrangement of 
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remaining three groups is viewed in decreasing order of their 
priorities, i.e., from 1 to 2 to 3. In looking so, if the eye travels 
in a clockwise direction, the configuration is specified as R 
(from Latin word rectus meaning right), while in case eye 
travels in the anticlockwise direction, the configuration is 
specified as S (from Latin word sinister meaning left). 

The given examples illustrate the above procedure. .. . 
(i) Lactic acid: (CH3-CH-COOH). The sequence of 

I 
OH 

priority of various groups attached to chirality centre is: 

-OH= (1), -COOH=.(2), -CH3 = (3) and H=(4) 

(2)COOH 

I 
(4)H--jF"t>H

3 
OH 
(I) 

R-(Clockwise) S-(Anticlockwise) 

.. 
(ii) Bromo chloro iodomethane: (CHClBrI). The 

sequenceofpriorityisI=(1), Br=(2), Cl=(3)andH (4). 

, S-(Anticlockwise) 

The priority order is as follows: 
I, Br, CI, S03H, SH, F, OR, OH, N02 NR2 , NHR, NH2, 

COOR, COOH, CONH2, COCH3, CHO, CH20H, CN,CR 3 , 

C6Hs,-C;::;;;:;CH,-:CH=CH2,CHR2,CH2R,CH3,DandH. 
(iii) When the molecule contains more than one chiral 

centre, the same procedure is applied to each. 

Note: (i) A racemic mixture is designated as (R, S). 

(ii) The direction of rotation ofplane-JlQIari.zed light has nothing 
todo with R-S notation. An R- or S-compound may ~ either 
dextrorotatory or'laevorotatory. 

Assigning of Rand S configuration from Fischer 
projections containing one chirality centre. 

Step 1. Assign priorities to the four atoms or groups 
attached to chiral centre in the usual way. 

Step 2. As per the priority rules, the atom (H) or group of 
lowest priority is to be brought vertically (upward or 
downward) in the Fischer projection and directed away from 
the viewer Nnw. determine the direction of rotation while 
going rrom 1 lo 2 10 3 of remaining three groups and assign R 
or S configuration. This step is carried out differently in the 
following ways: 
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(i) When atom or group of lowest priority is at the 
bottom of vertical Hne. Move the eye in order of decreasing 
priority to detennine the configuration. 

~ 
(~l 

(4)H 
R -BromocbJoroiodometbane 

(Clockwise) 

(Z) /(;\ 

~) rH,,) (3)./+ rCII .. (I) 
H3 C, NH2 HsCz Br 

(4)H (4)H 

S -(Anticlockwise) S -(AntiC\ockwise) 

(ii) When atom or group oflowest priority is at the top 
of vertical Hne. In such a case rotate the entire molecule 
through 180°, so that the atoms or groups of lowest priority 
come at the bottom. Now, move the eye in order of decreasing 
priority to determine the configuration. 

(4) 

(1)~(3) 
HOI,,:! ~' CHzOH 

(2)CHO 

Rotate through • 
1800 

~ 
(3) , 9H(~1~ 

HOH2C:t-OH 
(4)H 

S-Glyceraldehyde 
(Anticlockwise) 

(iii) When atom or group oflowest priority appears at 
the left hand side on the horizontal Hne. Then without 
changing, the position at the top of vertical line, change the 
positions of other atoms or groups in anticlockwise direction 
till the group oflowest priority comes at the bottom of vertical 
line. Now, note the movement of eye in order of decreasing 
priority to determine the configuration. 

~
2) 

, CHO 
(4) ~(I) 

H OH 
\ (3) , 

~CHzOH 

~2) 
CHO 

Without Changin,g -CHO (I), ~(3) 
Chan th '. " .. HO CHzOH 

ge ,0 er p~SltionS (4) 
anticlockwise H 

R-Glycemldehyde 
(Clockwise) 

(iv) When atom or group oflowest priority appears at 
the right hand side on the horizontal Hne. Then without 
changing the position at the top of vertical line, change the 
positions of other atoms or groups till the group of lowest 
priority comes at the bottom of vertical line. Now, determine 
the configuration in a usual manner. 

~
2) 
CHO 

(1) ~4) 
H~ H (3) J 

CH20H 

~ , "~\9H~~ 
Without changing~HO. HOH C~bH 

Change other POSItiOns' 2 ;, I 
clockwIse H 

S-Glycemldehyde 
(Anticlockwise) 

Assigning of Rand S configurations from Fischer 
projection containing two chiraHty centre. 
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Ifa molecule contains two or more chiral carbon atoms, 
then configuration (R or S) of each of the chirality centre is 
assigned separately following the sequence rules as discussed 
earlier. For example, 

I 
CH3 

1 
H-=C!-OH 

1 
H~!-OH 

4 1 
C2Hs 

For chiral carbon 2, 

or 

(3) 

~ H+OH Without changing CH3 • 

\ ./ Cbange.otherp~sitions 
'-CH(OH)CzHs anticlockwise 

CH .......... 
(I)~~) 1 

HO CH(OH)C2HS 

~, 
S-(Anticlockwise) 

For chiral carbon 3, 

~H)C] Wi_ohM"'" ,.~H(OH)CH3 
+ -CH(OH)CH3 ! (1)~3) ;; 

H OH Chang th ..• HO C2HS 
\./ e.o er p~sltions, (4)"'T ' 
'-C

2HS anticlockwlse . ti 
R-(Clockwise) 

Thus, the compound is (2S, 3R) pentane-2,3-diol. 
Example 14. Assign R or S configuration to each of the 

following compounds: 
CHO 
I rl 

(a) H-C--OH 
1 

(b) Br-C-COOH 
1 . 

CH20H H 

OH COOH 
I 1 

(c) HsCz-C-H 
I 

(€I) H 2:N-f-H 

CH3 CH3 

'Solution: (a) Order of priority is 
--OH > -CHO > -CH20H> -H. 

(2) 

CHO 
1 , 

(4)H-C-OH(I) 
,\ 1(3) , 

'-CH20H 

(2)CHO 
(I) .ili~ UO~CH20H 

(4)H 

ConfigUration R (clockwise) 

Note: The lowest priority group is positioned at the bottom and away 
from the observer. This is done by interchanging groups bonded 
to the asymmetric carbon. The interchange opemtion is always 
done in pairs to avoid a configUration change. 

(b) Order of priority is -Br>-CI>-COOH>-H 
(2) 

CI 
(I)~ ~ 
BryOOH 

H 
(4) 

Configuration R (Clockwise) 



(c) Order of priority is: 
--OH>-C2Hs >-CH3 >-H 

rn (I) 
(l)OH ·OH 

(2) . I (4).'_ (3) 1 c;! 
H5C~-H - H3Cy2HS 

~6H! (4)H 
R-(Clockwise) 

(d) Order of priority is 
-NH2 >-C00H>-CH3 > H 

(2) 

COOH· 
(3) ...l (1) 

H3C...£t.LNH2 
(4) I 

H 
S-(Anticlockwise) 

Example 15. Assign R or S configurations of the 
follolYing Fischer projections: 

CH3 Br 

(a) H+CI (b) H-t--C6HS 

C2H5 C2HS 

Br + 
(c) I +H (d) HO' CHO 

Cl . CH
3 

CH3 H 

(e) H+CH=CH2 (f)CH3+CHO 

C6HS C2HS 

, H CH3 

(g) H2N+H2Cl (h) H~OH 
CH3 CH2CH3 

Solution:· (a) R, (b) S, (c) S, (d) R, (e) R, (f) R, (g) R, 
(h) S. 

Example 16. Assign the priority order number to the 
following atoms or groups: 

(a) --OH, -CH20H, -CHO, -H 
(b) -CHO, -CH20H, -CH3, --OH . 
(c) 'C6Hs-c, -CH(CH3h, -H, -NH2 
(d) -CH(CH3 h, -CH=CH2, -C~H, C6H s-
(e) -CH3 , -CH2Br, -CH20H, -CH2Cl 
(j) ~H3' -N(CH3h. -CH3,-H 
(g) -CH=CH2, -CH3 , C6Hs-' -CH2CH3 
(h) (CH3)2CH-, -Cl, -CH2CH2CH2Br, 

-CH2CH2Br 
(i) -CI, -Br, ~I, -NH2 
Solution:, (a) 1, 3,2,4 

(c) 2, 3,4, 1 
(e) 4, 1, 3, 2 
(g) 2,4, 1, 3 
(i) 3, 2, 1, 4 

(b)2, 3,4, 1 
(d) 4,3, 2, 1 
(f) 1, 2, 3,4 
(h) 2, 1, 4, 3 

Example 17. Assign R or S configuration from Fischer 
projection of the following structures: 
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COOH 

H4-0H 
(a)HO~H 

COOH 

CHO 

(b):~: 
C1hOH 

Solution: (a) Order of priority for both chiral centres 
is--OH>-COOH>-CH(OH)COOH> H. 

I 
COOH 

21 ' , 
H--=C~H 

I 
, HQ-.:l.c~H 

I 
4COOH 

For chiral carbon 2, 
COOH 

H=t=" "O,H === HO H 
COOH 

For chiral carbon 3, 

Q 
(3) 

CH(OH)COO 
H~(l)! (4)H 

(2) ./' 
COOH 

COOH 

H,-+-OH 

HO-+-H 
, COOH 

~ '. 

H~OH ' 
~/ " CH(OH}COOH 

(2) 
COOH 

(1) ~) 
=== H0:-r-CH(OH)COOH 

(4)H 

Configuration R (at C2) 

(Clockwise) 

mCH(OH)cOOH 

HootLoH 
(40 H 

Configuration R (at C3) 

(Clockwise) 

Thus, the compound is (2R,3R)-2,3-dihydroxy 
butanedioic acid (Tartaric acid). 

(b) Order of priority for cool carbon 2, is: 
--OH>-CHO> -CH(0H)CH20H> H 

f5i) 
H(,4), I, (lbH . 

l (3) ./ 
~CH(OH)CH20H 

(2) 

CHO 
(I) ~) " == HO:r CH(OH}CH20H 

(4)H . 

R-(Clockwise) 

Order of priority for chiral carbon 3, is: 
--OH.> -CHOHCHO > - CH20H>- H 



Isomerism 

H t,H" ,0, c", ',OH _ 

H <, OH' 
, , 

CH20H 

" (2)Ca(OH)CHO 
(1) ~ .. (3) == HO, ," CH20H 

(4) 

,H 
R-(Clockwise) 

Thus, the compound is (2R, 3R)-2,3,4-trihydroxy butanal. 

Example 18. Assign the configuration of each chirality 
centre in the following struCtures: r 

CHO 
(a) HO-t-H 

< H-f-OH 
CH20H" 

(b)<f}f (C)~ 
Br Br 

Solution: (a) 2S,3R (b) IS,2R (c) IS, 2S. 

H Br 

Example 19. Draw enantiomers of each of the 
following compounds using Fischer projectionformula: 

(I) Cl-?H-F 

Br 

(iz) CH3-CH-CH20H 
" I 

OH ' 

(iii) CH3 -CH -CH-CH3 
I I " 
CH3 Br 

(iv) CH3CH2 -CH-CH2CHzCl " I ' , 
CH3 

F 

Solution: (i) Br+Cl 

H 

CH3 

(ii) HO+-H 

CHzOH 

CH(CH3 h 
(iii) Br I H 

CH3 

CZH 5 

(iv) H I CH3 

CHzCHzCI 

F 

CI+Br 
H 

CH3 

H I OH 
CHzOH 

CH(CH3h 
H I ,Br 

CH3 

CZH 5 

H3C I H 
CHzCHzCl 

Example 20. Assign R "and S configurations to each 
chiral centre in the following Fischer projection: 

(.) B~ r :'. 
CH3 

CI$3

CH

3 'H 
(iiI) H , " 

H 1 

C2HS 

~~5 
C6H5 

H C(~l)~p:(z:t..)_-uH 
(ii) 3 

H3C""4)'----'FL--H 
OH' 

Solution: (i) 2R,3S (ii) 2S,3R 

(iii) 2R,4R (iv) IS,3R 

-.::'<>' /~ . 

Example 21. In the following reactions, assign Rand S 
configuration to the products formed: 

Anti-addition 

O __ +-___ H_C_O~3_H __ -+ 

Anti-addition 

Cyclopentene 

ColdKMn04 

8yn-addition 

~ (Hi) 
H Br 

(A) 

~ 
(Hi) 

H OH 
(B) 

.~. 
HO OH 

(C) 

Solution: (A) (i) -R, (ii) -R, (B) (i) -R, (ii) -R, 
(C) (i) -R, (ii) -So 
Example 22. The following compound has only one 

chirality centre, why then does it have four stereoisomers? 

* CH3CH2 CH CHzCH=CHCH3 . I ' 
Br 

Solution: Along with one chirality centre, it also have 
one unsymmetrical (C=C) bond. Thus, there are:' 

(i) two optical stereoisomers 
CHzCH3 
I 

CH2CH3 
I . 

Br-C-H and H-C-Br 
I 
CH2CH=CHCH3 

(ii) and two geometrical isomers 

Br 
I 

I 
CH2CH=CHCH3 

CH3CH2CHCH2~ <CH3 

/=C and 

H c' H IS 

\ 



Example 23. (W) and (X) are optically active isomers 
ofCsH9Cl. (W) on treatment with one mole ofH2 is converted' 
to an optically inactive compound (y), but (X) gives an 
optically active compound (Z) under the same conditions. 
Give the structure of(Y) and configuration of(W), (X) and 
(Z) in Fischer projections. [Roorkee 2000] 

Solution: 

CH2CH3 

HI ClorH 

CH=CH2 

I Cl 
CH=CH2 CH2CH3 

(W) . 
(W) 

CH3 cn . 
H I . H2 CH2CI ~ H I ) CH2CI 

CH=CH2 CH 2CH 3 
(X) (Z) 

CH3 CH3 

or CICH2 I II~ CICH2 I H 

CH=CH2 CH2CH3 
(X) (Z) 

CH3 CH) 

or H I CI~ H I Cl 

CH=CHCH3 CH2CH2CH3 
(X) 

(Z) 

Example 24. Identify the pairs of enantiomers and 
diastereOmers from the following compounds (I), (II) and (III): 

[lIT 2000] 

H~ r ~H :~=F: 
CH3 CH3 

(D (n) 

Solution: Structures (I) and (III) are enantiomers . 
because these are mirror image of each other; 

Structures (I) and (II); (II) and (III) are diastereomers 
because these are not mirror image of each other. 
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ILLUSTRATIONS OF OBJECTIVE QUESTIONS 

14. Among the following compounds, the optically active alkane 
having the lowest molecular mass is: [A1EEE 2004] 
(a) CH3CH2CH2CH3 (b) CH3CH21HCH

3 

CH3 

[Ans. (c)] 
[Hint: Optically active due to the presence of chiral carbon 
atom.] 

15. The correct statement about the compounds (A), (B) and 

(C) is: 

: rooc~: 
COOH 

(A) 

H+-,OH,OH 

H-t-0H 

COOCH) 
(B) 

(a) (A) and (B) are identical 
(b) (A) and (B) are diastereomers 
(c) (A) and (C) are enantiomers 
(d) (A) and (B) are enantiomers 
[Aus. (b)] 

H~OH 
H0-t-H 

COOCH3 
(C) 

[UPSEAT 2004] 

[Hint: They are neither superimposable nor they are mirror 
images.] 

16. The number of isomeric pentyl alcohols possible are: 

(a) two 
(c) six 
[Ans. (d)] 

(b) four 
(d) eight 

(neE 2009]' 

[Hint: Sec Art. 9.4, problem 2] 
17. Which of the following will form two isomers with 

semicarbazide? 
(a) Benzaldehyde 
(c) Benzoquinone 
[Ans. (a)] 

(b) Acetone 
(d) Benzophenone 

[Hint: <;HsCH=O + H2NNHCONH2 ~ 
Benzaldehyde Semicarbazide 

and 

<;HsCH = NNHCONH2 
Semicarbazone 

CJIS'"'-c/H 

II 
H2NCOHN/

NQ 
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4.17 CONFORMATIONAL ISOMERISM 
The sigma bond joining the two carbon atoms as in ethane is 
cylindrlcallysymmetrical about the nuclear axis. This 
symmetry of the bond pennits the free rotation of the two 
carbon atoms with respect to each other along the bond axis 
without bre!lking the bond. If one CH3 group is kept stationary 
and other methyl group is allowed to rotate through G-C 
axis, an infinite number of atomic arrangements are possible 
depending upon the angle through which the CH3 group is 
rotated.· The different arrangements of atoms in space tbat 
result from the free rotation of groups about C--C bond 
axis are called conformations or conformational isomers 
or, rotational isomers and the phenomenon as 
conformational isomerism. The .basic structure of the 
molecule and various bond lengths and bond angles, however, 
remain the same in all these arrangements or conformations. 

Conformations of Ethane (Sawhorse Projection) 

Of the infinite number of possible arrangements of 
ethane, two conformations represent the extremes. These are 
called the eclipsed conformation (I) and the staggered 
conformation (II). In the case of eclipsed conformation, the , 
hydrogens of one carbon atom are directly behind the other, 
consequently, the repulsion in these atoms is maximum. While 
in the staggered conformation, the hydrogens of the two 
carbon atoms are staggered with respect to one another. As a 
result, they are at maximum distance apart and have minimum , 
repulsion between them. Any other arrangement which will be 
between these two extreme positions as shown in (III) is 
known as Gauche or Skew form. 

H 

H 

(i) Eclipsed form 

H 

H 

(ii) Staggered form (iii) Gauche or Skew form 

(Sawhorse Projection) 

Newman Projection 
In Newman projection, the two carbon atoms forming the 

sigma bond are represented by two circles, one behind the 
other, so that only the front carbon is seen. The hydrogen 
atoms attached to the front carbon are represented by C-H 
bonds from the centre of circle. The C-H bonds of the back 
carbon are drawn from the circumference of the circle. 

HH 

H~~ .~ ........... ~ 
H ' 
H HH 

. ,~HH .. 
H .. 
II ,ll 
. \r , 

H 
(i) Eclipsed form (ii) Staggered form (iii) Gauche or skew form 

(Newman Projection) 

A rotation of 60° converts a staggered conformation into 
an eclipsed confOimation, or vice-versa. Rotation between 0° 

~ 

to 60° generates one of the maqy other arrangements in 
between staggered and eclipsed forms. These arrangements 
are called Gauche or Skew form. . 

Relative Stabilities of the Conformations of Ethane 
The potential energy of the ethane moleCUle changes 

somewhat with rotation arOund the C-C bond on account of 
the distance between hydrogen atoms of the two carbon 
atoms. The potential energy of staggered form is minimum 
and of, eclipsed form is maximum. The difference in the 
energy content between the two extreme conformations is 3 
kcaUmol (or 12.5 kJ mol-I). This small barri~r of rotation is 
also called Torsional barrier. This energy is not large enough 
to prevent rotation. Even at ordinary temperature, the energy 
barrier is overcome through collisions and thus, the 
conformations keep on changing from one form to the other. 
The variation of energy with rotation about C-C bond in 
ethane has been shoWn in figure. 

Eclipsed 
(Lesss\able) 

1 
! 
~o _ staggered Staggered· 

(stable) : 

Angltiof Rotation ' 

Fig. 4.6 

The eclipsed conformation is least stable because the 
hydrogens and bonding pairs of electrons on adjacent carbon 
atoms are as near one another as possible. This causes 
maximum repulsiotl. Thus, the eclipsed form is less abundant. 

The staggered conformation is most stable because the 
hydrogens and bonding pairs of electrons are at a maximum 
distance. This causes minimum repulsion. Thus, this form is 
most abundant. 

The other conformations lie between these two in 
stability. If is not possible to isolate the different 
conformations of ethane because they are constantly 
interconverting. In higher alkanes, one or. more hydrogen 
atoms of ethane are replaced by alkyl groups. Other higher 
hydrocarbons and substituted. ethanes all exist in these 
conformations. The study of their properties is known as 
conformational analysis . 

Conformations of Propane 

The conformations of propane are similar to those of 
..:thane except that one of the hydrogen atoms is replaced by a 
methyl group. The two extreme conformations of propane are· 
shown below (NewD1an Projections): 

The difference in the potential energy between these 
extreme conformations is about 3.4 kcal mol-1 (or 
. . 1 
14.2 kJ mol- ). 
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HyfyCH' 

H~H' 
·H 

EclipSe9 Staggered 

~------~------~ 
Conformations of propane 

Even then, this energy barrier of rotation about C-C 
bond is so small that it cannot prevent rotation. As a result, the 
two conformations are readily interconvertible by rotation 
through an angle of 60° and thus, it is not possibl~ to separate 
these two conformations. 

COJ)formations of Butane 

n-Butane molecule can be considered as a dimethyl 
derivative of ethane in which one H-atom of each carbon is 
replaced by a methyl group as shown below: 

H H 
I 21 31 4 

H3C- C- C-CH 3 

1 1 
H H 

If uow one of these central carbon atoms (C2 or C 3) is 
fIxed and the other is rotated round the ceutral (C2 -C3 ) bond 
throu&h au angle of 360° " we get many conformations. Out of 
these 'only six conformations (60° each time) are important 
and their Newman Projectious are given ahead: . 

~
CH3H 

CH3 . 

n·. H H 

Staggered (Anti) Eclipsed Skew or Gauche 
(I), (II) (III) 

CH 

H~' 
CH3 

H~H' H~H H . HH H H 

H CH3 

Fully Eclipsed Skew or Gauche Eclipsed 
(IV) (V) (VI) 

Fig. 4.7 Different cqnformations of n-butane 

The maximum staggered conformation (I) is most stable 
in which methyl groups are far apart as far as possible, due to 
minimum repulsion between methyl groups and is also called 
Anti-conformation. This on rotation through 60° gives 
eclipsed conformation (II), in which methyl group on one 
carbon is overlapped by the hydrogen atom on the other 
carbon. 

Other conformations can be obtained by rotating one of 
theC2 or C 3 carbon atoms through an angle of 60°. In 
staggered conformations (III) and (V) (Skew or Gauche), the 
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methyl groups are so closed that they repel each other (ill and 
V are mirror images). This' repulsion causes Gauche 
conformations to have about 3.8 kJ mol-I more energy than 
anticonformation. The conformations (II) and (VI) are 
partially eclipsed and unstable because of repulsion. Their 
potential energy is 14.6 kJ mol-I. 

In conformation (IV) (Fully eclipsed), the steric strain is 
maximum, hence, this conformation is most unstable and have 
potential energy 18.4 kJ mol-I. This is because of repulsion 
between methyl-methyl group which are very close together. 

The order of stability of these conformations is: 

Anti> Skew or Gauche> Partially Eclipsed> Fully Eclipsed 

The energy difference between various conformations is 
shown below: 

Eclipsed 
(IT) 

60· 

Fully Eclipsed Fully Eclipsed 
(IV) (VI) 

120· 1800 240· 

Angle ofl'Otation __ 

Fig. 4.8 

300° 

Conformations of Cycloalkane 

360° 

Conformational isomerism has also been shown in 
cycloalkane molecules. Cyclopropane arid cyclobutane are 
planar molecules having bond angles of 60° and 90° 
respectively .. 

EJ 
Cyclopropane Cyclobutane Cyclopentane Cyclohexane 

The bond angle in these molecules are quite different 
from the normal tetrahedral bond angle of (109"28' or 109.5°) 
which is a normal angle for sp3 -hybridized carbon atoms. This 

deviation from normal tetrahedral angle introduces 
considerable angle strain in the molecules of these 
cycloalkanes. Further, greater the deviation from the normal 
angle, the greater is the strain and greater the instability of the 
ring compound. For example, cyclopropane with a bond angle 
of 60° is much strained and hence very reactive. Cyclobutane 
with a bond angle of 90° is less strained and hence less' 
reactive than ·cyclopropane. . 

According to Baeyer's strain theory, the amount of the 
strain is directly proportional to the angle through which a 
valency bond has deviated from its normal position, i.e.,. 
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Amount of deviation (d) = ~ (109° 28' Valency angle) 

e.g., In cyclopropane, d = ~ (109°28' -60°) =24°44' 

In cyclobutane, d = ~ (109° 28' - 90° ) = 9°44' 

In cyclopentane, d = ~ (109° 28' -108° ) = 0°44' 

and in cyclohexane, d = ~ (109° 28' -l20° ) = - 5°16' 

Thus, strain is minimum in cyclopentane and hence it is 
more stable and less reactive than cyclopropane and 
cyclobutane. As a result, cyc10hexane is free from angle of 
strain and hence is quite stable and unreactive. Therefore, 
cyc10hexane adopts a non-planar structure. 

According to Sachse and Mohr, the cyclohexane exists in 
two non-planar or puckered (or folded) conformations called 
the.chair (Z form) and the boat (C form) conformations as 
shown in the figure. 

H 
Chair conformation 

.'Z' form (staggered form) 

H H 

H 

Boat confonnation 
'C' form (eclipsed form) 

Fig.4.9 Chair and Boatconformations of cyclohexane 

H 

The names of these forms are due to the resemblance of 
their shapes with chair and boat respectively. Each carbon 
atom of cyc10hexaneis bonded to two hydrogens. The bond is 
one of these hydrogens lies in the plane of the ring. This 
hydrogen is called equatorial hydrogen. The bond to the 
other hydrogen atom is parallel to the axis; this hydrogen atom 
is called axial hydrogen. Each of six carbon atoms of 
cyclohexane has one equatorial and one axial hydrogen, in all 
six axial and six equatorial hydrogen. 
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Relative Stabilities of Chair and Boat Conformations of 
Cyclohexane 

The chair conformation of cyclohexane is more stable 
than the boat conformation due to the following reasons: 

(i) In chair conformation, the adjacent hydrogens on 
CI - C2, C2 -(;3, C3 -C4, C4 -Cs, Cs -C6 and C6 -C) are 
quite staggered (more stable) and the force of repulsion in 
them is minimum. On the other hand, in boat conformation, 
the adjacent hydrogen atom on C2 -C3 and Cs C 6 are in the 
less stable eclipsed orientations. . 

The two forms have not been. isolated so far, because the 
energy difference between the two forms is too small (29.9 kJ 
mol-1 ) while 37.710 46.0 kJ morl is the energy of barrier and 

one form readily changes into the other. 
(ii) The two hydrogen atoms (marked as Hf) called the 

flag pole hydrogens and in chair forms, C-H flag poles at 
C1 and C4 are in the trans side (distance 2.29A or 229 pm) 
having minimum strain and thus' more stable. While in boat 
form the C-H flag poles at C1 and C4 are on the same side 
(distance 1.83 A or 183 pm). and so sterlc hindrance is 
increased and thus stability is decreased. 

The following diagram shows the conformations of . 
cyclohexane (and their relative energies) as one chair 
conformation interconverts to the other chair conformation. 

Cyclohexane with methyl group in the equatorial position 

half chair 

-----~ Rotation 

is more stable than in the axial position. 

Methyl group in 
equatorial position 
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IMPORTANT POINTS TO REMEMBER 

Cl Two or more organic compounds' having the same 
molecular, formula but different physical and chemical 
properties are called isomers and the phenomenon. is 
known as isomerism. 

Cl Structural isomers are compounds having the same 
. molecular formula but different structures. The isomers 

differ only in the arrangement of atoms or groups within 
the molecule, without any reference to space are called 
structural isomers and the phenomenon is known as 
structural isomerism. It is of the following six types: 

Cl Chain or nuclear isomerism is due to the difference in 
the nature of carbon chain (straight or branched) which 
forms the nucleus of the molecule. . 

Cl Position isomerism is due to the difference in the position 
of the substituent atom or group or an unsaturated linkage . 
in the same carbon chain. 

Cl Ring chain isomerism is due to different modes oflinking 
of carbon atoms, i.e., the isomers possess either 
open-chain or closed-chain structures. 

Cl Functional isomerism is due to the difference in the 
nature of functional group present in the isomers. 

Cl Metamerism is dUe to the difference in the nature of alkyl 
groups on either side of the same polyvalent atom or 
functional group (i.e., -0-, -S-, -NH- and 
-CO-). 

Cl Tautomerism is the type of isomerism in Which a single 
compound exists in two readily inteiconvertible different 
structures leading to dynamic equilibrium; It is caused by . 
the wandering nature (l,3-migration) of mobile hydrogen 
atom from one polyvalent atom to the other within the 
saine molecule. Keto-enol system is an important example 
of tautomerism. . , 

Cl StereoisoIilerism:'Compounds having the same structural 
formula but different relative arrangement of atoms or 
groups in space (configuration) are called stereoisomers 
~d the phenomenon is known ,as stereoisomerism. It is 
classified into' (i) geometrical isomerism (ii) optical 
isomerism. 

Cl. Geometrical (or cis-trans) isomerism: Compounds 
possess the same structural formula but differ in the spatial 
arrangement of atoms or groups (or differ in configuration) 
around the double bond. This isomerism is shown by 

. alkenes or their derivatives. 
Cl Geometrical isomerism is possible only when each of the 

double bonded carbon atoms is attached with two different 
atoms or groups and carbon atoms joined by double bond 
cannot rotate freely. 

Cl Similar atoms or groups on the same side of the double 
bonded carbon are called 'cis' isomers and similar atoms 
or groups on the opposite side of the double bonded 
carbon are called 'trans' isomers. 

Cl Generally, the cis- isomer (e.g., maleic acid) cyclises on 
heating to form corresponding anhydride while the trans
isomer does not form its anhydride at all. The cis- isomer 
of a symmetrical alkene has a definite dipole moment, 
while the. trans- isomer has zero dipole moment. In 
general, trans- isomers are more stable than the 
corresponding cis- isomers. 

Cl Geometrical isomerism is also exhibited by compounds 
containingC=N bond (as in aldoxime), N=N bond (as 
in azo compounds), cyclic compounds and dienes. 

Cl E and Z system of nomenclature is based on situations 
when four different atoms or groups are attached to the 
carbon atoms of a double bond. If two heavier or lighter 
groups are on same side w.r.t. C=C bond, we call the 
isomer as (Z-) isomer (together) and if one heavier and 
one lighter group is on the opposite side w.r.t C=C bond, 
we call it (E-) isomer (opposite or across). 
E-Z system of nomenclature is based upon the sequence 
rules of Cahn, Ingold and Pre log. 

Cl Optical isomerism: Compounds having similar 
physical and chemical properties and differ only in their 
behaviour towards plane polarised light are called optical 
isomers and this phenomenon is known as optical 
isomerism. ,. 

ClThe optical isomer which rotates the plane of polarised 
light to the right (clockwise) is known as dextrorotatory 
or d- form or +vesign while that which rotates towaids 
left (anticlockwise) is known as laevorotatory or 1- form 
or-ve sign. 

Cl d- form (+) and 1- form (-) are not a~solute representations 
but relative ones. If one isomer is d- or (+) then its mirror 
image is said to be lor (-). Thus, d and I (optical) isomers 
are also called enantiomers and optical isomerism is also 
called enantiomerism. Enantiomers are not superim
posable on their mirror image. Such mol~cules are called 
dissymmetri~ (having no plane of symmetry) or a chiral 
object. Therefore, dissymmetry is the necessary and 
sufficient condition for the existence of enantiomers. 

Cl Chirality centre or stereogenic centre or asymmetric 
carbon atom: A carbon atom which is attached to four 
different atoms or groups in a molecule is called a chiral . 
(asymmetric) centre or stereogenic centre and the com
pounds having chiral centre show optical isomerism. For 
example, lactic acid, tartaric acid, malic acid and 
butan-2-01 etc. Carbon atoms with at least two groups 
identical are said to be achiral and the compound is said to 
have achiraJity and hence, lose~ its optical activity. 

Cl The number of optical isomers in a compound containing n 
number of similar asymmetric carbon atoms is always less 
than 2 n. The classical and most important example of 
compound containing two similar asymmetric carbon 
atom is tartaric acid, CH(OH)COOH-CH(OH)COOH 
which can exist in d-form, I-form and meso form. . 



Isomerism 

D Dextro-tartaric acid (d-form): This rotates the plane 
polarised light to right. The rotation due to the upper half 
is strengthened by rotation due to lower half. It has no 
plane of symmetry and occurs in !lature. 

D Laevo-tartaric acid (I-form): This rotates the plane 
polarised light to left. Here again rotation due to upper half 
is strengthened by rotation due to lower half. It also has-no 
plane of symmetry and does not occur in nature and hence, 
it is prepared by resolving racemic tartaric acid. 
The d- and I-tartaric acids are mirror image of each other 
( enantiomers). 

D Racemic (r-) tartaric acid: It is an equimolecular 
mixture of d- and I-forms. The rotation of the d- form is 
compensated externally by I-form and hence, it is optically 
inactive due to external compensation. It can be resolved 
into d- and I-forms. 

D Meso (m-) tartaric acid: It possesses a plane of sym
metry and is consequently optically inactive and 
superimposes on its mirror image (i.e., they are identical). 
The optical inactivity is said to be due to internal 
compensation as the rotation due to upper half of the 
molecule is balanced by tlte equal, but opposite rotation 
due to lower half. It cannot be resolved into active d- and 1-
isomers. 

D Resolution of racemic mixture: The process of 
separation of racemic mixture (dl-) into d- and I-forms (its 
enantiomers) is called resolution. 

D Racemization: It is reverse of resolution, i.e., _ the 
process of converting d- or I-form of an optically active 
compound into dl- (racemic) mixture is termed 
racemization. Since the rotation of d-form is cancelled by 
equal but opposite rotation of I-form, so a racemic mixture 
(r-) is always optically inactive. 

D Asymmetric synthesis: The synthesis of an optically 
active compound (chiral centre) from a symmetrical 
molecule (having no asymmetric carbon) without 
resolution to form (+) cir (-) isomer directly is termed 
asymmetric synthesis. For example, synthesis of(-) lactic 
acid from pyruvic acid. 

D Walden Inversion (Optical inversion): The conversion 
of d- form of an optically active compound into 1- form of 
the same or different compound or vice-versa is known as 
Walden inversion. For example, the conversipn of d-malic 
acid into I-malic acid (or I-chloro succinic acid). 

D Diastereomers are the stereoisomers that are not mirror 
images (enantiomers) of each other and have different 
physical and chemical properties. 

D Fischer projection is a planar representation of the three
dimensional structure as the bonds are projected into the 

plane of the page, resulting· in a cross with asymmetric 
carbon atom at its centre. 

D Relative configuration (D,L-nomenclature) 
D D- form: The enantiomer having hydrogen (H) atom on 

the left and another group (X or -OlI) on the right was 
given D-configuration. 

D L- form: The enantiomer with (X) or -OH group on the 
left' and hydrogen atom on the right was given the 
configurational symbol 'L'. 

D Absolute configuration (R and S system _ of nomen
clature): Actual spatial arrangement of atoms or groups 
(absolute configuration) of each chiral centre in a 
molecule was devised by Cahn, Ingold and Prelog (CIP). 

D The four ligands (atoms or groups) attached to the chiral 
centre are assigned a sequence of priority according to 
sequence rules. ' 

D R (Rectus = right) is given to the isomer if sequence is left 
to right (i.e., the eye travels in a clockwise direction). 

D S (Sinister = left) is given to the isomer if sequence is right 
to left (i.e., the eye travels in the antic10ckwise direction). 

D Conformational isomerism (conformers): The 
different arrangements of atoms in space that result from 
the free rotation of groups about C-C bond (O'~bond) axis 
are called conformational (rotational) isomers and the 
phenomenon is known as conformational isomerism. 

D Out· of the infinite number of possible arrangements of 
ethane, propane and butane, two conformations represent 
the extremes. These are called (i) eclipsed conformation 
(ii) staggered conformation. 

D Various other structures in between eclipsed and staggered 
conformations are called Skew or Gauche 
conformations. 

D The small increase in electron-electron repulsion 
(difference in the energy content) upon rotation between 
the two extreme conformations (i.e., from staggered to an 
eclipsed) is referred to as torsional strain (barrier) .. 

'D The eclipsed conformation is least stable while the 
staggered conformation is most stable. The order of 
stability of these conformations is : 
Anti > Skew or. Gauche > Partially eclipsed > Fully 
eclipsed. 

D Conformations of cyclohexane: Sachse and Mohr 
assumed two non-planar or puckered (or folded) forms of 
cyc1ohexane. These are chair and boat conformations 
which are free from angle strain. Both forms are inter
convertible into each other. 

D Chair conformation or Zform (staggered form}is more 
stable than boat conformation or C form (eclipsed form). 
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,~;V.flt'Sh9rt~Answer Type 
1. Fill in the blanks: 

(a) The number of possible isomers ofCsH12 is ..... . 
(b) CH3COC3H7 and C2HsCOC2HS show. . . . .. ' 
(c) An organic compound with the formula 

CH3CH2CH20H shows functional isomerism with 
compound of the structural formula ..... . 

(d) Alkenes can exhibit position, chain and ...... isomerism. 
(e) Tautomerism is also known as ...... isomerism. 
(f) Hexane has ...... chain isomers. 
(g) There must be minimum ...... carbon atoms to 

exhibit chain isomerism. 
(h) Carboxylic acids and esters are examples of 

...... isomerism. 
(i) Ketones must contain at least ...... carbon atoms in 

order to exhibit metamerism. 
(j) n-Butane and isobutane are •..... isomers. 
(k) The structural formula of the compound isomeric with 

acetone is ..... . 
(1) The chain isomers of n-pentane are isopentane and 

(m) n-Propyl alcohol and isopropyl alcohol are ...... isomers. 
(n) Metamers belong to ...... class of compounds. 
(0) But-2-ene and but-I-ene are ...... isomers. 
(P) But-I-ene and cyclobutane are .' ..... isomers. 
(q) The number of isomers of molecular formula CgHIO 

containing benzene ring are ...... . 
(r) The two extreme conformations of ethane are called 

. . . . . . and ...... conformations. 
(s) Staggered form of ethane is ...... stable than eclipsed 

form. 
(t) Ethyl cyanide and ethyl isocyanide are ..... :isomers. 
(u) The possible number of dichloro derivatives of propane 

are ...... 
(v) At room temperature, the eclipsed and the staggered 

forms of ethane interconvert rapidly and ...... be 
isolated as separate conformers. 

(w) Which conformer of butane has highest energy ..... . 
and which one has lowest ..... . 

(x) Two or more organic compounds having same 
molecular formula but different properties are known 
as ...... and the phenomenon as ..... . 

(y) Ethyl benzene is ...... isomer to xylenes. 
(z) The structure of enol formofCH3COCH2COCH3 with 

intramolecular hydrogen bonding is ... ' ... 
2. Fill in the blanks: 

(i) Stereoisomers possess ...... molecular and 
...... structural formula. 

(ii) The compound CHCI=CHCl can show 
• 0 •••• isomerism. 

(iii) Geometrical isomerism is due to ...... rotation of 
0 ••••• bond. 
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(iv) Isomers which are ...... mirror images are known 
as ...... 

(v) Optical activity of a compound is measured in terms 
of ..... ,. 

(vi) 'Irans-forms are ...... stable than ciY-forms. 
(vii) Geometrical isomerism is not observed in a molecule 

if either of the doubly bonded carbon atom has two 
. ..... groups. 

(viii) Geometrical isomers have ...... physical 
properties but almost the same ...... properties. 

(ix) Optical isomers have same physical and chemical 
properties but differ with resp,ect to rotation of 
...... light. , 

(x) A molecule is said to be chiral if it possesses at least 
. ..... carbon atom. 

(xi) ...... cannot be resolved into d- and I-forms. 
(xii) A reaction where diastereomerically different starting 

materials give diastereomerlcally different products 
is called •...... reaction. 

(xiii) d- and 1- lactic acids are known as ..... . 
(xiv) If the replacement of one group at an achiral centre 

by a new substituent generates a chiral centre, the 
original molecule is said to be ..... . 

(xv) Number of stereoisomers of HOOCCH(OH)COOH 
is ...... 

(xvi) Enantiomers have asymmetric carbons of different 

(xvii) 'E' and 'Z' system of naming geometrical isomers is 
based on ...... rules. 

(xviii) Maleic and fumaric acids are a pair of ..... . 
(xix) The stereoisomers which are not mirror images to each 

othpr are called ...... 
(xx) Fischer projection is a ...... representation of the 

three dimensional structure. 
3. State whether the following statements are True or False: 

(a) Members belonging to same class of compounds are 

called isomers. 
(b) Isomers have same molecular formula. 
(c) Can isomer be homologues of each other? 
(d) m-Chlorobromobenzene is an isomer of m-bromo-

chlorobenzene. 
( e) Ethyl alcohol and dimethyl ether are position isomers. 
(f) All alkenes show cis-trans isomerism. 
(g) 2-Butenedioic acid exhibits ciY-trans isomerism. 

CH3 

I <C2 Hs 
(h) The alkene CH3-CH2-C C exhibits 

C2HS 

geometrical isomerism. 
(i) Cis-trans isomers possess different physical properties . 
G) Cis-trans isomers have different dipole moment. 
(k) Optically active compounds may exist in four forms. 
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(1) 2,3,4-Trichloropentane has three chiral carbon atoms. 
(01) Tartaric acid has two asymmetric carbon atoms. 
(n) Every optically active compound has a racemic form. 
(0) d-form and I-form of ali optically active compound 

(u) The first accepted explanation for optical isomerism by 
certain compounds was given by Le Bel and van't Hoff 
in 1874. 

have same specific rotation with opposite sign. 
(v) Only organic molecules can be optically active. 

(P) All forms of compounds containing asymmetric carbon 
atoms are always optically active. . 

(q) The compoundCH3CHOHCOOHcan have four optical 
isomers. 

(r) In ethane, both eclipsed and staggered forms have same 
stability. 

(w) The direction of rotation is denoted by the prefix (+) for 
dextrorotatory and (-) for laevorotatory enantiomers. 

(x) The arrangement in space of the atoms or groups that 
characterizes a stereoisomer is called its configuration. 

(y) Sign of rotation of an enantiomer is related to its 
configuration. 

(s) Propanone does not exhibit the phenomenon of 
tautomerism. 

(z) Diastereomers have different physical properties and 
similar but not identical chemical properties. 

(t) The specific rotation of a compound is measured by an 
apparatus called polarimeter .. 

4 •. Match the following: 

[A] (a) A pair of functional isomers 

(b) A pair of geometrical isomers 

(c) A pair of optical isomers 

(d) A pair of metamers 

(e) A pair of chain isomers 
(t) A pair of tautomers . 
(g) A pair of position isomers 

(h) Asymmetric synthesis 

(i) A pair of diastereomers 

0) Enolisation 

[B](a) d,l-mixture 

(b) Cis-iSomer 
( c) Trans-isopler 
(d) Meso form 

(e) Conformation 

(t) Non-superimposable mirror images 
(g) Specific rotation 

CH3 

I 
(i) H-C-OH 

I 
COOH 

(ii) H2C=CHOH 

(iii) CH3CH2CH2CH3 

H3C) <CH3 
(iV) C=C 

H H 
(v) CH3-CH=CH-CH3 

(vi) C2HsCHO 
(vii) CH30C3H7 

V 
(viii) CH3CH2CH2C-H . 

o 
II 

(ix) CH3-C-COOH 

COOH 
I 

H-C-OH 
(xl I 

HO--C-H 
I 
COOH 

. H) <CH3 
(i) . C=C 

H3C . H 

(ii) Eclipsed and staggered forms. 
(iii) Polarimeter 
(iv) Enantiomers 

HOOC> <COOH 
(v) =C 

H H 
(vi) Optically inactive 

(vii) Racemic 

CH3 

I 
HO--C-H 

I 
COOH 

CH3CHO 
CH3 
I 

CH3-CH-CH3 

H3C) \ <H 
C=C 

H CH3 

CH3-CH2-CH=CH2 
CH3COCH3 
C2HsOC2Hs 

CI:i3CH2 CH. CHOH 

?H 
(-)CH3-CH-COOH 

HOOf 

H-C-OH 
I 

H-C-OH 
I 

HOOC 
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s~ What isomerism is exhibited by the following pairs of 
compounds? 
(a) CH3CH2CHO 
(b) C2 HsOC2Hs 
(c) CH3NHC3H7 
(d) CH3CH2CH=CH2 
(e).CH3CH2CH2CHO 
(f) (CH3 h CH 
(g) CH3CH2CH20H 

and 
and 
and 
and 
and 
and 
and 

CH3COCH3 
CH30C3H7 

C2HSNHC2H S 

CH3CH-CHCH3 
CH3CH2CH CHOH. 
CH3CH2CH2CH3 
CH3CHOHCH3 

H2C-CH2 
II 

H2C-CH2 

and CH3 ---C"'-..,/CH2 
I 0 
OH 

and 

6. Mention the specific type of isomerism exhibited by each of 
the following pairs: ' 
(a) 1,2-Dibromoethane and 
(b) n-Butylalcohol and 
(c) Propionic acid and' 
(d) o-Methylphenol and 
(e) Maleic acid . and 
(f) n-Butane and 
(g) o-Nitrophenol and 
(h) Acetic acid and 

7. Write structural formulae of: 

l,l-dibromoethane 
. diethylether 

methylacetate 
benzylalcohol 
fumaric acid 
isobutane 
m-nitrophenol 
methyl formate 

(a) Two enantiomorphs (b) Two homologues 
(c) Two functional isomers (d) Two geometrical isomers 
(e) Two position isomers (f) Two metamers 

8. Write down the name and structure of one isomer of each of 
the following compounds: 
(a) CH2=CHCH2CH3 (b) CH3CHC12 
(c) (CH3 )2 CHOH (d) CH3COCH3 
(e) CH3COOH (f) CH30CH2CH2CH3 
(g) maleic acid (h) d-lactic acid 

9. Which of the following compounds are optically active 
compounds? 
(i) Butan-I-ol, (ii) Heptan-4-ol, (iii) 2-Chlorobutane, 
(iv) 3-Chloropentane, (v) Pentan-2-ol, (vi) 2-Bromo-2-
methylbutane (vii) Penta-2,3-diene. 
[Hint: Write down the structures and find out which compound 

has asymmetric carbon atom. The compound having 
asymmetric carbon atom shows optical activity.] 

10. State which of these exhibit stereoisomerism and of what type? 
Br Br 
I I 

(a) CICH2-C=C-CH2Cl 

, (b) CI-CH2-~-CH2-fH:-CH3 

o CH3 

CI CH:r-CH:r-CH3 
I I. 

(c) CH3-CH4H-CHr-CH-CH3 

Br 
(d) CH3-CH2-CH(OH)COOH 
(e) CH3CH=CHC2Hs 
(f) CH3CH(Br)COOH 
(g) H2 C=C(CH3 h 
(h) C2HsCH=CHCI 
(i) I-Bromo-3-chlorocyclobutane 
(j) l,4-Dimethylcyclohexane 

11. [A] Indicate whether each of the following compound is 
'E' or 'Z': 

(i) H
3
C)C=C<CI 

H Br 

H> COOH 
(ii) C=C< 

HOOC H 

F> <CH2CH3 
(iii) C=C 

H CI 

(ix) ~ , 
(xi) 

(xiii) ~ 

Cl~Br. 

(x) ;===L-

CI\ / 
(xii) /\-'0_ 

. Br 

(CH3h CH > <COCH3 

(xiv) . C-C 

C2HS COCl 
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[B] Write the structures of: 
(i) (Z) Penta-l ,3-diene 
(ii) (E)Penta-l,3-diene 
(iii) (2Z, 4E) Hexa-2,4-diene 
(iv) (2E, 4E) -3-Ethylhexa-2,4-diene 
(v) (E) -1-Bromo-I-chloro-2-iodopropene 

(vi) (E, Z )-Nona-2,4-diene 
12. Determine the number of optical isomers in the following 

compounds: 
(a) CH3CH(OH)COOH (b) HOOC(CHOHh COOH 
(c) HOOC(CHOH)3 COOH (d) CH3 (CHOH)z COOH 
(e) CH3CH(Br)CH(Br)COOH 

13. (i) Assign R or S configuration to each of the following 
compounds: 

OH 
I 

(a) HOOC-C-H 
1 
CH3 

COOH 
I 

(e) HO-C-H 
I 
CHzOH 

OH 
I 

(g) H-,CH3 

CH=CHz 

H 

(i) HOOC+NHz 
CH3 

COOH 
I 

(b) HzN-C-H 
I 
CH3 

Br 
I 

(f)H-C-I 
. I 

Cl 

C==N 
I 

(h) CHr-y-C==CH 

CHzOH 

CHzCHzCH3 

I H G) HO 

CHzOH 
CH(CH3 )z 

(k) CzHs r . CHzBr 

CH3 

CH3 

(1) HC=C+ C(CH3 )3. 

H 

(ii) Write the structures of: 
(a) (R)-2-Bromopentane 
(b) (S )-3-Bromo-3-chlorohexane 

(iii) Draw Rand S enantiomers of 3-chloro-l-pentene. 
[BCECE 2004) 

(l'V) Draw the strUctures of the possible enantiomers of 
3-methyl pent-l-ene. 

14. Explain with suitable example: 
(a) Isomerism (b) Different types of 

(c) Chain isomerism 
(e) Functional isomerism 
(g) Tautomerism 
(i) Geometrical isomerism 

15. Explain the following terms: 

structural isomerism 
(d) Position isomerism 
(f) Metamerism 
(h) Ring-chain isomerism 
(j) Conformation 

(a) Stereoisomerism (b) Optical activity 
(c) Enantiomers (d) Diastereomers 
(e) Racemic mixture (f) Meso form 
(g) Asymmetric carbon (h) Configuration 
(i) Eclipsed form (j) Staggered form 
(k) Walden inversion (1) Chiral molecule 
(m) Racemisation (n) Asymmetric synthesis 

16. (A) Write the total number of cyclic structural as well as 
stereoisomers possible for a compound with the 
molecular formula, CsHIO' [lIT 2009] 

(B) Write the total number of cyclic isomers possible for a 
hydrocarbon with the molecular formula, C4H6 . 

[lIT 2010] 
17. (i) Name the hydrocarbon with lowest possible molar mass 

which has chiral structure. 
(ii) Name the lowest possible alkane which has crural 

structure. 
18. (A) Write the possible isomers of the formula CSHIOOZ' 

(B) Draw the structures of all isomeric ethers 
corresponding to the molecular formula, CSH\20. 

19. Molecular formula C4 H4 0 4 can have four isomers A,B,C 
andD: 
A is dicarboxylic acid giving racemic tartaric acid with alk. 

KMn°4 · 
B is dicarboxylic acid giving meso tartaric acid with alk. 
KMn°4 · . 

C is also dicarboxylic acid giving another monobasic acid 
on heating. . 
D is cyclic ester. 
Identify A, B, C and D. 

20. (A) Write the possible structural isomers pf the molecular 
. formula C7H16 • 

(B) Write the condensed and bond line structural formulae 
for. all the possible isomers having the molecular 
formula C4H6 . 

21. Explain that enol form of acetoacetic ester is said to be more 
volatile than keto form. 

22. How many asymmetric carbon atoms are created during the 
complete reduction of benzil (phCOCOPh) with LWH4 ? 
Also write the number of possible stereoisomers in the 
product. 

23. Make structures of 2,3-dibromobutane and assign R and S 
configuration. . 

24. Write down the structures of the stereoisomers formed when 
cis-2-butene is reacted with bromine. 

25. What are the possible types of compounds that can have a 
molecular formula C3H60? 



26. Write metamers of Q-o-cH2CH3• 

27. Optically active 2-iodobutane on treatment with NaI in 
acetone gives a product which does not show optical 
activity. Explain briefly. 

28. C4Hg has four isomers. A, B and C decolourise Br2 water, D 

does not. A gives optically inactive meso form, while B 
forms optically inactive mixture of two optically active 
forms in equal amount. Identify A, B, C and D. 

29. Explain that a-methyl acetyl acetone undergoes enolisation 
to a smaller extent than acetyl acetone. 

30. Draw the enatitiomers of3-bromo cyclohexene and give RJS 
designation for each. 

ANSWERS 

1. (a) three; (b) metamerism; (c) CH3CH20CH3; (d) geometrical 

and functional; (e) dynamic; (f) five; (g) four, (h) functional; 
(i) five; (j) chain; (k) CH3CH2CHO; (I) neopentane; (m) position; 
(n) same; (0) position; (P) ring chain; (q) four; (r) eclipsed, stag
gered; (s) more; (t) functional; (u) four; (v) cannot; (w) fully 
eclipsed, anti; (x) isomers, isOmerism; (y) chain; 

(z) CH3-T=CH-~-CH3' 

0, ,,0 
"H" 

2. (i) same, same; (ii) geometrical; (iii) restricted, double; 
(iv) non-superimposable, enantiomers; (v) specific rotation; 
(vi) more; (vii) similar; (viii) ditTerent, chemical; (ix) polarized; 
(x) one asymmetric; (xi) meso form; (xii) stereospecific; 
(xiii) enantiomers; (xiv) enantiotropic; (xv) zero; 
(xvi) configuration; (xvii) sequence; (xviii) geometrical or cis-trans 
isomers; (xix) diastereomers; (xx) planar. 

3. (a) False-Are called homologues;, (b) True; (c) False; 
(d) False-Same compound; (e) False-Functional isomers; 
(f) False--Only those in which different atoms or'groups are at
tached with carbon atoms linked by double bond; (g) True; 
(h) False-Similar groups are attached to one of the carbon atoms 
linked by double bond. Hence, it does not show geometrical 
isomerism; (i) True; (j) True; (k) True, (dextro, laevo, racemic, 
meso); (I) False-Two chiral carbon atoms are present; (m) True; 
(n) True; (0) True; (P) False-Meso form can exist which is 
non-opticaI active if there is a plane of symmetry in the molecule; 
(q) False-Three isomers; (r) False-DitTerent stability; 
(s) False-Propanone shows tautomerism. The tautomeric forms are 

CH~~-CH3 ::;::::::!:: CHz=i-CH3 ::;::::::!:: CH3-f=CH2; 

o OH OH 

(t) True; (u) True; (v) F~se-Inorganic molecules can also show op
tical activity; (w) True; (x) True; (y) False-Not related with con
figuration; (z) True. 

4. [AJ (a-vi); (lr-iv); (c-i); (d-vii); (e-iii); (f-ii); (g-v); 
(h-ix); (i-x); (j-viii). 
[BJ (a-vii); (lr-v); (o-i); (d-vi); (e-ii); (f-iv); (g-iii). 

5. (a) Functional, (b) Metamerism, (c) -Metamerism, (d) Position, 
(e) Tautomerism, (f) Chain, (g) Position, (h) Ring-chain, (i) Ring
chain tautomerism, (j) Tautomerism. 

G.R.B. Organic Chemistryfor Competitions 

6. (a) Position, (b) Functional, (c) Functional, (d) Functional, 
(e) Geometrical, (f) Chain, (g) Position, (h) Functional. 

CH3 H3C 
I I 

7. (a) H-C-OH HO-C-H 
I I 
COOH· HOOC 

(b) CH30H; CzHsOH 
(c) CzHsOH; CH30CH3 

CH3) <CH3 Br) CH 
(d) C=C C=C< 3 

Br Br H3C Br 

(e) CH3CHzCHzOH; CH3CHOHCH3 
(t) CH3COC3H7 ; C2HsCOCzHs 

8. (a) CH3CH=CH-CH3 
(But-2-ene) 

(c) CH3CH2CHl OH 
(I-Propanol) 

(e) HCOOCH3 
(Methylformate ) 

(b) CH2CICH2CI 
(1,2-Dicbloroethane) 

(d) CH3CH2CHO 
(Propanal) 

(f) CzHsOCzHs 
(Ethoxyethane ) 

CH 
HOOC) H I 3 

(g) C=C< (h) HO-C-H 
H COOH I 

COOH (Fumaric acid) 
(I-Lactic acid) 

9. The following compounds possess asymmetric carbon atom and 
show optical activity. 

H3C) '<' CH
3 

(vii) . C=C=C 
H H 

Penta-2,3-diene 

10. (a) geometrical isOmerism, (c) optical isomerism, (d) optical 
isomerism, (e) geometrical isomerism, (t) optical isomerism, 
(h) geometrical isomerism, (i) geometrical isomerism, 
(j) geometrical isomerism 

11. [AJ (i) E, (ii) E, (iii) E, (iv) E, (v) Z, (vi) E, (vii) Z, (viii) Z, 
(ix) E, (x) Z, (xi) Z, (xii) E, (xiii) Z, (xiv) E. 

[BJ (i) (ii) / 

(iii) (iv) 

(vi) ~CJ:L; 
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12. (a) 2, (b) 3, (c) 4, (d) 4, (e) 4. 

13. (i) (a) R-configuration, (b) S-configuration, (c) R-configuration. 
(d) R-configuration, (e) S-configuration, (f) R-configuration. 
(g) R-configuration, (h) S-configuration. (i) S-configuration, 

(j) R-configuration. (k) S-configuration. (I) R-configuration. 
Br, Cl~ < 

(ii) (a) H3C+CHzCH2CH3, (b) CH3CH2CH2-1-Br 
H < CH2CH3 < 

,ryl 
H2C=HC~2CH3 

(Clockwise rotation) 
R -configuration 

H 
(Anticlockwise rotation) 

S -configuration 

(iv) Stereoisomers which are non-superimposable mirror images 
of each other are called enantiomers. The enantiomers of 
3-methyl pent-l-ene are : 

Mirror 
CH3 

I 
fl?"~"""""CH=CH2 

H3CH2C 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

16. (A) For a compound with molecular formula CsHlO' the isomers are 

as follows: 

(i) 0 
Cyclopentane 

r-ICH3 

(ii) U 
Metbylcyclo 

butane 

(v) A 

Etbylcyclo 
propane 

I,I-Dimethyl 
cyclopropane CH3 CH3 

1,2-Dimetbyl cyclopropane 
CIS (meso) 

(vii) /'\. 

H3C~ ' CH3 

Structure (vi) and (vii) are trans-isomers and are same. It can exist 
in d, 1 form. _ 
So, total nomber of cyclic as well as stereoisomers possible are 
seven. 
(B) The possible cyclic isomers of the compound with molecular 

formula, C4~ are five. 
CH3 

H2C-CH H~-CH 6H < 

I II 1/1 /"-
H2C-CH, HC-CH2' HC=CH, 

17. (i) Penta-2,3-diene: 

18. (A) (a) Carboxylic acids: 

(i) CH3CH2CH2CH2COOH; (ii) CH3-CH-CH2COOH; 
I 

CH3 

CH3 I < 

(iv) CH:r-C-COOH 
I 

CH3 

(b) Esters: (i) CH3CH2CH2COOCH3; (ii)CH3CH2COOCHzCH3 

(iii) CH3COOCH2CH2CH3; (iv) CH3COOCH-CH3; 

I 

(v) CH3-CH-COOCH3 and so on 
I 

CH3 

(c) lIydroxy aldehydes and 

(d) Hydroxy ketones, etc 

CH3 

(B) D.B.E. = 112 [5(4<- 2) + 12(1- 2) + 1(2 - 2)J+ 1 = o. 
Since, D.B.E. = 0, therefore. CsH120represents only saturated 
ethers. Its possible isomers are: 

(i) CH3CHzCH2OCH2CH3 (ii) CH3CHOCH2CH3 
l-Ethoxypropane ·1 

CH3 
2-Ethoxypropane 

(iii) CH3CH2CH2CHzOCH3 
I-Methoxybutane 

(iv) CH3CH
2T

HOCII3 

CH3 
2-Methoxybutane 

. CH 
I 3 

(v) CH3 THC HzOCH3 

CH3 
I-Methoxy-2-methyJpropane 

(vi) CH3-r-O-CH3 

CH3 
2-Methoiy -2-methyl propane 

Thus, there are total six isomers. 

H-C-COOH 
19. (A) Fumaric acid 

(trans) 

(B) Maleic acid 
(cis) 

II 
HOOC-C-H 

H-C-COOH 
II 

H-C-COOH 

(C) Ethene dicarboxylic acid-

<COOH < 

HzC==C H~t) 
COOH 

o 
O=C/ 'CH2 

(D) Cyclic ester of oxalic acid and glycol. I I 
o c., /CHz 

< 0 
20. (A) C7H16 has nine isomers. 

(i)~ (ii) 
n-Heptane 

(iii) A(V 2-Metbyl hexane 
3-Metbyl hexane 



(B) 

(iv)~ (v)~ (vi) ~ 2,2-Dimcthyl 
pentane 3,3-Dimethyl 2,3-Dimethyl 

pentane pentane 

(vii)M (viii) A(' (ix) )y 2.4-Dimethyl 
pentane 2,2,3-Trimethyl 3-Ethyl pentane butane 

D.B.E. "-= 1/2 [4(4 2) + 6(1 - 2)] + 1 = 2 
Since, D.B.E. 2, therefore, C4&; has either two double bonds 
or one triple bond or one double bond and a ring or two rings. 
The possible isomers are: 

(i) H2C=oCH-CH=CH2 or ~ 
Buta-l,3-diene 

(ii) H2C=C=CH~H3 or ~ 
Buta-I,2-diene 

(iii) CH3CHp==CHor ~ 
But-I-yne 

(iv) H3C-C==C-cH3 or ~ 
But-2-yne 

(v) D (vi) /\ 
/ """- CH3 

I-Methyl cyclopropene 
Cyclobut-l-ene 

(vii) 6 3 

(viii) 

3-Methyl cycloprop-l-ene Methylene cyclopropane 

(ix) <I:> 
Bicyclo (1.1.0) butane 

Thus, there are total nine isomers. 

21. It is due to intramolecular H-bonding in enolic form which reduces 
intermolecular aSsociation and lowers the boiling point. 

O-H---O 
I I 

CHr-C~/C-OC2H5 

I 
H 

H H 
I. I. 

22. The reaction is Ph-{;-C-Ph 
. II II 
° ° 

Ph-C-C-Ph 
I 1 
OHOH 

Thus, two asymmetric carbon atoms are created in the reduction 
product. There are three stereois~mers of the reduction product. 

Ph Ph Ph 
I I I 

H--C-OH HO-C-H H--C-OH 
I I I 

H--C-OH H--C-OH HO-C-H 
I I I 
Ph Ph Ph 

CH3 CH3 CH3 

23. lli+=H H+=lli H+: . H Br' Br H ' . H r 

CH) CH3 eH3 
(2R,3R) (2S,3S) (2S,3R)Meso 

24. The addition of bromine to the but-2-ene involves anti-addition and 
thus racemic 2,3-dibromobutane is formed. 

CH3 

I 
CH3 

I 
H-C-CH) 

II + Br2 
H-C-CH3 

But-2-ene (cis) 

H-C-Br 
I + 

Br-C-H 
1 

Br-C-H , 
H-C-Br 

1 
CH3 CH3 

25. An aldehyde, C2HsCHO; a ketone, CH3COCH3; an unsaturated 
alcohol, CH2=CH-CH20H; an ether, CH2=CH-O-CH3 and 
CH2-CH-CH3 ' ••• , etc. 'Z/ . 

° 
26. (i) ( rH2-O--CH3; 

O.)~'; 
CH) 

27. There occurs breaking and reforming of C-I bond. This results 
into two enantiomers which form racemic mixture which does not 
show optical activity due to extemal compensation. 

CH3 CH3 CH3 

I (i) -I- I I 
H--C-I ) H--C-I + I--C-H 

I (ii) +1- I I 
C2HS C2HS C~s 

(Racemic mixture) 

CH3 

I 
CH3 

I H-] 
C-H 

H-C-Br 
I 

H-C-Br 
28. (A) 

Anti -addition 

I I 
CH3 CH3 

But-2-ene (trans) (Meso) 

CH3 

I 
CH3 
1 

(B) H-] Br2 H-<;":-Br . 
---=----'?) I + Enantiomers 

Anti-addition Br-?-H ij-1 
CH3 

But-2-ene (cis) 

CH3 

(Racemic) 

Br 
I 

CH3--C-CH:zBr , 
CH3 

(Achiral) 



::.:Is~o;:;:.m:;;;:e;:,.:n::::.;·sm:.:.:;... ____________________________________ ....;.;.· .. ·.:.tlj59!C:;';·~~~~· 

(D)·O 
Br2 
~ No reaction 

Cyclobutane 

o 0 
II .11 

29. CH~-CH2-C-CH3 ~ 
Acetyl acetone 

(Ketofonn) 

...-H-_ 
0"'" -0 

I II 
CH~~C/C-CH3 

~ 
Enolisation (greater) 
due to less strained 

30. 

o 0' 
II (a) II 

CH~-CH-C-CH3 ~ 

I 
CH3 

a-Methyl acetyl acetone 
(Ketofonn) 

BX 
U 

(R) 

...-H-_ 
0' D 
I 1\ 

CH3-C~C/C-CH3 

I 
CH3 

Enolisation (smaller) 
due to highly strained 
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OBJECTIVE OUESTIONS ~iii.Ii,. iii 
Set I: This set contains questions .with single correct answer. 

1. C()mpounds having same number and kind of atoms but 
different arrangement of atoms in their molecules are called: 
(a) allotropes 0 (b) isotopes 0 
(c) isomers 0 (d) polymers 0 

2. Isomers have essentially identical: 
(a) structural formula 0 (b) chemical properties 0 
(c) molecular formula 0 (d) physical properties 0 

3. Whicbofthe following has asymmetric carbon atom? 
[BHU (Med.) 2007] 

(a) CH2CI-CH2Br 0 
(b) CH3CHDCI 0 
(c) CH3CHCl2 0 
(d) CH2Br-CHOH-CH3 0 

4. Total number of isomeric alcohols with formula C4H lOO is: 

(a) I 0 (b) 2 0 
(c) 3 0 (d) 4 . 0 

5. Number of acyclic isomers represented by molecular 
formula C4HIOOis: [PMT (MP) 2006; AFMC 2010] 
(a) 7 0 (b) 6 0 
(c) 4 0 (d) 5 0 
[Hint: 4 alcohols and 3 ethers, 

. . C2H5) 
Alcohols: CH3CH:zCH2CHPH, . CHOH, 

H3C 

H3C~T 
/"nCH20H, (CH3)3COH 

H3C . 

<CH3 

Ethers: CHPC3H7, CiH5OC2H5, CH30CH ] 
. CH3 

6. The compound C4H lOO can show: [JIPMER 2005] 

(a) metamerism 0 (b) position isomerism 0 
(c) functional isomerism 0 (d) all of the three 0 

7~ The molecular formula of a saturated compound is 
C2H4 C1 2 • This formula permits the existence of two: 
(a) functional isomers 0 (b) position isomers 0 
(c) optical isomers 0 (d) cis-trans isomers 0 

8. Th\: compound which is not isomeric with diethyl etheris: 
( a) 'methyl n-propyl ether 0 (b) I-butanol 0 
(c) 2-methyl propan-2-0ID (d) butanone 0 

9. Which type of isomerism is shown by diethyl ether and 
methyl propyl ether? 

(a) Chain 0 (b) Functional 0 
(c) Metamerism 0 (d) Position 0 

10. Aldehydes and ketones are: 
(a) homologues 0 (b) isomers 0 
(c) allotropes 0 (d) polymers 0 

II. Maximum number of isomers for an alkene with molecular 
formula, C4Hg is: 

(a) 5 0 (b) 4 0 
(c) 3 0 (d) 2 0 

12. Keto-enol tautomerism is not observed in : 
[JEE (WB) 201(il 

(a) C6HsCOC6HS 0 (b) C6HsCOCH=CH2 0 
(c) C6HsCOCH2COCH3D (d) CH3COCH2COCH3 0 

13. Isomerism in aIkynes is: 
(a) functional 0 (b) ()ptical 0 
(c) geometrical o (d) conformational 0 

14. The type of is()merism observed in urea molecule is: 
(a) chain 0 (b) position 0 
(c) tautomerism 0 (d) none of these 0 

15. Which of the following is not an isomer ofbut-l-yne? 
(a) But-2-yne 0 (b) But-I,3-diene 0 
(c) But-2-ene 0 (d) Methyl cycl()propene 0 

16. Number of is()mers of molecular formula ~ H2 Br2 is: 

(a) 1 0 (b) 2 0 
(c) 3 0 (d)4 0 

17. C7HsO sh()w8 h()w many isomers? 

(a) 2 0 (b) 3 0 
(c) 4 0 (d) 5 0 

OH OH OH 

[ 6c"' Hint: "- I ; 6c",; 6; 
"~1; CH3 

6" 6'] 
18. CH3CH20Hand CH3~H3 are the examples of: 

[CET (Karnataka) 2008; UPSEE (Engg.) 20081 

(a) functional isomerism 0 (b) chain isomerism 0 
(c) metamerism 0 (d) poSition isomerism 0 

19. The compound which forms only one monochloro product 
when treated with chlorine is: 
(a) n-pentane 0 (b) isopentane 0 

_ (c) neo-pentane 0 (d) none·ofthese 0 
20. Stereoisomers have different: [JIPMER 20081 

(a) molecular formula 0 (b) structural formula 0 
(c) configutJltion 0 (d) conformation . 0 

21. Select the pair of compounds which exhibit cis-trans 
(geometrical) isomerism: 
(a) fumaric acid and maleic acid 0 
(b) malonic acid and succinic acid 0 
(c) lactic acid and tartaric acid 0 
(d) acetic acid and ~tonic acid 0 



Isomerism 

22. The isomerism that arises due to restricted bond rotation is : 
[PET (Kerala) 1010) 

(a) optical isomerism 0 (b) metamerism 0 
(c) position isomerism 0 (d) functional isomerism 0 
(e) geometrical isomerism ' 0 

13. Which of the following will have least hindered rotation 
about carbon-carbon bond? 
(a) Ethane 0 (b) Ethylene 0 
(c) Acetylene, 0 (d) Hexachloroethane 0 

14. A compound contains two dissimilar asymmetric carbon ' 
'atoms. The number of stereoisomers is: [DPMT 1006) 
(a) 2 0 (b) 3 0 
(c) 4 0 (d) 1 0 

15. Isomers which ~ be interconverted through' rotation 
around a single bond are: 
(a) position isomers 0 (b) enantiomers 0 
( c) metamers 0 (d) conformers 0 

16. Meso tartaric acid and d-tartaric acid are: 
(a) position isomers 0 (b) .racemic mixture 0 
(c) enantiomers 0 (d) diastereomers 0 

17. The number of conformations Of ethane is: 
(a) 1 0 (b) 2 0 
(c) 3 0 (d) infinite 0 

18. Out of the following, the alkene that ,exhibits optical 
isomerism is : [AIEEE 2010) 
(a) 2-methyl-2-pentene 0 (b) 3-methyl-2-peotene 0 
(c) 4-methyl-l-penteneD (d) 3-methyl-I-pentene 0 

29. Chiral molecules are ,those which are: 
(a) superimposable on their mirror image 0 
(b) not superimposable on their mirror image 0 
(c) unstable molecules 0 
(d) capable of showing geometrical isomerism 0 

30. The method of separation of d- and I-isomers from the 
racemic mixture is called: 
(a) resolution 0 (b) dehydration 0 
( c) asymmetric synthesis 0 (d) Walden inversion 0 

31. Mesotartaric acid is optically inactive due to presence of: 
(a) molecular symmetry 0 
(b) molecular asymmetry 0 
(c) external compensation 0 
(d) two asymmetric carbon atoms 0 

32. Two geometrical isomers are given by which of the 
following compounds? 
(a) Ethylidene dibromide 0 
(b) Acetylene tetrachloride 0 
(c) Acetylene tetrabromide 0 
(d) Acetylene dibromide 0 

33. Which one is the correct statement? 
(a) (+) tartaric add and mesotartaric acid are tautomers 0 
(b) (+) tartaric acid and mesotartaric 'acid are diastereo-

isomers 0 
(c) (+)tartaric acid and (-) tartaric acid are diastereo-

isomers 0 
, , (d) (+)tartaric acid and mesotartaric acid are enantiomers 

o 

1i~~?i~~ " 'if 
34. The number of pOsSiblealkynes with molecular formula 

CsHs is: , 
(a) 2 '0 (b) 3 
(c) 4 0 (d) 5 

35. Glucose has how m~y optical isomers? 

o 
o 

(a) 8 0 (b) 12 0 
(c) '16 0 (d) Cannot be predicted 0 

36. Which of the following compounds can exhibit both 
geometrical isomerism and enantiomerism? 
(a) CH3CHQHC2Hs 
(b) CH3 CHOHCOOH 

o 
o 

o 

(d) All of the above 0 
37. During debromination of meso dibromobutane, the ,major 

compound formed is: 
(a) n-butane 0 (b) I-butene 0 
(c) trans-2-butene 0 (d) cis-2-butene 0 

38. The most stable conformation of ethane is: 
(a) boat forin 0 (b) chair form 0 
(c). eclipsed form 0 (d) staggered form i 0 

39. At room temperature the eclipsed and the staggered forms 
of ethane cannot be isolated because: 
(a) both the conformers are equally stable, ' 0 
(b) they interconvert rapidly 0 
(c) there'is a large energy bamer of rotation about the 

a-bond 0 
(d) the energy difference between the conformers is large 

[] 
40. The number of geometrical isomers in the' following 

compound'CH3-CH=CH-CH-CH--,-C2H5 is:, 
(a) 4 0 (b) 3 ' 0 

"!) 

(c) 2 0 (d) 5 • D. 
41. Tartaric acid molecule contains two asymmetric carbon 

atoms. The number of optical isomers of tartaric acid is: 

41. 

(a) 2 0 (b) 3 0 
(c) 4 0 (d) 5 0 
Lactic acid shows optical activity in: 
(a) solution 0 (b) liquid state 
(c) crystalline state 0 (d) all of these 

D
O 

43. Enantiomers can be better separated by: 
(a) salt formation method b 

o 
o 
o 

(b) mechanical separation 
(c) fractional crystallisation 
(d) fractional-distillation,'~ 

44. Which, of the f~llowiIig wi11~xbibit chirality? ' 
(a) Neopentane tJ.·-:-(b) Isopentane d 

45. 
(c) 3-Methylhexane i t:r (d) 2-M~ylhexane 0 
Which of the following will not show cis-trans isomerism? 
(a) CH3-C=CH~CH2- '-:::CIl;:,.- 0 I : 3, 

CH3 



o (b) CH3-CH-CH CH-CH2---"CH , t ' ," , 3 , 
'

CH
3 " ' 

, ' \ 

" ·'~·(ct,CH~:-CH.=CH-dH3, 0 
" (d) CH3-CH2-CH , CH-CHi-CH~ 0 

• '46. How many primary, ai'nines are possible for the formula 
C4Hll N? , 
(a}.l 0 (b) 2 0, 

, " (c) 3 ' ,". 0 (d}A ' ' ",.,' 0 
47 • How many optlcaliy ,active stereoi'somers are possible for 

, butane-2,3,.diol? ' 
(a) 1 ' . ' 0 (b) 2 ' 0 
(c) 3 . 0, (d) 4 ,\' 0 

48., The number of' possible enantiomeric pairs ~at ,can be 

- ' 
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(a) 4 ' 0 , (b) 3 

(c) 2 ,,' 0 (d) 5 ' 
56. Consider the following Qrganic compound; 

CH3-CH2-'-CH2-CH2-CH2-CH2-CH 
I ,21 4 S 67 3 

o 
o 

,To make ita chiral compound, the attack should be on 
carbon : ' ' " (DeE 2001) 

(a) I 0 (b) 3 0 
(c) 4 ',," ,0 (d) 7 0 

57. A compound withmolecula:r formula C7H16 shows optical 
isomerism, the ,compound will be : [eBSE (Med.) 2001] 

(a) 2, 3-dimethyl pentane 0 
(b) 2, 2-dimethyl pentane 0 
(c) 2~methylhe~ane 0 
(d) none of the abOve 0 " ' produced during,monochlorinationof 2-methyl butane is: ' 

(a) 2 0 (b) 3 0 
, (c) 4 0 (d) I 0 

,.49. Tautomerism will be expla~ed by: 
'(~) (CH3hNH ' CJ, (b) (CH3h CNO 0 

·58 .. M.;xrtH 
, H ,,' 

(c)R3CNt>z 0 (d) RCH2NOi O. 
, 50. 4n'enantiomerically pure acid is treated with racemic \ 

". . ~ ,. - . \ 

nuxture of an alcohol haVing one chiral' carbon. The ester \ 
fomiedwiU~e: ,', (lIT 2003) \ 
(a) optically active mixture 0 " 
(b) pure enantiomer ' , 0 

, (c) meso compound 0 
',,(g), r~cemic'tnixture '" 0 

51.~-Methylpenta-2,3-diemds aehiral because it haS: ' 
(a) a plane of sytrnnetry , 0 
(6) a centre of symmetry 0 
(c) a c; axis of symmetry 0 

" ,(d),bothiplane and a centre ofs~etry, 0 
'52. 'The racemizationofopiicalJy acti:ve compounds is driven 
'by:,""" 

" ,.,:(a), ellth~lpy, , o (b) entropy . 0 
" (c)"¢nthalpy andentiopy 0 (d) element of symmetry [] 

'53. ,The follow,~rig cOIllPound can show: 

. SIh)c C(H ,H 

CH3' )c(·, 
, ' " CI:h' , eOOH 

(a) opticalisomerism ' 0 
(b) geometrical isomerism 0 
(c) optica~andgeometricaUsonierism 0 
(d) tautomerism 0 

,.:54. The optically active tartaric acid is named as D-( + )-tartaric 

'acid~eca~e it -has a positive: 
" (a) opticaFr0t;ationand is: derived from D-glucose 
• (b) pH ino~ganic sOlvent 

0, 
o 

, , (c): optical' rotation and is derived from ' 
, " .D-( + ) r-klyceraldehyde" , " " " 0 

: (d}opticaf rotation only when substituted by deuterium 0 
55. kIo~man)' cyclic isomers ofCsHIO are possible? 

[DPMT 2000)" " 

Hydrogenation of the above compound in the presence of 
poisoned palladium catalyst gives: ,'(lIT (S) 2001) 
(a) optically active compound 0 
(b) an optically inactive compound 0 
(c) a racemic mixture 0 
(d) a diastereomeric mixture" 0 

59. The number of isomers for the compound with molecular 
formula.C4;arC~I is: (PET (Kerala) 2007) 
(a) 3 0 (b) 4 0 
(c) 5 0 (d) 6 0 
(e) 7 0 

60. The tWo compounds shown 'in figure l:!elow are:' 

and 

l a) diastereomers 0 (b) enantiomers 
( c) epimers 0 (d) regiomers 

61. The compounds given below are : 

o 
o 

HO-@--COOH ~d HO--@-COOH, 

(a) enantiomers ' 0 (b) identical 0 
(c) regiomers 0 (d) diastereomers 0 

62. Which of the following compounds will exhibit geometrical, 
iSl)merism?' ,.' (lIT (S) 2000) 
(a) I~Phenyl-2-butene 0 
,(bY 3~Phenyl-l~butene 0 
(c) 2-Phenyl-l-butene , 0 
(d) l,l-Diphenyi-I-propene 0 

63. Which of t~e ~ollowing 'doe~ not show geometrical 
. isomerism? ,(A,IEEE2002) 
. .(a) l,2-Dichloro~l-pen.ten~" 0 

(b) 1,3-Dic::hlQro~2-pe~fene 0 
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(c) I-Dichloro-l~pentene D. (a) 2-ChlQrobutane . 
(d) 1,4-Dichloro-2-pentene 0 . (b)2,3-Dichlorobutane' '." 

64. A'similarity between optical and geometrical isomerism is . (c) 2,3:-Dichloropentane 
that: . '.. . '.,' [AIEEE2002] , (d) ,2-Hydroxypropanoic acid 

,JJ '>'. o 
··· .• ,0 

i," ." tJ 
(a) each forms equal number of isom~rs for·.~, given h C1l3 

compound ," . " . 0 70.,. . . ~ [F]. -,B.-:.r~:--,C_4:.,... 
(b) if in a compOund one is present then So is th~'l>therO '. H20 
(c) both are included in stereoisomerism' .'. 0 H3C '. OH, 5 such products 
(d) they have no similarity , ,0, are. possible 

65. Which of the followirig hydrocaibonshas lowest dipole, How many structures of[F] is possible? . (lIT (S) 2003] 
moment?' ,.,.' ", . ,(IIT(S}2(f()21" (a) 2 .' 0 (b) 5' "0 

"('a') C. H.'. 3'), ,C' ·· .. C· <.CH
3 ' . . .' (c) 6 ' '. . 0 (d) 3 '. .0 . 

,J]" , . 71. On~onoch1orination: of 2-methylbutane, th.e total nmnb.f;ir, .' 
'. . H '. '. H of chiral compounds 1S: . " (IlT(S} 1~041: " .. 
(b) CHi-C==C-:CH3 0 (a) 2: '; " o (b) 4 . . . <'[1 ' 

. • ,(c) 6,· . ,0 (d) ,8', . '.<0 
(c)CH3- CH:i;"':"'C C-H 0 12 •.... Which type ofisomerismis shown by 2,3~dichlor6butane? . 
(d) cH

2 
.' Ca~cS='CH ' ' ' , D ,",' ' [AI£EE100S] .. 

66 •. Among the folloWing four ,structures I ,to IV: 
. /" '. 

fH3' ,y, fH3 

C2 Hs--'-CH-C3 H7 , CH3',--C--;-CH-C2Hs 
(I) , (II),:: . 

. H . ·.·CH3 
1 " I, 'H-c-f' C2Hs~~~-C2Hs 

'. H 
. (III) (AIEEE2003) 

(a) all four are chiral compounds' . ·0 
(b) only (I) and (II) are chii'alconipounds . 0 
(c) only (III) is a chiral compound 0 
(d) only,(II) .and (IV) are chifal compounds 0 

67. '~ich~of the following is most . likely to· show optical '; 
.' Isomensm? . . " [UPSE~TZ004] 
....... •. H'.. •..... ..·H· .... . 

. '.' . 1 " .. 1 ' 

. (a)HC==C-f~C==CH 0 (b) HC==C-f-CH3 0 

CI .. CI' 

H CI 
1 o (d) HC=C-C=CH2 

1 
(c) HC==C-r-H o 

Cl 

68. The molecular formula of diphenylmethane, 

How many structural isomers are possible when one of the 
hydrogen is replaced by a chlorine atom? 

. [CBSE (Med.) 2004] 

(a) 6 0 (b) 4 0 
(c) 8 0 (d) 7 0 

69. Which one of the follQwingwill have a meso-isomer also? 
, .' . (AlEEE 2004; JCECE (Med.) 200S) 

(a) DiastereoO (b) Geometrical 0, 
(c ) Optical ' 0 (d) Struc;tuiaL' . ; 0 

'.73. Correct configuration of the following is:' [ADMS200s) 

'H+OH 

CH3T OH 
H . 

(a) lS,2S 0 (b) 1S,2R 0 
(c) lR,2S 0 (d) lR,2R 0 

74. Which of the following is optically active? (BHU 2005).. ,.'~ 
(a) Butane 0 (b) 4-Methylheptane 0 
(c) 3-Methyl heptane 0 (d) 2-Methyl heQtane 0 ' 

75. Maximum enol content is in: (nCE 2005; AIIMS 2008) 
000 

(a)A 0 (b»)~.D 

(C)~H O(d)~i~ 
eOOH ..COOMe.'..: ! .. 

76 .. :+=~: :~4=;., 
COOMe"COOH~i'; ,,' 

(I) . (II}" .... '. t' i,,' 

Structures (I) and (II) are: , '., ' :f~PMr200S] . 
(a )enantiomers 0 (b )diaSter.eomei's· . . D. . 
(c) meso compounds 0 (dfid~iicrtl:'" ',' .', 0 ' 

77. The two structures of D-glucopyranose forms are: '., 
. • . . [UT(S) 2005] 

(a) anomers o (b) enantiomers D' 
(c) epimers, . 0 ,(d) diastereoisomers' ,- [] 

.. ~. Which of the following will show~,!!.metricaliSOinerism .. ? 
'. . LJK,:ECE (Med.)200S} : 

(a) C2HsBr,O (b) CH2(COOHh'" .'[j. 
(c) (CH)i(COOHh 0 ,(d)O:2H6 ,,'p . ...... :',: ., .... : 

- " . 



79 •. Whichof the following compounds is expected to b~ 
optically active? [CET (Karnataka) 2006; AFMC 2008] 
(a) (CH3h CHCHO o (b) CH3CH2CH2CHO 0 
(c)-< {i~3CiI2CH(Br)CHOD . (d) CH3CH2CBr2CHO 0 

. 80 •. T~e n~ber of optical isomers of. . 
,r.:; ....... Cf!~CH(OH)CH(OH)CHOis: [PET (Kerala) 2006] 

'(a):O ." 0 (b) 2 0 
iC'(c) 3 . 0 (d) 4 0 

(e) 6 0 
81. Atllong the following which one can have meso form? 

(a) CH3CH(OH)CH(CI)C2Hs 
(b) CH3 CH(OH)CH(OH)CH3 

(c) C2H5CH(OH)CH(OH)CH~ 

(d) HOCH2CH(CI)CH3 

(AIIMS 2006J 
o 
o 
o 
o 

82. Which of the following is not chiral? 

(a) 3-Bromopentane 
(b) 2-Hydroxy propanoic acid 
(c) 2-Butanol 
(d) 2,3-Dibromopentane 

[CBSE (Med.) 2006] 
o 
o 
o 
o 

83. Consider the following representation, 
CH3 CH3 

H+Br F+H 
F Br 

they are: [PMT (Kerala) 2006] 
(a) enantiomers., 0 
(b) . diastereomcrs 0 

.tc) conf9rmational isomers 0 
(d) identical' 0 

. (e) cis-trans isomers 0 
84. The term anomers of glucose refers to: [AIEEE 2006] 

(a) isomers of glucose that differ in configurations at 
carbonsoneand four (C-I andC-4) 0 

(b) a mixture of (D)-glucose and (L )-glucose 0 
(c) enantiomers of glucose 0 
(d) isomers of glucose that differ in configuration at carbon 

one (C-I) 0 
85. Number of primary amines of the formula C4H lI N is: 

. (a) I 
(c) 3 

o (b) 2 
o (d) 4 

".~. ©H mW,~CHO = 

(BHU 2006] 
o 
o 

\ 
[AMU (Med.) 2006] \ 

(a) position isomers 0 . (b) chain isomers 0 
(c) functionalisomers 0 (d) stereoisotners 0 

87. Number of structural isomers for C6H14, is: [lIT 2007] 

(a) 3 0 (b) 4 0 
- (c) 5 0 (d)'6 0 

88. CH3 -CHCI-CH2 -CH3 has achiral centre. Which one 

. of the following represents its R-configutation? 
. [eBSE (Med.) 2007] 

G.R.B. Organic Chemistry/or Competitions 

o 

89. Which of the following molecules is expected to rotate the 
plane of polarised light? [AIEEE 2007] 

COOH CHO 

(a) H2N I H 0 (b) HO I H 0 
H CH20H 

NH2~NH2 
.(c)~ 0 (d) H~H 0 

SH Ph Ph 

90. Which one of the following molecules has S-configuration? 
[PMT (Kerala) 2007] 

COOH COOH 

(a) HO-+Hi--CH3 D. (b) H-+I---OHD 

CH2COOH 

COOH CHO 

(c) HO' I Br 0 (d) HO+--CH20H 0 
CH2COOH' H 

COOH 

(e) CH3-+-I--CH20H 0 
C6H 5 

91. The major product fol'Il'le'd when a 3,3-dimethylbutan-2-01 
is heated with concentrated sulphuric acid is: 

. . [PMT (Kerala) 2007] 
(a) 2,3-dimethyl-2-butene 0 
(b) 2,3-dimethyl-I-butene 0 
(c) 3,3-dimethyl-l-butene . 0 
(d) cis and trans isomers of2,3-dirnethyl-I-butene 0 
(e) cis and trans isomers of 3,3-dirnethyl-2-butene 0 

92. The correct statement about the compounds I, II and III is: 

:=f:COOCH .... : 
.\ 

; 

'COOH 
(I) 

[PMT (Kerala) 2007] 

~: H~H 
COOCH3 

(Ill) 

(a) I and II are identical 0 
(b) I and II are diastereomers 0 
(c) I and III areena:ntjOl~ers 0 
(d) I and II are enantiomers [] 
(e) II .and III are enantiomers . 0 

93. Geometrical isomerism is.possible in: [JEE (WB)2007) 
(a) isobutene 0 (b) acetone-oxime 0 
(c) benzophenone-oxirne 0 (d) acetophenone-oxirne 0 



Isomerism 

94. Which of the following will have a meso-isomer also? 
[UPSEE (Engg.) 2007; AFMC (Med.) 2007] 

(a) 2:3-Dichlorobutane 0 
(b) 2-Chlorobutane 0 
(c) 2,3-Dichloropentane 0 
(d) 2':'Hydroxy propanoic acid 0 

95. Which of the following molecules will not show optical 
activity? [PMT (Kerala) 2007] 

W '00 0 7,
¥(,

CH
3 

HO .. ., .... , 
H 

H3C 

H3<J.;-CH-CD3 

(b) ~H 0 

COOH COOH 

(c) H~~~ , 
o 

(d) BrAH 
H . Br 

o 

(e) H3~-CH2-CH3 o 
CI 

96. Pick out the correct statements: [PMT (Kerala) 2007] 
(i) if a compound has no asymmetric carbon atom, it is 

always achiral. 
(ii) if a compound has just one asymmetric carbon atom, it 

is chiral. 
(iii) if a compound has more than one asymmetric carbon 

atoms, it mayor may not be chiral. 
(a) (i), (ii) and (iii) are correct 0 
(b) (i) and (ii) only are correct 0 
(c) (ii) and (iii) only are correct 0 
(d) only (ii) is correct 0 
( e) only (i) is correct .0 

97. The chirality of the compound 

IJIPMER (Moo.) 2007] 
(a) R 0 (b) S 0 
(c) Z 0 (d) E 0 

98. Different structures generated due to reaction about C-C 
axis of an organic molecule, are examples for: 

(a) geometrical isomerism 
(b) optical isomerism 
(c) conformational isomerism 

ICET (J & K) 2007] 
o 
o 
o 

(d) structural isomerism , o 
99. The number of geometrical 

CH3CH=CHCFhCH=CH2 is: 
(a) two 0 (b) three 
(c) four 0 (d)five 

isomers in 
[DPMT 2007] 

o 
o 

100. The total number of isomers in C6H3 Cl3 is: 

[DPMT 2007] 
(a) two 0 (b) three 
(c) four 0 (d) five 

101. How many stereo isomers does this molecule have? 

o 
o 

H3C-CH=CHCH2CHBrCH3 [CBSE (Med.) 2008] 
(a) 2 0 (b) 4 0 
(c) 6 0 (d) 8 0 

102. The absolute configuration of the following: 
CH3 

H+. Cl,is: 
Cl-i-H [DCE(Engg.) 2008] 

C2HS 

(a) 2S,3R 0 (b)2S,3S o 
o (c) 2R,3S 0 (d) 2R,3R 

103. The absolute configuration of 

H~:X7<::2H , is: 
HH 

[AIEEE 2008) 

(a)S,R 0 (b)S,S 0 
(c) R, R 0 (d) R, S 0 

104. CgH16 that can form cis-trans geometrical isomers and also 
has a chiral centre, is: [AIIMS 2008] 

(a)~ 0 (b)~H 0 

(c) both of these 0 (d) none of these 0 
105. Which of the following is chiral? [DPMT 2008] 

(a) CICH2CH2CH2CH2CH3 0 
(b) CH3CH2CHCH2CH3 " 0 

I 
CI 

(c) CICH=CHCH2CH2 CH3 
(d) HC=C=CHCH2CH3 

I 

o 
,0 

CI 

106. Of the isomeric hexanes, the isomers that give the minimum 
and maximum number of monochloro derivatives are 
respectively: . [PET (Kerala) 2008) 
(a) 2,3-dimethylbutane arid n-hexane 0 
(b) 3-methylpentane and2,J-dimethylbutane 0 
(c) 2,2':'dimethylbutane'and 2-methylpentane 0 
(d) 2,3-dimethylbutane and 2-methylpentane 0 
(e) 2-methylpentane and 2,2-dimethylbutane 0 

107. How many chiralcarbon atoms are present in 
2,3,4-trichloropentane? [MGIMS (Wardba) 2008] 
(a) 1 0 (b) 2 0 
(c) 3 '0 (d) 4 0 

108. The total number of acyclic isomers including the 
stereoisomers (geometrical and optical), with the molecular 
formula, C~H7Cl is: IGGSIP (Engg.) 2008] 
(a) 12 0 (b) II 0 
(c) 10 0 (d) 9 0 

109. Which of the following will exhibit cis-trans isomerism? 

(a) CH2Br-CH2Br 

(c) CHBr=CHBr 

[JEE (WB) 2008] 
o (b) CBr3~3 0 
o (d) CBt2=CH2 0 
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110. Whichooo','Iof the follbwing ·compounds is capable ·of. 
.. e.xistin~,~ameso form? . .,' (PET (Kerala)2008) 

. ,.·(a) ),~~Dlbromopentane 0 (b) 4-Bromo.:.2-pentanol 0 

List I' ListH' 
o " . II .. 

(i) l. Apaiiofchainisomers:{1) CH3":--C-CH2CooC2Hs;' .·',(c) 3~BroQlo-:2-pentanol 0 (d) 2,3-Dibtomopentane [] 
: (e) .2A~Dib!omopentaneD J. 

, HI. Which .6f the following comp6Unds will exhibit ds~trans 
, (geometrical) isomerism? ", [CBSE (Meel.) 2009) 

i " ',=i?' OH 
. I ,I 

"\a)))utanol,D (b) 2-'Butyne '. 0 
.(<;) i':B.,utenol . o (d) 2-Butene 0 

til. The two structures written below represent: 

.CH3. CH20H 

.. ,HO+.H H H 
.;H+OH OH 

CH20H 

, {i}.:pair of diastereomers [JEE (WB) 2~) 
'.' ;'(b ) pair of en~tiomers ,0 

(c) same mol~cule [j 
(d) both are optically inactive D 

. 113. Which of the following compounds will show geometrical 
. isomerism? [DPMT 2009) 

(a) Cyclohexene 0 
(b) 2-Hexene 0 

. . (c) 3-Hexyne . 0 
(d) 1,I-Diphenyl ethylene D 

, 114. A C?mpound is formed by substitution of two chlorine, for 
two hydrogens in propane. The nu.rtlber of possible isomeric 

:(;)m~ounds is: 0 (b) 3 (JEE (WB) 20~1 
,', ::(c)·4 ,0 (d) 5 .0 
llS:The numbe.rof stereoisomers possible for a compound of 

the molecular formula 
CH3 -CH=CH-CH(O~Me is : 

[AIEEE, 2009, ) 
(a) 2 0 (b) 3 0 
(c) '4-. 0 (d) 6 D 

116.Which isomer of hexane has only two different sets. of 
, structura:lly equivalent hydrogen atoms? [DPMT 2009) 

(a) 2;2-Dimethyl butane D (b) 2-Methyl pentane D', 
(c) 3-Methyl pentane 0 (d) 2,3-pimethyl butane D 

tt7.The ,total number of acyclic structural and optical isomers 
~ossible for a hydrocati;'Cln of the molecular formula «7 HI6 
IS: , ' ,(CET (J&K)12009] 
(a) 6 0 (b) 8 " \ D 
(c) 10 o (d) ,12 0 

Its.The alke.ne that..exhibitsgeometrical isomerism is: 

.,' ,. (a) propene 
\. . (c) 2,.butene " 

. [AIEEE 2009) o (b) 2-methyl propene. D 
o (d) 2-methyl-2-butene 0 

.. SET. II: Thi,s set contains questions' with one or more oorrecitanswers: 

. . 1l9~atch the list I and list II and select the correct answer using 
. :~~_~.~de given belqwthe lists: 

CH3-C=CHCOOC2Hs 
, 2 .. A pair of position (B) CH3CH2CH2CHO; CH3COCH2Cll3 

3, A pair of functional . (C) CH3CH2-C-CH; 
isomers CH:r-Cl'EC-CH3, 

4. A pair of tautomers (D) CH3CH2CH2CH3; CH3-CH-CH3 . I 
CH3 

Codes /;.a) I~A, 2-B, 3-C, 4-D, (b) I-D, 2~C, 3-B, 4-A 
(c) l-B, 2-D, 3-A, 4-C, (d) I-C, 2-A, 3-D, 4-B 

(ii) 1. A pair of optical 
isomers 

COOH 
I . 

2. A pair of geometrical (B) 
isomers 

H-C""":OH 
1 

HO-f-H 

HOOf 
,H-r-OH 

H-1-0H 

HOOC 

3. A pair of metamers 

,4. A pair of . 
diastereomers 

COOS 

(C) C2HsOC2Hs;CH3OC3H7 

CH3 H3C' 

(D 
. I. 1 

) HO-C-H' R-C-OH 
1 ' I 

COOH COOH. 

'Cooes ta) I-D, 2-A, 3-C, 4"B, (b) I~A, 2-B, 3·0, 4-C 
, (c) I-C, 2-D; 3-B, 4-A, (d) I-B, 2-C, 3-A, 4-D 

(iii) L Conformation (A) Polarimeter, 
. 2. Meso form (B) Optically inactive 
3.~pecific rotation, (C) Eclipsed and staggered fonns 
4.Non-superimposable (D) Enantiomers 

mirror images 

Codes ta) I-A, 2-D, 3-B, +C, (b) I-D, 2-A, 3-C, 4-B 
(c) I-B, 2-C, 3-D, 4-A, (d) I-C, 2-B, 3-A; 4-D 

, CH3 

(iv) I. Apairofanomers (~)H+OH; HO H 

C;Hs HsCz 

w . 
2. Enolisation (B) CH3"':""C-COOH; , 

(-)CH3-CH-COOH I ',' 
OH 

W yH 
3. Asymmetric synthesis (C) CH3-C-CH3; CH3-C=CH2 , 
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±:I H±HI 
I .....' ! ~ 

4, Fischer projection (D) HO-C-H 0 ' HO-C-H 0 

~HI H~HI . I· 1 
H~ H--€ 

1 .1 
CHzOH CH20H 

Codes :(a) I-C, 2-A,3-D, 4-B, (b) I-A, 2~B, 3-C,4-D 
(c)1-D,2-C, 3-B, 4-A, (d)l-B, H), 3-A:. 4-C 

1l0~Cis-2-butene and trans~2-butene are : 
(a)· geometricalisom~rs P (b). diast(!reomers .;'; .... 0 
(c) enantiomers. .'. o (d) position isomers 0 

121. Whichoftbe foliowingcan.existin 'sYJ?' and 'anti; forms? 
. (a)C6HS-,--N N:":':"OH' . . . "0-

- ': .. ',', - -\ 

(b) C6HS-N N~C6Hs 0 
(c) C6HS-CH N-':':OH 

(d) (C6HshC N-OH 

122. The Z-isomer among the following 'are: 

CH3-:-C-:-H '. CH3-:-C-H 
... ~. ". . '~. . 

C3H 7-C::'....-C2Hs C2Hs-:-c-C3H7 
(I).. (II) 

Cl-C-Br CI-:-c-Br 
II II' 

H-C-F F-C-H 
(Ill) (IV) 

o 
o 

(a) (I) [] (b) (II) 0 
(c) (III). 0 (d) (IV) 0 

123. Keto-enol tautomerism is observed in: 
(a) C6Hs-CHO 0 (b) C6H5 COCH3 0 

(c) C6HsCOC6HS [J (d) C6HsCOC1I2COCH3 b 
124. Which of the following statement(s) is/are. correct about· 

tautomers? 
(a) They possess·different electronic aI\d atomic arrange-

ments . 0 
(b) They possess different . electronic but sa~e atomic 

airangement ' 0 
(c) They have different atomic arrangements but same 

electronic arrangement' [] 
(d) They exist in equilibrium \, .,' 0 

125. The lowest molecular weight alkanes, which arc: optically 
active, are: 
(a) 3-methylhexane 0 
(b) 2,3-dimethylpentane 0 
(c) 2,3,3-trimethylbutane [J 
(d) 2-methylhexane 0 

126. Which of the following compounds are chiral and resolvable? 
+ 

(a) [C6HS N(CH2CH2CH3)(C2Hs)(CH3)]Br- 0 
(b) C6H5N(CH3 )(C2Hs ) 0 
(c) CH3CH2CH(CH3)N(CH3J(C2Hs) 0 

COOH 

<o8~> , '. [] (d) 

COOH CQOH 

127. Which of the following compounds will show' g~metricaJ 
isomerism?" 
(a) 2-Butene 0 (b) Propene .0' 
(c) I-Phenyl pr6pene 0 (d) 2-Methyl-2-butene 0 

128. Tautomerism is exhibited by: 

(a) < )-CH~CH"--oH 
(b},O~>=o 

(e) yo· 
(d)QO .. 

o 

o 

o 

.0. 

129. Geometrical isomerism is exhibited by; . . . ....... ... .. 
. [BHU (Mains) 2008] . 

(a) 2-chlorobut;'2-ene 0 (b) but-2.:.ene .. :,':.-·tJ 
(c) 3~methylpent-2-ene 0 (d) 2-methYl but~2-ene·tl\ 

130. The correct statement( s) about the compound given below" 
is (are):' . . .. (lIT 2008] 

'H.:~· l'~ .CH
3 

3 '" . ~H . 
Cl 

(a) the compound is optically active . 
(b) the compound possesses centre of s)'l:111i1etry 
( c) the compound possesses' planeof"synimetty 
(d) the compound possesses axiS:-Qf synimetry 

131. The correct statement(s) concemingthe sttfiCtures E,Fand 
G is (are); . . --' \. . j ·.[nT2008] 

H3C~O H3C~OH H3C:>==<CB. 

H3C . CH3 H3C CH3 . H3C OH 
(E) (1') -(0) 

(a) E, F and G are resonance stntctnres 
(b) E, F and E, G are tautomers 
(c) F and G are geometrical isomers 
(d) F and G are diastereomei:s 

·0 
, ','0 

o 
Q. 

132. The correct statement(s) about the compound 
H3C(HO)HC-CH=CH-CH(OH)CH3 (X)is(arel: .' 

. .,lnT1009) 
(a) the total number of stereoisomers possible for (X) is 6 

'L 



(b) the total number of diastereomers possible for (X) is 3 
. ,0 

(c) if the stereochemistry about the double bond in (X)' is " 
trans, the number of enantiomers possible for (X) is 4 0 

G.R.B. Organic 'Chemistry (Or Competitions 

(d) if the stereochemistry about the double bond in (X) is 
. cis, the number of enantiomers possible for (X) is 2 0 

.ASSERTION-REASON TYPE QUESTIONS 

Section A: liT Type Questions 
The questions given below consist of an· Assertion (A) and 
Reason (R). Use the following keys to choose the correct 
answer: 

(a) If both assertion (A) and reason (R) are correct and 
reason (R) is correct explanation of assertion (A). 

(b) If both assertion (A) and reason (R) are. correct but 
reason (R) is not correct explanation of assertion (A). 

(c) If assertion (A) is correct but reason(R) is incorrect, 
(d) If assertion (A)is incorrect but reason (R)is correct. 
(e) If both assertion (A) and reason (R)are incorrect. 

1. (A)Allcompounds having C=C bond exhibit geometrical 
isomerism. 

(R) Rotation about C=C bond is restricted. 
2. (A)Diastereomers are not mirror image of each other. 

(R)Diastereomers may be optically active. 
3.. (A) Following amide exist in two StruCturlll forms: 

H3)C <CH3 H3)C < H 
~C-N ~C-N .' H . CH3 

(1) (II) 

(R) Rotation about carbon nitrogen bond is restricted due to 
resonance.· 

4. (A)Dextro-isomers rotate the plane of .polarised light 
towards right. . 

(R)Dextro-isomers are represented by putting (D) before 
their name. 

5. (A)Trans-l-chloropropene has higher dipole moment than 
. cis-t -chloropropene. 

(R)The resultant of the two vectors in trans-l-chloro 
. propene is more than injis-l-chloropropene. 

6. (A)Meso tartaric acid i~ptically inactive. 
(R)Meso tartaric a>i«has plane of symmetry. 

Sectlon.B: AIIMS Type Questions 
Choose the correct answer: 
(a) If both (A) and (R) are true and (R) is correct 

explanation of (A). 
(b) If both (A) and (R) are true but (R) is not correct 

explanation of (A). . 
(c) If (A)is true but (R)is false. 
(d) Ifboth (A) and (R) are false. 

7. (A) Alkanes containing more than" three carbons exhibit 
chain isomerism. 

(R) All the carbon atoms in alkanes are sp3 -hybridized. 

8. (A)Lactjc acid shows geometrical isomerism. 
(R) It has a C=C double bond. 

9. (A)Metamers can also be chain or position isomers : 
(R) The term tautomerism was introduced to explain the 

reactivity of a substance . according to two possible 
structures. 

10. (A)All the hydrogen atoms in but-2-ene lie in one plane. 
(R) All the carbon atoms in it are sp2 -hybridized. 

11. (A) Benzaldehyde forms two oximes on" reacting with 
NH20H. 

(R)The two oximes arise due to geometrical isomerism 
around C N bond. 

12. (A)Cyclobutane is less stable than cyclopentane. 
. (R) Presence of 'bent bonds' causes loss of orbital overlap. 

13. (A) Ethyl acetoacetate gives reddish violet colour on 
treatment with ferric chloride. 

(R) 'Keto' form is dominant in it. 
14. (A) The boiling point 6f cis-l,2-dichloroethene is higher 

than corresponding trans-isomer. 
(R)The d~pole moment of cis-l,2-dichloroethene is higher 

than trans-isomers. 
15. (A) Molecules that are not superimposable on their mirror 

images are chiral. (lIT 2007] 
(R) All chiral molecules have chiralcentre.· 
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_ J ANSWERS I 

OBJECTIVE QUESTIONS 
1. (e) 2. (e) 3. (b) 4. (d) 5. (a) 

- . 

6.· (d) 7. (b) . 8. (d) 9. (e) 10. (b) 
11. (b) 12. (a) 13. (a) 14. (e) 15. (c) 16. -(c) 17. (d) 18. (a)· 19. (e) 20. (c) . 

21. (a) 22. (e) 23. (a) 24. (e) 25. (d) 26 •. (d) 27. (d) 28. (d) 29. (b) 30. (a) 
31. (a) 32. (d) 33. (b) 34. (b) 35. (c) 36. (c) 37. (c) 38. (d) 39. (b) 40. (a) 
41. (b) 42. (d) 43. (a) 44. (c) 45. (al. 46. (d) 47. (b) 48. (a) 49. (d) 50. (a) 
51. (c) 52. (b) . 53. (a) 54. (c) 55. (d)'. 56. (b) 57. (a) 58. (b) 59. (d) 60. (a) 
61. (b) 62. (a) 63. (c) 64. (c) 65. (b) 66. (b) 67. (b) 68. (b) 69. (b) 70. (d) 
71. (b) 72. (e) 73. (a) 74. (e) 75. (e) 76. (d) 77. (a) 78. (c) 79. (c) 80. (d) 
81. (b) 82. (a) 83. (d) 84. (d) 85. (d) 86. (c) 87. (c) 88. (b) 89. (b) 90. (e) 

-91. (a) 92. (a) 93. (d) 94. (a) 95. (a) 96. (c) 97. (a) 98. (c) 99. (a) 100. (b) 
101. (b) 102. (b) 103. (c) 104. (a) 105. (d) 106. (d) 107. (b) 108. (a) 109. (c) 110. (e) 
111. (d) 112. (c)- 113. (b) 114. (d) 115. (c) 116. (d) 117. (b) 118. (c) 
119. (i-b), (ii-a), (iii-il), (iv--c) 120. (a,b) 121. (a,b,c) 122. (a,c) 123. (b,d) 124. (a,d) 125. (a,b) 126. (a,c) 
127. (a,c) 128. (a,e,d) 129. (a,b,e) 130. (a,d) 131. (b,c,d) 132. (a,d) 

ASSERnON-REASON TYPE QUESnONS 
1. (d) 2. (c) 3. (a) 4. (c) 5. (a) 6. (a) 7. (e) 8. (e) 9. (b) 10. (d) 

11. (a) 12. (a) 13. (b) 14. (a) 15. (e) , 

.. 
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BRAIN STORMING PROBLEMS 

1. Give the stereoselective. products, . when cyclQpentene is 
treated with (a) alkaline KMn04 (b) HCDDDH (c) Br2 

alkaline KMn04 

(Ans. 
. HCOOOH 

Cyclopenrene 

.(r. 
OHOH 
Cis-I,2-cyciopentandiol 

€r +<8f 
H OH OH H 
1rans-I.2-cyclopentandiol 

+~l 
Br H 

Trans-! ,2-·dibromocycloiJentane 

1. Write down tautomeric and resonating structures of· the 
following compounds: . . 

o 

DH 

N~N 
HO~~DH 

... ·A 
HN NH 

HO~mrlO· 
Tautomer 

3. Give the ring-chain tautomers of4-keto pentanoic· acid 
(Laevulic acid): . 

CH3 CH3 . I: I 
cH2-C=O~ CHz-'-C-OH 

(Ans. I ,;-.,) ~. I '" 0 
CH2-~-0' HI CH2-c/ . . II '-, II 

o 0 
(Ring-chain tautomerism) 

4. Identify enantiomers and diastereomers among the following: 

(i) if' (H) if' 
H CH3 CH3 H 

. [Ans. (I), (II), (III), (~Enantiomei:s 
(land III); (II and III); (I and IV), 

. . (II and ~Diastereomers] 
S. Indicate optical configuration in following compounds: 

5 ·.3 - . ~ 
'. q .. 

(a) Br---,. 2 -"fI. (b) Br.-~·· .. ---Br 
H- .Br '. H H 

... (A~s~ (a) (lR,2R) 1, 2-dibromocyclopentatie 
.. (b) (lR,2S) 1, 2-dibromocyclopentane] 

6 . . Specify chiral-enantiomers . and achiial';identical pairs 

:~fOllO:mg,. C[' .. ~ .... ' . 

~ . .~ 

(ii) H>·. ~·-2. (I .. "H 
.H .. ~ ...... 

(iii) 

(iv) 

[ Ans. (i) Chiral-enantiomers 
(ii) Chiral-enantiomers 

(iii) Achiral-identical 
. (iv) Chiral-enantiomers 

(v) Achiral-identical] 
7. Pu~ star mark to the chirality centre of the following 

. compounds: 

(a) CH''-..cDCH

', 

II 
CH2 

Carvone (Speannint oil) 
" 
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(b) 

. CH3 . . CH2 .. '. 

& .... C.H3 .. ~~ ... 
. .* .. .CH3 

o .-:::P 
Noot katone (Grape fruit oil) 

(c) * • 

Cholesterol 

Note :Star markS are given in the figbre of question. 

8. Assign 'R' and '8' configuration for the following: 

H ~HO 
I HO,t~H 

(a) CHf':F''-CH2CH3(b) I 
CI H~<?~OH 

COOH , 
. ! 

H'C~NH2 
(c) I 

HO~<?~H , , 
CH3 

[ Ans. (a) (S)-2-chlorobutane 

I 
! 

CH20H 

(b) (2S, 3R)-2, 3, 4-trihydroxybutanal 
(c) (2R, 3S)-2-amino-3-hydroxy butanoic acid] 

9. Assign Cahn~Ingold Prelog priorities to the following sets 
of substituents: 
(a)--:-H, -Br, -CH2CH3,-CH2CH20H 
(b) -COOH, ~COOCH3 , --:-CH20H, -OH 
(c) -CN,-CH2NH2,-CH2NHCH3,-NH2 
(d) -Br,-CH2Br,-CI,-CH2CI 
( Ans.(a) -Br > - CH2CH20H > - CH2CH3 > --'- H 

(b) -OH > - COOCH3 > - CoOH > - CH20H. 
(c) -Nlf2 > CN > - CH2NH CH3 > CH2NH2 
(d) -Br > -CI > -CH2Br > -CH2Cl] 

10. Which of the following structures represent 'meso' form? 

(a)~~H ~l ~~H 
• I • 

H , 
Br,t~CH3 

(d) I 
CH3~<?~H . , , 

Br 
.[ Ans. (a) and (d) are meso forms.] 

" .. -,,' 

U. Which of the following havea'm~so~f~rm?' 
(a)2,3 .. Dibtomobutane (b) 2,37Dibrornop<mtane 
(c) 2.4-Dibromopentane .. . . 
[ Ans.(a) and (c) ate mesO forms . . 

(Draw the projection formS· to verify)] 
n. Write down tautomeric structure of' the followmg 

compounds: 
.0 
. 1\ . 

(a) ((=y( .. , .. C~H3 Q .. 
o 
1\ '.' . 

(c) CH3~--'-o-:--cH3' 

? 
N' 0 (ela 

OH 

o 
'(b)' C. H

3
)' " II . . CH~-H 

CH3 .' . 

OH 
I 

(d) CHr
C

'CH-r-
CH2 

HOY"(, -::?, ,', 0 
(f) . 'V 

I " OH 
.. ,~C=CH2' .CH3.) I. 

(Ans. (a) 'L9'.' .'. (b)CH" ..•. C=C---':H 
3 . 

fH ~.. 
(c) CH2=C-O~CH3 (d) CHr:-C-CH-CH2 

crOH 

(e) ", "I," . ""- . '.' . ,"""- . 

0yyo 
(f) V], 

13. Specify whether the following pairs of compounds are 

iden~c)al' resonating structure~ ~ositionisomers : 

(a). N~ /N~ 
R 'R H 'R 

Br 

(dl ~. U CH3 



. Codes: 

(a) (A-I-i); (B-2-ii); (C-:3-iii); (D-4-iv) 0 
(b) (A-4-iii);(S-3-,iv); (C-2-ii); (0-1-0 0 
(c) (A-4-iv);(S-3-iii); (C-2-ii); (D-I~i) 0 
(d)(A~3-,iii); (B-4-ii); (C-2-i); (O-l-iv) .0 

31. F'Or which 'Of the f'Oll'Owing pairs 'Of compounds are the 
c'Orrect n'Otati'Ons given? . 

(a) Ph'N ' N/
Ph 

and. Ph'N N'Ph 0 
Anti-azobenzene 

,Syn-azobenzene '. 

o 
Syn-acetaldoxime Anti-acetaldQxime 

GrR B. Organic Chemisl1Jl for Cqmj2¢tJtions. 

C~S) '<C~5' ' (c), C=C=C ' . 
~-naphthyl ,~-naphthyl 

CH2) <CH2 
(d) I C=C I 

CH2 . CH2 
o 

35. Which 'Of the fQJI'Owing represents a pair ,'Of enanti'Omers? 

HOO'1./\' ,~H f!.1\.~C.()Oll 
(a) H o (b) H'" ,Cl . 

H COOH HOOC H 

. ,aoo'1/\ «OOH 
; (c) ',H. 

H H 

o· (d) f6r o 
HOOC COOH 

.36. Wmch'of the f'Oll'Owing cycl'Oalkanes involves I)'l8XmlUm 
t'Orsi'Onal strain? 

H, COOH . H' , •.. ,.-<, ,(a). Cycl'Opropane . ,0 (b)Cycl'Obutane, 0 

Ct'. ,C=C(H ' .' 'Ct·· .' '. '0 . C .• <~boIi: ".-".' .(c)' Cycl'Opentane . , 0 . (d) Cycl'Ohexane ,0 
(c) I and I· , ' . ,. ",,37. The m'Ost stablec'Onf'Orlnati'On 'Of 1,2-.diphenyl ethane is: 

, NH2 ." . ',NH
2 

,., .. ' " ',. . . C~ 
Trans~o-aminocinnamicacid Cis-o-aminocinnamic acid' . *H .~. cils 

H3C) '<. C;H2CH2CH3. C,IC.H2)·· .. , . .-. < .... C~,l" (a} C
6

H
5

' .... ,' . Ho (b) H" ,,"'.' 0 
(d) C=C and ' '. C=C .' C~5 . H'" H', H 

H CH3 ' BrCH2 ,', CH3 . 
Z-isomer E-isomer 0 H, 

32. The m'Olecules 

CH3) pH ",. .H~,. ',. " <CH3 
C=C=C ' and " " C-:-,C=C' , , 

H " '. 'CH3 . ',CH3" :' ',.;H 

o 
o 
0, 

o 

34. Which 'Of the f'Oll'Owing compounds exhibits 'Optical 
isomerism? 

HOOCN0 2 

(a)(~~.) o 

N02 COOH 

(b) CH2=C=CH2 o 

,0, 

(a) 0:: o (b) CH3-CH=N.,......;()H 0 

'~ 
(C)'VV o . (d) All 'Of these " 

. 
39. Which 'Of the f'OlI'Owing is/are correctmatchingS? 

Column 1· . Column 2 

v ~ 
(a) CH3~C-OH and H-C-OCH3 metamers 

(b) CH3:..-.CH2-C==CHand , 
CH3-C==C-CH3 ' " P'Ositi'On is'Omer 

(c) CH3CH2CH2NH2 arid 

. CH3.;....,fH~CH3 , 

NH
2

' 

taut'Omers 

D· 

o 

o 

o 

10': 
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40. Consider the following structures and pick up the right 
statements: 

U""-C"p-o . 

. I 
H;.,.i'CH20H C~ 
HO 

(II) (III) 

(a) I and II have R-configuration 0 
. (b) I and III hiwe R-configuration 0 
. (c) onlyIIlhas S-connguration ·0 

(d) both (a) and (c) are correct 0 
41. Which of the following will not show optical activity? 

HOOC COOH 
(a) H,,~ .. H· 

.J \ 
OH H· 

o (b) CH:;---GH-CD3. . I 
OH 

o (d) BrA·' H· 
H Br 

o 

o 

42 •. Which of the following compounds can not. show 
tautomerism? [PMT (Kerala) 2007) 

O (b) 

6·.
°··,°. '. (a) HO-CH .. CH2 

(e)O o (d) & 
o 

o 

43. An;long the· following amino acids, the (R )-enantiomer is 

represented by: . 

. 9H3 

(a),H2N~COOH 0 
H 

"COOH 

(b)H+-NH2 

CH3 

COOH 

o 

o (d) CH3-f-NH2 ' 0 
'H 

44. The IUPAC name of the compound, 

CHI .. \ \' /CH3 is: 

(a) (2E,4E, 6Z)-octa-2,4,6-triene 
(b) (2E, 4E, 6E) ... octa-2,4,6-triene 
(c)· (2Z, 4E, 6Z)-octa-2,4,6~triene 
(d). (2Z,4Z, 6Z)-octa-2,4,6-triene 

o 
o 
o 
o 

45. Which of the following cyc10alkanes will show cis-trans 
isomerism? 

(')0 ·0 (b) c1~:: o 

C~ ... CH3. o (d) ~ D. 

. . 

46. Match List I with List II and select the answer from given 
codes: 

List I 
Structure of the 

compound 

ListII . 
Name of g~metrical 

isomer 

, L S-cis .' 

2. Trans 

H2C':::::::'C/H 

c.1 
H/C':::::::'CH2 

. H'C?,CH2 

3. Cis 

D. , 4. S-trans 

H/C~CH2 '. 

Codes: 

A BCD 
(a) 1 2 3 4 
(b) 4 3 2 1 
(c) 2 3 1 4 
(d) 3 2 4 1 

47. Which of the following is correctly matched? 
. Compound Number of geometrical . 

(a) CH3-CH=CH-CH . CH-C2HS 
(b) CH3-(CH=CH)4--:-CH3 
(c) H2C=CH-CH=CH2 
(d) CH3 (-CH=CH)s-CH3 

isomen 
4 
2 
23+i =10 
24 +22 = 20 

48. Match List I with List II and select the correct answer from 
the given codes: 

List I 
Compound 

A. A symmetrical compound 
with • n' chiral carbon.' 

B. Symmetrical molecule with 
'n' chiral carbon when n is even. 

List II 
Number or optical 

isomen 
, L 2n-~ 

n--1 

2.211-1_22 

C. Symmetrical molecule with 3. 2H 
'n' crural carbon when n .is odd. 



Codes: 

A 
(a) 1 
(b) 3 
(c) 3 
(d) 2 

B 
2 
2 
1 
3 

C 
3 
1 
2 
1 

49. Select the optically inactive compound among the 
following: 

(a) 

(b) 

(c) 

(d) 

HOOC. 

AcNH 

o 

o 

o 
NHAc 

COOH 

o 

r 
CO 

50. Identify, which of the following molecules does not have 'R' 
configuration? 

F 

(a) CI+D 
H 

NH2 
1 

(c) H3C-C-COOH 
I 
H 

51. Which ()fthe following is the enantiomerofthe structure? 

CH3 
H,I 
CI"C ......... H 

G.R.B. Organic Chemistryfor Competitions 

CH3 CH3 

(a) H"I 0 (b) 
.I/Cl 

0 C H/C'H Cl" ......... H 

CH3 

(c) 
I 

0 (d) It does not have an 0 C·-H 
H/i enantiomer 

Cl 

52. Which of the following will have a trans· isomer? 

H3C) <. H Cl)' Cl 
(a) C=C 0 (b)' . C=C< 0 

H . H HH 

(e) H,Cr<CH, 0 (eI) 1=f 
H H H H 

o 

53 .. Which of the following compounds shows tautomerism? 

V ~ 
(a) NH2-C-NH2 0 (b) NH2-C-NH2 0 

o 
(c) Iia-Q-N=OD (d) CH3-~-CH3 0 

54. Increasing order of stability among the three main 
conformations(ie., eclipse, anti, gauche) of2-fluoroetbanol 
is: [AIEEE 2006) 
(a) eclipse, gauche, anti 0 (b) gauche, eclipse, anti 0 
(c) eclipse, anti, gauche 0 (d) anti, gauche, eclipse 0 

55. Which of the following is(are) optically active? 
CH) 
I 

(a) C2Hs-:r=o 
C6HS 

C2HS 

1+ 
(c) CH3-N-H Br- 0 

I 
C6HS 

o 

o 

56. The S-ibuprofen is responsible for its pain relieving 
property. Which one of the structures shown is S-ibuprofen? 

o 
II 

>-... r-'\ /C-OH 
(a)' ~_. I "· .... CH

3 
0 

H 

(b) >-.. r-'\ ~-!'C-OH 0 
'~-ill 

CH3 0 . 
CH3 

(C)~!.-H 0 
- )C-OH 

o 
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57. Four Newman projection . fonnulae ,ofccompptind , '. 
'CH~QH~Hon-CHOlf-ci:.I6 are s~ownbelow: '. ' 

HO 

H 

eHO CHO ,CHO 

·ORC 

H 

OH 
(II) 

OH 

OH 
(IV) , 

OH 
(iII) , 

Which of the above represents erythfo isomer? 

,H 

(a) I and IiI' 0 . (:b) 1 and iv . 0 
, '(c) I and II ' , ' 0 (d) II and IV .0 
'58, In the dehydrohalcigenation of 2-bromobutane, which 

confonnation leads to the formation of cis-2-butene? 

,177 

CH3 

OCb} , 0 

H 

CH3 ' 
.H CH3 H 

" 

0 (d) 0 

H H Br 

59. Thetkjorproduct frofu the reaction ofBr2' withZ-3-hexene 
is: 

'(a) optiCally active D~ 
. (b) raeemicmixture D 
'. (c) llleSo fonn. 0 ' 

(d) both racemiclllixtUre and meso fonn . 0,' 
60. Which one of the following statement(s) is/are true for 

. , threo-:butane-2,3-diol regarding their population of different 
confonners?', ' ". ' '. ,. ", , 

, (a) The most populated confonner will have the hydroxyl 
groups of the gauche position. . ' . 0 

. '(b) The most populated confo,nner will have the hydroxyl 
. groups at the anti position. , ' , 0 

(c) All staggered conformations will be equally populated. , .,'" 0 

:( d) Relative populations of different 'confotmers is not 
pt:edictable. , ' ' ',' , ", ','.,' 0 

, , [Ans,(a:)Iit~olecular hydrogen bonding iiI possible in 
gauchecoriforinarlon which makes it more stable ,than 

, allti fonn,] , ' , 

i ANSWERS :BAAIN STORMING PROBLEMS I---..,.....:..-.:...---..,.....:....,.....:..,..--.,--~--,-----..;...,....---,---,-----, 
18. (d) ,.9 •. (c) 10, (d)l1. (a) '21. (b) 13.(b)14~ (d) 15. (a)" 26, (a,b) 27. '(d) 

18. (d) ,29. (a) 30. : (b) 31.: ' (:b,c,d)31,~ (a) '33. (:i!.ib,~) ',34. (~c) 35. (a,bJ 36 •. (a:)3i~{d) 
38 • .(d)39, (b,d) 40. (a) 41. (e) 41. (c)" 43.(b} , 44. (c) '45. {c,dY 46~ (d) 47. '(a,d) 
48,(c) 49. (d) 50. (d)~I, ,(d) '51.{b,c;d)53.{a,1>;c,d).S4:' (c) 55. (a,b,c) 56. (d) '57. (b) 
58 .. (a) 59, (:b) 60. (a) 
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. Passage 1 

Stereoisom~s,' . which can be interconverted simply by 
rotation abOu~- sigma ~onds, are conformational isomers' whife 
those, which can be converted only by breaJdng and remaking of 
bonds and not simply by rotation, are called configurational 
isomers. 

The angle betweeI,l C-C and C-H bonds on adjacent 
carbon aionls in any conformation is' called· dihedral· angle. 

The cYclic co:tDpounds most tommonly found in nature 
containing 'six membered rings can exist in a conformation that is 
aimostCbmpletely free of strain. The most stable conformation of 
cyclohexane.is chair form, 

According to Bayef strain theory, the greater deviation from 
the normal tetrahedral angle;. greater is the angle strain or 
torsional strain and hence lesser is the stability ofthe.cycloalkane. 

Answer the fol,lowing questions: 
1. Dihedralangle in staggered and eclipsed conformations are: 

(a) 60° and 0° - (b) 0° and 60° 
(c). 60°, 120° _ (d) 120°, 60° . 

. 2. Dihedral angle between two methyl groups of n-butane in 
the gauche and anti forms are: 
(a) 60°, 0° . (b) 60°, 1800 

(c) 00 ,600 (d) 180°,60° 
3. Which among the following conformations of cyclohexane 

is the most stabl~ form? 
(a) Chair form (b) Half chair form 
(c) Twist boat form (d) Boat form 

4. Which of the loll owing molecules has the highest deviation 
from .tetrahedraH10nd angle? 
(a) Cyclopropane (b) Cyclobutane 

. (c) Cyclopentane (d) Cyclohexane 
5; The energy barrier _between eclipsed and staggered forms is: 

(a) 44 kJ/moi " (b) 6.7 kJ/mol 
(c) 12.55 kJ/mol (d) 29.7 kJ/mol 

6. Select the correct sequence of decreasing order of stability: 
(a) g~uche > staggered> partially eclipsed> fully eclipsed . 
(b) . staggered> gauche> partially eclipsed> fully eclipsed 
(c) fully eclipsed> partially eclipsed >gauche > staggered 
(d) partially eclipsed> fully eclipsed> staggered> gauche 

Passage 2 

Tautomerism arises due to 1,3-migration of a proton from 
otie polyvalent atom to the other within the same molecule. Two 
isomers thus o~tained exist in 4ruamic equilibrium with each 

· other .are called tautomers and' the phenomenon is called 
- tautomerism or allelotropism or dynamic isomerism. . 

FOr an aldehyde or ketoneto'exhibit keto~enol tautomeri{lm, 
· it is essential that it must have at least one a-hydrogen atom.' In 

siinple-aldehydes and. k,efones the 'en:olic' form is negligibly 
small. This is due to .greater stability of the 'keto' form with 

· respect to 'enol' form. Strength of (C=O) bond in keto form has 
greater energy than (C C) bond in enol form. . 

G.R.B. Organic Chemistry tor Competitions 

Answer the following questions: 

[ . ~ ). 1. The compound acetophenone V-m, shows 

the 'keto' - 'enol' tautomerism. . 
(a) True (b) False 
,lint : Compounds having at least one hydrogen at a-position 

with reS
P[oc0ItO' ~~6)ShO~"thde tautomerism.] 

2. Benzaldehyde V au benzophenone 

[ cr~'O] bosh pos~ss wuromffi_ 

(a) True (b) False 

3. Phenol is more stable than 

(a) True (b) False 

- I II 
4. Acetylacetone 

[ 
. O-H 9 1 

CH3-C=CH-C-CH3 is more 

stable than [CH,-r~!-m,] a..methyl acetyl 

CH3 

acetone. 
(a) True (b) False 

5. 'Enol' form of acetoacetic ester is more stable than 'keto' 
form. 

OH 0 
I II 

CH3-C=CH-C---OC2Hs 
(MOf(: stable) 

o 0 
II II 

CH3-:-C-CH2-C-OC2Hs 
. (Less stable) . 
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4 •.. Select the correct statemeI)t about the fOllowingcolJlpound: 

COOH 
I 

'H-C~-OH 

I 
H-C-OH 

I 
COOH 

(a) It is optically active form 
, (P) It has' two chiral carbons 

(c) It is erythro isomer 
(d) It has plane of symmetry 

" Jt ....... 
, ' 

Allenesare the compoundS' which have the general structure 
, ABC. C-CAB" OR,' ABC=C=CDE 

Tbeex~ti0n of the space formula of allenes' shows that 
.the central carbon is sp-bonded. The retpaining two p-orbitals of ' 
,centralatom are,pefP.endicular to each other, imd each overlaps 
~ith thep-orbital of one adjacent, carbon atom, forcing the two 
rema~g bonds of each ,carbon into perpendicu:lar planes. Thus, 
the molecule and' its mirror image are, not superlmposable, 
because the group A andB lie in the piim~ of paper and the group 
D and E in the plane perpendicular to the plane of the paper. 

1. 

2. 

3. 

4. 

5. 

Identify whether the following staten'!.entS are True or False: 
• .". ,"'~>. 

-: ED~C=C=C<AB : A)C C''c~D ' 
~ I B' , '~E, 

I 

H3Cu" <H ~c=c=c 
H3C " H It is optically active: 

(a) True (b) False 

H3Z>C=C=c<: It is optically inactive form: 

(a) True (b) False 

H3C
II1
·""'C=C=C<H 

H" CH3 
, ,I~ is optically inactive form: 

(a) True (1)) Fals~. 

Ph::> ~r . C=c=C 
Ph " Bi-

All the terminal groups of this molecule be in the same 
plane: 
(a) True '; ~(b)False . 

(53c=ccc~' 
CI' CI 



•. 180·· 

.. AIl tbe.tet11$ial groups of it are in the same plane: 
. (a) True. (b) False 

.! 

I ANSWERS : .. LI~KED COM~BEHENSION TYPE QUESTIONS I 
Passage!. 1. (a) 2. (b) 3. (a) 4. (a) .5. 
Passage 2. 1. (a) i. (b) 3. (a) 4. (a) 5. 
Passage 3. 1. (b) 2. (d) . 3. (b,c) 4; •. (b,c,d). 
Passage 4. 1. (b) 2. (a) 3. (a) 4. .(b) : 5. 

.1· .. ; .. 

V R B Organic Chetjlistr)llor Competitions 

[Hint: When odd no. of cumulative double bonds~xists, orbital· 
overlapping causes the four groups to occupy one plane 
and cis~trans iSomeiism is Observed.] 

(c) 6 '. (b) 
(a) 

(a) 
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MECHANISMOF-ORGANlC 

REACTIONS' 

5.1. INTRODUCTION 
A chemical equation is a s'yllibolic representation of' a 
chemical change. It indicates the initial reactants and fmal 
products 'involved in a chemical change. Reactants generally 
consist of two species: . 

L One whiCh is being attacked; it is called a substrate. 
2. Other which attacks the substrate; it is referred to as a 

reagent. These two interact to form products. 

Substrate + Reagent ----'7 Products 

Most of the reactions are complex and take place via 
. intermediates which' mayor may not be· isolated .. The 
intermediates are generally very reactive, They react r~adily 
with other species present in the environnient to form the final 
products. The detailed step by step' description of a 
che~cal reaction is called its mechanism. 

Substrate -----t Intermediates -----t Products 

Mechanism is only a hypothesis which explains various 
facts regarding a chemical change. 

Most of the attacking reagents carty either a positive or a 
negative charge. The positively charged reagents attack the 
substrate at the points where electron density is high while the 
negatively charged reagents attack the points of low electron 
density. The reactions of organic compounds essentially 
involve changes in the existing covalent bonds present in their 
molecules. These changes may involve electronic 
displacements in the bonds, .breaking of the bonds, energy 
changes accomP!1nying the Cleavage and formation of new 
bonds. To understand clearly the . mechanism of various 
organic reactions, it is thus essential to have knowledge about 
the following well established concepts: 

(i) ElectroniC displacements in covalent bonds, ." 
(ii) Cleavage (fission or breaking) of covalent bonds, 

(iii) Nature of attacking reagents. '. . . 

5.2' ELECTRONIC DISPLACEMENT IN 
. COVALENT BONDS 

The electronicdisplaceme~ts in covaient bonds' may occur . 
either due to the presence of some atom or group·in the 
molecule or under the influence of attacking reagent. As a . 
result of these electron displacements, centres of different 
electron densities are created and these centres are sQSceptible 
to attack by the reagents. The factors .which create the centres .' . 
of different electron densities in the substrate are mainly: 

I. Inductiveetfect -2. Electromeric effect 
3. Resonance and Mesomeric effect 
4. Hyperconjugation 
1. Inductive effect: A covalent bond is formed on . 

account of the equal contribution of ele<;trons by two atomS. In 
case two atoms are similar, the electron Pair occupies a ceptral . 
position between the two nucl~i of the atoms and such a.bond . 
is known as non-polar covalent bond. For example. the bonds' 
betweenH2 molecule (H. H). chlorine molecule (CI: Cn;. 

.1111 .'. 
carbon and carbon -C-C-(-C: C-) are non-polar -. II . I I· .. . . . 
covalent bonds as the influence of the electron pair is same on 
both the atoms. '. 

In a covalent bond between two dissimilar atoms (having . 
different electronegativities), the electron pair dges llot remain 
in the centre but is attracted towards the more electronegative 
atoms. The bond becomes somewhat polar due to·. Unequal ' 
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'. sharing o.f the electro.n pair. Fo.r example, in the bo.nd 

1 . 
· -. C-Xif X is mo.re' electro.negative than C, the electro.n pair 'I . . , 
is attracted to.wards X .. With the result· o.f this shifting, X 
acquires Ii partial negative charge deno.ted by 0:- and C attains 

, a partial po.sitive charge deno.ted by 0 + 

· 'I'. '.... I ..•... " 1 0 + 0- I 
-C-;-X o.r -C-.X o.r C -X . o.r -C --+-X ' 
, 1 I" I 1 

The polarity thus'produc~d in the molecule as a result 
ofhignerelectronegativity of one atom compared to other 
is termed inductive effect. It is impo.rtant to. no.te that the 
electro.n· pair" although permanently displaced o.r· siillply 
.shifted, but remains in the same valence shell. The·in~uctive 
effect ·is· always transmitted. alo.ng a' chain o.f ·carbo.n ato.ms. 

.wli~!1e'veJ:anelectron withdrawing ato.msuch as halogen(l:') 
ot-group (-N02 , ~N, -COOH, etc.) is attached to. the end 
o.f. a ((arbo.n ,chain, the aelectro.ns o.f the G-X 'bo.ndare 
slightly' displaced to.wards themo.re 'eiectro.negative halo.gen . 
ato.m .. Ho.wever, its intensity. decreases as distance from the 
source ato.ms increases. 

000+ ·C 00: 0+' 0--C4 --+--C3 --'-~)_I 2 --+-~c -+-CI 

The po.sitive charge on C1 attracts the electro.n pair shared. 
between Cr and C2 towards, itself. This will cause C2 to.. 
acquire a small po.sitive charge b'!lt this charge o.nC2 will be 
,smaller than o.n C1. Siririlarly; C3 will. acquire positive charge 
that will be still smalk~r; ThisefIect is 'still relayed further. In 

, fact, inductive effect t~nds to. be insignificant beyo.nd the 
seco.nd carbo.n ato.m.It is,a.per~iutn~n,t effeciin the molecule 

· . and can be o.bserved practiCaUy:in the furm of dipo.le mo.ment. 
: "This type'o.f,electron:displa¢emen,t ruotrg a carbo.n chain due 
to the presende o.f a :source ,is called Inductive effect o.r 

·1)-anSmissim..'~ffect." This effect is represented by an'afrow 
. headjn tWUriddle. of ~o.valent bo.rid Po.inting in the directio.n ' 
o.f'electfoiCdisplacement (--+-)~ . 

The,.carbM-hydro.gen>bo.nd is used as a standard fDr . 
co.mparing theJendency of electron attractio.n and repulsiDn~ 
Ther~,~r¢JWDJypesoflnductiveeffects, i.e., -.:-1 effect ,and, 
+1 effect/(i)'fbe: atOJn~or,:~gr6Upwhich, has mpre po.wer.t~ . 
attracte16Cti'ons"in oomPaPsontDhydrogen is said to- have":'J'.' 

. effect. . The:l'J ,electrons:are:;displacoo towards the 'substituent X. 
i~ .. ' (ib . Th~ at4m.'or grDUp. whichj:'nas . less PDWer to.. 'attratt the 
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_/ Effect :' Ato.ms o.r gro.ups (Eled:ron:"attracting o.r 
withdrawing) in th¥ decreasing o.rder is: 

NR3 >-N02 >-S02R >-CN >-COOH >-F 
>-Cl>-Br >':"'1 > '-OR >-COR >-OH 
>-C6HS >-CH=CH2 >-H . 
+I Effect: Gro.ups (Electron-releasing o.r repelling) in 

the decreasing o.rder is: 
(CH3 hC-> (CH3hCH ":' >CH3CHr >CH3-> D>H 

Important Features of Inductive Effect 
(i) It is a permanent effect in the mo.lecule o.r io.n. 
(ii) The shared pair of electro.ns altho.ugh. permanently 

shifted to.wards mo.re electro.negative ato.m, yet remains in the 
same valence shelL, 

(iii) As a result of electro.n shifting, the mo.re 
electronegative end acquires partial negative charge and the 
o.ther acquires partial po.sitive charge. . . 

(iv) The inductive effect is no.t co.:p.fined to. the 
po.larisatio.n o.f o.ne bo.nd but is transmitted alo.ng a chain o.f 
carbo.n atoms" thro.ugh a-bo.nds. Ho.wever, the effect .. is 
insignificant beyo.nd seco.nd carbo.n in the chain. . 

,(v) hiductiveeffect brings changes in physical pro.perties 
such as dipo.le mo.ment, so.lubility, etc. It affects the rates o.f 
the reactio.n. . ' 

(vi) Carbon,.,hydro.gen bo.nd is taken as a standard o.f 
inductive effect. Zero. effect is assumed fo.r this bond. Ato.ms. 

" o.r gro.ups which have a greater electron-withdrawing capacity 
than hydro.gen are said to have -1 effect whereas ato.ms o.r 
gro.ups which have a greater electron releasing po.wer are said 
to. have +1 effect. 
. The pkeno.mel)o.n o.f inductive.effect is very important in 
organic chemistry as it is helpful in explaining a number o.f 
fl!cts. So.me o.f them. are discussed belo.w: 

<a) Reactivity of alkyl halides: The presence o.f 
halo.gen ato.m in the mo.lecule of alkyl halide creates a centre 
of lo.w electron density which is readily attacketi by the 
negatively charged" reagents. Fo.r example, C1hCI is mDre 
reactive than CH4 as inductive effect is present in CH3CI and 
no. inductive effect in methane. . 

Dr 

, . .-

'0+ 0'-
H3 C - CI .. J ..... 

Site for the attack by 

electron-rich reagent 

The act.iwtyalso increases from primary to secondary and 
frDm Secondary to tertiary halides as the +/ effect o.f methyl groups' 
enhances "-1 effect o.f the halogen atom by repelling the electrons 

, towids . the tertiary carbon atDm. The reactivity Drder fo.r" alkyl 
lialldes .is: . 

... elec:trons:t~"hydiogenis;i~M to. have +I ~ffeCt.' The a .. 
.• electrcns are displaced awaY,frDm the substituent 1': 

CH3 CH3 

+ > + 
. ".'.' ~r0'-,-+.,-c:F'-+-Cr -+- y 0+ 

. .' . - - . ~ I 

. , The fu,st type is·. referr~d to as electrD;n attractirig· Dr 
';l;el~~tFp~l,Wit:n.ihawi~g While th~ secDnd type ele(!tro.n repeili~g 
,~ orelecftorri:eleasing atDm org..Dup (IngDld ~DnventiDn). '. . 

.'.,soifi~.co.mm!ln'ato.msor gro.ups which cause and -+- 1 
etfuc~' aie~Sho{Vn below' in' decreasing o.rders: 

" '. .' ".: :.~ . . -. -' . 

H3C-+-C-+- X > H3C-+-CH-+-X>CH3-+-CH2-+-X 
t ... >CH

3
-+-X 

. CH
3 

. 

Tertiary > . Secondary > Primary >. Methyl 

(b) DipoiemomeDt: As the inductive effect increases, 
··the dipole mo.ment increases. 
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Iiiductive effect increases 

(c) Relative strength of the acids (Acidic nature of 
-COO H): An acid rruiy be defined as a species that has the 
tendency to lose proton. Furthennore, the strength of an acid 
depends on the tendency 'to release proton when the acid is 
dissolved in water. 

o o 
II 

R-C--OH ~ 
II _ + 

R ---,-C--O + H , 

o o 
II 

H-C-OH ~ 
II 

H-C-O- +H+, 

o o 
II 

CH3-C-OH 
II _ + 

CH3 -+-c-o + H , 

o 
II 

C2Hs-C--OH 

So, (i) stronger is acid, weaker is its conjugate base. 
(ii) More negative is the charge on carboxylate ion, the 

more is its reactivity and more is basic nature, i.e., lesser is 
acidic nature. 

o 0 
II II 

H-C-O- , CH3 ~C-O- , 
Less - ve. c~ge More - ve charge 
(Most aCidic) (Less acidic) 

Thus, acidic nature is: 

o 
II 

C2Hs~C-O
Most - ve charge 
(Least acidic) 

HCOOH > CH3COOH > C2HsC<?OH > C3H7COOH > C4H9COOH 

• 
(+ Inductive effect increases, so acid strength decreases) 

Among isomeric carboxylic acid, acidity decreases with 
increase in branching of alkyl group attached to carboxylic 
group. CH3CH2CH2CH2COOH> CH3CH2 ?HCOOH > 

CH3 
CH3 
I 

CH3-C-COOH 
I . 
CH3 

Any group or atom showing +I effect decreases the acid 
strength as it increases the negative charge on the carboxylate 
ion which holds the hydrogen firmly. Alkyl groups have +1 
effect. 

Further, the halogenated fatty acids are much stronger 
acids than the parent fatty acids and the acidity is increpsed 
almost proportionately with the increase in electronegativity 
of the halogen present which helps in repelling the proton 
from the hydroxy group of acid. 

FCH2COOH> CICH2COOH> BrCH2COOH> ICH2COOH 
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o 0 
II II . 

F-+--CH2 -+--C-+--O-, CI-+--CH2.-+--C~O-
Less - ve charge More - ve charge 
(More acidic) (Less acidic) 

Furthennore, the inductive effect in 'di- and 
tri-halogeno substituted acids is stillmore marked with the 
result that these acids are progressively more stronger than the 
corresponding monohalogeno substituted 'acids~ Thus, acidic 
nature decreases in the order: 

CCI 3COOH> CHCI2COOH> CH2ClCOOH> CH3COOH 
Trichloro 

acetic acid 
Dichloro 
acetic acid 

Monochloro 
acetic acid. • 

Acetic acid 

(- Inductive effect increases, SQ acid strength increases) 

Thus, the group or atom having -1 effect increases the 
strength as it decreases the negative charge on the.carboxylate 
ion. Greater is the number of such atoms or groups (having-1 
effect), greater is the acid strength. 

Since, the inductive effect decreases with increase in 
distance of halogen atom from the carboxylic group (so~rce), 
the strength of the acid is proportionally decreased. Thus, the 
chlorobutyric acids follow the following acidity order: 

CH3CH2CH(CI)COOH > CH3CH(Cl)CH2COOH 
a-Chlorobutyric acid ~-Chlorobutyric acid 

Ka x lOs = (14.0) (8;2) 

> CH2 (CI)CIf2CH2COOH; > CH3CH2CH2COOH 
y-Chlorobutyric acid. n-Butyric acid 

(3.0) (1.5) 

This fact can be shown by the following table that higher 
the Ka values (dissociation constants); more·stronger will be 
the acid . 

Measurement of Acid Strength 
(K a values of some acids x 10-5

) 

HCOOH= 17.7 

CH3COOH = 1.76 

CH3CH2COOH = 1.60 

(CH3)2CHC-OOfl = 1.38 

(CH3)3CCOOH = 0.89 

CICH;COOH= 136 

Cl2CHCOOH = 5330 

C13CCOOH = 23200 

FCH2COOH = 217 

CH2COOH 

I. =365 
CN 

HOOC-COOH = 5400 

The relative strength of acids are measured in their ionis
ation constants (Ka or pKa vaiues). 

HA ~H+ +A
Acid . 

[H + ][A'- J 
K=-=----=-=-----'" 

a [HAJ 

pKa =-lo~Ka 
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Greater the value of K a or lower the value ofpK a' 

stronger will be the acid. 
pKa values of some 'acids ate: 

HCOOH=3.77 

CH3COOfI =4.76 

C2HsCOOH = 4.88 

CJ:lsCOOH == 4.17 

N02CH2COOH = l.68 

.·CH2CQOH'> 
I ' .......... :: 2A7 
CN .: 

." •• C1CH2COOH=2.86 .' 

. "C12CHCOOH "';1.29 
. . ." 

ICH2COOH73.16 

(See also Section 12.6, the acidity of carboxylic acids) 
Ka{ionisation constant of acid.) " 

. !(5\, OH > H-OH ,> CH3 ~OH ~henol Water Methyl alcohol 

As compared to water, phenol is.moreacidic (-1 effect) 
but methyl alcohol is less acidic (+1 effect). . 

The decreasing order of acid strength in alcohols is also . 
due to +1 effect of alkyl groups. .' 
CH30H > CH3CHzOH > (CH3}zCHOH > 
Methyl Ethyl Iso-propyl 
alcohol alcohol aJcohOl 

(CH3)3 COH 
Tert-butyl 

alcohol 

Acidity of some important inorganic acids used in organic 
chemistry are given below: 

HF < HCl < HBr < Hi (Acidity) 

F- > cr > Br- > C (Basicity) 

H20 <HiS <H2Se (Acidity) 

OH- > SH- > SeH- (Basicity) 

CH4 < NH3 <: H20 < HF (Acidity). 
Relative acidity of hydrocarbons may be.given as: 

HC=CH >CH2 =CH2 >CH3 -' eH3 
pKb = ' 25 44 50 

Asthe hybridisation changes from sp3 in ethane to sp2 in 

ethene and to sp in ethyne, the acidity increases and the pKa 
decreases. This is because of the relative' stability of the 
unshared electrons in the conjugated bases of each of these 
compounds. In other words, energy of hybrid orbitals is in the 
order: sp < sp2 < sp3 . . . 

Or being. the mO,st electronegative, the sp-hybridized 
carbon atom in ethyne polarizes its C-H bond to the greatest 
extent, causing its hydrogens to be most positive. Therefore, 
ethyne. donates a proton to a base more·. readily. Relative 

,basicity of corresponding carbanions is given below: 
- - -

CH3 -CHi >CH2 =CH > CH=C 
, . 

(d) Strength of bas~: A compouI!d is said to be basic 
in pature, ifit is capable of accepting a proton. Base strength is 
defined as the tendency to donate an electron pair for sharing. 
The difference in base strength in various amines' can be 
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.. , explained on the basis of inductive effect. The +1 effect 
increases the electron density while -1 effect decreases. The 
amines* are stronger bases than NH3 as the alkyl groups 
increase electron density on nitrogen due to +1 effect while 
CINHz is less basic due to -1 effect. "So, more is the tendency 
to donate electron pair for coordination with proton, the more 
is basic nature, i.e., more is the negative charge on nitrogen 

. atom (due to +1 effect of alkyl group), the more is basic 
nature": 

H 
I 

and Cl--+-N: 
I 
H 

Thus,the basic nature decreases in the order: 

(C2HshNH>CH3CH2NH2 > CH3NH2 
Diethyl Ethyl Methyl 
amine amine amine 

:>NH3 > CINH2 
Ammonia Chloro 

amine 

The order of basicity is as given below: 

Alkyl groups (R-) Relative base strength 

(i) CH3 R2NH>RNH2 >R3N >NH3 
(ii),C2Hs R2NH> R3N >RNH2 > NH3 

No(e:, (i) In gas phase, tertiary afulnes are more basic than secondary 
amines which are more basicthanprimaryamines. 

"'(ii)' In !lqueous medium baSicity of ethyl amine' is: 
"./" . . . '., ". . 

(C2HshNH > (C2HshN> C2HsNH2 >NH3 
The relative strengths of bases are measured as Kb or pK b 

values. 
BOH·~B+ +OH:" 

Base 

K _ [B+ ][OH- ] 
b - [BOH] 

pKb=-logKb" 
Greater the value of K b or lower the value of pK b' 

stronger will be the base. 

Amine (CH3hNH CH3NH2 (CH3hN 

pKb 3.23 3.32 4.2 

(See also Sec. 16.13) 
Kb (ionisatiori constant of base) , . 

CH3NH2 > NH3 > C6HSNH2 > (C6Hs h NH> (C6HS h N 

As compared to ~onia, methylamine is more basic (+1 
effect) but aniline is less basic and diphenylamine is still more 
weaker (-1 effect). 

• It is important to note that the rela,tive basic character of amines is not in tQtal accordance with inductive effect (t > s > p ) but it is in the following 
.; order:' Secondary; Primary> Tertiary 

The reason is believed to be steric factor. . 
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The decreasing order of base strength in alcohols' is due to 
+1 effect of alkyl groups. 

(CH3 hCOH> (CH3 hCHOH> CH3CH20H>CH30H" 
(3°) (2°) (10) methyl 

In Lucas test of making distinction betwet:n three types 
(1°,2° andJO) of monohydric alcohols, , 

[
R-,' OH+ HC1(conc.) Anhyd. ZnC1

2) .R-Cl+ H20] 
(Base) (Acid) . (Wbi~e ppt.) 

the basic character of alcohols is in the order, benzyl 
>3°>2°>1° a!"1 hence, the strongest base (30) will be 
reacting f"st:ost with cone. HCl in presence of anhydrous 
ZnCl2 (LUI-as reagent) and gives white turbidity immediately. 

2. Electromeric effect: It is a temporary effect. It , 
comes into play instantaneQusly at the demand of the 
attaclcing reagent and as soon as the attacking reagent is , 
removed the original condition is restored. 

A mUltiple bond (double or triple) consists of sigma and 
X-bonds. The electrons of the x-bond are loosely held and 
easily polarisable. When a compound having a mUltiple bond 
is approached bya charged reagent, the x-electrons of the 

. bond are completely polarised, i.e., shifted towards one of the 
constituent atoms. Thus, ' 

o Reagent added + •• >C .c<"'" '... >. )C-C< 
Reagent removed 

The atom which acquires the electron· pair becomes 
negatively charged while the other atom gets the positive 
charge. ' 

The effect involving the complete transfer of a shared 
pair of electrons toone of atoms joined by a multiple bond 

. (double or triple) at the requirement of attacking reagentis 
known as electromeric effect. It is indicated by E and· 
represented by a curved arrow (r\). showing the shifting of 
electron pair. 

Direction of the shift of electron pair: The direction 
of the shift of electron pair can be decided on the basis.. of . 
following points: 

(i) When the groups linked to a multiple bond are similar, 
the shift can occur to either direction. For example, in ethylene 
the shift can occur to anyone of the carbon atoms. 

H2e 0 CH2 ~ H2 C- CiI2

J

' . 
n . .;-. + " Both are similar 

H2C=CH2 ---? H2C-CH2 

(ii) When the. dissimilar groups are linked on the two 
ends of the double bond, the shift is decided by the direction 
of inductive effect. For example, in propylene the shift can be 
shown in the following ways: 

o + •• 
CH3-CH=CH2 ---4 CH3-CH-CH2 ... (i) 

" 0 .. + 
CH3-CH=CH2 ---? CH3-CH-CH2 ... (ii) 

""'.": 

t"1~~;(>:; . 

. DUe ,tQelectron repelling nature of methyl group, the 

. electronic shift occurs according to eq. (i) way and not by 
eq. (ii)way. 

. ".'C\ . . 
CH3-+-CH=CH-H-CH2CH3.~ . 

. Pent-2-ene - + . 
C.H~CH-CH-CH2CH3 

+1 effect ofCH3CH2~ is largerthari that ofCH3--, hence 
n-electrontransfer is from (;3 to C2. 

In the case of carbonyl group, the shift is always towards 
oxygen, i.e., more electronegative atom. 

)C r:O ~>t-.8 
[In cases where inductive effect and electromeric effect 

simultaneously operate,. usually. electromeric 'effect predomi-
nates.] . . 

Since,the electromericeffecttakes place only at the time 
of' attackhlg reagent, it' always fadlitates the reaction and . 
never inhibits .it.T-bis effect is of common occurrence dUring 

additionofpolarreagentson' )C~C(and )C=O bonds . 

There 'aretwo types of electromeric effects, i.e., 
+ E effect ot -E effect. 

(a) When the transfer of electrons takes place towards the 
attacking reagent,the effect is called. +E effect, e.g., the 
addition of acids to alkenes. . 

)c "C<· + H+ ---? )c+-y( 
.. . I 

H 
~ . + 

CH3 ~CH=CH2 +H+ ---? CH3-. CH-. CH3 
Propene . 

Since, -CH3 group is electron repelling, the el~oD:s 
are transferred in the direction shown. . .' . 

The attacking reagent is attached to that atoin on which 
electrons have been transferred. " 

(b) When the transfer of electrons takes place away from 
the attackiI~g reagent, the effect is called -E effect •. For 
example, the addition of cYllnide ion to carbonyl cotrlpounds. r---..... . 

)C \.9+CN- ---? >?-o-
CN 

The attacking reagent does not get attached to .:that atom 
on which electrons have been transferred. 

3. Resonance and Mesomeric effect: For resonance 
(See section 1:12). If the single and double bonds are present 
alternately in a molecule, it is said to contain double bonds in 
conjugation and the molecule is called a conjugated 
molec~e. For example, butadiene is a conjugated molecule. 

CH2 =CH-CH=CH2· 

. Following are some of the c~njugated systems: 



o 
Benzene 

OH 
I 

H2C=CH-' C=O 
Acrylic acid 

H 
I 

H2C=CH-C=0 
Acrolein 

H2C=CH--<;!: 
Vinyl chloride 

(lone pair on CI behaves like a 1t-bond thus it also makes vinyl 
chloride a conjugated system.) 

In such compounds, the 1t-electrons are .delocalised and 
polarity in the molecule is developed. The same thing also 
happens when an atom or group with lone pair of electrons is 
situated in conjugation with a conjugated double bond. The 
mesomeric effect refers to the polarity produced in a 
molecule as a result of interaction between two 1t-bonds or 
a 1t-bond and lone pair of electrons. The effect is transmitted 
in the chain in a similar manner as the inductive effect. 

In a carbonyl group ()C=O), the oxygen at~m is more 
. electronegative than carbon atom. The 1t-electrons' of the 
double bond get displaced towards the oxygen atom. The 
shifting 'of electrons is shown by a curved arro~ «()). This 
will give an ionic structure. The actual structure seems to lie in 
between the structures (i) and (ii) which can be best 
represented as structure (iii) in which 1t-electrons are drawn 
preferentially towards oxygen. 

)C=O )C 0a )
+ •• 

~ C-O ) ... _--=-O 

'(i) (ii) (iii) 

NQw if the carbonyl group is conjugated with C=C type 
system, the above polarisation is transmitted further through 
1t-electrons.·· . 

() ~- + .. 
H3C---CH=CH---CH='=O ~ H3C---CH==CH---CH-0 

(i) . .' '. t . . 
. C J + .. 
H3C-CH-CH-CH-0 or H3C-CH-CH=CH-0 

. C J 
(iii) (ii) 

The polarisation also occurs when an atom or group 
having lone pair of electrons 'is present in conjugation with the 
double bond (conjugated system) as in bromobenzene .. .., .. '.. .. 

:Sr: . +Br: . +Br: +Br: 

6-9~Q-,6n 
Like inductive effect; mesomeric effect may be + M or 

- M. It is + M when the transference of electrons is away from 
the atom or group and-M when transference of electrons is 
towards atom or group (but away from conjugate system). In 
general, . 

.:;) n· 
X-C=C-. and 

+M effect -M effect 
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Some common atoms or groups which cause + M or +R 
and - M or -R effects are listed below: 

+M or +R effeet groups: 
---Cl, -Br, -I, -NH2' -NHR, -NR2' 
-OH, -OR, -SR, -SH, -OCH3, etc. 

For example, + M effect of halogen atom in Vinyl and allyl 
halides explain their low reactivity. .. 

(CI: 

a-
.. 

:CI: 

........ 6 
This effect extends the degree of delocalization and 

. imparts stability to the molecule. Phenoxide ion gets 
stabilized by resonance (See section 16.15). Lone pair on 
nitrogen in aniline gets delocalized and thus the basic nature 
of aniline is less than that ofNH3 (See sectlon 16.13). Thus, 
+Meffect activates benzene nucleus for electrophilic 
substitution (S E) reaction at 0- and p-position. 
Note: X (--CI, Br, -1) groups are ortho-para directing due to 

(+M) effect but these groups are deactivating due to FI) effect. 

- Mor -R effeet groups: 
o 
II . 

-N02 , . -C-,-CHO,-COOH,-COOR,etc. 
For example, in -.\1 effect the x-electron displacement 

takes place towards such groups (-N02' -CHO, 
-COOH). So, electrophile attacks at the m-position in 
nitrobenzene (See section 16.12). Thus, - M effect deactivates 
benzene nucleus for S E but activates for S N reaction . 

Salient Features of Mesomeric Effect 
(i) 1t-electrons and lone pair of electrons are involved. 

This effect .operates through conjugative mechanism. 
(ii) It is a permanent effect present in the molecule in the 

ground state. .. 
(iii) It affects the physical properties such as dipole 

moment, solubility, etc. Rate of reaction of the substance is 
also affected. . 

(iv) It is denoted by M. Groups which have the capacity 
to increase the electron density of the rest of the molecule are 
said to have + M effect. Such groups possess lone pairs of 
electrons. Groups which decrease the electron density of the 
rest of the molecule by withdrawing electron pairs are said to 
have"';'M effect, e.g., 

(a) The groups which donate electrons to the double bond 
or to a conjugated system are said to have +M effect or +R 
effect. For example, 

H26J CHJ:'CI: ~ CH2-CH=CI: (+R effect) 
•• •• 

Vinyl chloride 

.. 
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In vinyl chloride, C-CI bond has double bond character 
due to resonance. 

(b) The groups' which withdraw, electrons from the 
double bond or from a conjugated system towards itself due to 
resonance are said to have -M effect or -R effect. For 
example, 
~ (\ , + ' 

H20=CH~ N: ~ CH2-' CH=C=N: (-Reffect) 
•• 

Vinyl cyanide 

Simnaritles between Inductive and Mesomeric Effects 
(i) Both (Xc permanent effects. 
(ii) Both affect the physical properties of the molecule. 
(iii) Both can either hinder or facilitate a particular 

reaction. Buth affect the rates of reaction, the strength of acids 
and bases, the reactivity of halides and the substitution of 
different aromatic species. 

The two effects differin the following points: 

I. It is operative in saturated 
compounds. 

2. It involves electrons of signla 
bonds. 

3. The ele.ctron pair is ,slightly 
displaced from its position and 
thus partial charges are devel
oped~ , 

4. It is transmitted over a quite 
short distance: The effect be- ' 
comes negligible after second 

. carbon atoin in the ,~hain. ' 

1. It is operative in unsaturated 
compounds especially having 
conjugated systems. 

2. It involves electrons of 
x-bonds or lone pair of elec-

,- trons. 

3. The electron pair is completely 
transferre!! and thus full posi
tiveand negative ch~es are 
developed. ' 

4. It is transmitted from one end to 
other end of the chain provided 
conjugation is present 

The inductive and mesomeri~ effects, when present 
together, may act in the same direction or oppose each other. 
The mesomeric effect is more powerful than the former. For 
example, in vinyl chloride due to -/ effect the chlorine atom 
should' develop a negative charge but on account of 
mesomeric effect it has positive charge. 

.n n +' •• 
:CI-+-CH=CH2 ~ :CI =CH-CH2 •• •• 

4. Hyperconjugatlon: The inductive effect (+1) of the 
alkyl group follows the order of tertiary > . secondary > 

, primary> methyl. But the effect has been found in reverse 
order when an unsaturated system ()C=C<nsattached 

with the alkyl group. In such cases, alkyl group is electron 
releasing but' different from inductive effect and the 
magnitude of the two effects changes_ in opposite direction in , 
passing along a serjesof alkyl groups. . 

CH3~' CH3CH2-, (CH3 hCH-"(CH3hC-
Increasing inductive effect 

Decreasing hYPerconjugation 

Baker and Nathan suggested that alkyl groups with at
least Qne hydrogen atom on the a-carbon atom, attached to an 

187 

unsaturated carbon atom, (i.e., having )C=C<) or positive 
charge (as in carbonium ion) or a negative charge (as in 
carbanion) or odd electrons (as in free radical, etc.) are able to 
release electrons by .a mechanism similar to that. of 
electromeric ,effect, e.g., 

H , 

-b~c rt( 
I 

~ -C=C-C-( 
I 

This type of electron release by alkyl group attached to 
the unsaturated system (H-C-C=C) is known as 
hyperconjugatlon (involving de localization ofo and x-bond 
orbitals, i.e., a- x conjugation) or the kind of delocalization 
involving sigma bond orbital is called hyperconjugation. 

There should be atleast one H-atom at a-carbon with 
respect to Sp2 -hybrid carbon (C=C) and greater the number 
of C-H bonds at a-carbon to the unsaturated system, greater 
will be the electron release and thus greater the 
hyperconjugation effect. Thus, electron release due to the 
presence of three alpha H-C bonds in methyl group is greater 
than that by an ethyl group (CH3CH2~) in which there are 
oniytwo alpha H-C bonds. Similarly, the effect is still, 
smaller in case of isopropyl group (CH3 hCH- having only 
one alpha H~ bond and the effect is zero in tert. butyl as it 
has no hyperconjugated H-C bond. 

H 
I 

H-C-· CH=C< I ' 
H 

~ethylcompound 

(
Containing thiee H-C) 

hyperconjugated bonds 

H 

I '< H3C- C- CH=C 
I H ' , 

Ethyl compound 

,(COntainillg two H -C ) 
hypercpnjugated bonds 

. : H· '., CFl3' 
I ' . I . 

H3C-C-CH=C<· H3C-CI,-CH~C< . I 
CH3 " CH3 

Iso-propyl compoundT~rt.butyl compound 

(
Containing one H-C) , (containing rio H-:-C) 

hypercoJ1iugated bond hyperconjugated bond 

The phenomenon of hyperconjugation, as originally 
observed by Baker and Nathan, that the rate of reilction of 
p-alkyl substituted', benzyl bromide with pyridine was 
opposite to that expected from inductive electron release. 

R-( }-CH2Br + N( ) --
'R-(' ',}-CH2~N( .»Br-

, This was called as Baker-Nathan effect and they 
explained' it by considering that hyperconjugative forms 
contribute to the actual structure of toluene. 



H H . 'H H 
·1 .......... .' " ." 1 . 1 '1 

HO·I."~H ...••. H'O·I c:. 1(6','.· e ,H .' ~6c.,H 
...... +-too' .... +-too. '. .+-too 

, '~' .', .' ;;::::;", : ..', ... ,'~ 

Toluene" !! ~.' 

Another example where the effect operates in the reverse 
direction: . . 

'CI-C-"C==C .~. Cl-~C=C-C+ 

Evidences for hypereonjugation .' . 
(i) Heat of hydrogenation: It is the heat. evohredlmol 

in the addition of hydrogen to fonn a saturated hydrocarbon. '. 

>C=C<+H2~ )CH-CH< +E(kcal) 

whereE iS,the heat of hydrogenation. 
Heats of hydrogenation show that greater the number of 

alkyl groups attached to the doubly bonded carbon atoms, 
greater is the stability (i.e., loweris the heat of hydrogenation) 
of the alkene or lesser the heat of hydrogenation, lesser is the . 
internal energy and more . is . stability of .the system. 
Hyperconjugatiop de~reases· the heat of hydrogenation. For 
ethene it is 32.8kcallmol, for propene, 30.1 kcal/mol, 
cis-blJt-2-ene is' 28.6 kcal/rnol, ·trans,..but-2-ene ,is2f6 
kcal/mol, 2-methyl. but-2-ene is 26.9 kcal/mol,pd soon ... 
Trans-but-2-ene. is, however, more stable than cis-but-2-ene in 
which the two methyl groups are closed together and hence 
their electronic clouds repel each other. . • 

(ii) Stability of alkenes: Propene maybe regarded as 
the resonance hybrid of the following structures: 

H H+ 
I:) . 

H-C-.. CH IdH2 · .~ h ", . H-C=CH-CH2 ~ I '. 
H 

(I) (II) 

H H 
+ I . _ . 

H O=CH-. CH2"~ I . . ' 
,H. 

I _ 
H-. C=CHCH2 

W 
(III) (IV) 

In . the resonating structures II, III and Iv, there is no 
definite bond between one of the carbon atoms and one of the' 
hydrog~n ato,ms,' hence. hyperconjugationis also known as 
No-Bond Resonance. . . . . . . 

So, propene i~ mQre stable than ethene, because in 
propene there' are three H~ hyperconjugated bOIlds and 
none in etherie thus thea electrons ,of C-H bonds can 
delocalize over tlrroo different II, III and IV resonating 
structures.' . 

. Further the more substituted alkenes are more stable; thus, 
. larger' theriumber of methyl groups linked to . C-C double 

bond, more is the number ofhyperconjugativeC~H bonds 
and greater is the stability of alkene. So, the stability of 
alkenes is: 
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(CH3 )2 C=C(CH3 h > (CH3)2 C=CHCH3 . > (CH3)2 C=CH2 > 
2,3-D1n1ethyl but-2-ene . 2-~ethyl but-2-ene 2-Methyl propene 

(1) . (II) (III) 

CH3CH2CH=CH2 > CH3CH=CH2 
But~l-ene Propene 

(IV) (V) 

This order of stability is because of greater number of , 
contributing structures, causing larger delocalization and 
hence stability of alkenes. For example, alkene (I) has 
12a.-hydrogen atoms while alkene (II) has 9a-hydrogenatoms 
and so on. Therefore, there will be larger hyperconjugation in 
alkene (I) and will be more stable than alkene (II). 

(iii) Stability of carbocations : . 
. Tert. alkyl> Sec. alkyl >Pri. alkyl> Methyl 
In general, the greater the number of H-atoms present on 

the . carbon atoms (1- to unsaturation, the m()re resonating 
forms are possible due to hyperco]1jugation and thus greater is 
the stability of carbocation. ' . 

CH3 

I 
HC-C+ . ~ 

3 . I 
H 

Secondary carbocation 

CH . I 3 

H-C+ ~ 
I 
H 

PrimW:y clirbocation 

CH U t .. II 2 . '.' 

'H3C- C 
, . . I 

.CH3 

(9-equivalent forms) 

CH'U+ 
II 2 

. H C.....,..c 
3 . I 

H 
(6-equivalent forms) 

CH H+ 
II 2 

H-C 
I 

,·-H- ' 
(3-equivalent forms) 

(iv) Stability ofalkyl free radicals: In the same order 
• • •• 

(CH3hC>(CH3hCH>CH3CH2>CH3' i.e., more the 

number of hyperconjugative structures, the greater is its 
stability. . 

+ , 
But in methyl carbonium ion (CH3 ), the carbon is even 

more electron deficient than that ina radical (with seven 
electrons), hence, stability of alkyl carbonium ions due to 
hyperconjogation is greater tbanthat of radicals. 

(v) Bond lengths (Shortening of C-C single' bonds 
adjacent ~o multiple bonds): Hyperconjugation, like con~ 
jugation and resonance, also affects bond length, e.g., the 
H3C-Cbond length in propene is 1.46 A in contrast to nor
mal 1.54 A (in propane}. It is due to the partial double bond 
character acquired and hence a little shorter. Similarly, the 
C=C,bond length is 1.353 A as compared to 1.334 A due to 
partial single bond character acquired. 

" 
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HI 1.46A 
:-)i () 

H-C-·. CH =CH2 
I.· i . 

~ H-C""::"'CH-CH2 
, J ' 

H l.353A H 

Similarly, hyperconjugation accounts for shortening of , 
C-C bond in acetaldehyde. ' 

n L50A. . H+ 
I,i .. · (V· 

H-C-LCH 0 
I i 

~ H-C=CH-O 
I 

H l.2lA 'R· 

(vi) Dipole moment: Since, hyperconjugation causes 

the development of charges, it also affects, the dipole moment 
in the molecule. 

The increase in dipole moment, when hydrogen of 
formaldehyde (J.t = 2:27 D) is replaced by methyl group, i.e., 
acetaldehyde (J.t == 2.72 D) .. , can be referred to 

hyperconjugation, which leads to development of charges~ 

H 
·1:-\ 
H-C=O 
(J.l = 2.27 D) 

H H+ 
. L ,'. ,. 

!..\ A · H-C-CH=O ~. H- C =CH-O 
I 1 
H H 

'(J.l =2.72D) 

(vii)Odenting ,intluen4!e of alkyl group in o,p-, 

positions and of ~C13 groupm ",-position :ortho-, . 

para-rlirectingproperty of methyl group in toluene is partly 
due to +1 effect and partly due to hyperconju~ation. 

H 
I 

~, ... ~.H_ A~+ V .• ~ .••. 
Toluene 

The electron donating power of alkyl group depends on 
the number of a-hydrOgens of the alkyl group. 

o ' .• CH3~ 
CH3->CH3CH2-> CH /CH-

3 ' 

, ILLUSTRATIONS OF OBJECTIVE QUESTIONS 
1. Among the following ,which acid. is strongest? 

(a) Acetic acid (b) Monochloro acetic acid 
.. (c ) Dichloroacetic acid ',. " (d) Trichloroacetic acid 

[Ans. (d)] ... ' . 
[Hint: 'Due to -1 effect.] 

2. Which of the following acid is strongest? 
(a) HCOOH (b) CH3COOH 
(c)CH3CH2COOH (d) CH3CH2CH2COOH 
[Ans. (a)] " 
[Hint: Due to +1 effect.] 

3. Which of the following groups has highest inductive' ef
, feet? 

(a) CH
3

- (b) CH3CH2-· 

. (d) (CH3 )3 C--'(c) (CH3 h CH
[Ans.(d)] 

4. Considering the , following alkenes: . 

CH3CH2CH=CH2 , (OH3 hC~C(CH3h.' 
But-I-ene 2,3-Dimethyl but"2-.ene 

(I) , (II)' 

(CH3 h CCHCH], (CH) h C CH2 
2-MethyJ but-2-ene 2~Methylpropene' . 

(III) . (IV) 

The, correct decreasing order of stability is: ,. 
(a)i>II>HI>IV . (b) II> III> IV> I 
(c) IV>III>II>I (d) III>IV>I>II 
[Ans. (b)] 
[Hint: More substituted alkene has the greater number 
of hyperconjugative C--H bonds and so greater is the sta
bility of alkenes.] .. 

S. The decreaSing order of basic strength in . 

C6HsNH2' (C6HshNH. CH3NH2, NH)is: 
. (I) . . (II) . (III) (IV) 

(a) IV>III>I1>I (b) I>II>III>IV 
(c)III>IV>I>II (d) II>I>UI>IV 
[ADS. (c)] 
[Hint: As compared to ammonia, methylamine is more 
basic (+1 effect) but aniline is less basic and diphenylamine 

. is stin more weaker (-1 effect).] 



5.3. FISSION OR CLEAVAGE OR BREAKING OF 
A COVALENT BOND 

Organic compounds are mosUy made up of covalent bonds. A 
covalent bond consists of a pair of electrons which is being 
shared by two atoms. It can be represented as A: B. Organic 
reactions invariably involve fission or breaking of covalent 
bonds. When the two atoms joined by a covalent bond are 
separated, the process is termed fission or cleavage of bond. 
The fission or cleavage or breaking of a covalent bond can 
take place in two ways depending upon the nature of the given 
compound, the nature of attacking reagent and the reaction 
conditions. ' 

(i) Homolytic fission or homolysis, 
(ii)Heterolytic fission or heterolysis. 
(i) Homolytic fission : This involves the breaking of 

a covalent bond in such a way that each atom separates, 
with one electron of the shared pair, i.e., each atom 
acquires its initial configuration. 

, 'A:B~A-+-B 

Cl:CI ~ CI-+-CI 

H:H~ H-+-H 

fI~C:H ~ H3C + ·H 
Such atoms or fragments are electrically n~utral and have 

one or more unpaired'electron. These atoms or'fragments are 
called free radicals. So, free radicals may be defined as 
"atoms or group of atoms having unpaired electron and 
obtained by the homolytic fission of a covalent bond." 

Bond dissociation energy for some bonds in alka.tie are 
tabulated below: 

Bond Dissociation Energies for Some Alkanes 
':"::Lt,":,· ';~\.:""', :\'::>J,,;_.. . ;.:,< 

"~~;;'1';11: ;d;~ ';~:0~~lJDd{\; 
CH3-H 

C2HS-H 

C3H7-H 

(CH3)2CHCH2-H 

(CH3hCH-':'H 

(CH3hC-H 

101 

101 

101 

98.5 

96.5 

90 

C2Hs+C2Hs 

(CH3)2CH+CH3 

(CH3hC+CH3 

CH3)2CH+CH(CH3h 

' (CH3hC+C(CH3h 

,89, ' 

88 

88 ' 

87 

85.5 

78.5 

Bond dissociation energy of various' A-B bonds in 
, kcal mol-1 are given below: 

CH3- 105 

CH3CH2- 101 

CH3CH2cH2- 101 

110 

111 
110 

85 

84 
85 

70 

70 

70 

56 

56 

93 

94 

92 

84 

85 

84 

(CH3)2CH-

(CH3)3C--
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98.5 111 84 

96.5 110 85 

71 

71 

56 96 86 

55:' 96. 85 

Such a fission usually occurs jnnon-polar bonds when 
both the atoms linked by the covalent bond have nearly the 
same, electronegativity. Homolytic fission is most common 
mode of fission in vapour phase and generally initiated by 
high temperature, ultraviolet (UV) radiations and by the 
presence of organic peroxides or catalysts. 
'(ii) Heterblytic fission: This involves the breaking 
of a covalent bond in such a way that both the electro'ns of 
the shared pair are carried away by one of the atoms. This' 
type of fission occurs when the two atoms differ considerably 
in,their dectronegativities. The electron pair is ci'UTied away 
by the atom,which is more electronegative in comparison to 
other. ' 

+ 

{

A : +- B [A is more electronegative than B] 
A:B ,: ' 

, 1 +: iJ (B is more electronegative than A] 

Heterolytic' fission leads to the formation of charged or: 
ionic species,one having a positive ch~e. and other a 
negative charge. This type of fission occurs most readily in 
polar covalent bORds and is favoured by poIai' solv~nts like 
water or atcohol aRd is influenced by·the presence of ions due 
to acid and base;catalyst. Quite often the ionic species formed 
by heterolytic fission bear the positive or negative ,charge on 
carbOn atom. Such ionic species are known as carbocations or 
carbanions ~cording to the, charge which the carbon atom 
carries (positive or negative). 

CH -CI H3C+ + -_C' 1 3- ~ 
Carbocation 

H 
I _ + 

HC-C· + H 
3 I - , ' 

H 
Carbanion 

5.4 REACTION INTERMEDIATES 

Short lived (lO~ seconds to a few seconds) and highly 
reactive fragments called' reaction intermediates result from 
homolytic and heterolytic bond fission. The important 
reaction intermediates are free radicals, carbocations, 
'carbanions, carbenes, nitrenes and benzyne. ' 

(i) Free radicals: A free radical may be defmed as ali 
atom or group of atoms having an odd or unpaired election. 
These result on account of homolytic fission of a covalent 
bond and are denoted by putting a dot ( - ) against the symbol 
of atom or group of atoms. 

ct 
Chlorine 

free radical 

W ; H3C ; 
Hydrogen Methyl 

free radical free radical 

f 
H3C- C-

I 
H 

Ethyl free 
radical 



Mechanism of Organic Reactions 

The formation of free radical is initiated by heat, light or 
catalysts. 

(a) 
Energy . 

Cl·CI .) CI· + CI· 
• sunlight . 

(b) 
• 102 kcal • • 

H3C.H .) H3C + H 

86kcal . • 
(f) H2C=CH-CH2-H ----; H2C=CH-CH2 + ~ 

(Allyl) 

(g) ( . )-CHr-H 88kcal o-~ · .. 'I _ ~CH2+ H-

(Benzyl) 

(h) CH3 - NH2 Heatlligh\ CH3 + NH2 

Chemical reaction which takes place in the presence of 
BELPR [H : Heat (.2! SOOOC), E : Electricity, L : Light (sun 
light, hv), P : Peroxide, R : Radical] is known as free radical 
reaction. 

Charaeterlsties of Free Radicals 

(i) Free radicals are generjllly electrically neutral. 
(ii) They are· highly unstable. 
(iii) They are short-lived and highly reactive on account 

of the presence of odd electrons. They readily try to pair up the 
odd electrons. Three types of reactions are observed in free 
radicals. 

(a) The mutual combination of free radicals forms neutral 
molecules. . 

CI- +CI-~ Cl2 (CI:Cl) 

• • 
CH3 +CH3 ~ CH3:CH3 (Ethane) 

(b) The reaction between free radical and a neutral 
molecule gives a new radical. . -C;H4 +CI ~ CH3 + HCI 

(c) A free radical can lose a neutral molecule to forma 
new radical. 

CH3COO· ~ CH3 + CO2 
Acetate radical Methyl radical 

(iv) Free radicals are paramagnetic in nature. 
(v) Free radic~ls are generally formed either ig,presence 

of UV Ivisible light orin presence of peroxides. . 

Reactions Involving Free Radicals 

(i) Wurtz reaction giving alkanes. 
(ii) Substitution reactions of alkanes. 

·,91; ••. 

(iii) . Kolbe's electrolytic reaction giving alkanes, alkenes 
. and alkynes. 

(iv) Anti-Markownikoff's addition or peroxide effect or 
Kharasch effect. 

Relative stablHties of free radicals : The tertiary alkyl 
free radicals' are most stable and methyl free radical is least 
stable, i.e., the free radical formed easily has greater stability. 

R R H H 
I • I • I • I • 

. R-C . > R-C > R-C > H-C·. 
I I I I 
R H H H 

Tertiary Secondary Primary Methyl radical 
free radical free radical . free radical 

Benzyl and allyl free radicals are resonance stabilized 
hence are more stable than alkyl free radicals. 

. . -' 

( .)-CH2 ~ ( )= CH2 ~ .< >= CH2' 

Benzyl free radical 0= 
~ ~ .. CH2 

• 
• • 

CH2=CH-CH2 ~ CH2-CH=CH2 (Allyl) 
Relative stability of free radicals are: 

(i) 30 > Benzyl> allyl> 20 > 10 > methyl> vinyl 
• • • • 

(ii) (C6HShC> (C6Hsh CH>(CH3hC >C6H s CH2 
• • • 

>CH2=CH-CH2 > (CH3 h CH> CH3 CH2 , . . ->CH3 >HC==C 

(iii) CH30-@-CH2 > ~H3--@-CH2 

The stability of various free radicals can be compared 
from their bond dissociation energies (the energy required for 
the homolytic cleavage of the covalent bond in the molecule 
to form two radicals). In general, the smaller the amoUnt of 
energy required for bond breaking, the more stable is the 
radical. 

Structure of alkyl free radicals: 
The carbon atom of alkyl free radicals 
which is bonded to only three atoms or 
groups of atoms is Sp2 -hybridized. Thus, 

free radicals have a planar structure with. 
odd electron situated in the unused 
p -orbital at right angles to the plane of 
hybrid orbitals .. 



However, in the substituted alkyl radicals the's' character 
of these orbitals has been found to increase, thl,ls,~ending to 
the pyramidal shape. . .. . . . '. 

CH3 < CH2F < CHF2 <CFj 

So, CF3 is essentially pyramidal in shape. . 
(ii) Carbocations (Carbonium ions) : .. When a covalent 

bond, in which carbon is linked to a more electronegative atom 
or group, breaks up by heterolytic. fission, the more 
electronegative atom takes away the electron pair while carbon 
loses its electron and thus acquires a positive charge. 

Such organic ions carrying a positive charge on carbon 
atom are known as c.rbocations or carbonium ions. 

~+ :;>C:x ~ -:x 
Carbocation 

Carbocations are named by adding the words 
'carbocation'to the parent alkyl group. These are also termed 
as primary, secondary, tertiary, depending upon the nature of 
the carbon atom bearing positive charge .. 

H H 
II 

H-C+ CH3-· C+ 
I I 
H H 

Methyl carbocation . Ethyl carbocation 
, . 

(primary) 

H 

1+. 
(CH3hC 

. Isopropyl carbocation 
(Secondary) 

(CH3h C+ 
Tert. butyl 
carbocation 

(Tertiary) 

Formation of Carbocations 

(a) By heterolysis: They are formed by heterolysis of 
halogen compounds. 

. (). + 
(CH3hC-CI ~(CH3hC+Cl 

(b) By protonationof alkenes or alcobols : 

. . H+ + 
H2C=CH2 :;:::= CH2-CH3 . 

. H+ + .. -~O 
. R-O-.. H:;:::=R-. OH2 ~ 'R+ + H20 

(c) By decomposition of diazo compounds: 

. . -CI + ;-N2 + 
C6HS-N 2-CI ~ C6HSN2 ~ C6HS + N 2 

Cbaracteristics of Carbocation 

(a) Carbon atom carrying positive .charge has six 
electrons in its valence shell, i. e., 2 electrons less than: octet. 

(b) The· positively charged· carbon. atom in the 
carbocation is insp2 state of hybridization (trigonal planar). 
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The three hybridized orbitals which lie in the same plane are 
involved in the formation of three cr- bonds with other atoms 
or groups while the unhybridized p -orbital remains vacant. 
The carbocation has a planar structure. 

Reactions Involving Carbocations 

(i) Elimination reactions (EI )to form alkenes from alkyl 
halides and alcohols. . . 

(ii). Electrophilic addition reaction of alkenes, alkynes 
and alkadienes. 

(iii) S N 1 reactions of alkyl halides and .diazonium salts. 

(iv) Molecular pinacol-pinacolone rearrangement. 

Structllre of Carbocations 

The only . difference from free 
radicals which have oddelectron~ 

Carbocations are very reactive as 

R 

they have a carbon atom having a J200 

vacant p-orbital (6 electrons in 
valence shell). The positively 

~Empty orbital· 

. C+--R 

charged carbon atom tries to R 
complete its octet and hence, these ions react readily with those 
species which can release two eleCtrons for the formation of 
fourth bond, i. e., they react with nuCleophilic reagents. 

Usually the order of reactivity of any chemical species is 
reverse to that of its stability. Therefore, the order of reactivity 
of ions is: 

Primary (10) > Secondary (2°) > Tertiary (3°) 
Stability: . The stability of alkyl. carbocations is· 

influenced by resonance, hyperconjugation and . inductive 
ejIects. An alkyl group has an electroll releasing inductive 
effect. An alkyl group attached, to the positively charged 
carbon of a carbo.cation tends to release electrons towards that 
carbon. In doing so it reduces positive charge on the carbon. In 
other words~ the positive charge gets dispersed as the alkyl 
group becomes somewhat positively charged itself. Tbis 
dispersal of tbe cbarge stabilizes tbe carbocation. More the 

"number of alkyl groups, the greater the dispersal of positive 
charge and, therefore, more the stability of carbocation is 
observed. 

R R H 

t t I 
R-r--C+ > R-r--C+ > R-r--C+ > H3C+ 

t I ·1 
Methyl 

R H .H 
'." Tertiary Secondary Primary 

Stability decreases as +/ decreases (dispersal of positive 
charge decreases). 

+ + + + 
CH3CH2CH2CH2 >CH3CH2CH2 >CH3CH2 >CH3 

Stability decreases as molecular mass decreases or +/ 
effect decreases. 



Mechanism of Organic Reactions 

If a.-hydrogen with respect to carbocationic carbon has 
one or more than one lone pair of electrons, then lone pair of 
electrons strongely stabilises a carbocation due to the 
delocalization. 

Amino (-NH2) and alkoxy (-OR) groups are 
important substituents for such type of carbocations. 

CH3"".. +. •• +. 
/ N-CH2 and CH3 -O-CH2 are more stable 

CH3 
+ 

than R3-C. 

Allyl and benzyl carbocations are much more stable as 
these are stabilized by resonance, while propylium 

+ 
(CH3CH2 CH2 ) ion has no resonance. 

+ + 
H2C=CH-CH2 ~ CH2-CH=CH2 (Allyl) . 

+ 

6
CH

; _ +6CH2 

_ 
. ~ .:% 
Benzyl + 

carbocation 

Allyi and benzyl carhocations are conjugated species, 
hence their stability can' he compared by the number of 
resonating structures. 

+ 
H2C=CH-CH2 lAltyl has two resonating structures) 

+ 
C6HsCH2 (Benzyl has tour resonating structures) 

So, benzyl carbocation is more stable than the allyl 
carbocation. But experimentally it has been found that the 
stabilities of both carbocations is almost same. 

Cyclopropyl methyl carbocations are more stable than 
benzyl carbocations and their stability increases with an 
additional cyclopropyl group. Thus, decreasing order of 
stability is: 

[>-{-<] > [>-CH-<] > [>-CH2 

~ 
[>-CH-<] > 0 

+ 
+ + + 

> (C6HShC> (C6HshCH>C6HsCH2 

Note: Stability of benzyl, allyl and tertiary alkyl carbocations are 
almost sam~ jn solutions. The or~r of. stability of different 
compounds in decreasing order is as follows: 
Aromatic compounds> Conjugated non-aromatic compounds> (0

1 
.. ~) (H2C=CH-CH=CH-CH=CH2) 

# . 

non-conjugated compounds> antiaromatic compounds 
(H2C=CH-CH2-CH=CH2) . 

Relative stability of carbocations are: 
(a) Triphenyl> 3° > benzyl> allyl >2° > 1° > methyl 

+ 1:-_ . + + 
(C6HS h C>(C6HS hCH> (CH3 hC>C6 HsCHz 

+ + + 
> H2C=CH > HOs=C> C6 Hs 

(b) CH30--@-CH2> CH3 --@-CH2 
. , 

>@-CHz> N02--@-CH2 

The groups like -N02, -. CN and, -Br (electron 
attracting) which have -/ effect reduce the stability ot 
carbocations. 

(iii) Carbanions: When a covalent bond, in Which 
carbon is attached to a lesser electronegative atom, breaks up 
by heterolysis the atom leaves without taking away ~ 
bonding pair of electrons and thus the carbon atom acquires a 
negative charge due to .an extra electron .. 

~ . - + 
/' C:Y ---'? ?,-C: + y 

Carbanion , . 
Such organic ions which contain a negatively chargetl 

carbon atom are called carbanions. These are named after the . 
parent alkyl group and adding the word carbanion. 

H H 
1 1 

H C-- CH . C---I- 3- 1-
H H 

Methyl carbanion Ethyl carbanion 

These are also tenned as primary, secondary and tertiary. 
depending on the nature of carbon atom bearing the negative 
charge. 

Organic compounds which possess a labile or acidic 
hydrogen have the tendency to produce carbanions as in the 
cas~ of reactive methylene compounds which lose proton in 
presence of sodium ethoxide (C2H50Na). 

/COOC2Hs . _ _ /COOC2Hs " 
CHz"" + C2 Hs0---'? CH",,' +C2H50H 

. COOC2H5 COOC2H5 
Malonic ester 

Characteristics of Carbanions 

(a) The carbon carrying the negative charge contains 8 
electrons in the valence shell, i. e., complete octet. 

(b) They are highly reactive because in them the carbon 
carrying the negative charge is electron rich and can donate its 
non-bonding pair of electrons to so~e other group for sharing. 
Hence, carbanions behave as nucleophiles and readily 
attacked by electrophiles. 

(c) Th~ negatively charged carbon is' in a state of sp3_ 

hybridization. The hybrid orbitals are directed towards the 
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comers of a tetrahedron. Three of hybrid orbitals are involved 
in the formation of single covalent bonds With other atoms while -
the fourth hybrid orbital contains a lone pair of electrons. 
Thus, carbanions have a pyramidal structure similar toNH3 

molecule. 
(d) Carbanions are diatriagneti'c. 

Reactions Involving Carbanions 

(i) Aldol condensation of aldehydes having a-H atoms. 
(ii) Cannizzaro's reaction of aldehydes without a-H 

atoms. 
(iii) Perkin's reaction involves the formation of carba-

nions as intermediate. -
(iv) Knoevenagel reaction involves the formation of 

carbanions' as intermediate. 

Structure of Carbanions : QL=~rr 

1\ 
R R R 

(Pyramidal shape) 

Stability: The stability of carbanions is influenced by 
resonance, inductive effect and s-character of orbitals. The 
groups having +/ effect decrease the stability while groups 
having - I effect increase the stability of carbanions. 

H R R 

I Itt 
H-T> R-+-y- > R-+-y~ ~. R-+-C 

H I - I --~. 
H. H R 

Stability decreases as + I effect increases 
(Methyl> 1° > 2" > 3° carbanion) 

So, this order of stability can be explained on the basis of 
electron releasing inductive effect (+ /) of the alkyl groups. 
Greater the number of alkyl groups on the carbon atom 
carrying the negative charge, greater would be the intensity on 
the negative charge on carbon and hence, less stable would be 

, the carbanion. Primary _ (l0). Garbanion with only one alkyl 
group' is maximum stable, followed by secondary (2°) with 
_two alkyl groups and tertiary (3°) with three alkyl groups. _ 

The groups having +1 effect decr~ase the stability while 
groups having -/ effect increase the. stab~lity of carbanions: -

- order of reactivity of carbanions is reverse the order of • 
stability, i.e., 3° :> 2° > 1° _-

Allyl _' and benzyl carbanions are . stabilized . due to 
. resonance. 

• 
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o-~-&-6~ 
. Benzyl - . -0 - _ 
carbanion 

Relative stability of carbanions are..:. _ 
Aromatic> benzyl> allyl> HC==C> H 2C=0I> alkyl 

(p- > sec- > tert-). 

(i) (C6HS hC>(C6Hs)z CH>C6HS CHz >CH2 -'-:""CH-CH2 

'>HC==C>H2C=CH:>CH3 :>CH3 CH2 :>(CH3h CH 

. -

(ii) OZN-@-CH2 >@-cH2 :> 

CH3-@-CH2:> CH30 -@-CH2 

Stability of carbanion increases with increase in 
s-character of orbitals. 

-
R-C=C >. R2C=CH :> R3C-CHZ 

50% s-character 33% s-character 25% s-character 

The groups like -NOz, --CN, --COOC2H s,)C=O, . 
halogens and C6Hs-{electron attracting) increase, the 
stability of carbanions. 

Difference b,etwetm Free Radicals and Ions 
(Carbocations and Carbanions) 

.1. Nature Neutral in nature 

Examples: 

CH3, Cl, CH3-CH2 

etc. 

Ions 

Carry either positive or 

negative charge. 
'" Examples: 

+ - _.-
CH3, :CH3, :Cl, etc: 

2. Configuration One unpaired electron is Paired electrons. are 
present in valence shell. present in the valence 

shell. 

3. Magnetic - Paramagnetic 

nature· 

4. Formation. • Homolytic fission 

Carbocations-The 
carbon carrying positive 
charge has six valence 
electrons: . 

Carbanions-The carbon 
carrying negative charge 
has eight electrons. 

Diamagnetic. 

Heterolytic fissj'on . 

(iv) C~rbenes: ~e carbenes :CHz (or methylen'e) 

are highly ·teactive, short-lived, diagonal-in geometry and 
,neutial species in which carbon atom has six electrons in the 
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, olitershell (electron deficient), out of which two constitute a 
" lone pair and two ~re shared. So, they are divalent carbon, 
" species containing two unpaired electrons and possess no 
, charge., , 

, Thus, in short, carbenes are sp2 as well as sp
hybridized, neutral, transitory reaction ,intermediate 
containing a carbon atom with two bonds and two 
'electrons. They can be formed: 

(A) By the photochemical decomposition or pyrolysis of 
aliphatic diazo compounds or ketenes. 

hv or Heat' 
(i) CH2N 2 ') :CH2 +N 2 

, Diazo methane (UV) Carbene 

hv or Heat CHe N 
R-CHN2 ) R e + 2 

Alkyl carbene 

hv or Heat CO CH~' N RCO-CHN 2 ) R - e + 2 

Acyl carbene 

Substituted carbenes are simply named, as derivative of 
carbenes. For example: 

R-C-R 
Dialkyl car bene 

'CH -"CH , 6 5 
Phenyl carbene 

:CCl2 
Dichloro carbene 

(ii) H2C=C=O ~ :CH2 +CO 
Ketene Carbene 

(B) By the action of a base on suitable polyhalogen 
compound. 

(i) CHCl~ + C2H 5 0Na -----7 :CCl2 
Chloroform Dichlorocarbene 

+C2H50H+ NaCl 

(ii)CHC13 + (CH3h CO- ~(CH3hC-OH+ :CCl3 
Tert. butoxide ion 

CHX 3 KOH (alc.) ex 3 + H+ 
~ 

cx 3 ) :CX 2 + x-
So, carbenes are, related to carbanions through the 

a-elimination reaction. 
sp2 -hybrid carbene is of two types: 

(a) Singlet: When both the electrons go into one 
orbital and have opposite spin (antiparallel), i. e., the unshared 
electrons are paired in one orbital and has a bent structure. 

N ' ' "H9' , R) , 
'-~-C~; CH2:; 103" C;" "", C<ID 

," "H ,R: 

The singlet state is actually found to have H-C-H bond 
angle 103° (between 90° to:1200) and'a C':-'H bond length of 
1.12A. It is generally considered as the less stable and highly 
reactive; It is also known as bot methylene. 
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Singlet" state has single spin multiplicity. 

Spin multiplicity = (21:s+1) =2 x {(+Y2) + (-Y2)} +1 =1 

(b) Triplet: When the two electrons go into different 
orbitals and have same spin (parallel), i.e., the unshared 
electrons are not paired. Such carbene would have a permanent 
magnetic moment and would exist in three closely grouped 
energy state, if it were placed in a magnetic field. Such a state is 
called triplet st~te and is believed to'be a linear molecule, so 
sp-hybrid carbene is always a triplet caroene, 

, ." (fI" ~ 
t ' 1800 VLY 

-C---'- 'CH2,:; , H~H ; R,-C-R 
t ' 

With H-C-H bond angle 180° and a C-H bond length 
of 1.03 A, it might be considered as a free diradical and is 
mote stable. It is also known as cold methylene (carbene). 

The decreasing order of stability of different types of 
singlet carbenes are as follows: 

:CH2 > :CF2 >~CC12 > :CBr2 > :C12 

Triplet state has three spin multiplicity. 

Spin multiplicity = (2D+ 1) =2{(+Y2) + (+Y2)} + 1 =3 

Reactions: . Carbenes undergo several important 
reactions. 

(a) Addition to alkenes: 'Formation of cycloalkane 
derivatives, e.g., 

(ii) R /~C=c( R + it CH2 -----7 

H . ' ""H Carbene 
Cis-alkene (singlet) 

R"" /R' 
, ""C-C 
a/ \/ "'-H 

C 
H2 

(Cis-) 

Addition reaction of singlet carbenes with alkenesor 
alkynes is known as chelotropic addition. 

(b) Insertion reactions: Carbenes are aJso .used in its 
insertion between the C-H bond, e.g., 

1 ' 

-C-CH2-H (Next homologue) 
I ' ~ 

H H 
·-1, 1 

H-' C-H +:CHz ,I 
~ H-C-" CH2-H 

1 H ' H 
Methane Ethane 
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Further it can be inserted in all the possible positions (pri., 
sec., ter!.). 

and 

CH3CH2CHzH + :CH2 ---7 CH3CH2CHzCH3 
Propane n-butane 

CH3CHCH3 . I . 
CH3 

Iso-butane 

(c) Ring expansion reactions: These involve the 
addition of a halogeno cru;bene across a double bond followed 
by rearrangement. 

9 +:CCh 
Dichloro 
carbene 

CHCl,/~HPN'. [ C?~~l 

Pyrrole (Jel -Hel -
3-chloropytidine 

Carbenes have important synthetic applications and .are 
the reactive intermediates in some well known reactions like 
Carbylamine reaction, Reimer-Tiemann reaction, Wittig 
reaction and Wolff rearrangement, etc. 

Carbenes as reaction intermediates: 

(a) Carbylamine reaction: By heating a mixture of 
primary amine and chloroform with ethanolic potassium 
hydroxide to form isocyanide (carbylamine) is known as 
carbylaminereaction. 

RNH2 + eHCl3 + 3KOH ---7 RNC + 3KCI + 3H20 

Mechanism: . 

:CCI2 +CI-
Dichlorocarbene .' 

H 
I 

R-N+:CCI2 
I . 

---7 R-N-CHClz I . 
H R 

Hel - Hel + 
~ R-N=CHCI---7 R-N=C (Alkyl isocyanide) 

(b) Reimer-Tiemann reaction: Phenol on heating 
with chloroform and aqueous alkali followed by acid 
hydrolysis to yield salicylaldehyde is known as 
Reimer-Tiemann reaction. 

OOHI + CaCl, + 3KOH , 
Phenol 

OR aCRO".· . 

- ,'-'. . +~KCI+2R;Q 
Salicylaldehyde " , 

... ~ 
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Mechanism: 
- -

CHCl 3 +OH- ---7 H20+ :CC13 ---7 :CC12 +cr 

o ~6-0-m"O~12 
. ---+ 

(v) Nitrenes or Imidogenes 

OH 

+ aCHO -LI 
#' 

(o-Hydroxy
benzaldehyde) 

Nitrenes are the organic species having tqe general 
•• 

formula, R-N. These are the nitrogen similar to carbenes 
•• 

and neutral univalent nitrogen intermediates (with' one bond 
•• 

and two nonbonded electron pairs, i.e., -N). These are 
•• 

defined as 'the electron deficient species in which nitrogen 
has a sextet of electrons' (six electrons in the outermost shell). 
They are highly reactive and act as strong electrophiles as 
they need a pair of electrons to complete the octet. The parent 

•• 
species is N-H (known as nitrene or imidogene or azene or ... .. 

imine). It is difficult to be formed because it tends to 
polymerise to (NH) n as soon as it is formed. Hence, 

. substituted nitrenes have received the much attention. 
Nitrenes can exist in the singlet and triplet states just as 

in the case of carbenes with one of the covalent bonds 
. replaced by riitrogen lone pair. The triplet state is the ground 
state and most nitreties exist in this state. 

In general nitrenes obey Hunds rule and are ground state 
triplet with two degenerate sp-orbitals containing a single 
electron each. 

~;1J' 
R-N<J!) 

cJ~· 
sp-Triplet nitrene 

Nomenclature: The nomenclature of nitrenes is also 
similar to that of the carbenes. For example, 



Mechanism of Organic Reactions 

° II 
:NPh is called phenyl nitrene, : N-C-R is acyl 

nitrene and 
:NEt is called ethyl nitrene, and so on. 

Formation of Nitrenes 

•• 
(a) The simplest nitrene Qi-H) is formed when 

hydrazoic acid (N 3H) is irradiated with UV light in aromatic 
solvents which forms a small amount of primary aromatic 
amines. 

In the presence of ethylene, nitrene is trapped to form 
ethylenimine (a cyclic product). 

•• 
HN + H2C=CH2 ' .. -
Nitrene Ethylene , 

H2C-CH2 
\/ 
N 
H 

Ethylenimine 

(b) Alkyl, aryl and acyl nitrenes may be prepared by the 
photolysis of alkyl azides, alkyl isocyanates or acyl azides 
respectively. 

Light' •• 
R-N 3 ) R-N +N2 

Alkyl azide •• 
Alkyl nitrene 

. Light •• 
CH3-N3 ) CH3-N +N2 
Methyl azide •• 

Methyl nitrene 

Light •• 
C6HS-N3 ) C6HS-N +N2 
Phenyl azide •• 

Phenylnitrene 

Light •• 
CH3CON 3 ) CH3C0!'i +N2 
Acetyl azide Acetyl nitrene 

Reactions: Nitrenes are highly reactive unstable 
compounds and give the following reactions. 

1. Addition to alkenes: Nitrenes add on alkenes to 
form corresponding alkeneimine, a cyclic product., 

•• 
CH3CH=CH2 + H-N ---? CH3 -CH-CH2 

Propene Nitre~: "" / 
N 
I 
H 

Propeneimine 

2. Addition to alkanes: Acetyl nitrene reacts with 
isobutane to form acetyl tert. butylamine. 

•• 

Also photolysis of phenyl nitrene (on dimerization) forms 
azobenzene. ' 

•• Light 
2C6HS -N ) C6HS -N = N-C6HS 

•• l\zobenzene 
Phenyl nitrene 

Applications: Nitrenes, have important synthetic 
fl·.. ° 

II •• 
applications particularly acyl nitr~ne (R-C-N), lias been 

" . . . 
proposed as possible intermediate in, the Hofmann, Curtius 
and Lossen: rearrangements. 

(vi) Benzyne (1,2-Dehydrobenzeile or Aryne) 0 1, (e,H,) 

"Benzyne is a neutral, highly re,active reaction 
intermediate in which the aromatic character has not been 
markely disturbed". It is formed as an intermediate during 
nucleophilic substitution of aromatic compounds. It contains 
Carbon-Carbon triple bond in the benzene ring involving the 
formation of a new weaker C-C bond by si!ieways 
overlapping of Sp2 -hybridizeq orbitals of two adjacent carbon 
atoms. 

Formation of Benzyne 
(a) When arylhalides are treated with very strong bases, 

such as sodamide, NaNH2 or certain metal alkoxides such as ' 
potassium tert. butoxide, Me 3COK, they eliminate HX from 
vicinal carbons to produce a species called benzyne, wlrlch 
then undergoes reaction with the available nucleophile, NH2 
(liquid ammonia) rapidly to form aromatic compound, aniline. 

N CI 
-,' O· -~+ NH2 ---,-" ~ II + NH3+ CI 

Chlorobenzene 'Benzyne 

O (JCNH2' (JC' H "" II + NH3 (liquid) ~ I + I ' 
~ '~'H ~ NH2 

Benzyne (47%) Ani' '1' ' (53%) 
me, 

Experimentally both products are formed, hence, 
elfmination addition n:iec~sm is.. followed. Further, ill this 

\ 

reaction, there occurs vicinal rearrangement in which the 
entering group occupies the ortho-position to the leaving 
group. Therefore" this reaction, is also known as 
cine-substitution. 

(b) ,Benzyne can also be obtained by the decomposition 
of benzene diazonium o-carboxylate or 9-fJuorophenyl' 
magnesium bromide. 

'COO- ' 

(JCI ~ ,0"" II +Nz+COz 
~ ,N=N' ~ 

Benzene diazonium 
o:.carboxylate 

Benzyne 
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'(XIF 
.' 

~ . MgBr 

o-FluQroplienyl 
magnesium broinid. 

Heat :0" II' + Mg<Br 
~ '. F 

Benzyne 

Benzyne reacts " 
addition products, ' 

~ucleophilic reagents. and form 

..• 0
1 +HOH 

Benzyne 

.. ()·· .. ·OH 

-I' 
~ '. 

Phenol aC(c,f(,)' 
Benzyne . TriphenylmethylbertZene 

(Tetraphenylmethane) 

O~II "" + CH3N}12 .~ () 

.. ' '.~HCH3 " I . . . 
~ .. 

Benzyne N-Methylaniline 

. II + CJIsLi o ~ Phenyl lithium 
. CX ::f(, :::J~: . 

Phenyl' 
lithium compound 

·CX·'· I' CJI5 

~ COOH 
. Biphenyl 
2~carbox¥lic acid 

" 

ILLUSTRATIONS OF OBJECTIVE QUESTIONS 
6. Benzyne is: ' 

(a) 1,2-dihydrobenzene 
(b) .1,2-dehydroJjenzene 
(c) 1,2,3,4-tetrahydrobenzene 
(d) iruidogenes' 

IAns. (b)] 
, 7. Which of the following IS ·true . about. the· 

cycloheptatrienyl free radical? 
(a) it is an isolateds~le freeraqical 
(b) it is an aromatic fre,e radical 
(c) ithas4n + 2nelectrons 

, (d) none of the above 
[ADS. (d)] 

8. Heterolysis. of propane gives: 
(a) methyl and ethyl free radicals .' 
(b) methylium'ion and ethyl anion 
(c) methyl anion and ethylium ion 

,(d) methylium andethylium ions 
[ADs. (c)] 
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9. Which of the following pairs of ions is more stable? 
(a) CH3CH20 8 and CH2=CH-09 

(1) (II) 
·9 9 

(b) (CH3 h C-CH=O and (CH3 hC-CH=CH2 
(I) (II) 

• • . (c) Me2N-CH=CH-CH=NMe2 . 
(I) 

'.. $ 
and Me~CH=CH-CH=NMe2 .. . . . . 

(II) 

[Ans. (aY (II), (b) (I), (c) (I)] 
10. Which among the following compounds behave both as 

an electrophile as well as a nucleophile? 
+ 

, CH2=CH-CH2 
(2) 

o 
. II 

CH3-C-Cl 
(4) 

Answer using the following codes: 
(a) only (1) (b) (1) and (2) 
(c) (3) and (4) (d) (2), (3) and (4) 
[Ans. (c)] 

11. Which of the following species is an ambident 
nucleophile? 

e 
(a) CH3 CH2 (b) H2C=CH2 

e •• e 
(c) ~N=O (d) NH2 

[Ails. (c)] 
n. Consider the followingcarbanions: 

H3CO~fH2" 02N~fH2' 
(I) (II) 

(O)-fH2' .H3C~O)-gH2 
.' ~III) (IV) . 

Correct decreasing order of stability is: 
(a) II >III> I >IV(b) HI> IV> I > II 
(c) IV>I>II>III (d) I>II>lII>IV 
[Ans. (a)] . . . 

13. Which one of the following carbocations are most stable? 
®CH2 ®CH2 ·CH2 · . ·CH2 . 

(aJ © (b)~ (C)~ (d)~CII' 
N02 CH3 

[Ans. (c) because +R group present atp~ (or 0-) position 
increases the stability of benzyl' carbo cation and -R group 
decreases· stability.] 
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5.5 NATURE OF ATTACKING REAGENTS 
Most of the attacking reagents carry either a positive or a 
negative charge. The positively' charged reagents attack the 
regions of high electron density in the substrate. mol~cule . 
while the negatively charged reagents will attack the regions 
of low electron density in the substrate molecule. The fission 
of the substrate molecule to create centres of high or low 
electron density is influertced by attacking reagent!). Mosf of 
the attackmg reagents can be classified into two main groups: 

(i) Electrophiles or electrophilicreagents 
(ii)- Nucleophiles or nuCleophilic reagents 
(i). Electrophiles: Electrophiles or electrophilic reagents 

-are electron loving species (Electro = Electron, . philic= 
loving). These species carry either positive charge or neutral 
molecules with electron deficient centre. So; a reagent which' 
can accept an electron pair in a reaction, is called an ' 
electrophile. These contain, generally, two electrons less than 
the octet and attack regions of high electron density (negative 
centre) in the substrate molecule as to complete the octet and 
act as electrophiles, 

I I _ 
-C: + E+ ~ -C-E 

I Electrophile . I 
Substrate 

(Nucleophile) 
Product 
(Neutral) 

Some common electrophilesare listed below: ' 

Positively charged 

H+ (HrO), CI+, Br +, 
+ 

1+, NO;, NO+, S03H 

. R +, R 3C+ and other 
.' + 

carbocations, CH3CO , 

NH!,C6HSN; 

Neutral molecules 

S03, BF3, AICl3 
* ZnCI2• IC~ PCIs 

BeCI2• FeCI 3 , SnCl4 , . 

* * 
RCOC~ (RCOhO 

CO2 , CS2• CX 4 

R-MgX 

:CCI2 (Carbene) 
•• 

: N COOC2HS (Nitrene) 
)C· 0 . 

The star (*) indicates the atom that accepts electrons from 
the substrate. 

Further, cation carriers, e.g., Br-Br, H-Br, CI-OH, 

02N-OH, etc., and' oxidising agents such as Fe3+, 

0 3 • R-o:.-~R, etc., also act as electrophilic reagents. 
, . 

Since, electrophiles are capable of accepting electron.pair, 
they act as Lewis. acids. The reactions involving the attack of 
electrophiles are known as electrophilic reactions: . 

(ii) NUcieophiJes: Nucleophiles Of nucleophilic reagents . 
are electron donating species. The name nucleophile means 
nucleus loving. NucleQphiles are electron rich, i.e., they 
normaUy possess an unsharedelectron pair which t;heycan 
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donate.. They are' either negative ions or neutral· molecules 
with free electron pairs to donate. They attack regions of low 

, electron density (positive centres) in the substrate molecule. 
I ,I' 

.-C+ + :Nu- ~ -C-Nu 
1 Nucleophile I 

Substrate. 
. (Electrophile) 

Product 
(Neutral) 

The common nucleophiles are listed below: 

. Negatively charged Neutral molecules 

[CH(COOC2 Hshr, 

[CH3COCHCOOEtr, 

R3C-, CH3COCH2, OH -, 

OR ,COO-, RCOO- , 

CN-, N3",SH-;HS03" 

Carbanio~ 

• • 
H-O-H, 

•• 

•• •• 
R-O-:-H, R-O-:-R, 

•• •• ... 
R~S-H, 

• • 
• e·. .;. 

R~S-R, H-S~H, 
•• •• 

* . 
LiAlH4, (C6H S h P:, R 3P: 

* R-MgX,R-, Li, 
- .. ' 

The star (~) indicates the atom that donates electrons.to the 
substrate. ..f\ f\ . In' a9dition, anion carriers,e.g., H-H, R-~gX, 

H-'H3AILi, >C=C<, H2C=CH-CH=CH2 ,. 

H"':lC6HS' etc., and reducing agents' sUj;:h a!! Fe 2+ , 

[Fe(CN)6]4-, etc., also act·as nucleophilic reagents. 

Since, nucleophiles are capabl~ of donating' electron 
pairs, they act as Lewis bases. The reactions involving the 
attack of nucleophiles are' known as nucleophilic reactions. 

Th~ effect of the attacking nucleopbile (nu(!leophlli(!ity 
versus basicity) , 

(i) A nucleophile with a negative~ cllargeis always more 
powerful nucleophile 'than its conjugate acid, Thus, OH:- is 
more., powerful than ~:zOand NH2 is. more poweif'ul than 
NH3,.etc.·· 

. '(ii) If the nllcleophilic atoms are. from'the same periodic 
table; nucleophilicity, ,is. roughly iri. the • order of basiCity, 
though basicity is thermodynarnicillly: controlled while 
nucleophilicity is kinetichlly controlled. So, anapproxjmate 
order of nucleophilicity is: ' .. 



- -
, '",'; '-: ': ":~: ,'" -

~i'29Q 

- -
NH2 > R O>OH- > R2NH> ArO> NH3 > pyridine> 

F- > H20>CI04, and another is R3C- > R2N- > RO- > F-. 

(iii) Going down the periodic table, nuc1eophilicity 
increases, though basicity decreases. Thus, the usual order of 
halide nuc1eophilicity is r > Br- >cr > F- (this order is 

solvent dependent), and sulphur nucleonltile is more powerful 
than its oxygen analogue and the saml' '''' true for P vs N. The 
overall decreasing nuc1eophilicity orucc for SN2 reaction in 
protic solvent is as follows: 

RS- > ArS- > r >CN- >OH- > N3 > Br- > ArO-

> cr > pyridine> CH3COO- > H20 

(iv) The decreasing order of ionising power of solvents 
(for SN1 reaction) is as follows: 

CF3COOH> HCOOH> H20>CH30H>CH3COOH 

> C2HsOH-H20(80%) > (CH3hSO>CH3CN 

> HCON(CH3)2 >Ac20>pyridine>CH3COCH3 

::. (C2HshO>CHC13 >C6H6 > alkanes 

Organic compounds in which carbon is bonded with 
electronegative atom (0, N, S) by multiple bondl(s) behaves 
as electrophiJe as well as nucleophiJe: 

O. 0 
~ ~ + 

R-C-H, R-C-R, R-C==N, R-N==C 

o 0 0 0 
II II II II 

R-C-OH, R-C-CI"R-C-OR, R-C-NH2 

Note: During the course of chemical reaction, electrophile reacts with 
nucleophile. -

Comparison between Electrophiles and Nucleophiles 

. Electron rich, generally 

anions. 

(i) Electron deficient. generally 
cations. 

(ii) Act as Lewis bases, possess (ii) 
an unshared electron pair 
which they can donate. 

Act as -Lewis acids, possess 
an empty orbital which can 
accommodate an electron 
pair. 

(iii) Attack regions of low elec- (iii) Attack regions of high elec-
tron density. tron density. 

(iv) Can be reprq;ented bya gen- (iv) Can be represented by a gen-
eral sY!llbol Nu: eral symbol E +. 

(iii) Ambiphile (Ambident): They behave both like 
electrophiles (electron attracting) and nucleophiles (electron 
repelling) sites and 1;J.ence, have dual (amphoteric) nature, e.g., 
HOH, R-OH, RPH2, CH3CN and H2C=0, etc. 

-.. 
H-O-H ~ Electrophile .. -

i 
Nucleophile 
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Nuc1eophiles attack electrophiles during the course of the 
reaction. 

H 
.~ . I 

R-O-H + H+ ---? 
Nucleophile Electrophile 

R-O-H 
$ 

H 
I 

:NH3 + BH3 ---? H-N· ---? 
Nucleophile Electrophile I • 

H 

H 
I 
B-H 
I 
H 

The nucIeophiles which can attack through two or more 
different ways to give different products are called ambident 
nucleophiJes. For example, CN - can attack through N or C to 
give cyanide (RCN) or isocyanide (RNC), and anions from 
compounds having reactive methylene group like malonic 
ester, jl-keto ester, jl-diketones, etc:, are resonance stabilized. 

o 
e •• i e 
O-N=O,O-S-OH -C-C-C- etc . 

.L '11 I II ' 
o 0 R 0 

5.6 TYPES OF ORGANIC REACTIONS 
The reactions of organic compounds can be classified into 
four main types: 

(i) Substitution or displacement reactions 
(ii) Addition reactions 
(iii) Elimination reactions 
(iv) Rearrangement reactions 

(I) Substitution or displacement reactions : Substitution or 
displacement reactions are those reactions in which an atom or 
group of atoms attached to a carbon atom in a substrate 
molecule is replaced by another atom or group of atoms. 
During the reaction, no change occurs in the carbon skeleton, 
i. e., no change in the saturation or unsaturation of the initial 
organic compound. Depending on the mechanism, the 
substitution reactions are further classified into three types: 

(a) Free radical substituting reactions 
(b) Electrophilic substituting reactions 
(c) Nucleophilic substituting reactions 
Some of the examples of substitution reactions are: 

(i) CH4 + Cl2 uv) CH3CI + HCI 
Methane light 

(Hydrogen atom is replaced by chlorine) 

(ii) CH3CH2Br + NaOH ---? CH3CH20H + NaBr 
Ethyl bromide Ethyl alcohol 

(Bromine atom is replaced by hydroxyl group) 

(iii) CH30H + HBt---? CH3Br + H20 
Methyl alcohol Methyl bromide 

(Hydroxyl group is replaced by bromine) 
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H2S04 (conc.) 
(iv) C6H6 + HN03 ) C6HSN02 + HzO 

Benzene (Conc.) Nitrobenzene 
(Hydrogen is replaced by N02 group) 

SOO°C 
(v) CH3CH=CHz +C1 2 ~CICH2CH=CHz + HCl 

(Vl) 

Propylene Allyl chloride 

(Hydrogen is replaced by chlorine) 
FeCl3 

C6H6 + Clz ) C6HsCI + HCI 
Benzene Chlorobenzene 

(Hydrogen is replaced by chlorine) 

(it) Addition readions: Addition reactions are those in 
which the attacking reagent adds up to the substrate molecule 
without elimination. Such reactions are given by those 
compounds which possess double or triple bonds (n-bonded). In 
the process a triple bond may be converted into double bond or 
single bonds and a double bond is converted into single bonds. For 
each n-bond of the molecule two sigma bonds are formed and 
the hybridization state of carbon atoms changes from sp to spz 
and Sp2 to sp3. 

Like substitution reactions, addition reactions are also of 
three types: 

(a) Free radical addition reactions 
(b) Nucleophilic addition reactions 
(c) Electrophilic addition reactions 
Some of the examples of addition reactions are: 

. Ni H2INi 
(I) HC==CH + H2 -----7 H2C=CH2 -----7 CH3-CH3 

Acetylene 140°C Ethylene 200°C Ethane 

(ii) HzC=CH2 + Brz ~ CH2Br-CHzBr 

(Ul) 

(tv) 

Ethylene 1,2-Dibromoethane 
(Ethylene bromide) 

H H 
I I/OH 

CH3 -C=O + HCN ~ CH3-C"" 
Acetaldehyde CN 

Cyanohydrin 

° 
Acid 1\ 

CH3C==N + HzO --~) CH3-C-NH2 
Methyl cyanide (HzOz) Acetamide 

HBr 
(v) HC==CH + HBr ~ CHz =CHBr----t CH3CHBr2 

1,I-Dibromoethane 
(Ethylidine bromide) 

Acetylene Vinyl bromide 

(iii) . Elimination 'reactions: The reverse of addition 
. reactions are termed as elimination reactions. In these 
reactions generally atoms or groups from two adjacent carbon 
atoms (a,~) in the substrate molecule are removed and 
multiple (double or triple) bond is formed. In the process two 
sigma bonds are lost and a new n-bond is formed, i. e., state of 
hybridization of carbOn atom changes from sp3 to spz and Sp2 

to sp. This reaction is known as ~elimination. 
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Some examples are: 
Br Br 

I I Heat 
(a) H-C-C-H + Zn -----7 H-C=C-H + ZnBr2 

I I (-Brz) I I 
H H H H 

1,2-Dibromomethane Ethylene 
. (Debalogenation) 

Base catalysed dehydrohalogenation of alkyl halides 
H Br 

I I 
(b) H-C-C-H+KOH ) I I Alc. (-HBr) 

H H 
Ethyl bromide 

H 

H-C= C-H + KBr + HzO 
I I 
H H 
Ethylene 

(Deh)ldrobalogenation) 

I Cll, 300°C 
(c) CH3-C-OH ----4) CH3-C=O I Heat (-H2) I 

H H 
Ethyl alcohol Acetaldehyde 

H ° I II 
(d) H-

T
-C-NH2 

H 
Acetamide 

(Dehydrogenation) 

CH3C=N 
Methyl cyanide 

(Dehydration) 

Acid catalysed dehydration of alcohols 

H H O~ 
I I, I Cone. H2S04 , l70°C 

H-C-C...l..C-H ---------+) CH3CH=CH2 I . I I (-H20) Propylene 
H H H (Dehydration) 

n-Propyl alcohol 

Another type of elimination is a-elimination. It is the 
removal of two atoms or groups from the same carbon atom of 
the substance and produces a carbene, if this atom is carbon. n .. CI 

HO+ -,:.""C< ~ :CC12 +H20+Cl-
61 Y CI Dichlorocarbene 

Chloroform 
Dichlorocarbene is the reactive intermediate involved in 

carbylamine reaction and Reimer-Tiemann reaction. 

H 

I -H+ 
R2C-CI ~ R2C-CI R2C: 

Carbene 
In 'V-elimination, it is removal of two atoms or groups 

from a-and 'V-positions (other than from adjacent atoms or 
same atom) and produces a ring, e.g., 
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(J. n 
~ ~CHz-Br 

H2 C '\yS 
CH2 -Br 

1,3-Dibromopropane 

Zn <lust, Ll H c<CI H2 + ZnB' 
I
.. .) 1 12 

y-e urunattOn ~ CH 
. 2 

Cyclopropane 

This reaction is called Freund reaction and is extensively 
used for the synthesis of three membered rings. 
(iv) Rearrangement reactions: The reactions which 
involve the migration of an atom or group from one site to 
another within the molecule (nothing is added' from outside 
and nothing is eliminated) resulting in a new molecular 
structure are known as rearrangement reactions. The new 
. compound is actually the structural isomer of the original one. 

Some of the examples are: 
Anhydrous Alel3 

WC~C~C~C~' ) 
. Heat 

CH3-CH-CH3 
I n-Butane 

CH3 

(b) CH3CH2CH=CH2 
But-l-ene 

Isobutane 
AlCI3 or Al2 (S04h 

) 

Heat 

CH3CH=CHCH3 +CH3-· C=CH2 
But-2-ene . I 

CH3 
2-Methylpropene 

Heat 
(c) NH4CNO -~) NH2-CO-NH2 

Ammonium cyanate Urea 
. 0 

II 
OCCH3 

(d) 0 
Phenyl acetate 

(Ester) 

Anhyd.AICh 
• (Fries. rear

rangement) 

OH OH 

OCOCH3+0 
. COCH3 

~---~v~-~--~ 

0- and p-hydroxy acetophenone 

Br 
AlBr3 I 

. (e) CH3CH2CH2Br -~) CH3-, CH-CH3 
Heat 

n-Propyl bromide Isopropyl bromide 

NOH 0 
II pels II 

(t) CH3 -C-CH3 -) CH3NH-C-CH3 
Acetoxime N -Methyl acetamide 

It is an example of Beckmann rearrangement. 

5.7 TYPES OF MECHANISM 

Reaction mechanisms are classified mainly into two classes: 
(i) Free radical mechanism 
(ii) Ionic or polar mechanism 

(i) Free radical mechanism: This type of mechanism 
explains those. reactions in which homolytic bond fission 
occurs. The homolytic bond fission is favoured by the 
following factors: 

(a) Gaseous state of reactants, (b) Non-polar solvents, 
(c) Presence of energy in the form ofUV, sunlight, heat, etc., 
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(d) Presence of substances like peroxides which form free 
radicals readily on decomposition. I 

The mechanism of reactions involving the attack of 
free radicals on the substrate molecule is referred to free 
radical mechanism. The mechanism of free radical reactions 
involves three steps-initiation, propagation and termination. 
Each of these steps, in turn, may involve tWo or more steps. 

Initiation step: This step involves the production of 
free radicals by irradiation or heating the reagent or by 
carrying out-the reaction in the presence of an initiator such as 
peroxide. The production of free radical may be a one or two 
step process. For example, the formation of bromine-free 
radical from bromine during substituting reaction is a one step 
process. 

hv -
Br: Br ~ 2Br· 

A two-step process is involved in the formation of 
bromine radical from hydrogen bromide during addition of 

. HBr on propylene in the presence of benzoyl peroxide. 
000 

II II Heat II 
(i) C6HS C-O-O-C-C6HS ~ 2C6HS C-O· 

o 0 
II II 

(ii) C6HS C-O· + H-Br ~ C6HS C-OH + Br· 

Propagation step: The free radical formed in the first 
step may generate a new free radical when it attacks the 
substrate. The new free radical may react with attacking 
reagent to form free radical or may react with free radical to 
form product. 

This process may continue in an indefinite number of 
ways until there occurs an end of the chain of propagation. 

• 
Br· +CH3-CH3 ~ CH3-CH2 + HBr 

• 
CH3 CH2 + Br2 ~ CH3CH2Br + Br· 

Termination step: In this step, there occurs 
destruction of free radicals, either by combination Of two free 

. radicals (same or different) or by disproportionation. 
• • 

CH3-CH2 +CH2-CH3 ~ CH3c;H2CH2CH3 
. (Coupling) 

• 
2CH3CH2 ~ CH3-CH3 +CH2 =CH2 -

(Disproportionation) -

It is also possible to teflllinate chain reaction of free 
radicals by adding inhibitors like benzoquinone, phenols, 
amines, nitric oxide, etc. 

(ii) Ionic or polar mechanism: This type of 
mechanism applies to those reactions in which hett;!rolytic 
bond fission occurs. The heterolytic bond fission is favoUred 
by the following factors:' ' . 

(a) Liquid state of reactants, (b) Presence of polar 
solvents (acids or bases), (c) Inductive, mesomeric or 
electromeric effects which displace electrons in the substrate, 
(d) Absence of peroxides. 
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The. heterolytic. bond fission produces positive or negative 
centres in the substrate, i. e., carbonium ions or carbanions come 
into existence. Thesec€;ntres are attacked by nucleophilesor 
electrophiles. The 'mechanism of reactions involving . the . 
attack of nuCleophilic or electrophilic reagents on polar 
substrate molecules is referred to as polar or ionic 
mechanism. 

A polar mechanism maybe illustrated in the following 
way, 

·AB ~ A+ +B-
Substrate 

A + is attacked by nucleophilic reagent. 
B is attacked by electrophilic reagent. 
The ionic reactions occur either in two stages or in one 

stage. For example, an OH ion may react with alkyl halide in 
either of the following two ways: 

(i) RI: X 
First step + 

------+> R + :X- (Slow step) 
bond fission 

Second step 
Then, R+ +:OH ) R: OH (Fast step) 

bond fonnatiort 

R + is an intermediate species which has a very short life 
time. The rate of reaction depends on the first step which is a 
slow one. In this step one molecule is involved and, thus, it is 
unimolecular reaction (First order change). 

I
_Bond fission and _ __ 

(i0 R - X " > R -OH + _ X 
i fonnatlOn snnultaneously . 

:mr 
An intermediate 'transitory state' is formed in which the old 

bond is broken first and then only a new b9nd is formed at the 
same time. Such transitory state can 1?e represented as below: 

0- 0-
HO: -7 ---R -7 --- :CI 

Since, iil this mechanism, two molecules are involved in 
the formation of transition state, the reaction is' bimolecular 
reaction (Second order change). . 

5.8' MECHANISM OF SUBSTITUTION REAC'nONS . 
As already defined, a substitution reaction involves the 

replacement of an atom or group attached to a carbon atom by 
. another atom or group. These reactions may follow free 
radical, nucleophilic or electrophilic mechanism. . Some 
typical examples are considered to explain the three types of 
mechanism. . 
(I) Freeradiea .• SUbstitution reactions: 

(a) Chlorin.tionof methane: The chlorination of 
methane in the preserice of ultraviolet light is an example .of 
free radical substitution (HOMOLYSIS). 
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CH4 . + Cl2 CH3CI + HCI 
Methane Methyl 

. chloride. 
Thereaction does not stop with the formation of methyl 

chloride (CH3CI) but 'the remaining hydrogen atoms are 
replaced one by one. with chlorine atoms to give rise chain 
reaction .. 

CH3CI + Cl2 ~ CHiCl2 + HCI 

CH2Cl2 + Cl2 ~ CHCl3 + HCI 

, CHCl3 + Cl2 ~CCI4 + HCI 

,Mechanism: . 
. Initiation step: The reaction is initiated by the breaking 
of chlorine molecule into chlorine-free radiCals in presence of 
UV light. 

Cl2 Homolytic fission) Cl - + Cl • (Chain initiation) ... (i) 
hv or heat 

Pr~pagationstep: The chlorine-free radicals attack 
methane molecule (CI- is a substituent). 

CH4+CI-~ CH3 + HCI (Chain propagation) ... (ii) 

Each of the methyl-free radicals, in tum, reacts with 
chlorine molecule to form methyl chloride and .at the'same 
time chlorine-free radical is produced. 

CH3 +C12 ~ CH3CI +ct (Chain propagation) 

The chlorine-fr~e' radical can react with fresh methane 
molecule as in step (ii) or methyl chloride. 

CI- +~H3CI ~ CH2CI + HCl(Chainpropagation) 

The CH 2CI free radical w01.J,ld react with another molecule 

of chlorine to fohn dichloro methane. This process may 
extend further till all the replaceable hydrogen atoms in the 
methane have been substituted by clJlorine atoms. 

CH2CI + Cl2 .~. CH2Cl2 +CI-(ClJainpropagation) 

-Ct- +CH2C12 ~ CHCl2 + HCI (Chain propagation) 

eHCI; +CI2'~ CHCl3 +CI· (Chain propagation) '. 

• cl" +CHCI3 ~. CCl3 +HCI' (Chain propagation) 

CCl3 +C12 ~ CCI4 +CI- (Chain propagation) 
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For thermodynamic data of halogenation, the tabulated values are given below: 

Enthalpies, of the propagation steps in the hiliogenation of methane (kcal mol-I) 

CI 

:X.+ CH4 ~ .CH3 + HX: 
-31 +2 .. . . .. -72 -27 

• CH3 + X 2 ~ CH3X: + :X • .. .. 
CH4 + X 2 ~ CH3 X: + HX: 

-103 -25-.. .. 
Termination step: 
The chain of reactions initiated and propagated as shown 

above may be terminated if free radicals combine amongst 
themselves without giving rise to any new radicals. 

• • 
Cl + Cl -----7 Cl2 (Chain termination) ... (iii) 

• • 
CH3 +Cl -----7 CH3CI (Chain termination) 

• • 
CH3 +CH3 -----7 CH3-CH3 (Chain termination) 

Reactivity of the halogens for free radical substitution is 
in the order:-

F2 > Cl2 > Br2 > 12 

Evidence in favour of free radical mechanism : 
(i) The reaction does not occur in dark but requires energy to 

initiate the proGess. 
(ii) It has been observed that addition of substances that 

are sources of free radicals can initiate the reaction in the dark 
and even at low temperature. For example, in the presence of 
0.02% of tetraethyl lead [(C2Hs)4Pb], the chlorination of 
methane can take place in dark at 140°C. 

(iii) It has been observed that oxygen acts as an inhibitor 
in this reaction. This is due to the fact that methyl radical 
combines with oxygen to form much less reactive peroxy 
methyl radical, CH3COO·. 

(b) Arylation of aromatic compounds (Gomberg 
reaction) : The reaction of benzene diazonium halide with 
benzene gives diphenyl by a free radical substitution reaction. 

Alkali 
) C6HS-H + C6HSN2X 

Benzene diazonium halide 

C6Hs -C6H S + N 2 + HX 
Diphenyl 

The mechanism of the reaction is as follows: 
• • 

Initiation C6f1s-N=N-X -----7 C6H5 + N2 + X 
(In neutral or basic medium) 

Propagation 

(:( 

C6Hs 0 C6HS o· C6
H

S 
·C6HS + C6H6 -+ H +--+ H +-+ H 

~ • # # 

Termination 

Br 

+18 +34 F2 38 

-24 -21 C12 58 

-6 +13 Br2 46 

I 36 

(c) Wurtz reaction: . Ethyl bromide on treatment with 
metallic sodium forms butane, ethane and ethylene by 
involving free radical mechanism. 

Eth~ C2H5Br +2Na+ BrC2H s C2H5C2Hs +2NaBr 

• 
C2H5Br + Na -----7 C2HS + NaBr 

• • 
C2 H 5 +C2Hs -----7 C2H s-C2H s (Butane) 

- • Disproportionation 
2CH3 CH2 ) CH3CH3 + H2C=CH2 

Ethane . Ethylene 

Other examples are: 
(d) Allylic bromlnatlon by NBS (N-Bromosuccinirnide) 
NBS is a selective brominating agent and .it normally 

brominates the ethylenic compounds in the allylic 
(CH2 =CH-CH2 -) position. This type of reaction 
involving substitution at the alpha carbon atom with respect to 
the double bond is termed AUylic substitution. It is also used 
for benzylic bromination. Some examples are: 

CH2-CO> 
(i) CH3 -CH=CH2 + I N-Br -~ 

Prop~e CH2-CO 
NBS 

C. H 2-CH=CH2 CH.2-CO> 
1 +1. NH 
Br CH2-CO 

r or 

lCH2 =CH-CHz-+NBS 
Allyl 

(iz) + NBS 

Toluene 

(iii) V 
Ethyl benzene 

Allyl bromide Succinimide 

CH2-CO> 1] 
CH2=CH-CH-+ I' NH 

I CH~-CO . 
Bf 

Heat ---
Benzyl bromide 

Br 

+NBs~if 
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(iv) 0 + NBS 

Cyclohexene 3-Bromocyclohexene 

~ (v) 
~ 

+NBS~ 
Pent-l-ene 

Br 

(vi) In 4,4-dimethyl cyclohexene there are two allylic 
positions A and B. In presence of NBS, it gives three allylic 
products. 

CH3X(A) 

.
CH

3 ~ 
H H(B) 

fo~ 
3 3 ~ 

CH

D
H Br CH 

CH, .. I +CH'U~, 
3-Bromo-
4,4-dimethyl
cyclohexene 

3-Bromo-
6,6-dimethyl
cyclohexene 

3-Bromo-
S ,S-dimethyl
cyclohexene 

Mechanism: Allylic bromination by NBS is believed 
to take place by a free radical mechanism since it is initiated 
by a peroxide or ultraviolet light. 

Step 1. The reaction of NBS with HBr (which is 
initially formed in the side reactions) to produce a low 
concentration of bromine. 

CHZ-CO) . CHz-· co) 
I N-Br+HBr ~ I NH+Brz 
CHz-CO CHz-CO 

The bromine molecule then gets dissociated into bromine 
free radical in presence of a peroxide or UV light. 

Brz ( ) 2Br· (Chain fnitiation) 
or directly 

CHZ-CO) hv or CH2 -CO>. • I N-Br ) I N + Br 
CH -CO' Free radical CH -CO 

2 initiators 2 

Step 2. 
• 

H2C=CH-CH2 - + Br· --7 H2C=CH-CH- + HBr 
(Chain propagation) 

• 
H2C=CH-CH- + Br2 --7 H2C=CH-CH- + Br· . I 

Br 
(Chain propagation) 

The free bromine radical can then continue the chain 
reaction. 
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It is important to note that allylic bromination is preferred 
over addition to the double bond by a low concentration of 
bromine because the addition of bromine free radical to the 
double bond is a reversible reaction. 

• 
-CH2-CH=CH2 + Br· ~ -CH2-CH-CH2Br 

. 400-600°C 
(e)CH~CH=CH2 +C1 2 ) CICH2CH=CH2 + HCI 

Propene . Allyl chloride 

With branched chain alkenes, the substitution takes place 
even at room temperature. 

CH3-C=CH2 +C12 
I 

CICH2-C=CH2 
I 

CH3 
2-Methyl propene 

CH3 
3-Chloro-2-methyl

propene (Main product) 

CI 
I 

+ CH3 -C-CH2CI 
I 
CH3 

(Minor product) 

Substitution by halogen is a free radical reaction. . 
CH2CH=CH2 + HX 
All yl free rad kal 

CH 2CH-:-CHz + X 2--7 XCH2CH=CH2+ X· 
Allyl halide 

(This reaction takes place either at high tempc;;rature or 
low concentration of halogens.) 

The ease of formation and stability of free radicals is in 
the order: 

• 
Allyl > 3° > 2° > 1° > CH3 > vinyl 

Vmylic 
~ 

H H 

. AIlYliC{H::)==(;. CH2-HW) 
'. 2° H~ H(Allylic. 3°) 

H HH H . 
~ 

2° 

(f) Substitution reactions of higher cycloalkanes in 
presence of UV light is an example of free radical reaction. o +B" 

uv 
Light 

(g) Cyclopropane ring is opened by free halogen attack to 
form 1,3-dichloropropane . 

A +CI· __ CI~. 

Cyclopropane 

(h) Side chain halogenation of toluene proceeds through 
a free radical mechanism. 

CI-CI~2Ct 
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6
CH3 

\. ,+cr 
~ o +HCI 

Toluene 

Benzyl chlQride 

(ii) Nucleophilic substitution: Many substitution reactions, especially at the saturated carbon atom in aliphatic compounds 
such as alkyl halides, are brought about by nucleophilic reagents or nucleophiles. ' , , 

H6~1>+-xl)- ~ R-. OH+ X:' ' 
Nucleophile SubStrate Leaving group: 

Such substitution reactions are caUednucleophilic substitution reactions, i. e;, S N reactions, (S stands for substitution and N 
for nucleophjle). The nucleophilic substitution reactions are divided into tWo ,classes: ..:' . . , 

(a) SN2 Reactions: These are bimolecular reactions. When the rate of reaction dep~nds oil theconcenirationofboth 

subst:r:ate and thenucleophile, the reaction is said to be SN2, i.e., 2nd order change. 
,Rate Oc [Substrate] [Nuc1eophile] 

Hydrolysis of methyl chloride is an example of SN 2 reaction and high,.concentration of the nucleophile (OH-) favours 

'SN2 reaction: ,The chlorine ,atom presellt in methyl chloride is more electronegative than the carbon atom. Therefor~, C~l bond 
is partially polarized. ' " " . 

When the methyl chloride is attacked by OH- strong nucleophile frorq the opposite side ofthe chlorine atom, an intern'lediate., 
transition state (TS) results in which both OH and CI are partially bonded to carbon atpIn.' . ' .• 

, ~H~"".: s_H",,)II>- . . f . 
HO ~ -CI~HO,---C---CI~HO-C-' H+CI-
, HI. 1 1 ,', ' 

H H H 
, ' Transition state Alcohol \, ' . , 

In transition state, chlorine starts taking !J.old of the electron pair through which it is bonded to carbon and the OH- ion offers 
a pair 'of electrons for the formation of bond with carbon. 'Such a transition state is characterised by maximum potential energy , 

, and hence minimum stability. Fmally, chlorine leaves the molecule as a chloride ion and OH- 'hm forms a covalent bond with the 
carbon givingalcQholas areactionproduct. According to this, hydIolysisis assumed to bea one stag~ process, where in two mol
eculessimultaneously undergo covalency change and the older bond is broken and a new bond is formed simultaneously. In thjs 
reaction configuration of carbon is changed, i. e.;complete inversion takes place . 

. When (-) 2-bromo oct;ine is allowed to react with sodium hydroxide under conditions where second order kinetics are 
followed, there is obtained (+) 2-octanol. . . , 

[ 

H CHI' ' CoH13 . I>~/ 6 13, ~C6H13 
H~C-Br ~ HO---C---Brl>- ~ HO-, C~~ +Br-

HO- CH I.,· . CH3 
3. . CH3' ' (+) Octan-2col ' 

(-:-) 2-Bromo octane Transition stafe 

So, the alcohol' obtained has a configuration opposite. to that 6fthe bromide and. is said to proceed with inversion ofconfigu
,ration. Hence, an· SN 2 reaction proceeds with complete stereo-cheIl)ical inversion called umbrella inversion which can' be 
diagrall1ffiatica~ly represented as; ( , + h ----+ +,) 

Attacking SiJbstrate Il}vertedLeaving 
• nucleophile product " p:ucleophile 

Walden inyersion is also based on umbrella inversion of SN2 reaction.. . 
, SN2, mechanism is followed in the .case ofpnmary and secondary alkyl halides, i.e., SN2 reaction is favoured by smaU groups 

'on the carbon atom attached, to halogens; so the order of reactivity is:' 
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CH3 -X >R'---CH2 X >R2CH-'-X >R3C X 
Primary is more reactive than secondary and tertiary alkyl halides, and nature of carbocation in substrate is: 

SN2 order: . 
Methyl:;> ethyl> isopropyl> tertiary butyl> allyl> benzyl halides 

. CH
3 . . . I . 

O. I. -~-CH3. ~ . Br 

(Benzyl and allyl carbocations are stabilized due to resonance.) 

CH3 CH3 CH3 H 
I I I I 

CH3 -C-Br CH) -C-CH? Br CH3-C-Br CH3-C-Br CH3 -Br 
I I - I I Methyl 
CH3 CH3 H H 

3° Neopentyl . 2° 1° 

Relative reactivity < 1 1 500 40,000 2,00,000 

Increasing &v2 reactivity 
For the reaction: 

CHr-Br + Nil: ~ Cfl3 Nu + Br-

Nu '" H2O CH3COO- NH) CI- mr CH3O- r- C~ HS-

Relative reactivity 1 500 700 1000 16,000 25,000 1,00,000 1,25,000 1,25,000 

Increasing Nucleophile reactivity 

Leaving group reactivity for SN2 reaction is given below: 

OH-,NH:2,OR- P- CI- Br-
\. f 

Relative reactivity « I . 200 10,000 

Increasing reactivity 

r 
20,000 

TosO-

60,000. 
) 

The presence of unsaturation on !)-carbon in primary halides increases the rate ofS N 2 reaction. Alkyl-halides and benzyl 

halides are good substrates for S ·2 reaction. . . 
The presence of carbonyl group at a-carbon is one ofthe most suitable substrate' for S N 2 reaction. Electron withdrawing 

groups !llways increase stability of the transition state.. . . 
The presence of hetero (0, N, S) atom on a-carbon in primary halides. also increases reactivity of the substrate for S N 2 

reaction. Lone pair present on hetero atom stabilises the stability of transition state by delocalization. 

o 
II 

Substrate H 2C=CHCH2 X C6HsCH 2X CHJ-O-. CH2X C 6Hs-. C-' CH 2X 

Relative reactivity 79 200 920 105 

In fact, primary, secondary and tertiary alkyl halides baving carbonyl group at d.-carbon gives S 2 reaction. This is an excep-
tional reaction which takes place at tertiary carbon because the carbonyl group accelerates S N 2 r~action very much. . 

Compounds RF, ROll, ROR' and RNH2 do not undergo SN2 reaction because P-, OH-, OR ,NH:2 are very poor leaving 

groups. 
Solvent effects in SN1 Reaction: The rates of many SN2 reactions are affected by the solvent. Prolic solventsc:-those that 

contain -OIl or -NH group are generally the worst solvents for SN2 reactions. Polar prolic solvents, (like water, aicohols and, 
carboxylic acids), which have strong dipoles but don't have -OH or -NH groups are the best. In contrast to ptotic solvents, 
which decrease the ratesofSN2 reactions by lowering the ground state energy of nucleophile, polar aprotic solvents increase the 
rates ofSN 2 reactions by raising the ground state energy ofnuc1eophile. Particularly valuable solvents are acetonitrile (CH3CN); 
dimethyl formamide [(CH3 h NOCH, abbrtwiated DMF]; dimethyl sulphoxide [( CH 3 h SO abbreviated DMSO] and hexamethyl 
phosphoramide [{(CH3 h Nh PO, abbreviated HMPA]. For instance a rate increase of 2,00,000 has been observed on changing 
from metnanol to HMPA for the ·reactionof azideiolJ with I-bromobutane. . . ..' . . . 
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CH3CH2CH2CH2Br + N3 ~ CH3CH2CHzCH2N3 + Br-
I-Bromobutane Azide ion l-Azidobutane Bromide ion 

Solvent CH)OH H2O 
Type of Solvent (Polar) - Protic Protic 
Relative reactivity 7 

(Increasing) 
Dielectric constant (E) 32.6 -78.5 

Higher concentration of nucleophile favours S N 2 reaction 
where low concentration favours the SN1 mechanism. 
Neopentyl bromide shows SN2 path with ethoxide ion, but 
SN1 path with ethanol. 

(b) SNl Reactions: SN 1 stands for unimolecular 
reaction. When the rate of nucleophilic substitution reaction 
depends only on the concentration of the substrate, the 
reaction is of first order change and is represented as S N I. 

Rate oc [Substrate] 

The hydrolysis of tert.-butyl bromide is an example of 
SN 1 reaction. The reaction consists of two steps: 

Step 1. The substrate undergoes heterolytic fission 
forming a carbocation. This is the slow process and rate 
determining step. 

CH3 
1 Slow step 

CH,-C-Br ) 
- I-

CH 3 

The carbocation is planar as the ccntral positively charged 
carbon atom is sp2 -hybridized. 

Step 2. The nucleophHe (OH ) can attack the planar 
carbocation from either side to fonn tert.-butyl alcohol and the 
low concentration of OH- favours SN I reaction. 

CH 3 CH, 
; 1+ Fast 1 . 

CH3-C + OH- ) CH,-C-OH or 
1 step' 1 

CH) CH 3 

CH3 

1 

HO-C-CH3 
1 
CH3 

This is a fast process. Energy required for the first step, 
i.e., ionisation step is supplied by the formation of many ion 
dipole bonds between ions produced and the solvent. 
Therefore, solvents have prominent role in the reaction 
occurring through SN I mechanism and the reaction is 
completed in two stages. 

So, the older bond is broken firSt (step 1) and then only 
new bond is formed (step 2). 

In another example, the carbocation formed (in step 1) 
can undergo rearrangement (1,2-methyl shift) to give more 
stable carbocation. The nucleophile then attacks to the 
carbocation (in step 2) to form corresponding alcohol. 

" 

DMSO 
Aprotic 
1300 

DMF 
Aprotic 

2800 

48.9 36.7 
CH3 

1 
Step I. CH3-C-CH2I 

1 
CH3 

CH3CN 
Aprotic 

5000 

37.5 
CH3 

Slow I + 
) CH3-?-CH2 

CH3 
(1°) 

CH3 

1,2-Methyl I + 
------~) CH3--C -CH2CH3 

shift w) 
Step 2. 

CH3 

1+ 
CH3-C -CH2CH3 +OH-

3° Carbocation 

CH3 

Fast 1 - _ 
~ CH3-C-CH2CH3 

I 
OH 

As a result ofS N I reaction, there can be racem~sation and 

inversion. The racemisation is due to inverting nucleophilic 
displacement of halogen atom from the alt.yl halide by the 
halide in solution. 

For example, ~when (-) 2-bromo butane having chiral 
ce~tre is treated with low concentration ofnucleophile (OH-), 

. it forms ( + )2-butanol. There is also loss in optical activity due 
to formation of d- and I-isomer (racemic) because of SN I 
reaction. The more stable the carbo cation, the greater is the 
proportion of racemisation. 

In another example of l-bromo-l-phenylethane 
[C6HsCH(Br)CH3], the SN1 reaction involves racemisation 
plus inversion. 

C6HS 

1 Slow 
H-C-Br ) 

1 -(Br-) 

CH3 

Enantiomers 
(a) Inversion (b) Retention 

The nucleophilic reagent attacks both (a) the back side 
and (b) the front side of the carbocation. Back side attack (a) 
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predominates. The two enantiomers constitute the racemic 
modification. 

Thus, in S N I reaction, racemization as well as 

inversion is. observed, while in case of S N2' complete 

inversion takes place (where chiral carbon exist) .. 
SN i reaction is favoured by heavy (bulky) groups on the 

carbon atom attached to halogens; i.e., the order of reactivity 
is: 

R3C-X > R2CH-X > RCH2-X > CH3-X 
Tertiary Secondary Primary , Methyl 

and nature of carbocation (decreasing stability) in substrate 
is: 

SN i order: 
Benzyl> allyl> tertiary> secondary> primary 

> methyl halides 
Allylic and, benzylic carbocations' are resonance 

stabilized. 

y 
H>C-::rC'C<H ..... _"'110 
H ' H 

y 
H>C/C'::::':'C<H 
H H 

(Allylic carbocation) 

H(5H _ H2) _ iSH _:(5H 
+ 

(Benzyl carbocation) 

Leaving group reactivity forSN i reaction may be given 
as, 

H20 < Cl- < Br- < r "" TosO-
) 

Increasing leaving group reactivity 
The best leaving group should be those, that are most 

stable that is conjugate bases of strong acids. An identical 
reactivity order is found for SN2 IQ1d SN i reaction. In SN i 

reaction it is very important because leaving group is directly 
involved in rate determining step. 

Solvent effect in SN I reaction: S N i reaction takes place 

much more rapidly in polar solvents than in non-polar 
solvents. In the reaction of 2':chloro-2-methylpropane, for 
example, a rate increase of 1,00,000 is observed on going 
from ethanol to water. The rate increase 'on going from 
hydrocarbon solvents to water are so large that they cannot be 
measured accurately. 

CH3 CH3 I I ' 
CH3-C-CI + ROH ~ CH3-C-OR + HCI 

1 ,I ' 
CH3 CH3 

.209 

Solvent CH3COOH C2H50H CH30H HCOOH HOH 
Relative <I 1 4 5,000 1,00,000 
reactivity 
(increasing) 
Dielectric 
cons~t (e) 

6 1 33 58 18 ' 

Dielectric constant is a measure of the ability of a 
compound. Polar solvents have high dielectric constant. The 
positive and negative charged species are best separated in a 
medium with higher dielectri.c constant The standard 
dielectric is ,a vacuum (e = 1). 

Distinction between S NZ and S NI reactions 

steps ' R : L + : Nu- ~ 

R '. Nu + •• L- Slow 'R: L ~ R+ +,: L-

( .. ) R+ • N' - Fast' 
ll, +. u ~ 

,R: Nu 

2. Reaction rate Second order: First order: 
and order Rate ex [Substrate] Rate"" [Substrate] 

. [Nucleophile] or 
or, Rate=K1 [RLJ 
Rate = K 2 [RL](: Nu-] , 

3. MoJecularity Bimolecular. Unimolecular 

5-, 5- , '5+' 5-
4. TSofslowstep : Nuc--C---:L :Nu ~ --e---L - - -Nu:, 

5. Reacting 
nucleophile 

6. Stereo
chemistry' ' 

The nucleophile at- The nucleophile-can:a:ttack 
tacks the carbon ofthe the carbon of the substrate 
substrate exclusively both on the back and front 
ti'om the back side. sides although the back side 

attack predominates. 

Complete inversion Q Inversion and ' retention,., 
configuration takes takes place. 
place. 

1. Reactivity Methyl> 1°:> 2° > 3° 3°:> 2° > 1°:> methyl 
order of alkyl halides. halide .. 
halides (1) Br> Cl> F) (I:> Br> CI > F) 

8. Rearrange- No rearranged product Rearranged products can be 
ment is fonned (except for formed. ' 

allylic). 

9. Nature 0 FavouTC<d by strong Favoured by mild nndlow 
nucleophiles and high concentration concentration 'Of nucleo-, 

of nucleophiles, philes ' 

10. Polarity Favoured by solvents Favoured by solvents of 
oflow polarity. high polarity. 

11. Reaction rate By steric hindrance. 
detennining 

By electroniC factor (stabile 
ity~fR+). 

factor 

Ii. Catalysis Not cata\ysed by any Catalysed by Lewis and 
catalyst (phase, trans- Bronsted acids, e.g., Ag +, 
fer). AICI,. ZnCl2 and strong 

HA. 



(iii) . Electrophilic sub~titution :'. El:cirop~lic substitution 
. m"olves, the attack. by ap electrophIle. It IS represented as SE (S 
stands for substitution and E stands for electrophile) . .If the 
order·ofreaction is 1" it is written as SEI (unimolecular) and if 
the order is 2, it is SE2'(bimolecular). . 

SEI Reaction Mech~nism : . . . 
.Electrophilicsubstitution in alipijatic compounds (SE1) 

are very rare; some of the, important· examples are: 
.' (a) Repblcement of the '" metal 'atom in an 

,organonietaUi~ compound. bY'hydrogen:' 
, .. ' .. . R':':;"M + H+ ~R.-.H + M+ 

. .-MgBr. _H+ . 
e.g., CH:iCH2MgBr". ) CH~CH2 ---+CH3CH3 
CH3CH'2MgBr + .HBr ~ . CH3CH3 + MgBrz 

CH3tH2Na + C6H6 ~'CH3CH3' + C6Hs~a 
(b) D~cjlrboxYlatio,n ofsilversalt of carboxylic acid by 

meanS'ofbromine: . . . 
. ' ... ' .... ". '~o+ 0'- . ~ 

R3C-'-C~Ag + Br-Br ~ R3G-C-'-{) +Br-Br+Ag II " .. '. , II' . 
• 0 .. '0 . 

. . ~ R3C-'Br +COi + AgBr 
(c) Isotopic exchange' ofhydr~gen for deuterium or 

tritium: " , . 
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Step 3. Carbocation loses the. proton to form 
substitution product. 

E 

+0 , 

6 .-

Fast +W --.---. 
~ 

The bromination of benzene in the presence of FeBr3 is 
an example of electrophilic substitution. 

o + HBr 

Mechanism: . . 
Step 1. Formation of elt(ctrophile takes place. 

Br-Br+FeBr':l~ Br++FeBr; 
Step 2. The electtophile (Br'l-) !lttacks the benzene ring, 

to form a resonance stabilized carbocation . 

R-c-H+ rj+ #R'-.:j) + H+ 

R~H+T+.# R'~T + H+ . 

A . a+'H 
Gf' H ' I "'<:: Br+ ...~. OH 

.... - '. 'B.r_ .. Br_ .. Br 
# .. , #. +. ~ + 

. I ; V " 

., . J 

S E 1 Reaction Mechanism 
. ElectrophiIic substitution (SE2} is very common in 

benzene nucleus (aromatic cQmpounds) in which 1t-electrons 
are . highly deloc~lized.' 'and anelectrophile can attack this 
region. of high electron density. ';._ ... 

Inall e1ectrophilicaromatic substitution reactions,it involves: 
Step'L The fon:nation of an electrophile, E+, i.e., 

.In halogenation; ,', 
>"Cl ~ Cl + FeC13 .~ C1+ +. FeCI:; 

In nitratior.;· , '.' 
. HN03 • + 2H2S04 "----7. NO; + 2HSO:; . + H30 + 

~sulphoriatiori; '. 
. "" . . + 
2l:l2S04 ---+ 803 + HSO:; + Hp 

. In Friedel-Cr~fts reaction; 
'RCI + AlC13 ---+ R + + AlCI:; 

. + 
,~COCI+ AlC13 ---+ RCO + AlCI;; . 

"_~ep2 .. the electrophile a~cks th~'aromatic. ring ~o form . 
an . mtemiediate ,known as carbocation (aremum . .Ion or 
O'-coIllplexorWheland mtermediate) which is stabilized by 
resonan~e.' " '.'. _ 

The.formation of intermediate arenium ion is slow and 
hend: 'rate detetniiningstep. . , ~ 

. . .• HE.· H E H E HE 

. 'Oi.·~ +i>~X.I+-·0-+X s=+! +!. 
, '# '., V,, UJ V '-_./ 

Benzene . +, Arenium ion 
. v 
Resonance fonns 

Resonance fonns 
H 

Slow /-
[C6HSH + Br + --...,) +C6HS( ] 

Step 3.' Elimination of 
substitution product is formed. 

'cr-. Br _ 

.. ~ + 

. 'Br 
proton occurs and the 

I +w 0
. Br 

~. . 

(H+ +, FeBr; ---+ FeBr3 + .HBr ) 

+' . /H .' . Fast ' . 
C6Hs~ . + FeBr; .') C6HSBr + FeBr3 + HBr 

'Br . 

Similarly, nitratiqn, sulphonation and Friedel-Crafts 
reaction,etc., in benzene nucleus are the ot~er examples of, 
electrophilic substitution (see section 16.5). 

. 5.9 ' MECHANISM OF ADDI'rION ~EACTIONS 
The addition reactions are the reactions of the double or 

triple bonds. These reactions may be initiated by electrophiles, 
nucleophilesor free radicals. The molecules having )C=C( or 
-C-;:-C - are readily attacked by electrophilic reagents while 

. molecules having )C-O or -C==N are readily attacked by 
nucleophilic reagents. 

'. (i)Electrophilic addition reactions: In electrophilic 
addition reactions, an electrophile approaches the double or 
triple bond and in the first step forms a covalent bond with one 
of the carbon atoms resulting in the formation of carbocation 
which then takes up a· nucleophile to result in addition 
product. 

.. 
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'- / Slow '- + 1 
'C-C +. E+ --~ 'C C E /-"" .~/--

Olefin ElectrQphile I 
Caroocation .' 

+ I Fast "" I )C-' C-E + X- -~~ /C-C-E 
I Nucleophile I I. 

X 
Addition product 

The addition -~f HBr on ethylene is an example of . 
electrophilic addition. Ethylene is a symmetrical olefiri. 

CH2=CH2 +HBr ~ CH2-CH2 
Ethylene I . I . 

H Br 
Ethyl bromide 

Mechanism: 

Step 1. Hydrogen bromide gives a proton and bromide 
ion. 

HBr H+ +: Br-
Electrophile Nucleophile 

Step 2. The electrophile attacks the double bond to 
form a carbocation . 

. . ~ + + + 
. H2C=CH2 + H ~ H2C-CH3 or CH3 -CH2 

Carbocation 
Step 3. The nucleophile (Br- ion) now attacks the 

carbocation to form the addition product. 

CH3-C~r- ~ CH3-· 'CH2Br} Id . I 
+ ~ . entlca 
CH2 -CH3 + : Br- ~ BrCH2-CH3 

.Note: Other reagents like HCI, HI, H2S04 (H+ + HS04), H30+' 

HOCI, Br2' O 2, etc., add to ethylene similarly. The reactivityof 
halogen acids is HI > HBr > HCl.while in the case of halogens, 
the order is Cl2 > Br2 > 12, 

This clearly indicates that the reaction proceeds in two 
steps: (a) formation of carbocation (more stable) and (b) 
attack of nucleophile on the carbocation. 

Stability of carbocation: . 
_~o > benzylic > allylic:'" 2~.> 1° > me~yl 

Incase . both alkene and the add.w.g reagent are_ 
unsymmetrical, two products are expected. 

-[ 

CH3CH2CH2Br 
(n-Propyl bromide) 

CH3-CH=CH2 +HBr - (10%) 
Propene 

- ,CH3 -rH- CH3 

Br 
(Isopropyl bromide) 

(90%) 

Experimentally, it is observed that isopropyl bromide is 
the major product. This can be explained on the 'basis of,'-
following mechanism: 

Consider the addition of HBr to propene which is 
unsymmetrical in nature. 

Step 1. Hydrogen bromide gives a proton (H+) and a 

bromide ion (Br - ). 

HBr ~ - H+ +: Br-
. -- Attacking electrophile 

Step 2. The proton (H+) attacks the 'It-bond to give a 
stable carbocation. 

+ 
. ;.,. ~ {CH -CH-. CH (Mote stable) . 

CH3-7--CH::dCH2'+ H+- 3. + 3 . 
_ CH3-· CH2-. CH2 (I"essstable) 

Step,3. The nucleophile bromide ion attacks the more,
stable carbocation to give isopropyl bromide (major product). 

Br 
+~ Fast .'1 

CH3-CH-CH3 + : Br- .~ CH3-CH-. CH3 
Hence, there may be 1,2-hydride shift or 1,2-methyl shift 

or 1,2-phenyl shift to give more stable carbocation, than the 
less stable one (3°>2°>1°). -. , 

CH3 

1 

CH3 -CH-CH-CH3 (2- Bromo-3~methyl butane) 
. 1 CH3 

1 
e.g., CH3 -CH-CH=CH2 

3-Methyl but-l-ene 

0+ 0-
+H-Br 
'. (AR.) 

It can be explained by 1,2-hydride sbift 

Br 
(Minor product) 

CH 
.' 1 3 

CH3-C -CHz,-CH3 (2- Bromo-2-methyl butane, 
I" . 

Bf 
(Major product) 
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'Other example is: 

:f3, 
CIt~ --C..:....CH::;:CH2 . 

. I. . .. 
C6Hs 

3~Methyl-3-pb~nylbut-l-ene 

Ii c~ be explained by ·1,2-phenylshift. 

5+ .5-
+H-Br 
. (A.R.) 

, 't" . 

. ' fH3 

CH3 -C--CH .... .;-CH3· 

I' I 
C6Hs Br ' 

(Minor product) 

. ," T":i' ...---:, ?H3 + 
CH

3 
'. '. CH

3
,' 

1,2-Phenyl shift '. .1 + + Be 1 ... . n ¥ '+' ." 
CH3-r~CH=CH2 +H ~ CH3 -T-Cj--CH3 . ) CH3--C -fH--CH3 ---) CH3 -T -yH-CH3 

C6Hs- C6Hs ' 
. . 2° Carbocation 

(Less stable) 

C6Hs . Br C6Hs 
3° Carbocation . (Major product) 
(More stable) 

. Siniilarly, . jt can be explain~d by l,2~methyl shift. 
, . , 

. . .' . . CH3 . . . CH3 ' 'CH3 (. CH3 
. .... ..' .H·I " .. ' ,().~ + . . ·1 .+' . 1,2~Methylshift 1 + 'r ;;. j:, t: . 
CH3-T~ClI .CH2 +H (~) CH3-;-T1H-CH3 ....) CH3-C-TH--CH3 ~ \!.H3 ....... :~_~J~·Ii3 

. CH
3 . . CH3 . CH3 . . .' ... t~f 'CH,,' ;''; . 

3,3-Dimethyl but-l-ene 2~ Carbocation 3° CarbocaUon 2-Bromd-2:3.~t1hlleth.Yl butane 
. . . . . . . ~(Less stable) (More·stable) -(Maj<tr product) 

. Alkcmegivesantiadditio~'re~cti()n with bromine. Cis-alkene gives tIl.mixture and trans alkene gives m~so-fDr~.: 
. CH3 . CH3 · '..' .' 

H+Br + Br+H .'.... .. . .. . ,CC1
4 CH3--C.r--cH,--CH3 + Br2 --

. CiS.;but-2-ene Br+H H+Br 
CH3 CH3 

\ (d) (1) I 
v 

'. . . . Racemic (dl) mixture 

'This.addition proceeds through the formation of cyclic bromoriium ionintemiediate when Br + attacks 1t-electrons. 
Mech;mism:' H C . . eH' H C CH 

. Step L' .3 "'C=c/ 3 ~ 3 "'C-C/ 3 

H/ "'H . . H/ '" / "'H 
Cis Br+ . 

CH3 I . 
Step 2. 

, . H-C~Br 

1 
Br-C-H 

I 
.... eH3 

Racemic mixture 

• ; . 

~ .' 
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While trans-but-2-ene.adds bromine in presence ofCCl4 to give the inactivemeso-pr9duct. 
. eH

3
' 

I 
H-C-Br 

I 
Anti-addition 

H-C-Br 
I' . 

CH3 
1i'ans~but-2-ene 

Meso-2,3-dibromobutane 

Addition reactions in alkadienes: . . 
Conjugated alkadienes (buta-l,3-diene) reacts with halogens, halogen acids, hydrogen and water, etc.;·to yield a mixture of'1,2-

and l,4-addition products. At low temperature, the l,l-addition is preferred, whereas at high temperature, the 1,4 .. addidon predomi-
~. . , 

Some of the important examples are: 

Addition of halogens 

H2C=CH---CH=CH2 
Buta-I,3-diene 

-[
CH2Br~HBrCH-cH2 ' 

. 3,4-.Dibromobut-l-ene . , 
. . O,2-addition) 

+Br2 . . 

BrCH2 ---Cl:I= CH---CH2 Br 
IA-Dibromobut-2-ene 

(lA-addition) 
Mechanism: ,.," '. -., 

Step 1. The halogen molecule (Br;) undergoes heterolytic fission to give bro~um ion (electrophile) and a bromide ion. 
(nucleophile). 

Br2----t Br: + :Br
Bromium Bromide 

ion ion 
Step 2. The l>romium ion attacks the double bond to give a resonance stabilized carbocation. 

.~. + -
(H2C=CH-CH=CH2 ----t H2C=CH-CH-CH2,> 

, . ~ + + 
H2C=CH-CH=CH2 + Br ----t HiC=CH-CH-CH2Br 

(A) 

~+ . ' + 
H 2C=CH-CH-CH2Br ~ CH2-CH-:-CH-. CH2Br 

(A) (8) 

. ~. 

Step 3. Bromide ion combines with (A) to form 3,4-dibromobut-l-ene (1,2-addition). It combin:~s with (B) to fonn 
1,4-dibromobui-2-ene (l,4-addition). >, ' 

+ 
H2C=CH-CH-'-CH2Br + :Br- '----t 

(A) 

+ 
CH2-CH=CH-CH2Br + :Br-:- ----t 

(8) 

H2C=CH-CHBr-CH2Br 
3A-Dibromobut-I-ene 

(1,2-addition) 

BrCH2-CH CH-CH2Br 
lA-Dibromobut-2-ene 

( lA-addition) 

Addition of halogen adds (HBr or HCI) 

{ 

CH3CHBr-CH=CH2 

Mechanism: 

H2C=CH-CH=CH2 
Buta-l,3-diene 

HB 
. (l,2-addition)" 

. . 

3-Bromobut-l-ene 

+ r . 

CH3 -CH=CH-' CH2Br, 
, 'l-Bromobuh~~ene 

( 1 A-addition) 

, Step 1. HBr ionises to give a proton (H+) and a bromide ion (Br-). HBr ~ Ii+ + : Br-
Step 2. Proton attacks the double bond according to Markownikoff's rule to give a resonance stabil~zed carbocation:. 

+ {\ + ,C\ + 
H +H2C-:-CH-'CH=CH2 ----t·'CH3-CH-CH=CH2 ~ CH3-CH=CH-CH2 

. (A) (8) 
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, ". '.' Step,3. Bro~de iQ~.Q3r-}combine~with(A) to form 3;'bromobui-l-ene (1,2-addition). It combines with (B) to form 
, ,l:bromobut-2-ene.(1,4-addttion). .,' , '. . . ' 

+ 
CH3 -,CH-CH=CH2 + :Br- ~ CH3-CHBr-CH=CH2 

(A) 3-Bromobut-l-ene 
(l,2-addition) 

+, 
CH3-·CH=CH-·. CH2 +:Br- ~ CH3-CH=CH-CH2Br 

(B) , I-Bromobut-2-ene 
.' , ' '., ' . ,(l,4-addition) 

Thus, in such addition reactions, a mixture of two compounds' is formed. The 1 ,2-addition p~ominates in non-iomsing 
solveD,.t like hexane, whereas 1 ,4-:-additionpredominates in an ionising solvent like acetic acid.' 
'. ,After studying a large number of addition reactions (see also Section' 4.8 and 7.5) the Russian chemist, Markownikov, 
presented a' rule known -as 'Markownikov ,rule 'or Markownikof:f's rule. According to it, 

, .,"Whenan unsymmetrical reagent adds to an unsymmetrical alkene or alkyne, the negative part of reagent gets 
, attached to that carbon atom ofthedouble or triple bond which is joinedto lesser number of hydrogen atoms (more 
substituted carbon· atom)~"', ' 

• . Under, normal. conditions, always Mark0vvoikofI's rule is ,applied. 
If the H-atomS lfuked to a double bond ate equal in number, then negative part of the reagent to be added (addendum) goes to larger 

(higher)aJkyl group. Forexample in ~t-2-en~, __ tlle CH3CH2~groUP is more electron repelling than the CH3- group and,the 
,addition of lIBr takes place as follows to giv~ 3-bromopentane:' , 

, ' . ,0+ 0"-
, ' ' . " .0.', +H-Br 
CH3 -+-- CHz-+--CH=CH-:.cH3 ) 

Pent-2-enc; , (A.R.) 
CH3CHz CHCHZeH) 

I " 
Br' 

, , ',' 3-Bromopentane 
,But the addition of HBr on pent-2-ene to form 2-bromopentane can be explained on the basis of relative stabilities of the-

cai'bocation. , + 
CH3 -CHz:-CH--CHz -CH3 

CH3CH2CH-:-CHCH3 
Pent-2-ene 

0+ 0-
+H.,-Br' 

(A.R.) 

" ' (I) 

,Less stable carbocation 

, + 
CH3CHz-CH2 -CH::-CH3 

, (II) 

, More stable carbocation 

Since:onth~ baSis o"fhyperconjugation, thecarbocation (II) is more stable than the (1), hence, the addition product will be 
2-bronlopentane. ' 

+ 
CH3 -CH2-CH2 -CH--CH3 ,--'-~ CH3 --CH2 -CHz -C

1 

H--CH3 
(II) , ' 

Br 
, , ," . ,2-Bromopentane 

'. ,Addition'in alkenes and ~es(in solutions) a:~electrophilic a.d~tions,because .the positive end of the adding molecule is 
more .closer to C- centre (carbaruon) and thus, ad(htlOn of electrophlle. E+ ,occurs m firsf step. ' 

DeViation from Mal'kownikoff'srule orPeroxideetTect or Kharasch'sefIect or Anti-Markownikoff's rule :In presence 
of peroxidy, propene reacts with HBr to form n-propyl brofuideas the major prOduct and not isopropyl bromide as expected from 
Markownikoff's rule.' ' ,', /'"'l. P 'd ' ' -

CH3 -CH " CHl\ ::r e) CH3 CHi CH2 Br 
Propene '. " n-Propyl bromide 

[Ho~yer, this effect isnotobseryedill the case of addition ofHCl or HI]. The addition ofHBr has been explained via free 
radical. mechanism. ' ' 

Chain initiation : 

Chain propagation: 

C6~TOO~C6f1s ---1 

° ° 
2C l-I-CO·' 

6~-'5 II 
,0 

Dibenzoyl peroXide Benzoyl free radical 

C6f1s~0- of RBr ---1 C6f1sToH+ Br-

° ° . . 
Br .'+ <;H3CH=CH2 ~ CH3 CHCH2Br 

Secondary free radical 
as it is more stable 
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" CH3 CHCH2Br + HBr ---7 CH3qH2cH2nr + Br" 

Chain t~rmination: .sr + .sr • ---7 Br2 ' 
• • Br + CH3 ---7 CH3Br 

(By disproportionation) , 
In HBr, both the chain propagation steps are exothermic 

, while in HCI, first step is exothermic and second step is 
endothermic, and in Ill, frrst step is endothermic. On account 
of this, the addition of HBr is easier. 

Finally, if the electron withdrawing (~I) groups such as 
o 
II 

-NOz, -eN, --CHO, --COR, -C-2(Z = CI,DH, OR, 

NH2), -cx 3' etc., are attached to the unsaturated carbon 
(HzC=CH-X) then anti-Markownikoff's addition may 
take place. 

Note: Compounds ' like 

Markownikoff rule. ' 

also 

o d 0 
II ' I II 

violate 

, CH2=CH-C-H + HCl(ilq) ~ CH2,-CH2-C-H 

It is due to the following resonance: 

~ + ?-
, CH2=CH-C-H ~ CHr-:.CH~C--:-,-H 

(ii) Nucleophilic addition reactions: When the addition 
reaction occurs on account of the initial attack of nucleophile, 
the reaction is said to be a nucleophilic addition reaction. Due 
to, presence of strongly electronegative oxygen atom, the 
1t-electrons of the carbon-oxygen double bond in-carbonyl 
group ()C=O) get shifted towards the oxygen atom and 
thereby such bond is bighly polarised: This makes carbon 
atom of the carbonyl group electron deficient. 

+ (5+ (5-
)cJ::'b, ~ )C-O== )C-O 

The addition ofHCN to acetone ()C=O compounds) 

is an example of nucleophilic addition. 

H3
C

) , H3C"", ,(OH 
C=O + HCN ---7 /C, 

H3C H3C, CN 
Acetone Acetone cyanohydrin 

The,mechanism of~e reaction involves the following steps: 
Step \. HCN gives a proton (H+) and nucleo.phile, a 

cyanide ion (CN- ). 

HCN ---7 H+ + CN-

Step 2. The nucleophile (CN-) attacks the positively 

charged carbon as to form an anion [H + does not attack the 
negatively charged oxygen as anion is more stable than 
cation]. 

H3C"" ,'H3C\n H3C\r/O 
c~Lb ---7 NC/~O or j''\. 

H~ H~ H~ ~ 

2,5, 

Step 3. The proton (H+ 1 combines with~ni()n to. fom' 
the addition ~roduct. 
, , ' CH3 , ' 

H3C~,.., , , ,I < H3C)',' <OH 
NC7-6 '+- H+ --'--7 NC-C-, OH?f 'C , 

H3C I ' ,H3C, CN 
, CH3 ' 

In )C=O compounds, the addition of liquid HeN gives' 
CYflnohydrin and the addendum is CN- ion (addition is 
catalysed by bases or salts of weak acids and retarded by acids 
or unaffected by neutral compounds) ,and not HCN directly. 

(5+ 5-, "0-", OH 
)C (\0 +H-~)C_OCN-»../ ~ >C< . 

(A.R.) "'-'",,, CN 'CN 
. " 

+ leffect of the alkyl groups (electron releasing) decreases, 
positive charge' on carbonyl carbon atom and hence its 
electrophilic nature, , , ' 

Decreasing, order of' )C=O towards'Duecleophilic 
addition: (A N ) is in the order: 
CCI3CHO> HCHO> CH3CHO> CH3C!lzCHO > 

CH3COCH3>CH3COC6Hs >C6H sCOC6HS······ 

~o >~o >~o >~o . 

N02 X CH3 9CH3 

Other examples of nucleophilic addit~on reaction are: ' 
(a) Addition of sodium bisulphite to >C, 0, 

compounds: 

)cf'6 
Carbonyl group 

+ NaHS03 ---7 

Sodium 
bisulphite .' 

>C/
OH

: 
'~SOJNa+ 

Bisulphite compound 
o " 0-, ,OH OH 

, II Hso-I, I Na+ 1/ 
R~C-H ~ R-C-H ~R-C-H---7 R-C-H 

II" , I 
S03H SO:3' ' ' .S03Na 

The )C=O group undergoes electromeric' effect 'at the 
requirement of the attacking reagent. Positively charged 
carbon atom being less stable arraI?-gement is attacked first by 
the nucleophile and the negatively charged oxygen being 
more stable arrangement is attacked later by electrophile; 

(b) Addition of Grignardreagent 'to' )C , 0 
compounds: 

, , 

n ' , ' /OMgK, H20 '_<:' H 
)C=O + X-~g-R, ---7 )C\ ' ",~ >0,' , 

' Gngnard R" ',: 
reagent Addition" Alco!lol 

product 
(c) Addition of HeN to acetylene: Acetylene as 

electrophilic reagent, on addition of~CN forms vinyl cyanide 



and since the reaction is catalysedby CN- ion, it is'described 
as a nucleophilic addition: 

Ba(CNh 
HC==CH + HeN ) H2C=CH-CN 

. . Acrylonitrile 

(d) Addition of methyl alcohol to acetylene: It forms 
methyl vinyl ether and the nucleophilic reagent in this reaction 
isalkoxide ion (-OR). 

HC~H+HOCH3 
KOH . 

---+) H2C=CH-O-CH3 

(iii) Free radical addition reaction: This type of addition 
reaction takes place in vapour phase or in non-polar solvents 
(i.e., Cl2, Br2, H2, CO2 and CH j. etc.) in presence of sunlight 
or peroxides:. • '. . 

. The additives are free radicals and the rate determining 
step suggests for addition of free radicals. For example, the 
photochemicaliy catalysed addition of .chlorine to ethylene 
may be shown as follows: 

Hl!O=CH2 + C12 
Ethylene (gas) 

hv or Heat 
) 

(light) 

Ethylene (di)chlorige 

The mechanism of the reaction involves the following 
steps: 

Chain initiation : 
C12(CI-Cl) ~ CI· + CI· ... (i) 

Chain propagation : 
• 

H2C=CH2 +Cl· ~ CICH2-CH2 ... (ii) 
• 

[or H2C: ~ CH2 +ct ~ H2C-CH2Cl] 
'-.../ '>..J ... 

• • 
. CICHi-CH2 +C12 ~ CICH2-CH2Cl+CI 

Chain termhiation : . . . 

'H2C-,CH2Cl +Cl ~ CICH2-C~Cl . . . . (iii) 

Further, the addition of HBr to unsyniri:letrical alkenes in 
presence of organic peroxide, R-O-O-R [like benzoyl 
peroxide, (C6HsCOh02] takes place according to Kharasch 

Peroxide Effect (anti-Markownikoff's rule) and follows the 
free radical addition reaction. 

ROOR 
CH3CH~CH2 + HBr . ' .... ) CH3CH2CH2Br 

Propene (Anh-MR additiOn) .l-Bromopropane 

Peroxide effectis effective only in the case of HBr as 
HCI and HF do not form free radicals easily due to larger bond 
energy and HI with minimum bond energy is very reactive and 
instead forms 12 molecule. 

Hl~ H· +1., 21" ~12 
(See also section 7.6) 

5.10 MECHANISM OF ELiNIiNATION REACTIONS. 
. An elimination reaction, generally, involves loss of atoms or 
groupsttom adjacent carbon atoms resulting in the fonnation of 
a 1t-bondbetween these carbon atoms, so'they are reverse of 
addition reactions. The elimination reactions are divided into two 
classes:. 

G.R.B. Organic Chemistry for Competitions 

(i) E 1 reactions, E\ stands for unimolecular elimination. 
(til E'1, reactions, E2 stands for bimolecular elimination. 

(I) E 1 reactions: These occur in two steps. 

Step 1. The alkyl halide ionises to give the carbocation. 

CH 3 CH3 

1 . Slow 1+ 
CH3-C-X, )CH3-C + X I ., 

CH
3 

. CH
3 

Tert. butyl halide Carbocation 

Step.2. Carbocation loses a proton from the I'-«arbon 

atom by the base (nucleo~;hile) to form alkene. 

H3
C)+ ~.' F H3C> .. 

.C-CH2-H+OH- ~ . C=CH2 + H20 

H3C , '. H3C . 

Many secondary and tertiary alkyl halides undergo E\ 
elimination reactions when heated in an ionizing solvent. 

CH3 

C2HsOH, ;l , . 
.:;......;;:......:..-~) CH3-C=CH2 +HBr 

328 K 2-Methylpropene . 
(Isobutylene) 

Terl. butyl bromide 

EI eliminations begin with the same unimolecular 
dissociation as we saw in the SN I reaction, but the 
dissociation follows the loss of H+ from the intermediate 
carbocation rather than by substituti9n. In fact, the E1 and 

. S N I reactions normally occur in competition, whenever art . 
alkyl halide is treated in a protic solvent with a non-basic 
nucleophile. The carbocations are common intermediates for 
both elfuunation and substitution reaCtions. Thus, the best EI 
substrates are also the best SN1 substrates and mixtures of 
substitution and elimination products are usually obtained . 

For example, 

. C~ rn3 
: 1 Hp,C2HsOH I . 

CH3- r-Cl . 650C .) .CH3- r-bH 

CH3 CH3 
2-Methyl-2-propanol 

(64%) 

H3C, 
+ 'C=CH 

'H
3
C/2-Methyf 

propene 
(36%) 

. l t has been found that the mixture containing substitution 
and elimination products is the same whether the starting 
compound is chloride, bromide or iodide. 

Reactivity of alkyl halide towards E2 or E] elimination is 
the same 3° > 2° > 1°. 

Dehydrohalogenation is removal of HX from alkyl 
halides with alcoholic KOH or KNH2 or KO-ter-Bu 

,. .. 
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(potassium tertiary butoxide) and an example of a-[3 
. elimination, e.g., 

CH
3
-CHzX Alc. KOH) HzC=CH

2 
(-HX) Ethene 

CH3-CH-· CH
3 

Alc. KOH) CH3CH=CH2 · I. (-HX) Propene. 

X 

CH3CH2CHCH3 Ale. KOH) CH
3
CH=CHCH3. 

. I (-HX) But-2-ene 
· Y (Major) 

+CH3CH2CH= CH z 
But-I-ene 

. (Minor) 
The more substituted alkene is more stable (according to 

Saytzeff\ rule), hence, the fonnation of2-butene is preferred 
to I-butene. 

(a) CH1ClICH1CH~ · I - J 

Br 
2-Bromobutane 

Fast 
(b) CH3CHCHzCH3 ) CH3CH=CHCH3 

20 Carbocation -H (from C3) But-2-ene 
(More substituted) 

Zaitsev's rule: Elimination reactions are more complex .. 
than substitution reactions for several reasons. There· is, for 
example, the problem ofregioc;:hemistry. What products result 

. from loss of HX from an unsymmetrical halide? In fact, 
elimination reactions almost always give mixtures of alkene 
products and the best we can uSllally do is to predict. which 
will be the llliljor product. 

Russian chemist, Alexander Zaitsev, proposed that base 
induced elimination reactions generally give the more highly 
substituted (more stable)alkene product-that is the alkene 
with 'mbre alkyl substitue;nts on the double bond carbons. 

ExaDlples : . . . 

CH3-CH=CH-. CH3 
But-2-ene 

(81%) 
(Zaitsev prpduct) 

Br 
I 

(ii) CH]CH2-C-CH3 
. . . 1 . · . 

CH3 

CH3 

I 
CH 3CH=C-CH3 

2-Methyl but-2-ene 
(700A.) 

(Zaitsev product) 

CzHsOH 
), 

+ CH3CH2CH=CH2 
But-I-ene 

(19%) 
(Hofmann product) 

CH3 

1 
+ CH 3CHzC=CH 2 

2-Methyl but-I-ene 
(30%) 

(Hofinann product) 

Ifbases are large, due to sterichindrance, less substituted 
alkenes are preferred (Hofinann product) . 

·H 

1 KO-ter-Bu 
H-. ~T CHCHzCH3 -----;) HzC=CHCH2CH3 

~
. lb· ..' (large base) (Less substituted) 

H Br· (Hofinann product) 
Base 

KOH 
---~) CH3CH=CHCH3 

(small base) (Zaitsev product) 
CH3-CH-CCH-CH3 

1~ ,I . 
, Br ,H..., 

Base) 
But-2-ene 

Reactivity of the substrate depends largely on the nature 
of leaving group (halogen atom). Thus, reactivity order is as 
follows: 

r > Br - > cr· > F- . 
Fastest Slowest 

Dehydration Qf alcohol is another example of elimina
tion reaction. When acids like conc. H2S04 or H3P04 are 
used as dehydrating agents, the me.chanism is E I' The proton 
given by acid is taken up by alcohoL 

H 
.~ Fast 1+ 

CH3-CH2-O-H + H+ ~ CH3-CH2-O-H .. . .. 
Oxonium ion 

The protonated alcohol'loses a water molecule and forms 
a carbo cation . 

H 

1+ Slow 
CH3-CH2-O-H -.,--~) 

. .. + 

Carbocation 
The carbocation loses a proton to form alkene .. 

. ~+ + . 
H~H2-CH2 ~ H +CH2=CH2 

Dehydratio~ is removal of H20 from alcohols, e.g., 
Cone. H2S04 , 170°C 

CH3CH20H ) H2C=CH2 (-HP) 

CH3-CH-CH-CH3 I .. I . 
. OHH 

Butan-2-o1 
When more than one alkenes can be form~d, atypical E J 

reaction yields predominantly, the more substituted, more· 
stable alkene (SaytzeiT's rule) 

Conc.H2S04 
<;H3-C. H2-. C.H2-C, H-· . CH3 ) 

d,-H20, 

OH 
Pentan-2-bl 

CH3CH2CH-CHCH3 +CH3CH2CH2CH=CH2 
Pent-2-ene . 

(More stable) 80010 
Pent-I-ene 

(Less stable) 5% 



Dehydration of alcohols is in the order: 

Tertiary :> Secondary :> Primary 
(3°) (2°) (1°) 

2° and 3° alcohol by E1 process and 1° alcohol by E2 
process. Therefore, E1 reaction is favoured in compounds in 
which the leaving group is at a secondary or tertiary position. 
Alcohols leading to conjugated alkenes are more ~sily' 
dehydrated than the alcohols leading to non-conjugated 
alkenes. 

H2C=CH-:-CH-CH3 is more easily dehydrated than 
I 
OH 

CH3 CH2CHCH3 and so, 
I 
OH 

OOH > OOH > OOH 
. In any elimination reaction, in which the double bond can 

be in conjugation with a benzene ring, the conjugated product 
is formed in preference to the non-conjugated product (the 
conjugated alkene isoflower energy). 

I-Phenyl butan-2..QI 

I-Phenyl but-I-ene 

Similarly, other examples of elimination reactions are: 
Dehalogenation: It is removal of halogens, e.g., 

in CH30H, Heat" 
CH2 -CH2 + Zn dust . ) H2C:-CH2 I I. . (-ZnBr2) Ethylene 
Br Br 

Ethylene bromide 

Dehydrogenation: It is removal of hydrogen, e.g., 

Cu.300°C 
CH3-CH-. CH:3 . ) CH3-C-CH3 . I (-H2 ) II' 
. 00 0 . 
Isopropyl alcohol Acetone 

EI-Cb (Unimolecular conjugate base elimination) 

reaction: lfthe J>-hydrogen is strongly acidic and the halide 
ion is a poor leaving group, E1-Cb mechanism operates, so 
this is another mechanism of, J>-elimination reaction. It 
involves: 

Step 1. Consists of the removal of a proton by a base to 
fonn a carbanion. 

Step' 2.· The carbanion loses a leaving group to give an 
alkene. 
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Slow -
--e ...... (CH3)2Q=C(CH3)2 

~L Alkene 

Conversion of carbanion to alkene is slow step and hence 
the rate determi.ning step. Since the reaction proceeds through 
the conjugate base (Cb) of the starting material, this is called 
E1-Cb (elimination unimolecular conjugate base) reaction. 

Examples· are: 

CF3 -CHCI2 
Dichlorotrifluoro ethane 

Mechanism: 

CF2=CCI2 
I,I-Dichloro-2,2-difluoro ethene 

C2HsO- e 
Step 1. CF3-CHCI2 ) CF3 - CCl2 

Fast step Carbanion 

Here, . carbanion is strongly stabilized by d-orbital 
resonance of CI and strong -/ effeCt of the CF3 group. 

- f:\' ~ Siowstep" . _ 
Step 2. F-CF2-CC12 ) F2C=CCI2 + F 

. - . ~HO-

(ii) C6HS -CH2 -CH2 -F 5) C6HsCH=CH2 . 

(iii) C).b~OCH3 C2HsO-. (XI Ph 
ex N02 Heat 

H . N02 • 

(Ii) E 1. re.actions : .- ltis-bimolecular since substrate and base 

are involved in the rate determining step. 

Rate oc: [lJ-X][Base] 
Substrate forms a transition state with a nucleophile from 

which abstraction of a proton from the J>-carbon and expUlsion 
of the electronegative atoms as an ion from the a-carbon atom 
occurs simultaneously. The dehydrohalogenation'of the alkyl 
halides with alcoholic alkali is an example of this' type. It 
oc~urs in one step. The rate of alkene formation is 
proportional to the concentrations of ethyl bromide as well as 
that of sodium ethoxide. 

Rate';' k[CH3CH2Br][C2HS0- ] 

CH3CH2Br+C2Hs(J ~ H2C CH2 + C2HsOH+ Br

CH3CH2CH2Br + C2Hs(J ~ CH3CH=CH2 +Br- + C2HsOH 
I-Bromopropane Propene 

CH3H 
1'"\1 I 

C2HsO+ H-f-y-Br 

H H 

Slow 
~ 

CH3 H 
I . I 

~HsO---H---C-.-C---Br 

. I 1 
. H H 

Transition state 



Mechanism c' Ur;:{lIl'?~actions 

CH3 H 

;,.'~ 
I· I 
C=C +C2HsOH + Br-
I I· . 
H H 

I 

;~mple is dehydration of primary alcohols. 
{"'.:s:S~,' 

Mechamsm: 
':it . '. H+ ' . .+ 

CH3-tH-CH20H ~ CH3 -tH-CH20H2 

. ~ H 
1° Alcohol Carhocation ,\ 

E2 " 
~ CH3CH=CH2 + H20 + H+ 

Propene 

So, dehydration of2° and 3° alcohols takes place by E\ 
process and 1° alcohol by Eiprocess. 

E2 reaction always occurs with a periplanar geometry, 

meaning that all four reacting atoms-the hydrogen,· the two 
carbons and the leaving group-lie ip the same plane. Two such 
geometriesarepossible;Syn-periplanar in which the' H' and 

, 'X' are ontbesaine side of the molecuie,and anti-periplanar 
in which 'H' and' X' are on opposite sides of the' molecule. Of 
the two choices, anti-periplanar geometry is energetically 
preferred because it allows the substituents on the two carbons 
to adopt staggered relationship, whereas syn-geometry 
requires that substituentson carbon be eclipsed. 

ILLUSTRATIONS OF OBJECTIVE; QUESTIONS 
14. Which of the following is not a nuc1eophile? 

(a) H2 (b) CH30H (c) H20 (d) NH3 

[Ans. (a)] 
15. The peroxide effect occurs by: 

(a) ionic mechanism . 
(b) heterolytic fission of double bond 
(c) homolytic" fission of double bond 
(d) free radical mechanism 
[Ans. (d)] 

16. The nitration of benzene is: 
(a) SNlreaction (b) SN2 reaction 
(c) SEI reaction (d) SElfeaction 
[Ans. (d)] 
[Hint: The first or slow step involves the attack by an 
electrophile (NO!) with the formation of a transitory intermediate 
carbonium or arenium ion. In the second or fast step, hydrogen' 
breaks as hydrogen proton to complete the substitution.] 

17. Classity the following as electrophiles and nuc1eophiles: 
, + 

(a) ~,(b) H2O, (c) Br+, (d) N02', (e) N02, 

(f) CH30H, (g) H2C=CH2 , (h) RCOCI, (i) H2N-OH, 
G) :CCI2,(k) H3 0 +, (I) NH3, (m) BF3, . en) AICI3, 

(0) OH-, (P) R3N 

'" . 

H 

yfy ... ...... , 
A?-

, X 
Anti-periplanar genmetry 
(staggered, lower en~) 

H. ,f ~'H 
'., ..•. /c,. ", .'. 

/C(.". , 
Syn-periplanar genmetry 
(eclipsed, higher energy) . 

E2 elimination is stereospecific. 

CH3 
I 

H-C-' H 
IJ 

B~-H I . 
CH3 

H 

r:1 
H-C-CH3 
. I ' 

CHl-C-H 
" " I] 

Br . ' 
2-Bromobutane 

Alcoholic 
-.,..----+) 

KOH 

H3
C""-C/ H 

" II 
, H/

C
"", CH

3 
'Trans' 

2-Butene 

[ Ans.Electrophiles-( c ),( e ),(h),(i),O),(k),( m),(n) 
Nucleophiles-( a),(b ),( d),( f),(g),(l),(o ),(P)] 

IS. Which of the following most readily undergoes E2 elimina- .' 

tion with a strong base? 
(a) 2-Bromopentane 
(b) 2-Bromo-2-methyl butane 
(c) I-Bromo-2,2-dimethyl propane 
(d) 2-Brom0:-3-metbyl butane 
[Ans. (b)] 

19. In the reaction: 

O .'. ' Alel3 . I +CH3CH2CH2CH2Cl~ 

the product formed will be: 
'. . . , . CH

3 . . . I 
~CH2CH2CH2CH3 . 0-'. . C.-CH 

(a) 0 i . (b) I 3 

. "'. " CH3 

<
CH3 

(c) 0-. I CH2CH " CH
3 

(d) all of these 

[Ans. (b)] 



(Hint: 30 carbocation is most stable, therefore, 10 

carbocation will change into 30 carbocation. 
, ,CH3 
. . +' I 

C!I3CH2CHzCH2 ~ CH3-f ] 
CH3 

20. Which of the following alkene is most stable? 
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CH 'H 
(c) . 3>e==C/

t1

. 

eH3 .~H3 
IAns. (d)] 
(Hint: In this alkene, 12-hyperconjugative forms cari be 
written, which is maximum.] 

SOME SOLVED PROBLEMS 

Problem 1. Arrange the following groups in order of 
increasing +1 effect: 

CHi; (CH 3hCH- ; (CH3hC-

Solution: Atoms or groups which release electrons 
towards a carbon atom are said to have a +1 effect. Methyl 
group releases electrons towards carbon, i.e., it has +1 effect. 
+1 effect increases as the number of methyl groups increases. 
Thus, the order is: 

CHi < (CH3h CH- «CH3h C-
, Lowest Highest 

.problem 2. 
following: 

Select the most stable carbocation from the 

CHt, (CH3hCH+,CH3CHi, (CH3hC+ 

Solution: Electron relea$ing groups having +1 effect 
stabilize the carbocations by partial neutralisation of the posi
tive charge on carbon. A tertiary carbocation is more stable 
than a secondary and primary carbocation because of +1 effect 
which is maximum in tertiary carbocation. Thus, (CH3hC+ is 

most stable. 
Problem 3. What is the nature of the products in each of 

the following: 

CH3 

(i) Br+H 

CH2CH3 

KO:, H20) (A) 

N 2 

. CH3 

Solution: ,.(i) (A) is' H+OH 

CH2CH3 
(Stereospecific inversion of configuration due to S N 2 

reaction) , 
, CH2CH3 ' CH2eH3 

(ii) (B) is H3C+OC2HS + CzHsO+CH3 
CH2CH2CH3 CH2CH2CH3 

(Retention) (Inversion) 

A mix~e is formed due to S N I reaction (non
stereospecific reaction or racemisation) 

HCH 
(iii) ><=X - 3 

HO, . H 
(trans) 

(When reaction takes place by S N 2 mechanism, there is 
inversion) 

Problem 4. Explain why alkyl group acts as electron 
donars when attached to a x-system. 
. Solution: ' Due to hyperconjugation, alkyl group acts as 

electron donars when attached to a x-system as shown below: 

H 
I:) n' H+ , .. 

H-?-CH=CH2 ~H4=CH-CH2 

H H 

H H 
I •. I. ~. 

~ H+ C=CH-CH2 ~ H-C =CH-' CH2 ',- I H+' 
H ' 

Problem 5. Explain the reaction mechanism of the 
addition ofHBr on acetylene by equations only. .. 

Solution: 

HC~H'+H+ Slow '+ 
.) H-'C===CH 

Acetylene I 
H 

Carbocation 
+~. Fast, 

H2C=CH + : Br- ) H2C=CHBr 
Vinyl bromide .. 

H26' CHBr + H+ 
Slow + 

) CH2 -':CHBr 
I 
H 

+~ 
Carbocation 

?Hz-CHBr+: B.r- -4 CH3CHBr2 

Ethylidine bromide 
H 

Problem 6. 'Explain the ,reaction mechanism of the 
addition of bromine on acetylene by equations only. 
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Solution: Br .: Br ~ Br+ + : Br-

Ilt' CH+Br+ 
Acetylene" . 

Slow + 
-~) CH=CH 

\ 
Br 
tarbocation 

+r\ Fast 
CH =CH + • Br-' ) CHBr=CHBr 
1 • (Acetylene dibromide) 
Br 

Q CHBr + Br + ---7 

Br 
1+ 
CH-CH 

Br 
\. +1'\ 

I 1 
Br Br 

Carbocation 

Br Br 
II 

H-C-CH + :Br- ---7 .. 
. I I 

HC-CH 
I I 

Br Br Br Br 
(Acetylene tetrabromide) 

'Problem 7. Explain the reaction mechanism of the 
following reaction.by equations only: ' 

H2S04 
. ) CH3-<::. CH-CH3 

Heat . I 
CH3 

CH3-CH- CH-CH3 I ,I . 
CHs OH 

3':Methyl butan-2-ol 2-Methyl but-2-ene 

Solution:. H2S04 ~ H+ + HSQ4 

· '':H3 -CH:-CH-'CH3 +H+---7CH3-CH-CH-CH3 · II . . I + I 
. CH3 00 C~O~ 

(E) + 
· CH3--'CH-CH-CH3 -~) CH3 -CH""':'CHCH3 I \ . -H20 I . 

CH3 +OH2 · CH3 

20 CarOOcation 

+ 1,2-Hydride shift + 
CH3 -CH-CH-CH3 .....-;..---~) CH3-C....,..CH2CH3 

I I 
CH3 CH3 

20 Carbocation 30 Carbocation 
(Less Stable) (More stable) 

+ 
CH3 -C~CH2-CH3 

\ . 

CH3 
3° Carbocation 
(More stable) 

Problem 8. Classify the following reactions as SN I , 

SN 2 , E) and E2: 

(I) A first order reaction between an alkyl halide and 
alkali, to give alcohol, the order in alkali being zero. 

(ii) The formation of an olefin from an alkyl halide and 
alkali, the reaction being first order in each of the reactants. 

Solution: (i) R-X Slow) R + + X-

R+ +OH- Fast) ROH 

The reaction proceeds via SN1 mechanism, i.e., 

Rate oc [Alkyl halide] 

(ii) Rate ofreactionoc [Alkyl halide][AlkaJi] 
Thus, the reaction is bimolecular. It proceeds via E 2 • 

R H 
II 

HO-- - H--- C-=-C---X 
I \ 
H H 

Transition state 

R H 
I I Fast 

---7 H20+ C=C +X 
I \ 
H H 
Olefin 

Problem 9. Calculate the pK values of the following 
organic acids and bases from their given K constants: 

. (a) CH3COOH, Ka =1.8 X 10-5 

(b) CH30H,Ka =3.1 X 10-16 . 

(c)CH3NH'2 , Kb =4.5 X 10-4 
'Solution : • 

. (a) pKa =-10g(1.8xl0-5 )=5-0.255=4.745 

(b) pKa =-log(3.1xlO-16 )=16-0.491=15.509 

(c) pKb =-log (4.5 X 10-4 ) =4-0.653 =3.347 
Problem 10. Explain that, unlike other amines (RNH2 ). 

guanidine, (H2N-C-NH2 ~ is a strong base. 
. . ~ 

NH 

Solution': The cation formed by the addition of H+ has 
three equivalent contributing structures. This' greatly 
stabilizes the conjugate acid making it very weak and so a 
strong base. 

•• •• w [.. + 
H2N-W-NH2 ---7 H2N-f=NH2 f---) 

. \ :NH :NH2 . 

+ •• 
H2N=C-NH2 ~ . I . 

.. .. 1 H2N-C-NH2 II . 
+NH 

.. 2 

Problem lL· 3,3-Dimethyl butan-2-0110ses a molecule 
of water in the presence of concentrated sulphuric acid to give 
tetra- methylethylene as a major product. Suggest a suitable 
mechanism. 



Solution: (i) Step is the protonation of hydroxyl 
group. 

CH3 

I 
CH3-C-'-CH-CH3 

I I 
CH3 OH 

3.3-Dimethyl butan-2-o1 

(ii) Step is the, removal of H20 to form 2° (sec.) 
carbocation. ' 

CH3 CH3 
I -H20 I + 

CH3-C--CH-CH3 ) CH3 -C,-CH-CH3 
II 
CH3 +OH2 CH3 

2° Carbocatioti 

(iii) Step is the conversion of 2° carbocation to . more 
stable 3° carbocation by 1,2-methyl shift. 

CH ' 

I 3+ 
, l,2-Methyl shift 

CH3- y-GH-GH3 ) 

CH3 

+ 
CH3-C--CH-CH3 

I I 
CH3 CH3' 

3° Carbocation 

(iv) Step is the removal ofH+ to form a double bond. 
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+ -H+ ' , 
---4 CH3-G=C-CH3 I , 

CH3CH3 
2.3-Dimethyl but-2-ene 
(Tetramethyl ethylene) 

Problem 12. Explain a possible mechanism for the 
S~l re(lCtion of Me3C-Brand MeOH. 

Solution: 

Me3C-Br + H-OMe ---4 Me 3C-OMe + HBr 
An ether 

Step 1. The substrate undergo heterolytic fission 
forming a carbocation. This is the slow rate determining step. 

Slow step' + 
Me3C-Br ) Me3C + Br-

Step 2. The fast step is the attack ofnucieophile, MeOH 
on the carbocation to form protonated ether, and is followed 
by the rapid loss of its proton to a second molecule of 
nucleophile to form an ether. 

+ Fast 
Me3C + H-OMe ~ 

step 

In general, 

+ H-OMe 
Me3C-OMe ) 

I 
H 

Protpnated ether 
+ 

Me3C-OMe + MeOH2 
An ether 

[R-L Slow ):L- +R+ _::-:-'o?) R-NuH+ ;!:) R-NU] 

Problem p. Suggest the possible pathways of converting (R)-n-C3H7CH(OH)CH3 (A) into its ethyl ether 
trC3H~H(OC2Hs) CH3 using Fischer projections and give their R, S designations. 

Solution:, There are two pathways. In path I, (A) reacts first with K and then with ethyl tosylate (C2Ms OTs) ,to form (R) 

ethyl ether. [Tosyl(Ts)is p-MeC6H4SOiJ In path 2, (A) reactS frrst with tosy! chloride (TsCl) and then with C2HsOK+ to form 
(S) enantiomer. 

CH3 
C2HsOTs 

CH3 
K n-C3H7+OK+ n-C3H 7 I ' OC2HS ) 

. CH3 H H 

(A)n-C3H7+OH 
. 

(R) (R)Ether 

H CH3 - + CH3 
(R) T~l 

n-C3H7+OTS 
C2HsOK 

C2HsO+trC3H7 ' ) 

H H 
(R) (S) 

In path 1, the chiral centre is in the nucleophile and none ofits bonds are broken, resulting in retention of the configuration in 
the ether. Path 2 differs in that etho1tide attacks the chiral carbon back side in an S N2 reaction with inversion of configuration. 
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Problem 14. Explain the SNJ reaction mechanism of the following by equations only. 

OH 
Hydrolysis I 

CH3 -CH-CH-CH3 + HOH ---~) CH3-CH2-C-CH3· 
I I . . I 

Br CH3 CH3 
2~Bromo-3-methylbutane 2-Methylbutan-2-o1 

Solution: I . 

Step 1. 

Step 2. 

. CH3 . CH3 
I . Fast I 

CH3-CH2-C+-CH3 +OH -~) CH3CH2-C-CH3 
3° Carbocation I 

OH 

Problem IS. Explain a suitable mechanism for the following addition ofHBr to hexa~2,4-diene . 

. Solution: CH3CH=CHCH-CHCH3 +HBr ~ CH3CH2CHCH=CHCH3 +CHjCH2CH=CHCHCH3 
Hexa-2,4-diene· . I I 

Br Br 
4·Bror:nobex·2~e 2-Bror:nobex-3-ene 

Step 1. HBr ionises to give a proton (H+) and a bromide ion (Br-). 

, HBr ~ H+ + : Br-

Step 2. PrQton attacks the double bond according to Markownikoff's rule to give a resonance stabilized carbocation. 

H+ +CH3~ CHCH=CHCH3 ~ CH3CH2-CH~ CHCH3 ~ CH3CH2CH=CHCHCH3 
(A) 2° Allylic . (B) 2° Allylic 

c' + 
[2° allylic carbocation is more stable than 2° alkyl (CH3 CHCH2CH=CHCH3 )] 

Step 3. Bromide ion (Br -) combines with (A) to give 4-bromo-2-hexene. It combines with (B) to give 2-bromo-3-hexene. 
+ 

CH3CH2CH-CH=CHCH3 +: Br- ~ CH3CH2CHBr-CH=CHCH3 
(A) 4-Bror:nohex-2-ene 

+ 
CH3CH2CH-CHCHCH3 + :Br- ~ CH3CH2CH=CHCHBr-CH3 

(B) 2-Bror:nohex-3~e 

Problem 16. Complete the following and identify the 
type for the intermediate species: 

. Heat 
(a) CH3-N==N . ) _u ___ + N2 

Light 
(b) C6Hs-N~ ) _~ __ u+ N2 

, .. Light . 
(c) CH3-· N=C=O .) --uu+CO 

Light , 
. (d) CH3CON 3 ) u--u+N'2 

(e)CH3CH=CHCH3 +---~ CH3-CH-CHCH3 ' 

.. .. .. . ""/ . . N 

I 
H 

(f) (CH3hCH+ --.~'-- ~ (CH3hCNHCOCH3 

+ 
Solution: (ar CH3, a carbocation; 

•• 
(b) C6HS-N:, a phenyl nitrene; 

•• 
(c) CH3-N:, a methyl nitrene; 

•• 
(d) CH3CON:, acetyl nitrerte; 

•• 
(e) H-N:,nitrene; ...•. 
(f)CH3CON:, acetyl nitrene. 

. Problem ·17.. Complete the following and identify the 
type for the intermediate speci'es: 

hv 
(a) N3H ) u--u+N2 
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Solution: (a) HN':, a nitrene; (b) 0 I ,benzyne; 

(e) 01 ,benzyne; (d) 0 1 ,benzyne; 

(e) :CH2, carbene; (t) 0 1. , benzyne. 

Problem 18. Choose the member of each of the follOwing 
pairs of compounds that is likely to be the stronger base: 

e e . 
(a) NH3 or NHi (b) H20 or OH 

e e 
(e) OHorSH 

e 
(g) C6HS OorCsHsN 

$ 
(d) H20 or H30 

o 

(f) Aoe or /'--....08 -

(h) Ie or Fe 

•• 

(a) H-· F·: (b) H/~H 
•• H·· 

. Solution: 
•• $ •• 

(a) (i) H-F: + H+ ~H-F-H; 
•• .. . 

Nucleophile Electrophile .. 

•• •••• 
(ii) H-F: + OH- ~ H-O-' H + : F:-

Electro~inle Nucleophile •• H·· 

•• 1$ 
. (b) (i) H/~H + H+ ~ jN

1

\; 

H . Electrophile 
NuCleophile H H H 

•• 

(ii) H/~"H + 011· ~ 
H 

Electrophile 
Nucleophilc 

Probl~m 20. Which one of the following is a better 
nucleophile and why? 

.0 

(a) CH3-glo- (b) C6HsO- (c) CH3CH20-
Solution: (c) CH3CH20- is a good nucleophile 

because the -ve charge is concentrated 0!l one oxygen only. 
(a) CH3COO- is a resonance hybnd of the followmg 

strnctures and the -ve charge is divided on the two carbon 
atoms. ' ' _ 0 112-

"( P ,/J /_-
CH3-c( ~ CH3-C" ==CH3-C,\_._ 
'0- 0 . 0 1/2 

(b) C6H 50- is not a good nucleophile because the -ve 
charge is distributed at four positions. 

.e e 
Solution: (a) NH2 ; (b) OH; (c) NH3; (d} H20; 

t)-~~ ~-& -6 114~~~~4 e 0 8 e 
(e) OH; (t) r ; (g) C6HsO; (h) Ie. 
Problem 19. Write equations showing 

nature of the following molecules: 
ambiphilic ~ tl4-

IMPORTANT POINTS TO REMEMBER (SUMMARY) 
T. -

Inductive etTect 
When an electron withdrawing or el~tron releasing groul' 
is attached to carbon chain, a permanent charge (polarity) 
is induced all along the basic chain .. If is due to electron 
displacement because of the difference in electronegati
vities. This is called inductive effect (/-etTect). 

Q I-effect· is a permanent effect and decreases rapidly as the 
distance from the source (X) increases. Any atom or 
group which attracts electrons more strongly than 
hydrogen is said to have -I effect (electron attracting or 

oso+ (il)+ s+ . 1)- -
withdrawing). C3 -+-C2 -+- C1 -+-X . The 

atoms or groups which attract electrons less strongly than 
hydrogen are said to have +I effect (electron releasing or 

li/iO- 1\1). s- s+ . 
donating). C3 -+- C2 -+-C1 -+- Y .' RelatIve 
inductive effects have been measured with reference to 
hydrogen. . . 

Q Due to -I etTect, the electron density decreases, hence 
basic nature is decreased and naturally acidic nature .is 
increased. For example, chlormlcetic acid is stronger than 
acetic acid due to -1 effect and aniline is we~er base than 
NH3 due to electron withdrawing nature of phenyl group 
(-1 effect). 
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Q Due to +1 effect, the electron density increases, hence 
basic nature is also increased and so acidic, nature is 
decreased. For example, methyl alcohol is more basic 
than water (H-O-iI) due to +I effect and tert.alcohol is 
more basic than secondary and than' primary (due to +1 
effect' of methyl group). 
Electromeric etTect 
The effect involving the complete transfer of a shared pair 
of electrons to one of atoms joined by a multiple bond at 
the requirement of, attacking reagent is known as 
electromeric effect. It is a temporary effect and comes into 
play instantaneously at .the demand of the attacking 
reagent and as soon as the reagent is removed; the original 

Hyperconjugation 
Electron relea~e,by an alkyl group attached to unsaturated 
system' (H-C-C=C) is called hyperconjugation 
(involving de localization ora and 1t-bondbrbitals, i.e., cr-1t 
conjugation) or kind of 'de localization "involving sigma 
b6ndqrbital iscaUed hyperconjugatio.-(Baker-Nathan 
effector NQbond resonance). "',' ";' ' 

H H+ 
, I:) 'ri" 'I '_ '-
-i-GH=CH2 ~ -i=CH-,-,-CH2 

condition is restored. ' ' ....... -... -

There should be atleast on~ H~atom'at a~carbon'with 
respect to sp2 -hybriq carbon (C C) a1?-d greater the 
number of C-H bonds !it a-carbon to -the urisaturated 
s),siem, greater will be the electron release and thus greater ,.... Reagent added >. + _ 

)C=O, ' )C-O 
Reagent removed 

Q +E etTect: When the transfer of electrons is towards the 
attacking reagent, i.e., 

Q' + 
CH3 -+-CH=CH2 + H+ ~ CH 3-CH-CH3 

Propene Electrophile Carbocation ' 

Q -E etTect: When the transfer of electrons is away from 
the attacking reagent, i.e., transfer of 1t-electrons takes 
place to more electronegative atom (0, N, S) joined by 
multiple bonds.' " 

)r----- -
,C=c9+ CN- ~ )C-O 

Nucleophile ' 1 

CN 

Mesomeric etTect 

the hyperconjugation effect. ' " 
Q 'On the basis of heat of hydrogenation, the stability order of ' 

different alkenes is: -
Tetrasubstituted > Tri~ubstituted > DislJbstituted 

> Monosubstituted > H2C~C,H2 
Q Due to hyperconjugation, C=C bond length of substituted 

alkenes is always more than th~ ethylene. Hyperconju
gation also decreases C---:-H bond length and C-C bond 
length. 

Q Stability order of different alkyl carbocations is in the 
following order: 

Tertiary> Secondary> Primary> Methyl ' 

This order can be explained by the number of resonating 
structures' of these carbocatlons. ' 

Q Stability of alkyl free radicals is also in the same order: In a conjugated system (having alternate single and double ,', 
bonds), the permanent polarity produced in a molecule as a ' 
result of interaction between two 1t-bonds or a 1t-bondand ,'. 
lone pair of electrons is referred as mesomeric etTect or i.e., more the number of hyperconjugativestructui:es, the 
conjugate etTect.Examples are beniene, buta-I,3':diene greater is its stability. 
and acrolein etc. . Q 'Alkyl group of alkyl benzene is 0- and p-directing and 

Q The 1t-electrons get delocalised as a result of mesomeric activates' aromatic SE reactions. This property of alkyl 
effect giving a number of resommce structures. group can be explained by hyperconjugation. 

Q Due to mesomeric effect terminal carbon is almost as Q Fission (Cleavage or Ereaking) of a .covalent 
positive as the ftrst carbon. This is quite different from bond: ,The reaction intermediates (carbocations, 
inductive effect due to which charge decreases as one carbanions, free radicals, carbenes, nitrenes and benzyne) 
moves' away from the source. "are formed due to cleavage of covalent bonds in an organic 

Q Like inductive effect, mesomeric effect may be' +M or reaction by: 
-M. It is +M when the direction -of electron displacement Homolytic, fission or Homolysis: This involves the 
is away from the atom or group and -M when 1t-electron breaking of a' covalent bond in such a way that each atom 
displacement is towards atom or group (but away from separates with one electron ofthe shared pair. Such atoms 
conjugate system). are electrically neutral; extremely reactive and possess a 

C\ smaltpermanent magnetic,moment due to the presence of 
X l...c rt- and -C fC-c (jr, unpairedeiectron.These atoms or fragments are caned 

+M effect -M effect free radicals. ' , 
Q +M effect activates benzene nucleus for S E reaction at 0-- Heterolytic fission or Heterolysis: This involves the 

and p-positions while -M effect deactivates benzene breaking of a, covalent bond in such, a way that both the 
nucleus for S E reac,tion and electrophile attacks at the electrons of the shared ,pair are attracted by the more 
m-position. electronegative atoms.' 



. , 

.... -' 

A :·B·~ A-: +B+ (A is moreefectronegative than B) .... 

.' A:,B,~' A + + :iJ -/(B is tII.OCe,. electronegative than A) 
'So;het~rolytic fission results '.in 'the fonna~ioIi of ,catio~ 

and aniOn.' '~" .' 
. O'Anorgatli,:: ion colltaining positively cha:fged carbon 

, '. c!lmtre is called carbbeatioil (or carbonium ion) and an 
. organic ion with a' pail- of' available electrons and 

containing negatively charged carbon centre is called. a 
.. ' .... ,earbaQion. , .... 

Reaction Intermediates 
, IJ Highly reactive and short lived fragments called reaction 

ihtennediates result from bomotyticand heterolytic bond· 
. fiSSIon. Examples are, . , 

IJ·· Free radical.s: Carbon free radicals have. no charge but 
the central carbon atom cames odd (unpaired) electrons. 
These are produced by homolytic fission of:a covalent 
bond .. For e,xample, • . 

i .' ,,' .',.' . • • " • 

. II,CH3~ CH3CH2, (CH3 h CH, (CH3hC, Cl,etc. 

IJ The. fonnation' of free. radical is initiated by heat, light or 
catalyst. Their stability is in the order: . .' . . . 

R3C > . R2CH > RCH2 >CH3 
'. T~rtiary Secondary Primary 

Benzyl and allyl free radicals are'resonance sQibilized and 
'~"hence are ~ more stable.' The relative stabilities of free 

radicals are:. . 

3°:> benzyl> allyl> 2° > 1° >methyl, vinyl 

(decreasing order) 
. IJ Carbocations (Carbonium Ions): Organic' ions 

carrying a positive charge on·carbon atoms are known as 
carbocations~ For example, . 
+ + + + 
CH3, CH3CH2, (CH3hCH? (CH3hC, 

+ + , 
. C6HsCHi, (C6HshCH, etc. 

Carbocations are very reactive and have six electrons 
(sextet), therefore, it is electron deficient species. Carbo

. cation is a planar structure and the +Vely charged carbon 
is sp2 -hybrjdized·(trigonal planar) .. 

o The stability of .carbocations is influenced by both 
resonance and inductive effects ... This dispersal of the 
charge stabilizes the carbocations. Their stability is in the 
order:' . . 

+ + . + + . 
R3C> R2CH> RCH2 >GH3 

Benzyl and allyl carbocations are much more stable due to 
reS01l<mce.· The relative stability of carbocations are: 

+ + + . . + 
(C6Hs hC> (C6Hs hCH> (CH3hC>C6HsCH2 
.' + . + + + 
> H2C=CHCH2 > (CH3hCH>CH3CH2 >CH3 

. The presem;eQf electron attracting groups (-N02,-eN 
,and Bi) which have -/ effect reduces the stability of 
carbocations. 

" ; 
, 
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.IJ Carbanions: Organic' ions containing a negatively 
charged carbon are known as carbanions. For example, 

- - - -
.' H3C:, CH3CH2, (CH3hCH, (CH3hC, C6H5CH2, 

H2C=CH-' CH2, etc. 
Carbanions are highly reactive and'contain eight electrons 
in the valence shell, i.e., complete octet It has a 
pyramidal structure because the carbon bearing -ve 
charge is sp3 -hybridised. . 

O. The stability of carbanions is influenced by resonance, 
inductive effect and s-character of orbitals. The groups 
having +/ effect decreaSe the stability while groups having 
-/ effect increase the stability of Carbanions . 

- -
H3C> RCH2 > R2GI> R3C 

Berlzyl and allyl carbanions are. stabiiized due to 
resonance. The relative stability otcarbanions are: 

- -
(C6HshC > (C6Hs)2CH>C6HsCH2> H2C=CH-CH2 

>CH3 >cHi~H2 >(CH3hCH> (CH3)3C 
CJ <;:arbenes: They . are short· livep, reactive, 

sp2,.hybridized, neutral species and transitory reaction 
intennediates in which the carbon atom has six electrons in 
the outer shell, out of which two constitute a lone pair and 
two are shared. So, they are divalent carbon species 
containing two u.npaired electrons llfid· possess no charge . 
For example, 

HR· "C· "C· H/ • H/ • 
Carberie (Methylene) Alkyl carbene Dichlorocarbene 

IJ The carbon atom is Sp2 -hybridized in singlet carbene and 
. has a bent structure. It is less stable and highly reactive. 

Triplet carbene is a diradical, sp -hybridized and is 
believed to be a linear molecule. It is more stable. 

IJ Nitrenes (Imidogenes): These are nitrogen similar to 
carbenes and neutral univalent nitrogen intennediates 

•• 
(-N). The electron deficient species in which N has a 

•• 
sextet of electrons are. called nitrenes. They are highly . 
reactive and ~t as strong electrophiles. The parent 
species is. : N-' II, and is fonnedwhenhydrazoic acid 

. (N3H) is irradiated with UV light. In the presence of 
C2H4, nitrene is trapped to fonnethylenimine. 

hv .. H2C=CH2), 
N 3H ~ HN " H2C-, CHi 

Hydrazoic acid -N2 Ni;~e" ~ 
r 

Ethylenimine 

IJ Nitrenes can exist in the. singlet and triplet states. The 
triplet state is the ground state and most nitrenes exist in 
this state. Nitrenes are highly reactive unstable compounds 
and give addition and insertion reactions. 
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w .. 
(J Acyl nitrene (R-C-N) has been proposed a:> a possible 

•• 
intennediate in the Hofinann, Curtius and Lossen 
rearrangements. 

(JBenzyne: It is a neutral, highly" reactive reaction inter
mediate in which the aromatic character has not been 
markely disturbed. It contains carbon-carbon triple bond .. 
in benzene ring involving the formation of a new weaker 
C-C bond by siqeways overlapping of sp2 :'hybridized 
orbitals of two adjacent carbon atoms. . 

(J Formation of aniline from chlorobenzene proceeds 
through the fonnation of benzyne intennediate. This 
reaction is also known as cine-substitution. Benzyne 
reacts with nucleophilic reagents and fonn addition 
product. . . 

Attacking reagents 
These are of three types: 

(J Electrophiles (Eledrophilic reagents): These are 
electron loving species and carry either positive charge or 
neutral molecules with electron deficient centre. These are 
Lewis adds and can accept a pair of electrons in a 
reaction. Examples are: . 

(J Positively charged ions: H+, CI+, Br +,1+, NO;, R +, 

CH3CO+, R3C+, SO;H, etc. 

Neutral molecules: S03' BF3, AlCI3• ZnCI2, Fe~13' 
•• 

BeCl2, RCOCI, (RCOhO, RMgX, :CCI2, :NCOOC2Hs, 
etc. 
Further, cation carriers, e.g., Br-Br, H-Br, CI--OH, 
02N--OH, etc., and oxidising agents such as Fe 3+, 0 3, 
R-O-O-R, etc., also act. as electrophilic reagents. 

(J Nucleophiles (Nucleophilic reagents): These are 
electron rich (donating) species and carry either negative 
charge or neutral molecules with free eiectron pair to 
donate (N in NH3, and 0 in H20). These are Lewis bases 
(electron-pair donor). Examples are: 
Negatively charged ions: CI-, Br-, NO;, R- ,OH- ,CN-, 
H-,NH2, RNH-,R2N-, R3C-, [CH(COOC2Hshr, 
[CH3COCHCOOC2Hs r ,OR- ,CH3COO-, N3. ,S-, etc. 

•• •• •• 
Neutral molecules: :NH3, RNH2 , R 2NH,R3N, 

•• •• •• •• 
H-O-H,. R-O-H, R-SH, R-S-R, 

•• •• •• . .. 
•• •• 

R-0-R,R3P:, (C6Hs)3P:, H-S-H, etc. ... . .. 
In addition, anion carriers, e.g., H *\ H, R " Mg.¥', 

H" H3A1Li, H" C6Hs, C C, etc., and reducing agents 

such as Fe2+, [Fe(CN)6]4--, etc., also act as nucleophiiic 
reagents. . . 

(J AmbiphUe (Anibide~t):They behave both like electro
philes (electron attracting)· and nucleophiles (electron 
repelling) site and hence, have dual (amphoteric) nature, 

•• ,t.~ •• 

e.g., H-O-H +-:- electrophile, R-PH; CH3 ...:-C N: .. ' . ~ ... 
l' 

nucleophile 

•• 
and H2C=0: etc. 

(J Nucleophiles attack electrophiles during the course· of the 
r~action. The nucleophiles which can attack through two 
or more atoms are called .ambident nueleophUes. For 
example, CN- can attack through N orCto givecYl,Ulide 
(RCN) or isocyanide (.RNC). . 

TyPes of brgarllc· reactions . . . 
(J Substitution rea¢tions: ,An atom or group of atoms in a' 

. molecule is replaced by another atoms or groups of the 
same bonding . .capacity. Halogenation,· nitration, 
sulphonation, replacement. of halogen atotnS 'or --OH 
groups, etc. are some impoJ,1:a.nt examples of substitution 
reactions. 

(J Addition reactions: The attacking reagent adds to 
unsaturated (n-bonded) compounds having double or 
triple bonds . without elimination to fonn saturated 
(cr-bond) molecule. Addition of H2, X 2; HX; HOH and 
HCN, etc. to double or triple bond compounds are some 
important examples of adqition reactions. 

[J Ellminationreaetions: The reverse of addition 
reactions are tenned as·' elimiruition reactions. In most 
eliminatian reactions, the two atoms or·groups from·two 
adjacent carbon atoms (a,I3Yin the substrate molecule are 
removed and multiple (double or triple) bond is fonned. 
Important examples are dehydrogenation, dehalogenation, 

'dehydrohalogenation and· dehydration reactions, etc .. 
(J Rearrangement reactions: These· reactions involve 

transferof an atom or group from one position to apother 
, within the molecule forming a new compound which is 

actually the structural isomer of the orighial one. , 
Exaniples are: 
the change of ammonium cyanate into urea and acetoxime 
into N-methyl acetamide, etc. 

Mechanism of substitution reactions 
. (J Free radical mechanism: The reactions involving the . 

attack of free radicals on the substrate molecule is referred 
to:rree radicat mechanism and the reaction ipvolves three 
'steps:.initiatiolL, propagation and termination. 

(J Halogenation, nitration· and sulphonation of 'alkanes 
proceed by free radical substitution. Other examples of 
free radical substitution are: . 

(J Wurtz reaction (formation of higher alkanes 'from lower . 
. alkyl halides). .. . . 

(J.t\rylation of~rotnatic compounds (Gomberg reaction) to· 
. . fonn diph~nyl. by· the reaction of benzene diazonium 

halide with benzene.-
a Allylic bromination by NBS (N-Brom()succinimi4e) 

brominates the ethylenic compounds. in the allylic 
(CH2=CH-CH2-) position and is. a free radical 
reaction. 
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CJ Substitution reactions of higher cycloalkanes m presence 
: ofDV light is an example offreeradlcalreaction. ' 

CJ Hight~mperature reaction of chlorine with propene is a 
. free radical su"stitution. ,. C , 

CJ Cyclopropane ring is opened by free halogen attack to 
fomi l,3-dichloropropane. 

CJ Side chain halogenation oftoluene to form benzyl chloride 
is 'al~o a free radicai substitution reaction. 

CJ N uclepphilic substitution: ' When a substitution reaction 
. is brought about by a nucleophile, the reaction is called S N 

reaction. 

R-X +Nu- ~R-Nu+ X-
Substrafe Product Leaving group 

S N reactions are oftWo types: 
CJ SN1 reactions (Unimolecular): The rate of substitution 

depends on the concentration of the substrate, and the 
reaction is offirst order change. 

. Rate oc [Substrate] 'e 

CJ .. It is a two step process in the first step alkyl haiidiionises 
,to give a planarcarbo~ation (electrophile). This is a slow 
proce~s and rate determining step. In the second step, the 
nucleophile attacks the carbocation from eit4er side to 

. form.the product: This is a fast process. . 
CJ The hydrolysis of tert. butyl halide is.an example of SN1 

reaction. ' 
CJ In another example; the<;:arboc~tion formed (in step 1) can 

undergo rearrangement (1,2-methyl shift) to give more 
stable carbocation before< attack. of the nucleophile (in 
step 2). 

CJ As a result ofS N'I reaction, there can beracemisation and 
inversion. ' . 

CJ SN1 reaction is favoured by heavy (bulky)groups on the 
carbon atom attached to halogens, i.e., 

R3C-X > R2CH-X > R-' CH2-X >CH3X 

CJ Increasing carbocation stability results in increasing S'N 1 
rate of RX: . ., 

.+ + + + 
C~3 <CH3CH2 < (CH3hCH< (CH3hC 

Methylium 1° , 2° 3° 
'. .' '+ +. c 

<H2C=CH-., CH2 <C6H5CH~ 
Allylium Benzilium 

CJ S N2 reaction' (Bimolecular):'., The rate of substitution 
depends oil: the' concelltration of both substrate and the 
nucIeop4il~: hence it is a bimolecular and second order 
reaction. ,i 

Rate oi: [Substrate] [Nucleophile] 

CJ Th~hydrolysis of methyllialide is an example of SN2 
reaction. The strong micleophile OH- attacks' from the 
opposite side of the chlorine/atom to give an intermediate· 
(transition state) which is unstable (carbon is pentavalent) 

,and breaks to yield the 'product and leaving (X -) group. 
CJ Since, the slow step: involves ,two moles, hence it is 

'bimolecular and called S N; reaction. The alcohol 
(product) obtained has a configuratiori~opposite to that of 
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the bromide and is said to proceed with inversion of 
configuration. 

CJ S N2 reaction is flilvoured by small groups on the carbon 
atom attached to halogen, i.e., the order of reactivity is: 

CH3 -. X> R-CH 2,-X > R2CH-X >R3C-X 
CJ Increasing carbo cation stability is in the order: 

Benzyl < allyr< tertiary butyl (3° ) <isopropyl (2°) 

< ethyl < methyl 
CJ Higher concentration of nucleophile favours S N2 reaction, 

whereas low co~centration favours the SN1 mechanism. 
Neopentyl bromide shows SN2 path with ethoxide ion, but 
S N 1 path with ethanol. 

CJ Electropbilic substitution (S E ): It involves the attack 
by an electrophile. It can be SE1 (unimolecular) or SE2 

(bimolecular). The electrophile (E+) attacks to a point of 
high electron density. The reactions like halogenation, 
nitration, sulphonation, alkylation' and .:acylation of 
benzene and its derivatives (aromatic compQunds) are 
electrophilic substitution (S E) reactions. 

CJ SEz . is very common in benzene nucleus (aromatic 
compounds). In step 1 the formation of electrophile (E+) 
takes place that attacks the benzene ring to form an 
intermediate carbocation (in step 2) which is stabilized by 
resonance and finally carbocation (a-complex) loses the' 
proton, to the base (Nu -) to form substitution product 
($tep 3)." 

CJ Att additional reagent (called Lewis acid) like Fe or conc. 
H2SO 4 is always required that can help in the formation of 
an electrophile. . 

CJ Addition reactions: These are the reactions of the 
compounds containing double or triple bonds'. The 1t-bond 
in addition reactions is involved with the.attacking reagent 
(electrophile or nucleophile) and a-bond remains intact. 

CJ Electrophilic addition reactions: In stepl, an electro
phile (E+) is added in a slow step (ratedeterminingstep) 
to the double or triple bond to form carbo cation. In step 2, 
the hucleophile (Nu -) is added to the carbocation (in a fast 
step) to form addition product. 

CJ Addition of HX to alkenes is an example of electrophilic 
addition. The mechanism of such addition reactions is 
copsistent with the occurrence of rearrangement (1,2-
hydride or 1,2-methyl or 1,2-phenyl shift) resulting the 
formation of more stable carbocation (3° >2° > 1°). 

CJ Addition of halogens is usually predominantly trans, i.e., 
the addition is stereoselective. Cis-but-2-ene on addition 
of Br2 gives racemic mixture while trans-but-2-ene adds 

. Br2 to give the inactive meso-product. 
CJ ,Nucleophilic addition reaction: This addition reaction 

takes place in >C=O compounds. 

>c0a~ >c-6=>d+-oo-
CN- -
. 1 ) >C-O (Oxyanion) 
(S ow) I 

CN 
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The nuCleophilic reagent attacks the +vely charged carbon 
to form more stable oxyanion; Hence, it is known as 
nucleophilic addition. 

CJ The reactivity of )C=O compounds is in the order: 

H" H3C" H3C" /C=O> /C=O> /C=O 
H H ," H3C 

CJ Important examples of nucleophilic addition reactions are 
the addition of HCN, NaHS03, R-MgX and CH30H 
etc-., on)C=O compounds. 

CJ Free radical ad'dition reaction: Addition of HBr to 
unsymmetrical aIkenes in presence of organic peroxide, 
RP2 [like benzoyl peroxide (C6H5COh02] takes place 
according to Kharasch Peroxide Effect (anti-Markowni
koff's rule) and follows the free radical addition reaction. 

ROOR 
CH3CH=CH2 + HBr. ..) CH3CH2CH2Br 

Propene (Anti-MR addition) I-Brornopropane 

(Mechanism: See sec. 7.6). 
CJ HF, HCI and HI do not give atiQ.-MR addition even when 

peroxides are present. It is beca'llse HCl and HF do not 
produce free radicals easily due to large bond energy and 
HI with minimum bond energy gives' free iodine. 

CJ Elimination reactions: The removal of two atoms or 
groups, one is generally hydrogen (H+ ) and the other is a 
leaving group (L -) resulting in the formation of 
unsaturated compound (n-bond), are known as elimination 
reactions. ' 

Iii la - ' I .' I 
-C-' c- ----7 -C=C-. + H+ + L-
~ , Leaving group 
[lL=:..iJ 

CJ El (Elimin?tion) Reactions: In step 1, the C-L bond 
is broken heterolytically tofonil a carbocation (as in SN1 

reaction) in which (L-) is lost (rate determining step), 
hence called E 1 (unimolecular elimination) reaction. In 
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step 2, the carbocation 10i:les a proton frorn the, !i-earbon 
atom by a base (nucleophile) to form an alkene. , 

CJ Dehydrohalogenation;' dehydration,' dehalogenation and 
dehydrogenation are some important examples ofelimina-
tion reaction., , " 

CJ El reaction is favoured in compounds in which the leaving 
group is at secondary (2°) or tertiary (3°) position. 

CJ E 1 -Cb (Elim:ination uninio lecular conjugate base) 
reaction involves:' _ 
Step 1. Removalofa proton by a conjugate base to 
produce carbanloll. ' 
Step 2. The carbanion loses a leaving group, to form an 
alkelle and is a slow step (rate determining). 

CJ E t (Elimination) Reaction: III this reaction; two 
O'-bonds are broken and an-bond ,is' formed 
simultaneously. 

+H-base+L9 

CJ It is bimolecular since substrate and base are involv,ed in 
the rate determining step and,. the product obtained takes 
place through the formation of transition state. 

CJ E2 elimination is lowest energy path in comparisontoEl 
and EI-Ch reactions. Hence, E2 reaction is most c~mrn.on 
and better the leaving group, higher is the E2 reaction. 

j, .'" 

Substrate: PhCH2CH2CI PhCH2CH2Br' PhCH2CH2I 

Rate: O.007x103 4.2x103 27><103 

CJ III E2 reaction, both the leaving groups,~hould' be 
antiplanar, i.e., E2 mechanis1l1is stereospecific. ' 

o III acyclic compounds, E 2 elimination is' given by the most, . 
stable conformaticfn in' which both leaving groups are 
anti-periplanar. 



I£_~HO""'.SWERTYPE 
1. Fill in the blanks: 

(a) Fission ofa covalent bond may be of two types, ..... " 
and ...... . 

(b) Homolytic fission of a covalent bond produces 

, ( c) 'Heterolytic fission occurs when carbon is linked with 
an atom of different . . . . . .. -

(d) Among the given cations .' ..... is,th~ most stable. 
(Sec-butyl carbocation, tert-butyl carbocation, n-butyl 
carbocation) 

(e) The positively charged carbon of Carbocation contains 
...... valence electrons. 

(f)Carbon of the carbanion consists ...... vaIenceelectrons. 
(g) Electron rich reagents are called . . . . . . . 
(h) NO; is alan ...... reagent. 
(i) The negatively charged carbon of carbanion is ..... . 

hybridized. i ' 

G) ' ....... electrons are displaced in mesomeric effect. 
(k). The order of stability of alkylcarbocation is ...... . 
(I) A mol~ulewith alternate single and double, bonds is 

termed as a. . . . . . . ' . 
{m) Acetic acid is ' ..... "acid than formic acid due to 

, ...... effect of methyl group. 
(~) The addition of HBr to ,an unsymmetrical alkene takes 

place according to ...... . 
(0) A reaction pro~ds in presence of peroxide through 

.. ' .... mechanism. . "~ 
(P) Dehydration ofalcoholto form alkene is an ..... :t 

reaction. ' 
(q) Free radical is paramagnetic whilecarbocation and ' ' 

carbanion ions are ...... . 

(r) Geometry of CH3 is ...... . 

(s) C2HsBr + OC2Hs ~ C2HsO~H5 + Bre- is an 

example of. . . . .. reaction. 
(t) Reaction, CH3COCH3 + HCN ~ product, is an 

example pf ..... " addition 'reaction. 
- -

(u) Amongst CH2CHO, CH3 and CH2 -N02 ,the most 
stable carbanion is . .. . . . . 

(v:)" The kind of delocalization involving sigma bond 
orbitals is called . .. . . . . 

(w) Inductive effect is ...... while electromeric effect is 

+ 
(x) The shape of CH3 is •...... 
(y) In the protonation of an alkene, the electrophile is 

. . . . .. and D.ucleophile is . . . . . .. . 
(z) The bond dissociation 'energy needed to form the 

, benzyl radical from toluene is ...... than the fomia-
tion of methyl radical from methane. 

2. State whether the following statements areTrue or False: 
(a) Homolytic fission of C-C bonds gives free radicals. ' 
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(b) The decreasing order of electron affinity of F, CI, Br is 
F > CI > Br. 

(c) The electronegative atom in the carbon chain produces 
+I effect. 

(d) Electromeric effect is a permanent effect. 
(e) Carbocation has a planar structure. 
(f) Substitution of benzene occurs through nucleophilic 

attack. . 
Jg) Rleaction between methane and chlorine in presence of 

sunlight proceeds through free ,radical mechanism. 
(h) The dipole moment of CH3F is greater than that of 
, CH3Cl 

(i) The hydrolysis of (CH3hC-CI by aqueous NaOH 
follows SN1 mechanism. ' 

G) The following fission is a heterolytic fission: ' 
+ -

CH3CH2CH3 ~ CH3CH2 +CH3 
(k) The free radicals, carbonium ions or ,carbanions are 

reaction intermediates. 
(I) Alkyl amines are more basic than ammonia due to -1 

etfect. 
(m)Nucleophiles act as Lewis bases. 

500°C 
(n) CH3CH=CH2 + CI2 ----+ 

CH2CI-CH CH2 + HCI 
The ~bove reaction is a substitution reaction. 

(0) Anti-Markownikoff's rule is followed when addition 
of HBr in alkene occurs in presence of peroxide. 

(P) During SN 1 reaction,the leaving group leaves the 
molecule before the incoming group is attached to the 
molecule. 

(q) Free radicals are always electrically charged species . 
. (r) Nucleophiles are also Lewis acids. 
(s) "Addition of unsymmetrical reagent to unsymmetrical' , 

unsaturated compounds, the negative part of the re
agent adds to the less hydrogenated carbon". This is 
Markownikoff's rule. 

(t) Tertiary alkyl halides undergo hydrolysis by SN2 

mechanism. 
(u) Primary alkyl halides undergo hydrolysis by SN1 

mechanism. 
(v) SN2 mechanism is accompanied with inversion of 

configuration. 
(w) Dipole moment increases, as the inductive effect 

increases. 

R-I R,--Br R-Cl . . 
---=~--=--~4) Inductive efJ;ect increases. 

Dipole moment increases. 
(x) Benzoic acid is stronger acid than acetic acid because 

C6HS group produces more +1 effectthan CH3 group. 
(y) Inductive effect is IJlOre powerful than mesomeric effect. 
(z) The stability of carbocations is influenced. by both 

resonance and inductive effect. -1 effect reduces the 
stability. while +I ~ffect increases the stability of 
carbocation. " 
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. 3. 

4(A). 

4(B). 

Match the following: 

(a) Substitution reaction 

(b) Addition reaction 

(c) Elimination reaction 

(d) Homolytic fission 
. (e) Heteroiytic fission 

(t)Electrophile 

+ 
(i) A : B ---+ A +:B-

(ii) A : A ---+ A + A 
("') C C'I KOH 111 H3 ---+CH3QH 
(iv) BF3 
(V) HiC=CH2 + HBr 

~ CH3CH2Br 

'. ' H2S04 (VI) CH3CH20H . ) 

. H2C=CH2 
(g) Nucleophile _ '.. (vii) NH3 . 
Classify the following into electrophiltc and nucleophilic 
reagents: 
(a) H+., (b)CI-, (c)NH3, (d)NOi, (e)CN, (f)H2Q 
(g)Br+, (h) ROH,(i) BF3,(j) ~NH2' (k) AICI 3 , 

(l) ROB., (m) Carbocatlons, (n) Carbanions, (0) S03f!; 
(P) BeC12, (q) r ,(r) SnC14 , (s): CCI2, '(t) : P(CH3 h, 
(u) H2C=CH2 '. 

Classify' the following as Lewis acids and Lewis bases: 
(BCECE 2005J 

(a) CH3NH2 (b) CN- (c) AICI3 (d) Fe3+ (e) CO2 
5. For the Jollowing bond cleavages, use curved arrows to 

show the electron flow and classify each as homolysis or 
heterolysis. Identify reactive intermediate produced during 
the fission. 

. ' .' -,...-' .. 
(1) CH3O-OCH3 ---+ C.H30 + OCH3 
... ' . 0-

(ii) )C=O+CN'"' ---+ )c< 
CN 

(iii) I ~ 1+. +Br-
. /j'Br A 

(iv) O' I +E+_r'YE 
~ V+ 

6. Identify each of the following as carbon-intermediates: 
. '+' 

(a) CH3 -CH=CH 

(c) (CH3 )3C • (d) C2HS CCH3 

(e) CH3 -CH-CH3 •• (f) C2 HsC-H .. 
(g) C6HS-N .. (h) : CCI 2 

7. Classify the follOWing reactions by type: 
(a) HCHO+ HCN· ---+ CHz(OH)CN 

. Heat, eu .. 
(b) (CH3hCHOH . > (CHlh C=O + H2 ' 
(c) CH3 CI + KOH(aq,) ---+ CH30H + KCI 

. (d) CH2=CH2.+Br2 ---+ CH2-CH2 . 
I I' 
Br Br 

,.NOH 
II v 

(e) CH3-C-CH2CH3 ---+ CH3NHCCH2CHl 
. Ethyl methyl ketoxime N -Methyl propionamide 

I 
/ 

(t) NBS, Heat 
", ,.-

:.'231:' . 

~Br' 

'. (g) CHCI3.+OH-:- ~ :CCI2 +H20+ CI 
. (h) CH3 CH-CHCH3 + Zn ~ CH3CH=Cl::lCH3 I I .' . F+Ziffir 

Br Br' . / ,2 

. (i) CHI :i ~CH2 -CHi + Za ---+CH2 - CH~ + ZnI;i 
'.' I I .... ~/ ' 

I . I , . '/CH2 ' 

(j) NH4NCO ---+ O~C(NH;h' .' .' .. 

(k) (CH3)2 NH; + ~H30- ---+((:H3 h NH + eH,OH 

(I) H 
r< 'N ,HeaL' . 

. 3.....-. N-CH3~' H3C-CH3 +Nf 

(m) C2HSBr + OH- ---+/'(';2aSOH + Br-

8. (a) Arrange the following according to their stability: 
'+- • + . + '.' 

CH3CH2CH2CH2, (CH3h C; CH3CH2CH2, 
. + .' + +' 
CH3 CHz eHCH3 , CH3CHz, CH3 

(b) Arrange the follo~g aCcording' to their stability: 

C6HS CH2 , (CM3 h C, CCI 3 ,till' (CJl3)2 CH . 
(c) Arrange the following: aGcoiding to their stability: 

. . .. ~ .. ',. ", ... 
(1) CH3 , (CH3 )3 C, (C6Hs·h C, C6HsCH2 , CH3 CH2 .. ' .' .. .. 
(n) CH3 ~CH-CHCH3' CH3 -C-CH2CH3 I . I 

CH3· :CH) , 
(I)' • (II) 

CH3 -'-r CH2 CH2 

CH3 

(iii) H,C CH,H,C (Ill:HCH" 6~H: 
. (I) (II)' 

• 

c5 
(III) (IV) 

(d) Arrange the following in order of their: 
(i) increasing basicity: . 

H2 0.OH- ,CH30H,CB30:-

/' 

(Ii) incr~ing reactivity in nucleophilic substitution 
. reaction: CH3F, CH3~ CH3Br, CH3Cl. . 

. '(iii) increasin,g jlrder ofeJ\.pect~ enoL content: 
CH3COCHzC~0, CH3COCH3, CH3CHO, 
CH3COPI2COCH3' . . 

(iv) decreasing order OfS,V2 reactivity: 

RCHiX,R2CHX,R3CX, MeX . 
(v) decreasing order of SNi rel!,Cti~ity: . 

(i) 2-bromopentarie (A), I-bromopentane '(B), 
2-bromo-2-methylbutane (C).. .... 

(ii) I-bromo-3-methylbutane(A),2-bromo~2".mef
hylbutane (B), 2-bromo-3-methylbutane (C) .. 

.; .., . 



" (vi) decreasing order of SN2 reactivity: 

, I-bromobutane (A), I-bromo-2,2-dimethyl
propane (D), l-bromo-2-methylbutane (C), 
1:.bromo-3-methylblltane (D). ' 

. (vii) decreasing order of SN2 reactivity in 
, alkoxide nucleophiles: 

Me2CHO, Me 3 CO, MeCH2 0, MeO 

(e) Arrange the following as stated: 
(i) increasing order of acid strength: 

CICH2COOH, CH3'CH2COOH, CICH2CH2COOH, 
(CH3 )2 CHtOOH, CH3 COOH 

(ii) increasing order of acidity: HeIO,HCI02 , HCI03 , 

HCI04 : '. (lIT 2001) 
(iii) increasing strength ofH-bonding (X --;-H-X): 

0, S, F~ CI, N 
9. Answer the following: 

(a) How many types of fission are pOss$le of a covalent 
bond? 

(b) H.ow many types of ions are formed by 'heterolytic 
fission and what are tlieir names? "~' 

(c) What are the ~ames and nature of the parts formed by 
homolytic ,fission? 

(d) H!lwmany electrons are present in the valence shell of 
the carbon atom of the carbonium ion? , 

(e) How many electrons are present in the valence,shell of 
the carbon atom of the carbanion ion? 

(f) Name the attacking reagents and give their nafure. ' 
(g) Write'. the names of the parts' obtaineq when C~ CI 

bond of ethyl chloride undergoes heterolytic fission. 
(h) What is the major factor that iflfluences the relative 

stabilities of carbocations, carbanions and free radi-
cals. '. 

Defme the following with suitable examples: 
(a) Substi1:tlt\on reactions . (b) Addition reactions 
(c) . Elimination reactions '(d) Markownikoff's rule 
~e) HomolX!ic fission '(f) Heterolytic fission 
(g) Anti-Markownikoff's rule 
Write short n()tes on: . 

(i) Inductive effect (ii) Mesomeric effect 
(iii) Carbocatiol.l (iv) Carbanion 
(v) Free radicals (vi) Electrophiles 

(vii) Nucleophiles (viii) SNi and SN2 reactions 

(ix) Carbenes (x) Nitrenes 
(xi) Benzyne (xii) Hyperconjugation 

Discuss the mechanism of the following reactions: 
(a) Dehydration of alcohols to form alkenes. 
(b) Peroxide effect in alkenes. . 
(c) Addition of HBr in alkenes. 

.. (d) Dehydrohalogenation of alkyl halideS. 
( e) Addition of Br2 on ethylene. 

'(f) Hydrolysis of methyl chloride. 
(g) Hydrolysis of tertiary alkyl halides. 
(h) Halogenation of alkanes. ' 
(i) Nitration of benzene. 

] 3. Explain: ~ .. 
(i) Why trichloroacetic acid is stronger than acetic acid? 
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(ii) Why formic acid is stronger than butyric acid? 
(iii) Why alkyl amines are stronger bases than ammonia? 
(iv) Why benzyl carbocation is more stable than ethyl 

carbocation? 
(v) What is the effect of introduction of an alkyl group 

on the stability of the carbocation? 
(vi) Why allyl cation is more stable than ethyl cation? 

(vii) Why does tert.-butyl chloride react with sodium hydro
xide solution by SNI mechanism while n-butyl chlo-
ride react by SN2 mechanism? + 

(viii) In. acyliu.m ion, the structure R----C==O: is more 
+ 

stable than R-C=O. 

(ix) Why toluene reacts with bromine in presence of light 
gives benzyl bron;ride while in presence ofFeBr3' it 
gives p,-bromotoluene? . 

(x) Why aryl halides are less reactive than alkyl halides 
,towards nucleophilic reagents? 

(xi) . Draw the stereochemical structures of the products in 
, the following reaction: ' 

C2HS 

Br+H NaOH) 

CH
3 

SN2 

(xii) Predict the structure of the product in the following 

reaction: .sr 

H~Pb" Nal ) 

Acetone 
MeO--I-I~' -H 

Ph 

(xiii) Which CX 2 eX = F~ CI, Br, I} is the most stable sin
gletas compared to the corresponding triplet? 

(xiv) The formation of following products (a) and (b) in 
the given reaction: 

CH3CH=CHCH2CI+CN ~ 

CH3CH=CHCH2CN+CH3-CH--CH CH2 
. , (a) I' , 

" CN ' 

(b) 
(xv) The formation of HOCH2CH=CHCH3 from the 

hydrolysis of H2 C=CH~ CH ~CH3' , I 
CI 

Complete the following imd identify the type for the inter-
mediate species: 'H 

+ eat 
(a) CH3CH(OH)CH3 +H ~ ...... +HOH 

(b) CH3~C=C-H+Na+NH2 ~ ..... +Na++NH3 

(c) CH3CH2-N N~CH2CH3 Heat) ...... + N2 

(d) CH3 ~CH CH~CH3 + HI ~ ...... + r 
(e) CH3CHI2 + Zn ~ ...... + ZnI2 
(f) CH3CH2CI + AlCl 3 ~ ...... + AlCl 4 

1;). Complete the following and identify the type of displace
ment reactions: 

(a) (R~CH3CH(Br)CH2CH3 + MeO- ~ ... 
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· (b) (S)-CH3CH(Br)CH2CH3 +MeO- ~ .. . 

(c) (CH3 )3 c--'-Br + MeOH ~ .. . 

(d) . [Me3C-SMe2tcr +2MeOH ~ .. ~ 
A sulphonium salt 

CH3 

(S)-Br'---+-t--COEt+CN- ~ ... .. II 
H 0 

(e) 

(f) CH3CH2-O---CH2CI+C2HsOH ~ ... 
n 

(g) (U)-CH3CH2CH2+I+r ~ ... 
H 

CH3 
I 

(h) c--,- CH2G + OH- ~ ... 
I 
CH3 

(i) Me3C-Br+ HCOOH ----') ... 
16. Complete the following addition reactions through the 

intermediate formation of stable carbocation (A): 
CH3 

'. I HCI' Cl- , 
(1) CH3-CH-CH=CH2 ~ (A) ~(B) 

(V)'~~'(A) (B) 

H I cr 
4 H 5

K
' ' 

(vi) " -. ".~ (A)- (B) 

(vii) H2C=CH-CH=CH2 ~ (A) ~ (B} 
17. What are the various alkanes obtained due to insertion 

when 2-methyl butane reacts with singlet methylene 
(:CH2)? 

18. Suggest a possible mechanism for the formation of R-Li 
from R - X by equation only. 

ANSWERS 
I. (a) homolytic, heterolytic; (b) free radicals; (c) electronegativity; 

(d) tert.-butyl carbonium ion; (e) six; (t) eight; (g) nucleophiles; 
(h) electrophilic; (i) Sp3; (j) 1t; (k) Tert. > Sec. > Prim.; . 
(I) conjugated molecule; (m) weaker, +I (iliductive effect); 
(n) Markownikoff's rule; (0) free radical; (P) elimination; 

'(q) diamagnetic; (r) pyramidal; (s) SN2; (t) nucleophilic; 

· (u) CHz-:-NOz; (v) hyperconjugation; (w)permanent, temporary; 

· (x)'planar; (y) proton alkene; (z) less. . 
2. (a) True; (b) False; (c) False-.-produces -1 effect; (d) False--:is a 

temporary effect; (e) True; (t) False--electrophilic attack; (g) True; 
(h) False; (i) True; (j) True; (k) True; (I) False-due to +1 effect; 

, (m) True; (n) True; (0) True; (P) True; (q) False--electrically neutral; 
(r)False-.-Lewis bases; (s) True; (t)False-.-undergo SN1 mechanism; 
(u) False-undergo hydrolysis by SNZ mechanism; (v) True; (w) True; 
(x) False--CJIs group produces -1 effect while CH3 group produces 
+1 effect; (y) False-mesomeric effect is more powerful than inductive 
effect; (z) True, , 

3. (a-iii); (b -v); (c~vi); (d-ii); (e--:-i);(f-iv);'(g-vii). 
4(A)Electrophilic reagents: (a), (d), (g), (i), (k), (m), (0), (P), (r), (s). 

Nucleophilic reagents: (b), (c), (e), (t), (h), (j), (1), (n), (q), (t), (u). 
4(8) Lewis acids: (c), (d) 

Lewis bases: (a), (b), (e) 

• 5. (i) CH36\fbcH3 Homolysis ~ CHi> + 6CH3 

(iii) In .. 
/f'Br 

Free radicals 

(Homolysis, free radical intennediate) 
. 0-

Heterolysis ~ )C< 
CN 

Heterolysis 

Carbanion 

(Heterolysis, carbanion intennediate) 

A+Br-

Carbocation 
(Heterolysis, carbocation intermediate) 

(iv) ·O,+E+ Heterolysis ~E 

V+ 
CBrbocation 

(Heterolysis, Carbocation intermeiliate) 

6. (a) Onbocation, (b) Free radical, . (c) CaIbanion, (d) Free radical, 
(e) Carbanion, (f) Singlet carbene, (g) Nitrene, (h) CaJ:bene. 

7. (a) Addition, (b) Elimination, (c) Substitution, (d) Addition, 
(e) Rearrangement, (t) Allylic bromination, (g) a-elimination, 
(h) f:l-elimination, . (i) y-elimination, (t) Rearrangement, (k) Dis- . 
placement (substitution), (I) Decomposition, (m) Displacement 
(SUbstitution), (n) Addition. + + + 

8. (a) (CH3)3 C > CH3CH2CHCH3 > CH3CH;zCH2CHz 
+ + + 

, > CH3CHzCH2 > CH3CH2 > CH3 

(b) CCh > CJisCHz > CH3 > (CH3)2CH ;. (CH3)3 C 
(c) (i) (Ct;HS)3C > CJIs CH; > (CH3)3 C > CH3 CH2 > CH3 

(ii) II > I > 1lI 
(iii) IV > III > II > I 

(d) (i) HzO < CH30H < OW < CH30-

(ii) CH3F < CH3CI < CH3Br < CH31 
(iii) CH3CHO < CH3COCH3 < CH3COCHzCHO 

< CH3COCHzCOCH3 
(iv) MeX > RCH1X >. R2CHX > R3CX, 
(v) (i) C 00) > A (20) > B (10) 

(ii) BOO) >C (2°) > A 00) 
(vi) A(n-) > D(iso-) > C(sec.-) > B(tert.-) 

(vii) MeG> MeCH20 > MezCHO > MCjCO 

(e) (i) (CH3hCHCOOH < CH3CH2COOH 
< CH3COOH < CICH2CH2COOH < CICH1COOH 

(ii) HCIO < HCIOz < HCI03 < HCl04 " 
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(iii) S < CI < N < 0 < F 
9. (a) Two; homolytic and heterolytic. 

(b) Two; carbonium and carbanion. 
(c) Parts are free radicals. These are electrically neutral. 
(d) Six electrons. 
(e) Eight electrons. . 
(f) Electrophilic reagents-Positively charged ions or neutral mol

ecules which have aiImity for electrons. 
Nucleophilic reagents-Negatively charged ions or neutral 
molecules which have the tendency to lose an electron pair. 

+ 
(g) CHlCH2-C1 ----+ CHlCH2 + CI 

Ethyl chloride Ethyl carbocation Chloride ion 
(h) Any diminution of + or - charge or of electron deficiency on 

the carbon stabilizes the intermediate. 
13. (i) Due to -1 effect of chlorine. 

(ii) Alkyl group has a +1 effect. Hence, butyric acid gives If'" with 
difficulty and therefore, weaker than formic acid. 

(iii) Alkyl groups increase electron density on nitrogen due to +1 effect. 
and thus, the electron pair donating capacity of nitrogen increases. \ 

(iv) Benzyl carbocation is more stable due to the presence of resonance. 

CH~_ 6-0-6: 
(v) Alkyl group is electron releasing group (+1 effect). It partially 

neutralises the positive charge on carbon and thus, increases the 
stability of carbocation. 

(vi) Allyl carbocation is more stable due to the presence of resonance. 
. + + 

H2C=CH-CH2 ~ CH2-CH=CH2 
(vii) Tert. butyl chloride ~eacts by S,vl mechanism because it forms 

stable carbocation. "..Butyl chloride reacts by SN2 mechanism 
as the reaction is non~ionic. Transition state is formed in which 
both OH and Cl are partially bonded to the halide carbon. 

+ 
(viii) In R-C=aO:, the octet of every atom is complete while in 

+ 
R-C=O, the carbon has only 6 electrons. 

(ix) Side chain bromination of "toluene to give benzyl bromide is 
favoured under photo-chemical irradiation arid involves a free 
radical mechanism. 
While in presence of FeBrl. electrophilic substitution in the 
benzene ring occurs and it forms p-bromo toluene. 

(x) Aryl halides are less reactive and more stable than alkyl halideS 
due to . 
(Ii,). Resonance: In aryl halides, thedelocalization of electron 
pair occurs (see section 16.10) and gives a partial double bond 
cha:nicter to C- x bond making it stronger than C- X bond 
in alkyl halides. 
(b) Difference in hybridization of carbon: In alkyl halides, 
the C-X bond is sl-hybridized while in aryl halides it is 

sY-hybridized. Therefore, the C-X bond length in aryl 
halides. is shorter than"alkyl halides. 

(xi) In S,; reactions, the substitution occurs with stereochemical 
. inversion. Hence, the reaction is: 

C2HS 

+uN::U, 
CHl 

(xii) 
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Br is replaced by I following SN2 mechanism. There will be 
Walden inversion at the place of replacement. 

~±~ ~'M:±: 
Ph Ph 

(xiii) : CF2• Since, F and C are in the same period of the periodic 
table, their p AO's are about the same size permitting more 
efficient overlap. Furthermore, of the X-C bonds, the F-C 
bond length is the shortest. 

(xiv) Formation of product (a) .1S"obtained from the expected SN2 
reaction at C I. However, cN- can also bond to Cl with the 
nucleophile 11: i's, displacing Cl- as theallylic rearrangement 
occurs. 

.-~.,~ .0· 
N=aC. CHl-CH=CH-CH2-CI ----+ 

CHl--yH-CH =CH2 + CI"-

CN 
(b) 

This is called SN2-prime mechanism. 

(xv) (H2C=CH-&H--CHl ~ H2CI-CH=CHCH3) 

The uitermediate R+ can react with H20 at either CI or d each 

of which has 8+ charge. Reaction at Cl (2°) has more 8+ and 

forms HOCH2CH=CHCH3• 
+ 

14. (a) (CH3hCH,acarbocation;, (b) CH3-C. C:,acarbanion; 
• 

(c) CHlCH2, a free radical; 
+ . . 

(d) CH3-CH-CH2-CH3, a carbocation; 
•• 

(e) CH3CH, acarbene (singlet); 
+ 

(f)CH)-CH2• a carbocation. 
15. (a) (S~CH3CH(OMe)CHiCHl (SN2 invert configuration) 

(b) (R~CH3CH(OMe)CH2Cfl3 (S,v2 invert configuration) 
(c) (CH3)3C--0Me, an ether (SNI reaction) 
(d) MC:300Me + Me:zS + MeOH (SNI reaction, methanoiysis) 

(e) (R~EtOT-.J-·l"'N' (SN2 invert co~gUration) 

Q JI 
(f) CH3CH2-0-CH2OC2Hs (SNI reaction, ethanolysis) 

(g) (S~I+CH2CH2CH3 (SN2 invert configuration) 
H 

CH) .. 

(h) CH3-b-CH2CH3 (SNI reaction, methyl shif\) 
I 
OH· 

.. 

.. 
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. . '.' f3 ~1I3 

(ii) (A) CH3-C+-'-~H-CH3; (8) CH3-~-~HCH3 

CH3 CI CH3 

CH3 CH I I 3 

(iii) (A) CH3-C!....fH-CH3; (8) CH3-'~-fHCH3 

·CJIs CI C~ 

(iv) (A) \t- (8) r CI 
I 

(v) (A) ~ (8) ~ 
Y;H5 h C.H'h (vi) (A) +, (8) CI 

. . 

+ 
(vii) (A) CH3HC=CHCH2; (8) CH3HC":"'CHCH2Br 

(Major) 
17. ' Singlet methylene can be inserted into all C-H bonds of2-methyl 

butane with equal ease .. 

• 

CH I 3 

CH3--CH-~H-CH3 + 

H' 

CH3 
I 

... 235:; . 

CH3 . 

I 
CH3CH2CHCHiCH3' 

3-Methylpentalie 
(Insertion on primary carbon) 

CHl 
I 

CHl--CH-r-CHl 

CH3 

2,3-Dimethylbutane 
(Insertion on secondary carbon) 

. CH 
I l 

CH3'-;"~-CH2--CH3 + : CH2 ~ CH34-CH2CH3 

H 

18 R L' _H_o_m_o..::,lY,_sis-+, R" + Ll'" • - 1 , 

(i) R-X:+Li" ~ 

CH3 
2,2-Dimethylbutane 

(lnsertion on 
tertiary carbon) 

[R-X:t + Li+ 
A radical anion 

(ii) [R-X:r ~ R· + X:-

(iii) R· + Li· ~ R: Li 

Complete equation is RX + 2Li ~ R - Li + Li+ X-
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'i'l~ OBJECTIVE' OUESTIONS ' 
SET I: This set contains questions with single correct answer. 

1. Inductive effect refers to: 
(a) electron displacement along a carbon chain, 0 
(b) complete transfer of one of the shared pair of electrons 

to one of the atoms joined by a double bond 0 
(c) , complete transfer of electrons hitherto unshared 0 
(d) none of the above 0 

2. +1 effect is shown by: ' (MGIMS (Wardba) 2008] 

(a) -N02 D (b) -CI 0 

(c) -Br D (d) -CH3 0 

3. Polarisation of electrons in acrolein may be written as: ' 
0+ 0-

(a) H2C=CH-CH=0 D 
0+ 0-

(b) HiC , CH-CH=O D 
0- 0+ 

(c) H2C=CH-CH=0 D 
0- g+ 

(d) H2C=CH-CH =0 D 
4. Choose the weakest acid among the following : 

(PET (Kerala) 20101 

D (b) FCH2COOH D 
(c) CH3COOH D 

(e) (CH3 )2CHCOOH D 
(d) CH3CH2COOH D 

5. Among the following which one is most basic? 

(a) NH3 D , (b) CH3NH2 D 

6. Most acidic compound is: 
(a) CH3COOH D 

(c) 02NC6H4C02H D 

(b) C6HsCOOH 

(d) C6HsOH 

7. Maximum -1 effect is exerted by the group: 

D 

D 
D 

(a) C6Hs- D (b) -OCH3 D , . 

(c) CI D (d) N02 D 
8. Zero inductive effect is exerted by: 

(a) C6Hs- D (b) H D 

(c) CH3 D (d) CI D 
9. Electromeric effect: 

(a) comes into play at the demand of-attacking reagent D 
(b) involves displacement of electrons in a sigma bond D 
(c) comes into play in the molecule when at least one atom 

has'unshared pair of electrons D 
(d) involves the distortion of the electron cloud D 

10. The reaction intermediate produce by homolytic cleavage 
of bond is called: 

(CET (J&K) 2007; PMT (Kerala) 2010] 

(a) carbocations D (b) carbanions D 
(c) free radicals D (d) carbenes D 

n. Heterolytic fission of carbon-chlorine bond produces: 
(a) two free radicals D 
(b) two carbocations 0 
( c) two carbanions D 
(d) one cation and one anion D 

12. In CH3CH20H, the~ond that undergoes heterolytic cleav
age most readily is: 
(a) C-C 
(c) C-H 

D (b) C-O 
D' (d) O---H 

13. The most stable carbocation is: 

D 
o 

(a) methyl carbocation 0 
(b) primary carbocation 0 
(c) secondary carbocation' 0 
(d) tertiary carbocation D 

14. The most stable carbanion is: 
(a) methyl carbanion D 
(b) primary carbanion D 
(c) secondary carbanion 0 
(d) tertiary carbanion D 

15. Which of the following ions is most stable? 
+ 

(a) CH3 CH2 CH2 
+ 

D (b) CH3 CHCH2CH3 D 
+ 

(c) (CH3hC 
'+ 

D (d) (CH3 h CCH2 D 
16. A free radical is: 

(a) shortly lived species D (b) neutral in nature D 
(c) , paramagnetic D (d) all of these D 

17. Which one is the characteristic feature of a free nidical? ' 
, , 

(a) Presence of negative or positive charge D 
(b) Presence of unpaired electron D 
(c) Presence of even number of electrons D 
(d) Associated with high stability D 

18. The number of electrons, present in the valence shell of 
+ 

, carbon of CH3CH2 ion bearing +ve charge, is: 
(a) 8 D (b) 7 
(c) 6 D (d) 4 

D 
D 

19. The number of electrons, present in the valence shell of 
carbon of carbanion bearing -ve charge, is: 
008 D'~7 D 
(c) 6 D (d) 4 D· 

20. Dehydration of alcohol involves: 
(a) free radical ' D (b) carbocation 0 
(c) carbanion D (d) carbene 0 

21. The compound which gives the most stable carbocation on 
dehydration is: 

(a) CH3-CH-CH20H 0 
I 
CH3 

CH3 

I 
(b) CH3-f-OH 0 

CH3 

.. 
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(c) CH3CH2CHzCH20H 0 

(d) CH3-F-CH2-CH3 0 

OH 

22., Which one of the following is a free radical? 
(a) H+ 0 (b) ,H- 0 
(c) HO ' (d) Hz '0 

23. The shape of[CH3 t is: 

(a) triangular planar 0 (b) square planar 0 
(c) tetrahedral 0 (d) none of these ' 0 

24. Which of the following statements is wrong? ' 
(a) A tertiary free radical is more stable thatl a secondary , 

free radical 0 
(b) A secondary free radical is more stable, than a primary 

, free radical' , 0 
(c) A tertiary carbocation is more stable, than a secoQdary 

carbocation 0 -
(d) A primary carbocation is more stable than' a secondary 

carbocation ' 0 
25. Most stable carbocation is: 

o o 
+ 

(c) CH2CH2Cl 0 (d) CH2-CH2N02 0 
26. Most stable carbocation is: 

+ 
CH2 

(a
l © .. 

CI 

o 

o 

+ 
. CH2 ' 

(b)© 

N02 

+ 
, CH2 

(d) © 
27. The shape of car bani on, [CH3r is: 

o 

o 

(a) linear 0 (b) pyramidal 0 
(c) planar ,0 (d) tetrahedral 0 

28. In carbocation, the carbon atom bearing the pOsitive charge 
is: 
(a) sp3 ~hybridized 

(c) dsp2~hybridized 

o ' (b) s~hybridized ' 

o (d) sp2~hybridized 
29. An electrophilic reagent is: 

(a) electron~rich species 
(b) electron~deficient species 
(c) a Lewis base 
(dt negatively charged species 

30. A nucleophile is: 
(a) electron~rich species 
(b) electron-deficient' species 
(c) a Lewis acid 
(d) positively charged species 

31. Which of the following is an electrophilic reagent? 
(a) HzO 0 (b) OH-

(c) NO; 0 , (d) none 

o 
o 

o 
o 
o 

'0 

o 
o 
o 
o 

o 
o 
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32. Which of the following is not an electrophile? 
(a) AlBr3 ' 0 (b) BF3 

(c) SnCl4 0 (d) NH3 
o 
o 

33. Alkenes readily undergo: 
(a) . substitution reactions 
(b) addition reactions , 

o 
o 
O' 
o 

(c) elimination reactions 
(d) rearrangement reactions 

34. The following reaction is: , 

CzHsBr+KOH ~ CzHsOH+KBr: 
(a) electrophilic, substitution 
(b) t(linlination ' 
(c) nucleophilic substitution 
(d) addition 

o 
o 
o 
o 

35. The following l;eaction js an example of: 

o 
. ',- 11-

'VC~H +HCN~ 
, OH 

N~ V'" 
[JEE (Orissa) 2007) 

(a) nucleophilic substitution 0 
(b) electrophilic substitution 0 
(c) electrophilic addition 0 
(d) nucleophilic addition 0 

36. Tbe reaction between ethylene and bromine.isan example 
of: 
(a) electrophilicaddition 0 
(b) electrophilic substitution ·0 
(c ) nucleophilic addition . 0 
(d) nucleOphilic substitution 0 

37. In the nitration of benzene with a mixture of conc. HN03 
and conc. HZS04 , the active species involved is: 
(a) nitrite ion 0 (b) nitrate ion 0 
(c) nitronium ion 0' (d) nitrogen dioxide 0 

38. Nitration of benzene is: ' ' 
(a) nucleophilic SUbstitution 0 
(b) nucleophilic addition 0 
( c) electrophilic substitution 0 
(d) free radical substitution 0 

39. ' Consider the following structures 

40. 

+ + 
H2C>=CIi, CH3 -CH2 , 

I II 

The correct sequence 'of these carbocations in the decreas
ing order of their stability is : 
(a) I, II, TIl, IV 0 (b) rv,TII, II, I 0 
(c) IV, II, TIl, I 0 (d)I, TIl, II, IV 0 
Addition of HI on the double' bond of propene yields 
isopropyl iodide and notn-propyl iodide'as the major prod
uct. This is because the addition proceeds through: 
(a) a morestable carbonium ion 0 
(b) a more stable carbanion ion 0 
(c) a more stable free radical 0 
(d) none of the above is a correct statement 0 



41. Which of the following alkyl hali~es is hydrolysed by SN1 

mechanism? 
(a) CH3Cl 0 (b) CH3CH2Cl 0 
(c) CH3CH2CH2Cl 0 (d) (CH3 )3 CCI 0 

42. Which of the following statements does not apply to free 
radical chain reaction? 
(a) It may be initiated by ultraviolet rays '. 0 
(b) One mole of product is obtained for each mole of free 

radical produced in the initiation step '0 
(c) It is not affected by changes in polarity of solvents 0 
(d) It is inhibited by the presence of certain reagents 0 

43. Which is dehydrated to a maximum extent using conc. 
H2S04? 

JvOH 

(a) V 

(c) 9 
OH 

o (b) 

o (d) 

o 

. JvCH, 

U OH 

o 

44. Which one of the following statements is wrong about SN2 

. reaction? 
( a) The rate of reaction is independent of the concentration 

of nucleophile 0 
(b) Nucleophile attacks the carbon from the side opposite 

'to where the leaving group is attached 0 
(c) Only in one step the bond formation and bond breaking 

takes place 0 
(d) The rate of reaction oc [substrate] [nucleophile] 0 

45. Markownikoff's rule is applicable to which of the follow
.ins reactions? 
(a) ~H4 + HBr 0 (b) C3H6 + Cl2 0 
(c) C3H6 + HBr 0 (d) C3H6 + Br2 ' 0 

46. The addition of HBr to propylene takes place opposite to 
Markownikoff's rule in presence of: 
(a) sunlight 0 (b) hydrogen peroxide O' 
(c) platinum catalyst 0 (d) none of these 0 

. 47. Anti-Markownikoff's addition is not observed in: 
. (a) propene 0 (b) I-butene 
(c) 2-pentene 0 (d) 2-butene 

48. Ammonia is iso-structural with: 
(a) carbanion 0 (bj free radical 
( c) carbocation 0 (d) carbene 

49. Which of the following statements is correct? 
+ 

o 
o 
o 
o 

(a) Allyl carbocation (H2C=CH--CH2) is more stable 
than propyl carbocation [J 

(b) Propyl carbocation is more stable than allyl carbocation 

(c) Both are equally stable 
(d) None of the above 

o 
o 
[J 
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SO. Which of the following statements is correct about a car
bocation? 
(a) It reacts with nucleophile 0 
(b) It can undergo rearrangement 0 
(c) It can eliminate an H+ to fomi an olefin , 0 
(d) All are correct 0 

51. SNi mechanism for the hydrolysis of an alkyl halide involves 
the formation of intermediate: 
(a) free radical 0 (b) carbocation 0 
(c) carbanion 0 (d) none of these 0 

+ 
52. Stability of CH2 -CH CH2 can be explained by: 

, (a) inductive effect 0 (b) electromeric effect 0 
(c) resonance 0 (d) polar effect 0 

53. Nucleophilic part of the. reagent attacks the substrate 
CH3CH2COCH3 on the: 
(a) carbon atom of carbonyl group 0 
(b) oxygen atom of carbonyl group 0 
( c) methyl group 0 
(d) CH2 group . 0 

54. Elimination reaction generally occurs with, the formation 
of: 
(a) one sigma bond 0 
(b) one pi bond 0 
(c) one sigma and one pi bond 0 
(d) none of the above 0 

55. Which of the following orders is correct for the ease of 
electrophile addition on these alkenes? 

(((XC( 
I II III 

(a) III> II > I 0 (b) I > II > III 0 
(c) I > III > II 0 (d) III > I > II 0 

56. Hyperconjugation is most useful for stabilizing which of 
the following carbocations? (PET (Kerala) 2010) 
(a) neo-Pentyl 0 (b) tert.-Butyl 0 
(c) iso-Propyl 0 (d) Ethyl 0 
(e) Methyl . 0 

57. Which of the following explanations accounts for o-nitro 
phenol to be more volatile than p-nitro phenol? 
(a) Intermolecular hydrogen bonding 0 
(b) Resonance 0 
(c) Intramolecular hydrogen bonding 0 

. (d) Inductive effect 0 
58. The peroxide effect in anti-Markownikoff's addition 

involves: 
(a) ionic mechanism 0 
(b) free radical mechanism 0 
(c) heterolytic fission of double bond 0 
(d) homolytic fission of double bond . 0 

59. What is, the decr(asing order of strength of the bases, 
OH- (I), NHi (II), H-C==C- (IlI),:CH3CHz (IV)? 

(a) N > II > III >, I 0 
(b) III > N > II > I 0 
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(c) 1 > II > III > IV 0 
(d) II > III > 1 > IV 0 

60. Ammge the following compounds in order of increasing 
dipole moment, 
Toluene (I), m-dichlorobenzene (II), o-dichlorobenzene 
(III), p-dichlorobenzene (IV): 
(a) 1 < IV < II < III 0 
(b) IV < I < II < III 0 
(c) IV < 1 < III < II 0 
(d) IV <II < I < III 0 

61. Which is the decreasing order of acidity in the following 
compounds? 
CH3CH20H(I) CF3CH20H(II) 
CCI3-CH20H(III) (N°2)3 C-CH20H(IV) 
(a) I> U> III> IV 0 (b) II> I> III > IV 0 
(c) IV> II > I > III 0 (d) IV> II > III > I 0 

62. The stability of the following carbocation decreases in the 
order: -

0,6,00 
II 'III IV 

(a) IV> III > II > I 0 (b) IV> II > III > I 0 
(c) IV> II > 1 > III 0 (d) IV > I > II > III 0 

63. Order of base strength of the compounds : ° ' 1f7" 0-

~o- ~CHi NHi ~ 
(1) (II) (III) (IV) 

[AMU (Eng.) 201Q) 
(a) IV>II>I>III 0 (b) III>II>IV>I 0 
(c) II> III > IV > I 0 (d) II> III > I > IV 0 

64. Carbocation is a, reaction intermediate in which of the 
following reactions? 
(a) E1 reactions 0 
(b) Electrophilic addition reactions of alkenes and alkynes 

o 
(c) S N I reactions 0 
(d) All of the above 0 

65. Methyl chloride reacts with the solution of NaOH by the 
mechanism: 
(a) SN1 
(c) SEI 

66. SN I re8.(!tion is favoured by: , 

o 
o 

(a) bulky groups on the carbon atom attached to halogen 
atom ' 0 

(b) small groups on the carbon atom attached to halogen 
atom, ,0 

(c) non~polar solvents 0 
(d) none of the above 0 

67. Halogenation () r an alkane takes place through the interme
diate: 
(a) carbocation 0 (b) carbanion 0 
(c) carbon free ra,dical 0 (d) carbene 0 

68. Heterolytic fission of a covalent bond can form: 
( a) free radical 0 
(b) both carbocation and carbanion ,0 
(c) only carbocation 0 
(d) only carbanion 0 

69. Reimer~ Tiemann reaction of phenol with chloroform and 
aqueous alkali takes place through the intermediate forma
pon of: 
(a) carbocations ,0 (b) carbanions. 0 
(c) carbon radicals 0 (d)carbeneS 0 

70. The reaction intermediate carbenes are produced from: 
(a) diazo methane '0 (b) ketene 0 
(c) CHCI3;C2HsONa 0 (d) all of these [J 

71. Markownikoff'saddition product lies in the formation of 
intermediate stable: 
(a) carbocation 0 (b) carbanion 0 
(c) carbon radical 0 (d) unsaturation 0 

72. Peroxide effect of addition of HBr to alkenes occurs 
through a stable: 
(a) carbocation 0 (b) carbanion 0 
(c) carbon radical 0 (d) carbene 0 

13. In addition reactions of alkenes, the Markownikoff's rule 
follow: 
(a) ionic mechanism 0 
(b)' radical mechanism 0 
(c) substitution mechanism 0 
(d) rearrangement mechanism 0 

74~ Addition ofHBr to propene in presence of peroxide (anti
Markownikoff's addition) occurs when: 
(11) Br + frrstadds to propene 0 
(b) Br - first adds to propene 0 
(c) H+ frrst adds to propepe 0 
(d) Br first adds to propene 0 

75. Removal of hydride ion from CH4 molecule will give: 
(a) methyl radical 0 (b) methyl group 0 

,(c) methyl carbanion 0 (d) methyl carbocation 0 
76. In a Friedel-Crafts reaction, the electrophile is: 

(a) CI":' or X - 0 (b) CH3+ or CH3CO+ 0 
(c) CH3CI 0 (d) CH3COCI 0 

77. Arrange the following carbanions in decreasing order of 
stab.ility: 
HC==C(I), . H3C--C==C(II), 
H2C CH(I1I) , H3C-CH2(IV) 
(a) IV>III>I>U 0 (b) II>I>III>IV 0 
(c) IV> III > II> I 0 (d) I> II> III > IV 0 

78. Arrange the foUowing carbocations in decreasing order of 
stability: 

(a) I > II > III > IV 
(c) II> IV> III > I 

CH3> + " N-CH2 (II) 
CH3 

+ . 
CHl -y-CH3 (IV) 

CH3 

o (b) IV> III > 1 > II 
o . (d) IV> III ;> II > I 

o 
o 
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79. Which behaves both as a nucleophiIe and electrophile? 
(a) CH3NH2 0 (b) CH30H 0 
(c) CH3CN 0, (d) CH3CI 0 

80. Consider the following bromides : 

Me~Br ~Me Me~Me 
Br Br 

(I) (II) (III) 

The correct order of S N I reactivity is : [AIEEE 20U)) 
(a) I> II > III 0 (b) II> III > I 0 
(c) II >1> In 0 ,(d) III> II> I 0 

81. In the, following compounds, the order of basicity is : 

0 ,0", O'~ 
N ';;:"'N N 
I I' 
H H 

o N 
I 
H 

I II III IV 

(a) I> N > II > III ,0 ,(b) II> I > N> III 0 
(c) III> I >IV:> II 0 (d) N> I> III > II 0 

82. Which one is the correct order of decreasing stability of 
carbanions? ' , 
(a) P>S>T >C6HsCH2 0 
(b) C6HsCH2 >P>S>T ' 0 
(c) T>S>P>C6HsCH2 ' 0 
(d) C6HsCH2 >T>S>P ,0 

83. The stability order in the following cai:bocattons, 
+ 

CH3CH; (I), (CH3 h CH(lI), (CH3 h C+ (III) and 
+ ' 

CH3 (IV) is: , [CBSE (Meet.) 2005; JIPMER 2007) 
(a) I> N > III > II' 0 (b) I> II > III > N 0 
(c) III>IV>I>U 0 (d)III>II>I>N 0 

84. WhIch one of the following carbocations is' most stable? 
+ +' 

(a) C6HS-:CH-C6Hs 0 (b) CH3-CH-CH3 0 
+ 

(c) H2C=9H-CH2 0 
+ 

(d) H2C=CH:-CH-CH3 ,0 
85.' Which is the weakest base of the following whose pK b val-

ues are? ' 
'(a) 4.75 0 (b) 3.23 0 
(c) 3.12 0 (d) 3.07, 0 

86. Which, is the decreasing order of acidity in, 
HCOOH (I), , CH3 CooH (II), CH3 CH2 CooH (III) and 
C6HS COOH (IV) ? 
(a) I> II > III > N 0 (b) N> III > II >1 0 
(c) IV> I > II> III 0 (d) I> N > IT > III 0 

87. Which one of the following is the weakest base? 
(a) (C2HshN 0 ' (b) (C2Hs)2NHO 

(c) C2HSNH2 0 (d) NH3 0 
88. Which is the strongest acid of the following whose pK a 

values are? 
,(a) 15.88 0 (b) 9.95 0 
(c) 7.70 0 (d) 3.77 0 
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89. Which one of the following compounds is most acidic? 
(a) Phenol 0 (b) Tricbloroaceu»dehyde 0 
( c) Trichloroacetic acid 0 (d) Benzoic acid 0 

90. Arrange basicity of the following compounds in decreasing 
order: 
CH3 CH2NH2 (I), H2C=CH-NH2 (II), 
HC==:C-NH2 (III) , C6HSNH2 (IV) 
(a) I> II > III> N 0 (b) IV> III > II> I 0 
(c) III> IT> I > N 0 (d) I > III > II> N '0 

91. Which of the following compounds does not contain acidic 
hydrogen? 
(a) Phenol 0 (b) Methylamine 0 
(c) Acetic acid 0 (d) Methyl alcohol 0 

92. Which of the following compounds is not a Lewis acid? 
(a) BF3 0 (b) SnCl4 ' 0 
(c) R-OR 0 (d) R-MgX 0 

93. Which of the following contains three pairs of electron? 
(a) Carbocation 0 (b) Carbanion 0 
(c) Free radical 0 (d) None of these 0 

94. In the following compounds phenol (I), 'p-cresol (II), 
m-nitrophenol (III) and p-nitrophenol (IV), the order of 
acidity is: 
(a) III > N > I > II 0 (b) I> N> ill> II 0 
(c) II> I > III > N 0 (d) N> III > I > II 0 

·95. In the following compounds piperidine (I), pyridine (II), , 
morpho line (III) and pyrrole (IV), the order of basicity is: 
(a) N> I:> III >·11 0 (b) III> I > N > II ' 0 
(c) II > I > III > IV 0 (d) I> III > II> IV 0 

96. The kind of delocalization involving sigma bond orbitals is 
called: , 
(a) hybridization 0 (b) conjugation 0 
(c)hyperconjugation 0 (d) conformation 0 

97. Hyperconjugation phenomenon is possible in: 
(a) H2 C=CH2 0 
(b) CH3 CH2 -CH-CH2 0 
(c) C6HsCH CH2 0 
(d) (CH3)3C-CH-CH2 0 

98. In the following compounds, anisole (I), benzene (II) and . 
nitrobenzene (III), the ease of reaction with electrophiles is: 
(a) II> III > I 0 (b) III> II > I 0 
(c) II> I> III 0 (d) I> II > III 0 

99. Among the given compounds, the most susceptible to 
nucleophilic attack at the carbonyl group is: 
(a) MeCOCI 0 (b) MeCHO 0 
(c) MeCOOMe 0 ,(d) MeCOOCOMe 0 

100. Among the following compounds, the strongest acid is: 
(a) HC-CH 0 (b) C6H6 0 
(c) C2H6 0 (d) CH30H 0 

101. The order of reactivity of following alcohols, towards conc. 
HClis: 

~CH3 F~CH3 ~CH3 /"-... 
Ph OH F OH 

OH Oll 
(i) (ii) (iii) (iv) 
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(a) I> II > III> IV 0 (b) I> III > II > IV 0 
(c) IV> III> II > I O· (d) IV> III > I > II 0 

102. When phenol is reacted with CHCl3 and NaOH followed 
by acidification, salicylaldehyde is obtained. Which of the 
following species are involved in the above' mentioned 
reaction as intermediates? 

o 

(a)OgcI' 

(c) &0 ~CI 
# I· 

. OH 

OH 

o (b) ~CHCI' U 
0-' 

o (d) CrCHCI, 

o 

o 

103. In the reaction ofphen()l with CHCl3 and aqueous NaOH at 
7<1', the electrophile attackiIig the ring is: 
(a) CHCl 3 0 (b)CHCI2 0 
(c) : CCl 2 0 (d) COCl2 0 

104. A solution of (+ )-2-chloro-2-phenyl ethane in toluene 
racemises slowly in the presence of small amount of SbCIs , 
due to the formation of: 

. (a) carbaniob O· (b) carbene 0 
(c) free radical 0 (d) carbocation 0 

105. The most unlikely representation of resonance st.(uctures of 
p-nitrophenoxide ion is: 

'-O,~/O -o,~/O-

(a) ¢ 0 (b) Q 
0- o' 

o 

o,~/O' ~~i~VO 

(c) 9 0 (d) -9 
0 

o 

106. Which one of the given will most readily be dehydrated in 
acidic condition?' (lIT (S) 10001 

(a).U o (b) L o 

o 0 
(c)~ 0 (d)~ o 

". OH .OH 
l07. Which of the following has the. highest nudeophilicity? 

.:;.. (a) F

(c) CH3 
o (b) OH-

o (d) NHz 

(liT (S) 20001 

o 
o 

.. 241. 

108. Among th~ following; the strongest b~e is: . '. 
'. ..'.' '." ';. >', :"".~: "."V _~l8OOJ 

(a) C 6H5,NH2 0 (b) p-N02 -C6H4NH2 0 
(c) m-N02-C6H4NH2 D (d)C6H~'CH2NH2 0 

. 1M. The order of reactivities of th!(, following alkyll1alides for a 
SN2 reactionk . . '. ", (lIT (S) loo&J 

(a) RF>RCI>RBr>RI , 0 
(b) RF~RBr>RGt>RI 0 
(c) 'RCl>:RBr>RF>,RI 0 

. (d) RI>R,Br>RCl>RF , 0 
118. Which of the following has the most acidic. hydrogen? 

, '". .' >'fllT (8) 20001 

(a) 3-He){anone 0 (b) 2,4-Hexanediotie 0 
. (c) 2,S-Hexanedione'G1 . (d) 2,3-Hexanedione 0 
111. Which ofllie following'aikenes will'react fastest with H2 

under catalytic hydrogenation c()nditions? (lIT (S) 2000) 

R . R R H 

(a)' ~. - 0 (b) V. 
':F\ ' r\ 

o 

H . H R ".H 

R R • R R 

(0) X' 0 (d) )=(- o 
R H R R 

112. The set with ~orrect order of acidity is: . 
. . lOT (S) 2101; CB8E(Med.) lOOS] 

(a) HCIO<HCI02 <HCI03 <HCI04 . 0 
, (b) HCI04 <HCI03 <HCI02 <HCIO 0 

(c) HCIO<HCI04 < HCI03 < HCI02 0 
(d) HCI04 <HCI02 <HCI03 <HCIO 0 

113. Hydrogenation of the following compound in the presence 
. . ofpoisoqed,palladium catalyst gives: [tIT (S) 2GBI) 

:. ~'Me'H Me 
',# H 

p. 
Me H .. 

(a) optically active compound· 
(b) an optically inactive compound 
(c) a racenilcmixture . 
(d) a distereomeric;: mixture 

114. Consider the following carbocations: 

The correct sequence of the stability of these is: 

o 
o 
o 
o 

. '. [S~RA 2001.) 
(a) U<I<III<IV o.-s~tLt:<I;;iv 0 

(c) III<I<II<:IV ·0' (d) IV<III<I<I1' 0 
" 



115. -: CH2-C-CH3 and H, 2C=C,-CH3 are: 
'II ,0: :0:-... .. 

[CBSE (Med.) 2002] 
(a) resonating structures 0' {b j tau.omers ' , 0 

, (c) geometrical isomers 0 (d) optical isomers 0 
116. The arrangement, of {CH3 h C-, (CH3)2 CH-, 

CH3 CH2 - when attached a benzene or an unsaturated 
group in increaSmg order of inductive effect is: 

[AIEEE 2002] 
" (a) (CH) ») C- < {CH3 )2 CH- < CH3CH2 - ' 0 

(b) Cij.3CH2-<{CH3)2CH-<{CH3)3C- ' 0 
(c) {CH3)2CH-«CH3hC-<CH3CH2- 0 

,(d) (CH3)3C-<CH3CH2-«CH3)2CH-0 
117 ~ Which of the follQwing statements regarding the resonance 

e~ergy of benzene is correct? [UP SEAT 2002] 
(a) The energy required to break the C-H bond in ' 

benzene ' , ' ' , 0 
, (b) The eneJ;gy required to break, the C-C bond in 

, benzene . , IJ 
(c) The energy is a measure of stability of benzene' 0 
(d) The energy requi«:d to convert . 0 

'01 ~ 0" ~ " . ~ 
" 

, 118. The reaction, 
, , ' HO, ' 
{CH3 )3 C-Br ~ (CH3 )3 C-OH is: (AlEEE 2002] 

',(a) elimination reaction ,0 
(b) substitution reaction 0 
(c) free radical reaction 0 
(d) displacement reaction 0 

119. An SN2 reaction at ail asymmetric carbon of a compound 
always gives: [IIT(S) 2001) 
(a) an enantiomer of the substrate 0 
(b) 'a prOduct with opposite optical rotation 0 

" (c) a mixture of diastereomers 0 
, (d) a single stereoisomer 0 

120. The correct order of basicities of the following compounds 
. ,is: [UT (S) 2001] 

'/NH ,,' , 
CH3-C.( " CHiCH2NH2' (CH3 hNH, 
. "NH2 , (2) (3) 

(1) 

o 
II car::-C-NU2 ; 

(4) 

(a) 2> 1 > 3 >4 O' (b) I >3> 2 > 40 
(c)3>1> 2 > 4 0 ' (d) 1> 2 > 3 > 4 0 

121. Which of the following is not a Lewis base? ' 
, , [Pl\1T (Delhi) 2002] 

(a) 'AlCI3 o (b) (CH3 hNH 0 
e. 

(c) C2HsQH o (d) C2HS-0-C2HS 0 
•• 

122. Which of the following is the' correct order of stability of 
free radicals? [PMT (Delhi) 2002) 
(a) benzyl> allyl> 3° > 2° ' 0 
(b) allyl> benzyl> 3° > 2° 0 
(c) allyl> 3° > 2° > benzyl 0 
(d) benzyl > 3° > 2° > allyl 0 

123. The correct order of increasing basicity of the given conju-
gated bases (R = CH3 ) is : (AIEEE 2010] 
(a) RCOO- <HO::=C <NJ12 <R- 0 
{b)RCOO~<HO=C-<R-<NJ12 0 

(c) R- <HO=C <RCOO- <NHi 0 
(d) RCOO~ <NJ12 <HO==C- <R- 0 

124. ' Which of the following is correct for stability of phenoxide 
ion? " (CPMT 2002] 
( a) Resonating structure of benzene ring IJ 
(b) Localization of n-electrons in phenoxide ion 0 
(c) Delocalization ofn-electrons in phenoxide ion, 1:1 
(d) All of the above 0 

125. In the anion HCOO'-, the two carbon-oxygen bonds are 
found to be equal length. What is the reason for it? 

[AIEEE 2003] 
(a) The 0=0 bond is weaker than the C-O bond 0 
,(b) The anion HCOO- has two resonating structures 0 
(c) The electronic orbitals of carbon atom are hybridized 

, 0 
(d) The anion is obtained by remo,val of a proton from the 

acid molecule 0 
126. Which of the following is a free radical substitution reac

tion? [CBSE (Med.) 2003] 
(a) CH3CHO+ HCN ~ CH3CH(0H)CN 0 

©CH2Cl ©' CH2N02 
(b) , + AgN02- 0 

(e) © + CH,C[ Anhy.AICI, • ©CH'D 

, © CH) Boiling ©', CH2CI 
(d) + Cl2 I 0 

, , , 

127. Which of the following statements are correct forcarbenes? 

(a) ,Hybridisation of carbon in Cu2 may be sp2 as well as 

sp 
, [J 

(b) sp-hybrid carbene is triplet carbene [J 

(c) Cel2 always exist in singlet form [J 

(d) All are correct [J 
128. Arrange the following nuc1eophiles in the order of their 

. nucleophilic strength: [MGIMS(Wardha) 2003] 
(a) olr >CH3COO- >CH)O- >C6HsO- 0 
(b) CH3COO- <C6 HsO- <CH30- <OH- [J 
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(c) C6HsO~ <CH3COO- <CH30- <OIr 

(d) CH3COO- <C6 HsO- <OH- <CH30-
o 
o 

129 •. Identify the correct order of reactivity in electrophilic sub
stitution reactions of the following compounds: 

[lIT 2002] 

CH3 Cl N02 

©©©© 
1 2 3 4 

(a) 1>2>3>4 0 (b) 4>3>2>1 .0 
(c) 2> 1 > 3 > 4 0 (d) 2> 3> 1 > 4 0 

130. Which of the following hydrocarbons has the lowest dipole 
moment? [lIT 2002] 

. H3C", (CH3 

(a) /C=C 
H H 

o 

(b) CH3C==C-CH3 0 
(c) CH3CH2C=CH 0 
(d) H2C=CH----C==CH. 0 

131. Which of the following acids has the smallest dissociation 
constant? ' (lIT 2002] 

(a) CH3CHFCOOH 0 (b) FCH2CH2 COOH 0 
(c) BrCH2 CH2COOH 0 (d) CH3CHBrCOOH 0 

132. H3 C-CH-CH-CH3 + Br- ~ 'X' + 'HBr 
, I I· . 

D CH3 

Identify the structure of the major product' X': .. 
(lIT 2002] 

- o (a) H3 C-CH-CH-CH2 

I I 
D CH3 

(b) H3C-CH-e--CH3 
I I 

o 
D CH3 

(c) H3C-e-~CH-CH3 
II 

o 
D CH3 

(d)H3e-CH-CH-CH3· . I . o 
CH3 

133. Identify the correct order of boiling points of the following 
compounds: (lIT 2002] 

CH3CH2CH2 CH20H, CH3 CH2 CH2 CHO, 
(1) (2) 

CH3CH2CH2COOH 
(3) 

(a) 1> 2 > 3 0 (b) 3> 1 > 2 [J 
(c) 1 > 3 > 2 0 (d) 3 > 2 < 1 0 

134. Among the following, the molecule with,highest dipole 
moment is: .. . (UT2003] 

(a) Cri3..C1 

(c) CHCI 3 

o (b) CH2Cl2 

o (d)CCI4 

{',: ""- ~~X:': I:c" 

i~r;\····' 

o 
o 

135.· Which of the following represents the given mole of 
hybridization Sp2 _Sp2 -sp-sp from left to right? [lIT 2003) 

(a) H2C=CH-C==CH 0 
(b) HC=C-C=CH 0 
(c) H3C---:--CH:-CH-CH3 . 0 
(d) H2C=CH-CH=CH2 0 

136. Which of the following pK a values, represents the stron-
gest acid ? lUPSEAT 2003) 

001~ 0 ~1~ 0 
(c) 10-5 0 (d) 10-2 0 • 

137. Which of the following orders regarding relati"e stability 
of free radicals is correct? [UPSEAT 2004] 
(a) 3°<2°<1° 0 (b) 3°>2°>1° 0 
(c) 1°<2°>3° 0 (d) 3°>2°< 1° 0 

138. Which of the following is the strongest base? 
, [AIIMS 2004;BHU 2004] 

(a) 0 
.N 

H 

(c) 0 
N 
H 

o . (b) 0 
N 

.rYNH2 

o (d)V 

o 

o 

139. Which of the following is least reactive in a nucleophilic 
. substitution reaction?' , [CBSE (Me~.) 2004) 

(a) (CH3 )3 C-CI'O (b) CH2 =CHCI :\. 0 
(c) CH3CH2CI, 0 (d) CH2 =CHCH2Cl 0' 

140. In the compound given below: 

. the correct order 
(X), (Y)and (Z) is: 
(a) (Z» (X» (Y) 

(c) (X»(Z» (Y) .. 

, of acidity of the poslllons 
. [lIT 2004) 

o (b) (X» (Y» (Z) 0 
O· (d) (Y)?, (X» (Z) 0 

141. Due to the presence of an unpaired electn;>n, free radicals 
are: [AIEEE 2005; JCECE (Med.) 2008) 

(a) chemically reactive 0 (b) chemically inactive 0 
(c) anions 0 (d) cations 0 

142. The, decreasing order of nucleophilicif)' among the 
. nucleophiles is: (AIEEE 2005) 
(I) CHr-,-W-O- (II) CH30- (III) CN- , 

o 
o . -0-.11 

(IV) H3C . . ~ s-o-
- II 

o 



(a) 1,II,Ill,IV 

(c) II, m, I, IV 

o (b) IV, III; II, I 

o (d) m,II,I,IV 

143. Among the following, the strongest nucleopbile is: 

o 
o 

IAIIMS 2005) 
(a) C2HsSH 0 (b) CH3COO- 0 
(c) CH3NH2 0 (d)NCCH"2 0 

. 144. Which of the following is, most reactive towards 
nucleOphilic substitution reaction? (DCE 2005) 
(a) H 2C-CH-CI 0 (b) C6HsCI 0 
(c) CH3CH=CHCI 0 (d) CICH2-CH CH2 0 

145. Strength of acidity is in order: II)( 'E 20051 

.~. ~~N~~ 
CH3 N02 N~ 

(I) (II) (III) (IV) 

(a) II>I>III>IV 0 (b) m>IV>I>II 0 
(c) I>IV>III>II IJ ' (d) IV>III>I>II 0 

146. Which is most stable carbocation? [CET (J & K) 2005) 
(a) n-Propyl cation 0 ' 
(b) iso-Propyl cation 0 
( c) Ethyl cation 0 
(d) Triphenylmethyl cation 0 

147. W1,1ich of the following undergoes nucleophilic substitution 

exclusively bySN I [~~~:::~.) l005; JIPMER 2007) 

(a) Ethyl chloride 0 (b) Iso~opyl chloride' 0 
( c) Chlorobenzene' 0 (d) Benzyl chloride 0 

148. Which of the following is electron deficient molecule? 
[CRSE (Med.) 2005; .lIpMER 2007) 

(a) C2H6 0 (b) B2H6 0 
(c) SiH4 0 (d) PH3 0 

149. Which of the following compounds reacts slower than ben
zene in electrophiIic bromination? IJIPMER 2005) 
(a) C6Hs~CH3 o (b) C{jHs~OH 0 
(c) C~HS-NH2 0 (d)C6Hs~N02 0 

150. Which one of the following resonating structures of 
I-methoxy-I,3-butadiene is least stabl~? IIIT(S) 20051 

,'" e . Ell 
.-~ (a) CH2...:....:.CH=CH-CH-':-'O--CH3 0 

~i . e Ell 

(b) H2C--:-CH~-CH==O--CH3 0 
e Ell, 

(c) CH2-CH-CH==CH-:-O--CH3 0 
e Ell 

(d)' H2C=CH~-CH-O-CH3 0 
151. CH3Br + Nu:- ----? CH3Nu + Br-

The decreasing order of the rate of the above reaction with 
nucleophiles (Nu - ) A to Dis: 
[Nu - = (A) PhO- ,(B) AcO- ,(C)HO- ,(D) CH30-] 

. IAIEEE 2006) 

, G.R.B. Organic Chemistryfor Competitions 

(a) D>C>A>B 

(c) A>B>C>D 

o (b)D>C>B>A 

o (d) B>D>C>A 
o 
o 

152. The increasing order of stability of the following free radi-
cals is: [AIEEE 2006) 

• • • • 
,(a) (CH3)2CH«CH3hC«C6Hs)2CH«C6Hs)3C 0 

• • • • 
(b) (C6HshC«C6HshCH«CH3)3C«CH3hCH 0 

• • • • 
(c) (C6HshCH«C6HshC«CH3)3 C«CH3)2CH 0 

• • • • 
(d) (CH3hCH«CH3)3C«C6Hs)3C«C6HshCH 0 

153. Which of the following is more basic than aniline? ' 
(CRSE (Moo.) 2006J 

(a) p-Nitroaniline 0 (b) Benzyl amine 0 
, (c) Diphenyl amine [J (d) Triphenyl amine 0 

154. Nucleophilic addition reaction will be most favoured in: 
reDSE (Moo.) 2006J 

, (a) CH3CH2CHO 0 
(b) CH3CHO 0 

o 
II 

(c) CH3CH2CH2-C-CH3 o 

o 
155. The correct increasing order of the reactivity of halides for 

SN 1 reaction is: IAllMS 2006)' 
(a)CH3CH2-X < (CH3 hCH-X 

, <HzC=CHCH2-':"X<PhCH2-X 0 
(b) (CH3 h CH-X < CH3 CH2-X 

< H2C=CHCH2 -x < PhCH2 -x 0 
. (c) PhCH2-X < (CH3 hCH-X < CH3CH2-X 

< H2C=CH-CH2X 0 
(d) H2C=CHCH2-X'< PhCH2-X 

«CH3 h CH-X<CH3CH2-X 0 
156. 'Inductive effect involves: 

[CET-(Puiljab) Engg. 2007; AFMC 2008) 
(a) displacement of o-electrons 0 
(b) delocalisation of 1t-electrons 0 
(c) delocalisation of o-electrons 0 
(d) displacement of 1t-electrons 0 

t 57. The basicity of aniline is less than that of cyclohexylamine. 
This is due to: .. 

IKCET 2006; GGS Indraprastha Univ. (Engg.) 20071 
(a) -R effect of -NH2 group 0 
(b) -1 effect of -NH2 group 0 

. (c) +R effect of -NH2 group 0 
(d) hyperconjugation effect 0 

158. In the solvolysis of3-methyl-3-bromohexane, which of the 
following statements is not correct? 

IPMT (Kerala) 20061 
(a) It involves carbocation intermediate 0 
(b) The intermediate involves sp2-carbon 0 
(c) Polar solvents accelerates the reaction 0 
(d) The rate of reaction depends upon 3-methyl-3- bromo-

hexane concentration 0 
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(e) It involves inversion of configuration· 0 
159. Neopentyl bromide undergoes dehydrohalogenation to give 

alkene. even though it has no ~ -hydrogen. This is due to: 

(a) E2 mechanism 
(b) El mechanism 

IPMT (Kerala) 20061 
o 
o 

(c) Ilofmann elimination o 
o 
o 

(d) rearrangement of carbo cation by El mechanism 
(e) E1-Cb mechanism 

160. Which one is most reactive towards S N I reaction? 

. (CBSE (PMT) Prelims 2010] 

(a) C6H5CH(C6H5 )Bt 0 
(b) C6H5C(CH3 )(C6H5 )Br 0 
(c) C6H5CH(CH3 )Br 0 
(d) C6HsCH2Br 0 

161. Order of stability of vinyl, allyl and tertiary radical is: . 
(DPMT 20061 

(a) tertiary, vinyl, allyl 0 (b) vinyl, tertiary, allyl 0 
(c) tertiary, allyl, vinyl 0 (d) allyl, tertiary, vinyl 0 

162. Which of the following carbocations is most stable? 

o ~l~ X 
o 

(DPMT 20061 

o 

o 

163. CH3-O-CH3 is: IAMU(Med.) 2006) 

(a) Lewis acid 0 (b) Arrhenius acid 0 
(c) Lewis base 0 (d) Bronsted acid 0 

164. Which one is ambidentate ligand? IAMU (Med.) 2006) 
(a) soi- ·0 (b) CN- 0 

(c) NH3 0 (d) H20 0 
165. Which of the following is a Lewis acid? 

(a) AICl3 

(c) CO 

[CET (J & K) 2006) 
o (b) CI- 0 

o 
16.6. Which of the following intermediates have the complete 

octet around the carbon atom? 
. IGGS Indraprastha Univ. (Engg.) 2005) 

. (a) Carbonium ion 0 (b)Carbanion 0 
(c) Free radical 0 (d) Carbene 0 

167. Which of the following is the correct order of decreasing 
SN 2 reactivity? (AIEEE 2007] 
(a) R2CHX > R3CX > RCH2 X 0 
(b) RCH2X>R3CX>R2CHX 0 
(c) RCH2X>R 2CHX > R3CX 0 
(d) R3CX > R2CHX > RCH2 X (X is a halogen) . 0 

245 

168. Which of the following presents the correct order of the 
acidity in the given compounds? (CBSE (Med.) 2007) 
(a) BrCH2COOH>CICH2COOH>FCH2COOH 

>CH3COOH 

(b) FCH2COOH>CICH2COOH> BrCH2COOH 
>CH3COOH· 

(c) CH3COOH>BrCH2COOH>CICH2COOH 
> FCH2COOH 

(d) FCH2COOH>CH3C09H> BrCH2COOH 
>CICHzCOOH 

·169. For the following 
(i) 1- (ii)CI- (iii) Br-
the increasing order of nucleophilicity would be: 

o 

o 

o 

o 

(CBSE (Med.) 2007] 

(a) r <cr <Br-' 

(c) r <Br- <Cl-

o (b) Br- <CI- <r 0 
o (d) cr <Br- <r 0 

170. Which one of the following is correct? 
Fornrlc acid has lower pKa than that of CH3COOH 
because: (SCRA 2007] 

(a) formic acid does notdiss~ciate 0 
(b) formic acid does not have an alkyl group 0 
(c) formic acid is smaller in size than acetic acid 0 
(d) formic acid is a strong reducing agent 0 

171. The rate of the reaction 

R -o-CH2Br + NQ-
[R V-CHz-NO]Br-

is influenced by the hyperconjugation effect of group R. If 
R-sequentially is: . 
(i) CH3 - (ii) CH3 -CH2 -

CH3 

I 
(iv) H3C-r 

CH3 

thl increasing order of speed of the above reaction is: 
(PMT (KeraJa) 2007) 

(a) (iv>" (iii), (ii), (i) 0 (b) (i), (ii), (iii), (iv) 0 
. (c) (i), (iv), (iii), (ii) 0 (d) (iii), (ii), (i), (iv) 0 

(e) (ii), (iii), (i), (iv) 0 . 
172. The S N I reactivity of the following halides will be in the 

order: . 
(i) (CH3)3 C- Br (ii) (C6HS}zCHBr 
(iii) (C6Hs)zC(CH3 )Br (iv) (CH3)2CHBr 
(v) CzHsBr (PET (KeraJa) 2007) 
(a) (v) > (iv) > (i) > (ii) > (iii) 0 
(b) (ii) > (i) > (iii) > (v) > (iv) 0 
(c) (i) > (iii) > (v) > (ii) > (iv) 0 
(d) (v) > (i) > (il» (iv) > (iii) 0 
(e) (iii) > (ii) > (i) :> (iv) > (v) 0 

173. The correct order of case of dehydration of following is: 
(AIIMS 2007] 

, 



<==t-OH ~OH ~OH 
IT ill 

(a) I> IT> III 0 . (b) III >ll> I . 0 
(c) I> III > II 0 (d) III> I> II 0 

. 174. In which alkyl halide, S N 2 mechanism is favoured maxi-
mum? . [AFMC 2007] 
(a) CH3CI . D (b) CH3CH2CI' 0 
(c) (CH3hCHCIO (d) (CH3h C-,-CI 0 

175, Which one of the following is least' reactive in a 
nucleophilic substitution reaction? [AMU (Med.) 2007] 

· (a) CH3CH2CI 0 (b) HiC=CHCH2CI 0 
(c) (CH3 hC-,-C1 0 (d) H2C=CHCI 0 

176. Which of the following is the most stable compound? 

[BVC (Med.) 2007] 

(a) ·Ph 3C+ 0 
+ 

(b)Ph 2CH C] 
+ ;t-

· (c) Ph 2CH2 0 (d) PhCH2 O 

177. Hyperconjugation . involves overlap of the following 
orbitals: [lIT 2008] 
(a) a-a 0 (b)a-p 0 

· (c) p- p 0 (d) 1t-1t 0 
178. 

179. 

Mesomeric effect involves the delocalisatian of: 

[CET (Karnataka) 2008J 
(a) protons 0 (b) sigma electrons 0 
(c) pi electrons 0 (d) none of these 0 
Which one of the following is most reactive towards 
electrophilic attack? [CBSE (Med.) 2008J 

OH (a)rg' 
. CH20H 

(C)© 

CI 

o (b)© 

N02 

o (d)© 
o 

o 
180. Which among the following statements are true with 

. respect to electronic displacement in a covalent bond? 

181. 

[PMT (Kerala) 2008J 
(1) Inductive effect operates through a 1t-bond 
(2) Resonance effect operates through a a-bond 
(3) Inductive effect operates through a a-bond 
(4) Resonance effect operates through a 1t-bond 
(5) Resonance and inductive effects operate through 

a-bond 
(a) 1 and 2 0 (b) 1 and 3 
(c) 2 and 3 0 (d) 2 and 4 
(e) 3 and 4 . 0 
The stability of carbanions in the following: 

(i) R-'-c-Ce O· -(ii)I' . 
.::::,... 

e 
(iv) R3C-,-CH2 

o 
o 

G.R.B. Or a"ic Chemistry for Com. etitions 

is in the order: [CBSE (Med.) 2008J 
(a) (iv) > (ii) > (iii) > (i) 0 
(b) (i) > (iii) > (ii) > (iv) 0 
(c) (i).> (ii) > (iii» (iv) 0 
(d) (ii) > (iii) > (iv) > (i) . 0 

182. The hydrolysis of2-bto;mo-3~methyl butane by S I mech- . 
. anism gives mainly: (PMT (Kerafa) 2008J 

(a) 3~methyl-2-butanoIO 
(b) 2-methyl-2-butanol 0 
(c) 2,2-dimethyl-2-propanol 0 
(d) 2-methyl-I-butanol 0 
(e) l-pentanol 0 

183. The electrophile, E+ attacks the benzene ring to generate 
the intennediate a-complex of the following, which o-com-
plex is of lowest energy? [AIEEE 2008J 

N02 N02 

(a)~: 0 (b)~. 0 

H E 
NOz 

. (C)~: D. (d)~: 0 

184. Which one of the following carbanions is the least stable? 

[PET (Kerala) 2008J 
(a) CH3Clli 0 (b) HC==C 0 
(c) (C6HS h C 0 (d) CHJ 0 

(e) (CH3 )3 C O. 
185. CH3 CH2 CI undergoes homolytic fission produces: 

[BCECE (Med.) 2008J 
- . . + 

(a) CH3CH2 and Ct- 0 (b) CH3CH2 and Ct- 0 
+ -(c)' CH3 CH2 and Ct- 0 (d) CH3 CH2 and Ct- 0 

186. Tertiary butyl chloride preferably undergo hydrolysis by: . 

[CPMT 2008; PMET (punjab) 2008J 
(a) SN\ mechanism 0 (b) SN2 mechanism 0 

(c) any of (a) and (b) O. (d) none of these . Cl 
187. In a S N 2 substitution reaction of the type 

R-Br + Ct- DMF) R-,-CI + Br-

Which one of the following has the highest relative rate? 
[CBSE (Med.) 2008] 

(a) (OH3hC-,-CH2Br 0 (b)CH3CH2BrCl 

(c) CH3CH2CH2Br 0 (d) (CH~)2CH-'-cH2BrCl 
188. The correct stability order for the following species is: 

)llo~ AA~o~ $~ 
r II 

(a) II> IV > I> III 
(c) II> I > IV> III 

III IV 
[lIT 2008) 

o (b) I>II>III>IV 0 
o (d) I> III > II> IV 0 
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189. Arrange the carbanions, 

(CH3)3C, CCI3, (CH3)2CH, C6HsCH2 inorder 
of their decreasing stability: ' [AIEEE 2009) 

(a) C6HsCH2>CCI3>(CHd3C>(CH3hCH '0 

(b) (CH3h CH> CCl3 > C6HsCH2 > (CH3 h C 0 

(c) CCl3 > C6HS CH2 >. (CH3 h CH > (CH3 h C ' 0 

(d) ,(CH3 h C > (CH3 h CH > C6HS CH2 > CCl3 0 
190. Which of the following carbocations will be more stable? 

(JEE (WB) 2009) 
+ 

(a) Ph3C+ 0 (b) CH3 -CH2 0 
+ + 

(c) (CH3 hCH 0 (d) CH2=CH-CH2 0 

191. Arrange the following free radicals in order of decreasing 
stability: (DPMT 2009] 
Methyl (I), Vinyl (II), Allyl (III), Benzyl (IV) 
(a) I > II > III > IV 0 (b) III > II > I > IV 0 
(c} II> I > IV> III 0 (d) IV> III > I > II 0 

192. Strongest base is: (DCE 2009) 
H •• 

<aJ 6 0 (bJ 6 0 

H 
N 

(c) 0 
0: 

o (d)O 
193. The most easily hydrolysed molecule under S N 1 condition 

is: [CET (J&K) 2009) 
(a) allyl chloride 0 (b) benzyl chloride 0 
(c) ethyl chloride 0 (d) isopropyl chloride 0 

194. Least active electrophile is : (DCE 2009] 

V V 
(a) CH3-C-OCH3 0 (b) CH3-C--CI 0 

o 0 
~ ~ 

(c) CH3-C-NMe2 0 (d) CH3-C-SCH3 0, 

195. In the following carbocation, HlCH3 that is most likely to 
migrate to the positive charged carbon is: [lIT 2009) 

H H 
, 12 + 14 S 

H3C-C-~--C-CH3 
1 31 1 
OH H CH3 

(a) CH3 at C-40 (b) Hat C-4 0, 
(c) CH3 at C-2 0 (d) Hat C-2 0 

196. The correct stability order of the following resonance 
structures is: [fiT 2009] 

+ -
(I) H2C N N 

- + 
(III) H2C-N=N 

(a) I> II > IV > III 
(c) II> I > III > IV 

+ -
(II) H2C-N=N 

- + 
(IV) H2C-N=N 

o (b) I > III > II > IV 0 
o (d) III> I > IV > II 0 
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SET II: The following questions have more than one correct answer(s) 
for each of them. 

197. Compound which shows positive mesomeric effect: 
[AMU (Engg.) 2010] 

+ 
(a) H2C=CH--CI 0 (b) C6HS-N-Me3 0 

(c) H2C=CH--CH2CI 0 (d) C6Hs--CH=CRCI 0 

198. Which of the following are nUcleophile7 
(a) NH3 0 (b) OH-

(c) R--f>-R 0 (d) AlCl3 
199. Which of the following are electrophile? 

(a) rn- 0 (b)BF3 

(c) NO; 0 (d) AlCl 3 

o 

o 
o 

200. Which types of mechanism take place in sec.-halides, 
(CH3 hCH-X? 
(a) SN' 0 (b) SN2 0 

o (d) None ofthese o 
201. Anti-Mark.ownikoff's addition ofHBr can be observed in: 

(a) propene 0 (b) but-I-eneO' 
(c) but-2-ene 0 (d) pent-2-ene 0 

202. 'Which gives nucleophilic addition reactions? 
(a) Methanal 0 (b) Ethanal [J 
( c) Propanone 0 (d) Propene 0 

203. Acetyl nitrene has been propesed as possible intermediate 
in: 
(a) Reimer-Tiemann reaction 0 
(b) Hofmann's rearrangement [j 
(c) Lossen's rearrangement 0 
(d) Curtius rearrangement 0 

204. Carbenes are the reactive intermediates in: 
(a) Carbylamine reaction' 0 
(b ) ReUtter-Tiemann reaction 0 
(c) Hofmann's bromarnide reaction 0 
(d) Wittig reaction 0 

20~. Which of the statements are correct? 
(a) ,-NH2 is o'rtho-para directing group .0 
(b) -CHO is meta directing group 0 
(c) : CCl2 is an electrophile 0 

•• 
(d) -OHis (-M) group 0 

•• 
206. Which of the following are aprotic solvents? 

(a) DMSO o (b) DMF 0 
(c) H20 ' , ,0 (d) CH3COOH 0 

207. On treatment with strong NaOH at 340°C,p-chlorotOluene 
gives: 
(a) ortho-cresol 0 (b) meta-cresol 0 
( c) para-cresol 0 (d) none of these 0 

208. In which of the following reactions is there a possibility of 
rearrangement? 
(a) SN1 

(c) E1 
o 
o 
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209. In the reaction, 

The product (A) cannot be obtained by using: 
(a) HBr 0 (b) HCI 0 
(c) HI . 0 (d) HF 0 

210. Which of the following are examples ofelectrophilic addi-
tion? ' 

. '. Peroxides .. 
(b) CH3HC...:-CH2 + HBr ~ CH3 CHCH3 0 

I ' 
. Br 

(c) CH3HC=CH-CH3 + Q 2 ~ 

CH3 CH-CHCH3 0 
I I 
CI· CI 

(d) None of the above 0 
211. Which Of the following statements are correct? 

(a) The addition ofHBrto propene gives 2-bromo propane 
o 

(b) The addition ofHBr to propene gives I-bromo propane . 
.' 0 

(c) The addition ofHCI to vinyl chloride gives ethylidene 
chioride ' '. 0 

(d) The addition of HCf to vinyl chlori4e gives ethylene 
chloride 0 

211. Which of the following is an'example of nucleophilic addi-
tion to'acetone? . 

(a) Ketal formation 0 
(b) Reduction with hydrogen gas, 0 
(c)Cyanohydrinformittion . 0 
(d) Bisulphite addition 0 

213. Which of the following are cOrrect' for S N 1 reaction? 

(a) The reaction intermediate is carbocation' 0 
(b) In this reaction the complete inversion takes place 0 
(c) It is favoured by polar solvents' 0 
(d) It is favoured by stability of carbocation 0 

214. Which of the following statement regarding anti
Markownikoff's rule is correct? 

. Following questions consist of an A~sertion (A) and 
Reason (R). Use the following keys to select an appropriate 
answer: 

(a) If both (i\) and (R) are correct and (R) is the correct 
explanation of (A). ' 

(b) Ifboth (A) and (R) art( correct but (R) is not the correct 
explanation of (A). 

(c) If (A) is correct but (R) is incorrect. 
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(a) It is catalysed by peroxide 0 
(b) Only HBr shows this effect 0 
(c) Br adds to more substituted radical 0 
(d) CF3 -CH=CH2 forms anti-Markownikoff's product 

o 
215. Reaction involving carbanion formation is/are : 

(a) Cannizaro's reaction 0 
(b) Addition reaction of Grignard reagent 0 
(c) Perkin's reaction 0 
(d) Beckmann's reaction 0 

216. Which of the following statement are incorrect regarding 
following reaction ? 

O<
CH3 

. + t -buOk t-buOH) 

Br 

(a) Product is exocyclic alkene formed according to 
saytzeff 0 

(b) Product is exocyclic alkene formed according to 
Hofinann 0 

(c) Product is endocyclic alkene formed according to 
Saytzeff 0 

(d) Product is endocyclic alkene formed according to 
Hofinann 0 

217. Which is/are correctly linked here? 
List I List II 

(a) E\Ch (a) Carbanion formation 0 
(b)' E2 (b) Stereo specific 0 

(c) Presence of non-polar 
solvent 0 

(d) E\ (d) Carbocation formation 0 
218 .. Toluene when treated with Br2iFe, give p-bromotoluene as 

the major product because the -CH3 group : 
(a) is p-directing 
(b) deactivates the ring 
( c) is m-directing 
(d) activates the ring by hyperconjugation 

219. -ex 3 group is associated with : 

,(a) m-directing 
(b) increasing acidic 
(c) ring deactivation 
'(d) increase of stability of carbocation 

(d) If (A) is incorrect but (R) is correct. 
(e) Ifboth (A) and (R) are incorrect. 

1. (A) SN2 reaction takes place in single, step. 
(R) SN2 reaction inv~lves transition state intermediate. 

o 
o 
o 
o 

o 
o 
o 
o 

2. (A) Ethyl chloride is more reactive than vinyl chloride 
towards nucleophilic sQbstitution reactions. 

(R) Vinyl chloride is +1 electron pushing group. 
3. (A) -N02 , -CN, -CNO act as ambident ilUcleophiles. 
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(R) These consist atoms of same period. 
4. (A) Nucleophiles attack the regions of high electron 

density. 
(R) Nucleophiles act as Lewis bases. 

5. (A) Cation carriers, e.g., H-Br, Cl-OH and Br-Br and 
oxidising agents such as 0 3 an<f.R-O--O-R, etc. act 
as electrophilic reagents. 

(R) Electrophiles ate Lewis acids. 
6. (A) Inductive and electromeric effects require polar nature 

in the molecule. . 
(R) Polar nature in inductive effect is a must but not neces

sarily in electromeric effect. 
7. (A) Singlet carbenes have opposite spin (antiparallel). 

(R) They have a bent structure. 
S. (A) Carbenes act as free radicals. 

(R) Only triplet carbenes act as biradical (divalent free rad
ical). 

9. (A) Tertiary carbocations are generally formed more easily 
than primary carbocations. 

(R) Hyperconjugation as well as inductive effect due to ad
ditional alkyl groups stabilize tertiarycarbocations. 
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to. (A) Allyl free radical is.more stable than simple alkyl free 
radical. 

(R) The allyl :tree radical is stabilized by resonance. 
n. (A) Heterolytic fission involves the breaking of a covalent 

bond in such a way that both the electrons ,of the shared 
pair are carried away by one of the atoms. 

(R) Heterolytic fission occurs readily in polar covalent 
bonds. 

12. (A) Tertiary butyl catbanion is more stable than methyl car
banion. 

(R) +I effect of the three methyl groups in tertiary butyl 
carbanion tends to make it more stable than methyl car
banion. 

13. (A) In SN2 reactions, complete inversion of configuration 
. takes place. 

(R) In SNI reactions, retention but not the inversion takes 
place. 

14. (A) In allylic substitution propene gives allyl bromide. 
(R) NBS is a selective brominating agent and gives substi

tution at the alpha carbon with respect to the double 
bond. 

I ANSWERS I 

OBJECTIVE QUESTIONS 
1. (a) 2. (d) 3. (a) 4. (e) 5. (c) 6. (c) 7. (d) 8. (b) . 9. (a) 10. (c) 

11. (d) 12. (b) 13. (d) 14. (a) 15. (c) 16. (d) 17. (b) 18. (c) 19. (~) 20. (b) 

21. (b) 22. (c) 23. (a) 24. (d) 25. (a) 26. (c) 27. (b) 28. (d) 29. (b) 30. (a) 

31. (c) 32. (d) 33. (b) 34. (c) 35. (d) 36. (a) 37. (c) 38. (c) 39. (b) 40. (a) 

41. (d) 42. (b) 43. (d) 44. (a) 45. (c) 46. (b) .47. (d) 48. (a) 49. (a) SO. (d) 

51. (b) 5Z. (c) 53. (a) 54. (b) 55. (c) , 56. (b) 57. (c) 58. (b) 59. (a) 60. (b) 

61. (d) 6Z. (c) 63. (b) 64. (d) 65. (b) 66. (a) 67. (c) 68. (b) 69. (d) 70. (d) 

71. (a) 72. (c) 73. (a) 74. (d) 75. (c) 76. (b) 77. (d) 78. (c) 79. (c) 80. (b) 

81. (a) 8Z. (b) 83. (d) 84. (a) 85. (a) 86. (c) 87. (a) 88. (d), 89. (c) 90. (a) 

91. (b) 9Z. (c) 93. (a) 94. (d) 95. (d) 96. (c) 97. (b) 98. (d) 99. (a) 1110. (d) 

101. (c) 10Z. (a,d) 103. (c) 104. (d) 105. (c) 106. (a) 107. (c) 108. (d) 109. (d) 110. (b) 

111. (a) 11Z. (a) 113. (b) 114. (a) 115. (a) 116. (a) 117. (c) 118. (b) 119. (d) 120. (b) 

121. (a) 122. (a) 123. (a) 124. (c) 125. (b) 126. (d) 127. (d) 128. (c) 129. (c) 130. (b) 

131. (c) 132. (b) 133. (b) 134. (a) 135. (a) 136. (d) 137. (b) 138. (a) 139. (b) 140. (b) 

141. (a) 14Z. (c) 143. (a) 144. (d) 145. (b) 146. (d) 147. (d) 148. (b) 149. (d) 150. (c) 

151. (a) 15Z. (a) 153. (b) 154. (b) 155. (a) 156. (a) 157. (c) 158. (e) 159. (d) 160. (b) 

161. (c) 162. (a) 163. (c) 164. (b) 165. (a) 166. (b) 167. (c) 168. (b} 169. (a) 170. (b) 

171. (a) 172. (e) 173. (b) 174. (a) 175. (d) . 176. (a) 177. (b) 178. (c) 179. (a) 180. (e) 

181. (c) 182. (b) 183. (c) 184. (e) 185. (a) 186. (a) 187. (b) 188. (d) 189. (c) 190. (a) 

191. (d) 192. (a) 193. (b) 194. (c) 195. (d) 196. (b) 197. (a,d) 198. (a,b,c) 199. (b,c,d) 200. (a,b,c) 

201. (a,b,d) 20Z. (a,b,c) Z03. (b,c,d) 204. (a,b,d) 205. (a,b) 206. (a,b) 207. (b,c) 208. (a,c) 209. (b,c,d) 210. (a,c) 

211. (a,c) 212. (a,c,d) Z13. (a,c,d) 214. (a,b,c,d) 215. (b,c) 216. (a,c,d) 217. (a,b,d) 218. (a,d) Z19. (a,b,c) 

ASSERTION-REASON TYPE QUESTIONS 
1. (b) 2. (c) 3. (a) 4. (d) 5. (b) 6. (d) 7. (a) 8. (d) 9. (a) 10. (a) 

11. (b) 12. (e) 13. (c) 14 •. (a) 
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t BRAIN STORMING PROBLEMS J~: ::~ 
1. Arrange the following in decreasing order of reactivity 

towards electrophilic substitution: 

(Ans. 

[Ans. 

CH3 
I 

CH'6
CH
' 

Greater is the number of hyperconjugative forms more 
will be reactivity towards electrophilic substitution. 

CH3 CH3 
I CH3 I o >CH'o CH; 

CH3-CH=CH-CH3 > CH3-CH=CH2 > H2C=CH2 ] 

3. Arrange the following carbonyl compounds in decreasing 
order of reactivity towards nucleophilic addition: 
(a) HCHO, CH3CHO, CH3COCH3' CC13CHO 
(b) C6H sCOC6H S' CH3COC6 H5 , CH3COCH3 

(ClQQQQ 
CH3 . N02 CI OCH3 

[Ans. (a) CCl3CHO > HCHO > CH3CHO > CH3COCH3 
o 0 

" " . (b) CH3COCH3 >' CH3-C-G;HS > G;Hs-C-C1,Hs 

(0) )) > )) > )) > )) yyyy 
Cl 

Ring with -OCH3 group is less reactive than ring with 
:........cH3 group because -oCH3 group bas +M effect 
which is more effective than +I effect of alkyl group. So, 
that speed of attack of nucleophile decreases. -/ and -M 
effect increases the nucleophilic reactivity.] 

4. Arrange the following compounds in increasing order of 
reactivity towards nucleophilic substitution: 

Cr. I N~ ¢reI. NOz 02~1 NOz ' oCI 
~ I ,~I ~ I , I 

. ~ 

N02 NOz 

Electron withdrawing groups increase the reactivity· of 
ruyl halide towards nucleophilic substitution.] 

S. Arrange the following free radicals in increasing order of 
stability: 

0,0,0,0,0 
(I) (n) (llI) (N) (V) 

[Ans. V < III < 1 < II < IV] 

6. . Which compound in each of the following pairs will add 
HCI readily? 

I II 
(a) H2C=CH2 OR CH3-CH=CH-CH3 

(b) CH3-CH=CH-CH3 OR H2C=CH-CH=CHz 

(0) 00 OR CH,-CH-CH-CH, 
, H3C), <CH3 

(d)CH3-CH=CH-CH3 OR C=C 
H3C CH3 

[Ans. (a) II (b) II (c) I (d) n] 

7. Complete the following reactions: 
Peroxide 

(a) CH3 -CH-CH2 + CCI4 ) ? 

. ,) 

(b) H2C CH-(CHzh-CH3 +CHCI 3 

[Ans. (a) CH3- rH-CH2-CCI3 

_P_eroxt_'_de~ ? 
) . 

CI 

(b) CCI3-(CHz)7-CH3 ] 

1,1,1-Tricblorononane 
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8. Which products will·· be obtained when CCl4 adds on 
R-CH=CH2? Give the mechanism of fonnation of the 
products; 
[Ans. R-CH =CHz + CCl4 ~ R-CHCI-CHz-CCI3 

+ R-CHCI-CHz -rH-CHz-CCI3 

R 

Second product is formed due toco~bination of 

R-£H-CHz-C03 and R-rH-£Hz intermediates.] 

o 
9. Write down the dehydration products of the following 

~a~2YH ~) cY~' (e) (j,OH 
[An, <a) 0 (h) VCH, (0) OCR'1 . 

10. Give the major product of the following electrophilic addi
tion reactions: 

CH2CH2CH3 

(a) A +HBr-1 lJ· . . 

CHj 

(e) 0'+HBr-1 
(yCH2 

(d) V +HBr -? 

exCH3 

(e) I· + HBr ---:- ? 

CH2CH3 

(f) ~CH=CHCH3 + HB~ _? 

[Ans. 

(a) o~;H2CH:) ()~~3· (e) CC.CH3 
Br 

(d) ()~:3 (e) C(~3 (I) ViHCH2CHt 
. CH2CH3 Br . 

11. Why does the potential effectiveness as leaving group, 
in nucleophilic substitution, decreases in the following 

. .- - /" 

order: C6HsSOi >CI 3C-COO>CH3COO>C6Hs01-· 
[AQs, The pKa values oftheir conjugated aCids of these anions 

are: 
CJIsS03H 
pKa =-2.6 

The strongest acid has the smallest pKa. Therefore, its conjugate 
base is the weakest and is the best leaving group. Hence, the poten
tial effectiveness of anions as leaving groups (fugacity) decreases 
in the following order: 

CJisSOi > CI3C-COO- > CH3COO- > CJIsO- ] 
Benzene Trichloro· Acetate anion Phenoxide anion 

sulphonate anion acetate anion 

12. Arrange the following carbocations in increasing order of 
stability: 

[>-cH-<J [>-c<~:, [>-K1 

lAn&C>-c<~: < [>--o>-<J < [>-!-<]I 
13. Which of the following is incorrect? 

CI· 
~ +HCI 

~O: Qr . ~ y 

o 

~)HO-C~H+C-H~HO-C-H+H-C-H 

·dJ,1 I· 
.H H H 

o 

o 

o 

N~2 . . 
--.... Product (A) by the reaction is: 

o 

o 
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'OCH3 , , 

<e) ~ - . • substitution 

VNH2 ' 

(d) none of these 

15. Which nitrogen is protomlted readily in the guanidine? 
2 

(a) 1 

(c) 3 

, /NH2 
, ~H-C"" 

NH2 
3 

o (b)2 
o (d) None of these 

o 

16. < )-01-< > +N02 ~ 

o 

o 

o 
o 

Product of this reaction by single (SE ) electrophilic substi
tution is:, 

<a) < rJ-< fCh o 

o 

~)< ~-< > o 

o 

<e) ChN-Q--o-1-< ) o 

o 

o 

IHlnl, Ch~-{ > 
Ring 1 Ring 2 

o , 1'-0 Ring 1 is activated (~ f_.') by group, thus nitra-

tion takes place at para-position of the ring 1.] 

17. QH' ' .. ""K, Producl 

, Br 

Which is/are correct statement(s) about the product? 

G.R.B. Org(lnic Chemistry for Competitions, 

I ~,is an endocyolie Saytzeffproduct 

II VH2 ;, an exocyelie Saytzeffproduet 

iII VH2 is an e.ocyelie Hofmann product 

IV VH, ;, an endocyolie Hofmann product 

Codes: 
(a) I, II and III are correct 0 
(b) I and II are correct 0 
( c) II and IV are correct 0 
(d) I and III are correct 0 

. 18. Which of the following can undergo nucleophilic substitu
tion under ordinary conditions? 
I Allyl chloride II Benzyl chloride 
III n-Propyl chloride IV Vinyl chloride 
Codes: 
(a) I, II and III are correct 0 
(b) I and II are correct 0 
(c) II and IV are correct 0 
(d) I and III are correct 0 

19. Electrophile NO; attacks on the following: 
+ 

o o 6 
(II) (III) (IV) 

In which cases will NO; be at meta-position? 

(a) II and IV 0 (b) I, II and III 0 
(c) II and III 0 (d) I only 0 

20. Dehydrobromination (-HBr) of the following in increas
, ing order will be: 

~Br 
I 

Br 

~ 
II 

III 

(a) I < II < III 0 (b) III < ~ < I 0 
(c) I = II < III 0 (d) III < I = II 0 

21. Which of the following is the strongest nucleophilic site in 
the following species? 
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22. 

0 

•• 
1:0 

•• 

0 ~I~O 
:0: 2 
•• 

(a) I 0 (b) 2 
(c) 3 0 (d) 4 

CI ONa+ 

N02 N02 
Dil. NaOH 

• 

. The above transformation proceeds through: 

o 
o 

(a) electrophilic addition 0 
(b) benzyne intermediate 0 
(c) activated nucleophilic substitution 0 
(d) elimination 0 

23. Maximum stability will be in which of the following free 
radicals? 

* * (a)H2C=CH o (b) H2C=CH-CH2 o 

(C)OH! D(d)~, o 

llUnt, Q-ru,. It;, ,0 ,"yl rre. rndicoI, """'" it will 

be most stable.] 

24. Which of the following structures correspond to the pro
duct expected, when excess ofC6H6 reacts with CH2Cl2 in 
presence of anhydrous AICI 3? 

CI 

(a) < }lH-( > D 

(b) < }-mel, D 

CI 

(c)~~· 
\dI-l\d-

o 
CI 

(d) < }-m.--( > o 

25. The intermediate during the addition ofHCI to propene in 
presence of peroxide is: 

253 
• + 

(a) CH3 -CH-CH2CI 0 (b) CH3 -CH-CH3 0 
. • . + 

(c) CH3-CH2 -CH2 0 (d) CH3-CH2 -CH2 0 
26. A covalently strated host group present in the benzene 

nucleus is ortho and para-directing; if unsaturated group is 
present, it is meta-directing. This rule is known as: 
(a) Vorlander's rule . 0 
(b) Crum Brown. Gibson rule 0 
(c) Korner's rule 0 
(d) Huckel rule 0 

27. Select the incorrect statement among the following. 
(a) Benzene undergoes predominant reactions by 

. electrophilic substitution C1 
(b) Toluene is more easily sulphonated than benzene· 0 
(c) Benzene reacts with CCl4 in the presence of anhydrous 

AICl3 to give triphenyl methyl chloride 0 
(d) Benzene reacts with chlorine (CI2 )in presence of light 

to give benzyl chloride 0 
28. Kharasch effect regarding addition of HBr is not observed 

in: 
(a) hex-I-ene 0 (b) hex-2-ene 0 
(c) hex-3-ene 0 (d) pent-I-ene 0 

29. Among the following the aromatic compound is: 

(a) y 0 (b) V 0 
+ 

(c) 0 C1 (d) 0 
+ 

o 

30. Identify the correct order of reactivity in electrophilic 
substitution reactions of the following compounds: 

OO'~&N~ 
(I) (ll) (III) (IV) 

(a) I> II > 1lI > IV 0 (b) IV> III > II > I 0 
(c) II > I > III > IV 0 (d) II> III > I > IV 0 

31. In which of the following, first member is more stable than 
second? 

* * (a) (C6HS hCCH3 , (C6HS hC 

(b) :CH2 ,·CH2• 

(c) (C6HS hC, CH3 

o 
o 
o 
o 

[Hint: (CJIs)3 C is more stable than CH3 becaUse three phenyl 
groups not only decrease the electron density but also stabilise it 
by the phenomena of resonance]. 

32. Most stable carbocation is: 
+ +. 

(a) V D(b)U o 

~ 
.. + ()().+ ~ 

(C).' . . C1 (d) 0 
#' #' ~ #' 



+ 

[BIn" U;, ""'" ,.,.Ie .• - ;1 ;, ""....., 

allylic carbonium ion]. 

33. Which of the following is least stable? 

(a) cJJ 0 (b) 0 0 

(-) (-) 

CH2 

{c)H~ 0 (d) 6 0 

34. The structure of ~eland intennediate obtained after the 
attack ofBr+ on arulinium ion is: 

~
rNH3 

(a) \ + I . 
, I 
~-" 

+ 

O
'Br+ 

~. NH3 

(c) (~ . , 
NH3~H 

o (d) , 0 'Br, 0 

35. The relative rates of addition of 

, H3C",- /CH3 H3C",- ,/H 

. /c=c~ /c=c~ 
H3C . "cH3 H3C, "cH3 

(I) (II) 

CH3CH2CfJ=CH2 H2C=CH2 H2C=CH-COOHis: 
(III) (IV) (V) 

(a) I > II > III > IV>V 0 (b) v> IV > III > 11> 10 
(c) II> III> I> IV> V 0 (d) IV> III > II > V > 10 

36. Which of the following halides will be most reactive 
towards S N 2 reaction? 
(a) C6HsCH2CH2CH2Br 0 

(b) C6Hs-CH-CH2Br 0 
. I 

CH3 

ANSWERS: BRAIN STORMING PROBLEMS 
13. (c) 14. (c) 15. (a) 16. ,(e) 17. (d) 

23. (d) 24. (d) 25. (b) 26. (a) 27. (d) 

33. (a) 34, (b) 35. (a) 36. (a) 37. (b) 
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CH3 
I 

(c) C6Hs-r-Br 

CH3 

(d) C6Hs-CH2-r"-:-CH3 

Br 

o 

o 

37. Conjugation of electron withdrawing groups, e.g., -CHO, 

o ° II II 
-C-R, . -C-OR, --Ca=N, -N02 activates 
nucleophilic addition. The order of reactivity of these 
groups is: 

?! ?!,?! 
(a) -N02 >--O.=N>-C-OR >-C-R >-:C-H 

o 
000 
II II II 

(b) -C-H>-C-R >-C--,-OR >--O.=N>-N02 
o 

o 0 ° II II II, 
(c) --Ca=N >-N02 > -C-H>-C-R >-C-OR 

o 
o 0 ° II II II 

(d) "":"'C-H>-N02 >--Ca=N>-C-OR >-C-R 

o 
38. Relative stabilities of the following carbocations will be in 

the order: 

CH'~~«}cH. 
(I) (ll) 

. CH,--<Q>-cH2• 
+ 

CH3CH2 

(III) (IV) 

(a) I < II < III < IV 0 (b) IV < III < II < I 0 
(c) IV < II < III < I 0 (d) II < IV < III < I 0 

18. (a) , 19. (6) 20. (a) 21. (d) 22. Je'} 

28. (c) 29. (b) 3(t,,{c) 31 •. (e) ',32. (a) 

3& (c) 
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LINKED COMPREHENSION TYPE QUESTIONS 

Passage 1 

Nucleophilic substitution reaction" is given by those 
compounds which have Ilucleophilic" groups as leaving groups. 
The weaker the basicity of a group of the substrate, the better is its 
leaving ability. 

In nucleophilic sUbstitution reactions, the basicity of leaving 
group should be less than the incoming nucleophilic group. 
Nucleophilic substitution reaction at sp3-hybridised carbon is 

either bimolecular (SN 2) or 1lIlim0lecular: {SN d. Bimolecular 
reaction takes place in single step, involving transition state 
intermediate. In SN 2 reaction, inversion in configuration takes 
place. In case of optically active alkyl halides, the inversion in 
configuration is called Walden "inversion. SN 2 reaction is 
preferred if the compound has less steric hindrance. " 

Unimolecular (SN 1 ) reaction" involves two steps and" 
carbonium ion intermediate. Optically active" substrates give 
racemic mixture in these" reactions. 

Answer the following questions: 
1. Which compound wiUgive Walden inversion inSN2 reac-

tion? " 
(a) CH3Qi2Br (b) CH3 -CHD-Br 
(c) CH3 "::""Br (d) C6HsCH2CH2CI 

2. Which among the following will give SN 1 reaction? 

Codes: 
(a) I, II, III (b) I, II, IV 
(c) III (d) II and IV 

"3. Which among the following will give enantiomeric pair on 
treatment with HOH? 

4 HS 

I 
(b) C6Hs-C-CI 

I 
CH3"" 

fH3 

(d) CH3 -C-Br 
I " 
C6 HS 

4. Select the correct statements among the following: 
(a) carbocation rearrangement takes place in SN 1 reaction 
(b) SN2 is a two step reaction 

. (c) SN 1 mechanism isfavotiied when nucleophile is 
neutral 

(d) tertiary alkyl halides give only SN 1 reaction 

5. SN2 reaction involves transition state intermediate, hence it 

is favoured in which of the following solvents? 
(a) Polar protic solvent (b) "Non-polar solvent 
(c) Polar aprotic solvent (d) All of these 

Passage 2 

Alkylation of aromatic compounds with aliphatic 
compounds like halides in presence of Lewis· acid catalyst is 
known as Friedel-Crafts alkylation; It is an example of 
electrophilic substitution. 

AIel
3 
~CH3 -.·0 ... +HCI 

r 
In the process of acylation, R-C- group is introduced to 

the ring. Compounds having (+ mesomeric groups) like -NH2 
do not give Friedel-Crafts reaction because these compounds 
undergo Conjugation with the catalyst. In the alkylation process, " 
most branched alkyl group is substituted because isomerisation of 
carbonium ion takes place. In some Friedel-Crafts reactions, the 
nature of product changes with the solvent used in the reaction. 

Predict Whether the following statements "are true or false: 

1. AlCI3(aq.) is used as catalyst in Friedel-Crafts reaction: 

(a) True (b) False 
2. When benzene is treated with CHCl3 in presence of AlCl3 

catalyst, the following reaction takes place: 

0"· w"~=N " I +CHCI3 ~ I 0". ·"1 +3HCI 
~ ~ ;::?'I~ 

" ~ . 

(a) True (b) False 
3. Carbocations undergo isomerisation in Friedel-Crafts reac

tion. In each of the following alkyl halides the 
"isomerisation takes place: 

C1I3 -CH2 -CH2 -CI, 
CH3 -CH2 -CH2 -CH2 -'CI 

(a) True (b) False 
4. Following compounds easily give Friedel-Crafts reaction: 

800 
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(a) True (b) False 
5., Diphenyl methane is obtained when benzene is treated with 

dichloro methane in presence of anhydrous Aiel 3 : 

(a) True (b) False 

Passage 3 

Hyperconjugation describes the orbital interactions between 
the n-'systems and the adjacento-bond of the substituent group(s) 
in organic compounds. Hyperconjugation is also called as Baker 
and Nathan effect. The necessary and sufficient conditions for the 
hyperconjugation are: 

(i) Compound should have at least one Sp2 -hybrid carbon of 

either alkene, carbocation or alkyl free radical. 
(ii) a-carbon with respect to Sp2 -hybrid carbon should have 

at least one hydrogen, 
Hypet'COtijugation are of three types: 
(i) O'(C-H), n-conjugation, 
(ii) O'(C-H); positive charge conjugation, 
(iii) 0' (C-H); odd electron conjugation. 
The hyperconjugation may be represented as, 

H b () H+_ 
H-C-CH CH2 ~ H-C=CH-CH2 , I I 

, H H 

H H 
I 'I 

~ H+ C-CH-CH2 ~'H-C=CH-CH2 
I' .H+ . 
H 

Number of resonating structures due to hyperconjugation 
= (n + 1), where n is the number of a-hydrogen. Greater is the 

number of such forms, more is the stability of the species under 
consideration. 

Answer the following questions: 
1. Hyperconjugation is possible in which of the following 

species? 
(a), CH3 -CH2 

2. Which of the following carbocations will show highest 
number ,of hyperconjugative forms? 

+ ,+ 
(a) CH3 -CH2 (b) CH3 -CH 

I 
CH3 

3. Which of the following free radicals will not show the phe
nomena of hyperconjugation? 
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• 
(a)' CH3 

4. Which of the following alkenes will show maximum num
ber of hyperconjugation forms? 
(a) H2C=CH2 
(b) CH3 -:-CH-CH2 
(c) CH3-CH2~CH CH2 

CH3 

I , 
(d) eHl -CH-CH=CH2 

5. Stability of alkyl carbocations can be explained by: 
(a) inductive effect 
(b) hyperconjugation 
(c) both inductive effect and hyperconjugation 
(d) electromeric effect 

Passage 4 

Free radical halogenation takes place in tile presence of light 
or at high temperature (above 500°C). Formation of halogen free 
radical intermediate takes place in first step called chain initiation •. ' 

Cl2 ~2Cl· 
This reaction is mainly given by those compounds which 

have at least one hydrogen atom present at Spl -hybrid carbon. 

Reactivity of sp3 -hybrid carbon depends on' the reactivitY of 

reaction intermediate. 
The relative rate of formation of alkyl radicals by a chlorine 

radical is: 
Tertiary> Secondary> Primary 

(5) (3.8) (1) 

P . ld f th ' ... ..t.. Relative amount x 100 
ercentage yte 0 e pruuuct = --------

Sum of relative amounts 

Relative amount = Number of hydrogen atoms on 
the respective carbon x relative reactivity. 

NBS (N-bromosuccinimide) is used for bromination at 
allylic and benzylic carbon, whereas Br21hv gives bromination at 

benzylic, allylic and alkyl carbons. 

Answer the following questions: 
1. Select most reactive compound for chlorination in presence 

of light: 

(b) 
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(c) 

2. Chlorination of butane takes place as; 

CH3-CHz-CHz-CH3 +Clz L:~: 

Passage 5 

The electronic displacements in, covalent bonds may occur 
either in the ground state Under the influence of an . atom. or a 
substituent group or in· presence . of . an· appropriate·· attacking 
reagent. As . aresuIt of these electron diSplacements,· centres of 
different electron densities are created and these centres are 
susceptible to attack by the reagents. These electron 
displacements occur through inductive electromeric, resonance 
and hyperconjugation effects. Whereas inductive effect involves 

CI displacement of O'-electrons towards the substituent, resonance 
I effect mvolves delocalization. of 1t-electrons transmitted through. 

CH3 -CH-CHz -CH3 + CH3 -CHz-CHz -CHz -Cl the chain and both are permanent effects. Electromeric effect is 
2-Chlorobutane l-Chlorobutane the complete transfer of a shared pair of 1t-electrons to one ofthe 

Percentage yield of 2-chlorobutane will be: 

(a) ~ x 100 (b) 21 x 100 
21 21 
6 ·3' 

(c) - x 100 (d) -x 100 
21 21 

3. Which one of the following compounds will react with 
NBS? 

4. Arrange decreasing order of reactivity of given compounds 
with NBS (N.bromosuccinimide). 
I. C6HS-€H3 
II. C6HS -CHz -CHi ,-CH3 
III. C6HS -CHz -CH CHz 
IV. C6Hs-CH:-CH=CHz . I 

CH3 

Select the correct answer from the codes given below: 
Codes: 
(a) IV, III, I, II (b) IV, III, II, I 
( c) I, II, III, IV (d) I, III, II, IV 

5. Chlorinating agent for free radical chlorination may be 
taken as: 
(a) Cl z 
(c) (CH3 hC-O-CI 

(b) S02Clz 
(d) PCls 

atoms joined by a multiple bond on the demand of an attacking 
reagent. Hyperconjugation effects on the other hand involve 
delocalization of cr-electrons of C-H bond of an alkyl group 
directly attached to an atom of unsaturated system (i.e., 
O'-1t-conjugation). Both inductive and hyperconjugation effects 
can be used to explain the stability of carbocations and free 
radicals which follow the stability order: 3° > 2° > 1°. The stability 
of carbanions, however, follows the reverse order. 

An organic reaction occurs through making and breaking of 
bonds. The breaking of a covalent bond may occur either 
homolytic leading to the formation of free radicals or heterolytic 
forming positively (carbocations) or negatively (carbanions) 
charged species. Most of the attacking reagents carry either a . 
positive or a negative charge. The positively charged species 
with electron deficient centre or neutral species (free radicals, 
carbenes,nitrene) are collectively called electrophiles, while' 
negatively charged species with electron rich centre or neutral 
species (like· water, alcohol, . ammonia, etc.) are called 
nucleophiles. 

Answer the following questions: 
1. Which of the following groups has highest inductive 

effect? 
(a) CH3 - (b) CH3CH2 
(c) (CH3 hCH- (d) (CH3hG-

2. The decreasing order of basic strength in 
. C6H5NHZ ' (C6HShNH, CH3NHZ ' NB3 

(I) (II) (III) (IV) 
is: 
(a) (IV)::> (III) > (II) > (I) (b) (I) > (II) > (III) > (IV) 
(c) (III) > (IV) > (I) > (II) (d) (II) > (1) > (III) > (IV) 

3. Out of the following series, the one containing only 
electrophiles is: 
(a) H20, CI+ ,NH3 

. (c) BF3 ,S03,NO; 

(b) H20,RNH2 ,H30+ 

(d) AlCI3 ,NH3 ,H20 

4. Consider the following alkenes and what is correct decreas
ing order of stability? 

CH3CH2CH . CHi, 
But-l-ene 

(I) 

(CH3 h C=C(CH3 h, 
2,3-Dimethy~ but-2-ene 

(II) 
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(CH3 )~ C CHCH3 , 

2-Methyl but-2-ene 
1111) 

(CH3 )2 C=CH2 
2-Methyl propene 

(IV) 

S. Which of the following is most stable cation? 

(a) (I) > (n) > (III) > (IV) 
(c) (N) > (Ill) > (n) > (I) 

. ,I" 

(b) (II) > (III) > (IV) > (I) 
(d) (ill) > (IV) > (I) > (II) 

ANSWERS: LINKED COMPREHENSION TYPE QUESTIONS I 

Passage 1 1. (b) 2. (b) 3. (c) ,4. (a,c,d) 
Passage 2 . 1. (b) 2. (a) ,3. (a) 4. (1,) 
Passage 3 1. (b) 2. (c) 3. '(a,b) , 4. (b) 
Passage 4 ~.(c) 2. (a) 3. (c) A. (b) 

Passage S 1.~ (d) 2. (c) 3. (c) 4. (b) 

+ + 
(a) (CH3)2CH ;,;(b) CH3 

+ 
(c) CF3 

S. (c) 
S. (a) 
S. (c) 

, S. (a,b,c) 

S. (a) 

+" 
(d) F3C-CHZ 

(CET (J&K) 2004] 
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SATURATED ALIPHA1-IC< 

6.1 HYDROCARBONS 
Organic compounds composed of only carbon and 
hydrogen are called hydrocarbons. On the basis of 
structure, hydrocarbons are divided into two main classes; 
open chain (acyclic) and closed chain (cyclic). Open chain 
hydrocarbons are called aliphatic hydrocarbons. Aliphatic 
hydrocarbons are further classified into two groups depending 
on the types of carbon-carbon bonds in the carbon chain. 
Hydrocarbons which contain only single covalent C-'-C and 
C-H bonds are termed saturated hydrocarbons and those in , 
which carbon atoms are linked by multiple bonds (at least one 
double or one triple bond) besides single covalent bonds 
between C-C and C-H; are termed unsaturated 
hydrocarbons. 

Hydrocar\x)Us 

I 

Open chain (Acyclic) Closed chain (Cyclic) 

I 
Saturated 

I 
I 

Unsaturated 

6.2 SATURATED HYDROCARBONS 
These constitute a homologous series having general formula 
Cn H 2n+2 (n may have value 1, 2, 3, 4, ... ). The simplest 
member,ofthe series is methane (CH4 ). The formulae offew 
members of the series are: . . 

C2H6 C3Hg C4H lO 
Ethane Propane Butane 

. ,- " ~ ,',- -' ~:--:':" 

HVDROCARBm-is,·· . 
~ ,,;~ -, .. : :;~' r.,· j '~:;;;"\' "'.' -,,':, :~" 

CgHlg C9H20 
Octane Nonane 

C11 H 24 C12H26 ~d~:~l'!.::~;":i'~ 
Undecane Dodecane. .' ..' .....•• >"" .•.... 
The saturated hydrocarbons are c~lledpar:aftin~ .d4t~;;.: . , 

parum = little; affinis affinity) as they are relativeIYinert.;··,'· " 
towards chemical reagents. In IUPAC n0m.enc1ature,~Para.ft1As; 
are temled' alkanes. Nomenclature .of'alkanes'h~~alt~d~;: 
been described in chapter 3. Alkanesbav~ follp~fs~£w~F 
characteristics. . . ,:, '>"\,;",~:;i;;'':{'. 

1. Every carbon atom is sp 3 hybridized" its. f~JJI'~o~d4ig' . 
orbitals are directed towards the four comers of a regular 
tetrahedron, d •• " ','; 'f ", , ,', 

2. All the carbon-carbon andcarbon-hydrdgenh<)IldSaii·;} ;' 
strong sigma bonds. The carbon-carbon bond is form~i:f froiH ': . 
the overlap of Sp3 orbitals, one front each carbon ~tom.All 
carbon-hydrogen bonds result in overlap of sp3hybridod)ital· 

. from carbon and a-orbital from hydrogen. 
3. The bond lengths between carbon-'Carlion and 

carbon-hydrogen are 1.54 A and 1.112 A respecti~e1Y."·;." 
4. The bond angles in aIkanesare;:tet.ril.1iedmJtiiiigles 

having a value of 109:5° (l09"28'). . ... ' '. .... • .~?""-
5. Carbon-carbon chain in alkanes consistiitglllore"t1!.an, . 

two carbon atoms is not linear but zig-zag. TheUSuaMepiclj()D: '. 
of carbon chain as straight chain is only for cohveriJ~nc~:of 
presentation. Thus, alkanes have three-dimensionaf;ratlier 

. than planar structure. '. . .. "c 
6. Carbon-carbon bond dissociation energy is 83,k.eaVmol' 

while carbon-hydrogen bond " dissociation en~rgy .... is 
99 kcaVmol. ' ... , 

The structure of methane molecule can be represenredby 
Figs. 6.1 (a), 6.1 (b) and 6.1 (c). ' 



H 
(a) 

H 

I 
, 1I ~"l"""/Qf H 
, H 

H+H 
H 

.. .,:~;;.~~ 
(b) , « .(c) 

Fig. 6.1 Representation of methanecmoleeule ' 

Fig. 6.1 (a) isthetetrabedralstrueture; of methane in 
which'carbOn atom lies in the centre, of the ~ tetrahedron 
and the four' hydrogen atoms' attached to it are' present at the 
comers or the vertices of the tetrahedron. Thus, each face of a 
tetrahedron is an equilateral triangle and has three hydrogen 
atoms. 

Fig. 6.1 (b) is the Wedge and Dasb representation (three 
dimensional, 3-D) in which the solid wedge ( .... ) or a thick 
solid (or heavy) line is used to indicate a bond projecting 

,above the, plane of the paper and projecting towards the 
observer. The dashed wedge (""11111) or a dashed line is used to 
represent a bond lying below the plane of the paper and , 
projecting away from the observer. The bondS lyitig in the 
plane of the paper are shown by a n9rmal (ordinary) line. As' 
this representation describes the actual positions of various 
atoms present in the molecule in space, it is termed a spatial 
fonnula. " " 

Fig. 6.1 (c) is the two-dimensional (28 D) representation of a' 
methane molecule. This is called II'8Pbie or displayed fonnula. 
,This fonnula doesIiot reveal the true tetrahedral geometry of the . 
molecule; however, this' is most commonly used (Fischer 
Projeetlon Formuta). 

6.3 STRUCTURAL ISOMERISM IN ALKANES 
Abes exhibit chain isomerism. The first three members, 
viz., methane, ethane and propane do not exhibit isomerism as 
they can be represented by only one structural formula. 

H H H 'H 'H H 

I r I I I I 
H~C-H H-C-C-H H-C-C-C-H 
II I I I I 
H H H H H H 

Methane Etbarie Propane 

Howev.er, propane consists of two types of carbon atoms; 
primary and secondary. If hydrogen of primary carbon or 
secondary carbon is replaced by a methyl group, two possible 
structures result. 
Replacement of r- Primary 1, 
primary hydrogen I 

with meth.....--_y_I gro~up-,-~--,CH3-rH2-CH3 

Replacement of 
secondary hydrogen 
with methyl group " 

Secondary, ~"---:--~---'I 
(Propane) • 

CI:I3CH2CH2CH3 
n-Butane 

CH3 

I 
CHj-CH~i 

, Isobutane 
(2-Methylpropane) 

(~) 
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Thus, butane has two chain isomers. With increase in the 
,number of carbon atoms in the molecule, the number of chain 

, isomers also increases. 
Alkane CSHI2 CJiI4 C7H I6 CgH18 ClOH22 
No. of possible isomers 3 5 9 18 75 

'The carbon skeletons of isomeric pentanes and hexanes 
are shown below: ' 

'Pentanes : , 
C c 
I I 

C-C-C-C-C; C-C-C-C; C-C-C 
I n-Pentane Iso-pentane 

(I) , (2-Methylbutane) C 
Neo-pentane 

(2,2-Dimethylpropane) 
(3) (~) (~) 

(+) 
Greater the branching greater the stability; so increasing 

order of stability is: n-pentane < is08 pentane < neo-pentane. 
Hexanes: 

y 
C--C-C--C-C--C; C-C-C-C-C; 

2-Methylpentane 
(2) 

n-Hexane 
(I) 

C 
I 

C-C-C--C--:C; 
3-Methylpentane 

(3) 

C 
I 

C~C4-C ; 

C 
2,2-Dimethylbutane 

(4) 

C C 
I I 

C-C--C--C 
2,3-Dimethylbutane 

(5) 

6.4 NATURAL SOURCES (OCCURRENCE). 
OF ALKANES 

Two main sources of alkanes are: 
(a) Petroleum and (b) Natural gas. 
Petroleum contains ' large quantities of liquid 

hydrocarbons along with little solid paraffin wax dissolved in 
it. It is the main source of alkanes containing upto 40 carbon 
atoms. 

Natural gas contains mainly lower alkanes. Ii cOntains 
about ,80% methane, 10% ethane and the 'remaining 10% 
being a mixture of higher members. It also consists 'of small 
amounts of hydrogen, nitrogen, carbon' dioxide, etc. 

',The natural wax, called ozokerite, found near petroleum 
wells, is a mixture ofhigber ,solid hydrocarbons. Bee's wax" 
which is mainly myricyl palmitate (an ester), also contains 
small quantities of C27H s6 and C3l H64 • Fuel gas obtained 
from coal contains about 32% methane. Methane (Marsb gas) 
is found at marshy places where it is formed by the 
decomposition of vegetable and animal waste with bacteria. 

6.5 GENERAL METHODS OF PREPARATION 

To ohtain an alkane in pure form from a natural source is not 
an easy task. Therefore, usually synthetic methods are 
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preferred for the preparation of alkanes in pure fonn. It is one 
of the characteristics of a homologous series that various 
memhers can be prepared by similar methods. The similar' 
methods are tenned as general methods of preparation of a 
particular homologous series. The general methods of . 
preparation of the alkanes are given below: 

1.. By hydrogenation of unsaturated hydrocarbons: 
Alkanes. are obtained by hydrogenation of unsafurated 
. hydrocarbons (alkenes and alkynes) in presence of finely 
divided nickel *at 200-300°C. This is known as Sabatier and 
Senderen's reaction. 

Ni or Raney Ni 
Cn H 2n + H2 H ) Cn H2n+2 
Alkene eat Alkane 

C H +2H NiorPtorP1 
n 2n-2 2 Heat CnH2n+2 
Alkyne Alkane 

Ni 
H2C=CH2 + H2 ) H3C-CH3 

Ethene 200°C Ethane 

HC==CH+2H2 
Ethyne 

(Acetylene) . 

When platinum, palladium. rhodium, ruthenium or B2H6 
in THF are used as catalysts, the hydrogenation takes place at 
room temperature. Catalytic hydrogenation proceeds very 
smoothly and quantitatively. 

Transfer hydrogenation: The hydrogen is supplied by 
a donor such as cyclohexene or hydrazine. 

2~>C=C<~+ 0 Pd 

Cyclohexene 

R> <R 0:,...-1 2R CH-CH R+ -..;:,... 

Benzene 

The driving force in the case of cyclohexene is the gain in 
aromatic stabilization energy when benzene is fonned. With 
hydrazine (H2 N-NH2), the strongly bonded N 2 molecule is 
fonned. . 

Limitation :.' No unsaturated hydrocarbon contains only 
one carbon atom, hence this method cannot be used for the 
preparation of methane. 

2. By the reduction of alkyl halides :. Alkyl halides 
undergo reduction with nascent hydrogen to form alkanes. 

RiX +2H ~ R-H -+ HX 
Alkyl halide Alkane 

The yields are generally good and. the hydrocarbons 
obtained are pure. The nascent hydrogen for reduction may be 
obtained by using·any one of the following: 

(a) Zinc' and dilute hydrochloric acid, 
(b) . Zinc and acetic acid; Zn and NaOH, . 
(c) Zinc-copper couple in ethanol, .. 
(d) Red phosphorus and hydrogen iodide, 
(e) AI-Hg in ethanol. 

CH31 +2H 
Zn + HCI . ) CH4 +HI 

or Zn-Cu/C2HsOH Methane Methyl iodide 

C2HSI +2H. Zn + HCI .) C2H6 + HI 
Ethyl iodide or Zn-Cu/~HSOH Ethane 

.' . + 2+ . 
CH3CH2CH2Br + Zn + H . ~ CH3CH2CH3 + Zn + Br-

I-Bromopropane Propane 

. 150°C . 
3C2HSI +3HI ) 3C2H6 +312 

2P+312 .~ ~P13 
3C2HsI +3HI + 2P ~ 3C2H6 +2P13 

Ethyl iodide . (lled) Ethane 

.. RedP , 
CH3CH2Br +2HI 1500C) CH3CH3 + HBr +12 
Ethyl bromide Ethane 

The purpose of use Qf red phosphorus is to remove iodine. 
Alkyl halides may. also be reduced catalytically by 

hydrogen using catalysts like nickel, palladium, platinum. etc. 
. . Pd 

R-X+H2 ~ R-H+HX 
Primary and secondary alkyl halides may 't!e conveniently 

reduced with lithium alUJ)liniUnl hydride in a dry organic 
solvent 

Organic 
.. ~RX + LiAlH4 solvent) 4RH + LiA1X 4 (LiX + AlX 3) 

LiAlH4 is not . useful for 3° alkyl halide which is 
converted into alkenes. In such cases NaBH4 or TPH is used. 

CH3 ' CH3 

I LiAlH I 
H3C-C-CH3 4) H3C-C=CH2 I· 2-MethyJpropene 

Cl 

. +-cl NaB14.. . >- . 
3° 2-Methylpropane 

Alkyl halides (10, 2°, 3°) can also be ~uced to alkanes 
with TPH (Triphenyl tin hydride, Ph3SnH)." 

3 •. By Wurtz reaction: This methOd was discovered 
by the French chemist Wurtz in 1855 and is very convenient 
for preparing paraffins of high molecular mass. . 

An ether solution of an alkyl halide is treated with sodium 
which retnoves the halogen ofalkylhillide and the two alkyl 
radicals join' together to fomi an alkane. 

R fX---+-2N;a-+-~--X:R . Dry ether) R-R +2NaX l _____________________ I 

Alkyl halide Alkyl halide Alkane 

----------------, Dry ether 
CH3l! __ .:!:11i~ _ _±" __ !JCH3 . ) CHr ---CH3+2NaI 

Methyl iodide Methyl iodide Ethane 

*Raneynickel is often used as an effective catalyst at room temperature and atmospberic pressure. It is obtained by boiling Ni-AJ al.loy with NaOH, 
wbenaluminium dissolves leaving'nickelin finally divided state. It is filtered, washed, dried and stored under H20 or <;HsOH. 



Note: Alkyl bromides :and iodides are preferred in this reaction. The 
net result in this reaction is the formation of symmetrical alkane 
(R-R) having an even number of carbon atoms. 

When a mixture of two different alkyl halides is used, a 
mixture of three alkanes is obtained. 

Dry Ether 
CH3Br + 2Na + BrC2H s ) CH3 -C2H s 

Methyl bromide Ethyl bromide Propane 

+2NaBr 

Dry Ether 
CH3Br +2Na + BrCH3 ) CH3-CH3 +2NaBr 

Ethane 

Dry Ether 
C2HSBr +2Na + BrC2HS ) C2HS-C2Hs +2NaBr 

Butane 
The separation of the mixture into individual members is 

not always easy. Thus, Wurtz reaction is not suitable for the 
synthesis of alkanes containing odd number of carbon 
atoms but the method is useful for the preparation of 
symmetrical alkanes. . 

Mechanism : The mechanism of Wurtz reaction is not 
fully understoOd. Two mechanisms are proposed for this 
reaction. 

(a) Intermediate formation of an organometallic 
compound: 

- + 
RX +2Na ~ [RNa] +NaX 

/'\ /"), Intermediate 

RNa+RIi+-1 X~- ~R-R +NaX' 
Alkane 

(b) Intermediate formation of free radicals : 
• 

RX +Na ~ [R] +NaX 
Free radical 

• • 
R+R~ R-R 

Alkane 
. Other hydrocarbons are also obtained as a result of 
disproporUonation, i.e., intermolecular hydrogenation of free 
radicals. .. 

e.g., C2H; +C2H; ~ C2H6 +C2H4 

I Reduction j 
Oxidation 

Wurtz r:eaction is useful in ascending the series of organic 
compounds, because it leads to the formation of carbon
carbon bond. For example, methane can be converted jnto 
ethane. 

CH4 +CI2 ~ CH3CI + HCI 
CH3CI+2Na+CICH3 ~ CH3 -CH3 +2NaCl 

Limitations: (i) Methane cannot be obtained by this 
method. 

(ii) The reaction fails with tert. alkyl halides. 
, (iii) The reaction is suitable for symmetrical alkanes 

(even, number of carbon atoms). 
. 4. Jly Frankland's reaction: The method is similar to 
Wurtz reaction. The alkyl halide is heated with zinc in i~ert 
solvent, higher alkane is formed. 

Ether 
RXi:Zn+XR ) R-R+ZnX2 

AI.kaD.e 
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c2H5i!-~-_-i..-~~_~_~-_Ilc2Hs ~. C2HS-C2Hs + ZnI2 . 
Ethyl iodide Ethyl iodide Butane 

Methane cannot be prepared by this method. When two 
different alkyl halides are used, a mixture of three alkanes is 
obtained as in Wurtz reaction. 

S. By decarboxylation of carboxylic acid (Laboratory 
method): When the sodium salt of a fatty acid is heated at 
360°C with sodalime (mixture ofNaOH and CaO), a molecule 
of carbon dioxide is eliminated as carbonate and an alkane is 
formed. 

----------------, II t 
R:COONa + NaO:H ~ R-H + Na2C03 ----------------. CaO Alkane 

CH3COONa + NaOH Heat) CH4 + Na2C03 
Sodium acetate CaO Methane 

However, pure methane can be obtained if barium oxide is 
used in place of sodalime. 

C2H sCOONa +NaOH H~) C2H 6 + Na2C03 
Sodium propionate Ca Ethane 

The purpose of CaO in sodalime is to keep NaOH dry 
since it is quite hygroscopic in nature. 
, In this process, one molecule of carbon dioxide is 
eliminated from a carboxylic acid and hence called 
decarboxyla1i:on. . 

A good yield of alkanes has also been obtained from the 
photochemical decarboxylation of primary carboxylic acids 
by lead tetraacetate in chloroform. 

R,..-COOH Pb(OAc)4) R-H + CO
2 

CIICl3Alkane 

Note: The alkane formed always contains one carbon atom less than 
the original acid. The yield is usually good in the case of lower 
members but poor for higher members. The method is used for 
reducing the carbon atoms in the carbon chain. 

6. By electrolysis of sodium or potassium salts of fatty 
acids ,(Kolbe's method or Kolbe'S electrolysis): 
Electrolysis of a concentrated aqueous solution of' either 
sodium or potassium salts of saturated monocarboxylic acids . 
yiel~ higber alkanes at anode. 

Electrolysis . 
2RCOOK + 2H20 ) R-R + 2C02 + 2KOH + H2 

2CH3COOK + 2H20 ~ CH3 -CH3 + 2C02 + 2KOH 
Potassium acetate . Ethane + H2 

Potassium 
propionate 

. In the electrolysis of potassium propionate, small amounts 
of ethane, ethene and ethyl propionate are also formed. 

Mechanism: The formation of alkane follows :free 
radical mechanism. 

CH3COONa ~ CH3COO- + Na + 
J, J, 

Anode Cathode 

• 
.. At anode: 

2CH3COO- ~ 2CH3COO + 2e-. 
Acetate free radical 

2CH3COO ~ 2CH3 + 2C02 i 
Methyl free radical 



Saturated Aliphatic Hydrocarbons 

At cathode: 
2Na + + 2e- ~ 2Na" 

2Na+2H20 ~ 2NaOH+H2 
If mixture of two salts Rl COOK and R2COOK are taken 

then hydrocarbons R1-R1, R2-R2 are also obtained. Esters, 
lower alkanes and alkenes are also obtained as side products. 

C2HsCOONa ~ C2HsCOO- +Na+ 
• 

C2HsCOO- ~ C2HsCOO + e-

• • 
C2HsCOO+C2Hs ~ C2HsCOOC2Hs 

"Ester 

• • 
C2HS +C2HS ~C2H6 +C2H4 

"" I Reduction t " 
Oxidation 

Note: (i) This method is applicable for the preparation of only 
symmetrical alkanes of the type R"'-'-R 

(ii) Methane cannot be prepared by this method. " 

7. From Grignard reagents:" Alkyl magnesiUm 
halides (RMgX") are called Grignard reagents. These undergo 
double decomposition reactions with water or ammonia or 
alcohol or amines having active H atom (attached to strongly 
electronegative 0, N, S or F and triple bond " ... , etc.) to give 
alkane corresponding to alkyl (R -) group of Grignard reagent. 
Since, carbon is more electronegative (electronegativity = 2.5) 
than magnesium" (electronegativity 1.2), therefore, C-Mg 
bond is quite polar. . " " 

[ RX" + Mg Dry ether) R--:Mg-X] 
Alkyl halide Alkyl mag. halide 

+ "<OH 
RMgX" +HOH ~ R-H+Mg 

Grignard reagent Alkane X 

H+ 
" C2HsMgBr +HOH ~ C2HSH+Mg <:OH 

Ethyl magnesium " Ethane r 
bromide 

If heavy water, D20 is used, then the product formed is 
RD, deutero alkane. " OD' " 

R-MgX+D20 ~ R-D +Mg< 
Deuteroalkane X 

.. ~ + DOD 

~MgI 
• 

. Br . 

CH3MgBr . + HOC2Hs ~CH3H + Mg< 
Methyl magnesium Ethanol Methane OC H 

bromide 2 5 
I 

C2HsMgI+HSCzHs ~ CzHsH+Mg<' 
Ethanthiol Ethane SC2H S 
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<NH2 

RH +Mg 
Alkane X 

This method gives quantitative yield of alkane (pure). 

. "<I 
<
:~;B;:iH]C=C-CH3 ~ C2H6 + Mg . 

Mg . . Propyne Ethane ();:;eG-CH3 
I . 

8. By reduction of alcohols, aldehydes, ketones or 
fatty acids and their derivatives: Alkanes are formed 
when alcohols, aldehydes, ketones or fatty acids and their 
derivatives are reduced with hot cone. hydroiodic acid and red 
phosphorus at 150-200°C. in a sealed tube. Phosphorus and 
iodine react to form PI3 which again produces" m. 

RedP 
CH30H +2m 150"C) CH4 + H20 +12 

Methyl alcohol Methane 

RedP 
CH3CHO +4m 1500C) C2H6 + H20 +212 

Acetaldehyde Ethane 

RedP . " 
CH3COCH3 + 4m 150"C) CH3CH2CH3 + H20 + 212 

Acetone Propane 

RedP 
CH3COOH + 6m 200"C) CH3---CH3 +2H20 + 312 

Acetic acid Ethane . 

Higher fatty acids undergo reduction more readily as 
compared to the lower ones. This method is thus, useful for 
the preparation of higher allqmes. However, the yield is 

" usually poor. 
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Aldehydes and ketones when reduced with amalgamated zinc and cone. HCI also yield alkanes. This process is known as 
Clemmensen reduction. . . 

> Zn-Hg > . 
C--:-O ) CHz Conc. HCI 

Zn-Hg 
CH3CHQ + 2Hz ) CH3-CH3 + HzO 

Acetaldehyde Cone. HCI Ethane 

Zn-Hg 
CH3COCH3 +2Hz' ) CH3CHzCH3 + HzO 

Acetone Cone. HCI Propane 

. Aldehydes and ketones ()c=O) can be reduced to hydrocarbons in presence of excess ofhYdrazine and sodium alkoxide on 

heating. R)C=O H2NNH2) R)C~NN}I, C~~C::;', R)CH
2 

K . K K . 
Ketone Hydrazone Alkane 

This is called WoltT-Kishner reduction. 
In Mozingo method, the >C.· 0 is converted' into its dithioacetal or ketol usingethanedithiol in the presence of a Lewis 

acid.' Dithioacetal is then hydrogenolysed over Raney Nickel. 

c=o + I 2 3). C . I H2-Nl) CHz 
R) CH2SH EtO+-BP- R) <S-CH2 . R) 

R' CH2SH. R' S-CH2 · R' 
1,2-Ethanedithiol Alkane 

9. Hydroboration of Alkenes: Diborane (B2H6) adds to an olefinic bond forming trialkyl borane which on treatment 

with acetic acid or propionic acid yields corresponding alkane. 

R-CH=CH
2 

B~H{,) (R-CH
2
-CH

2
-hB CH3C?OH)R-CH

2
-CH

3
' 

Alkene In Dlglyme Trialkyl borane (H ) . Alkane 

This provides a method of reducing alkene into alkane. This method cannot be used to prepare methane, but is very useful for 
preparing long chain alkanes. It involves coupling of alkyl boranes by means of silver nitrate in presence of sodium hydroxide at 
25°C. 

6[CH3CH2CH2-C=CH2] 2B2H{,) 
J. I 

. CH3 

2-Methylpent-l-ene 

AgN°3 
NO) 3[RCH2CH2-CH2CH2R] a H • 

[2CH3CH2CH2-CH-CH2-h B 
I 

CH3 I AgN°3/NaOH 

3 [CH3CH2CH2-CHCH2-CH2CH-CH2CH2CH3 ] 
I I 
CH3 CH3 

4,7-Dimethyldecane 

10. Corey-House alkane synthesis: An alkyl halide is first converted into lithium alkyl which reacts with cuprous iodide 
to form lithium dialkyl cuprate, LiR2Cu. It is then treated with an alkyl halide to give an alkane. 

(i) 

(ii) 

(iii) 

Dry ether 
CH3Br +2Li ) CH3Li + LiBr 

Methyl lithium 

2CH3Li + CuI ~ Li(CH3 hCu + LiI/ 
Lithium dimethyl . 

cuprate 

C2H SBr + Li(CH3 hCu ~C2Hs-CH3 +CH3Cu + LiBr 
Ethyl bromide Propane 
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For the third step to give a good yield of alkane, the alkyl 
halide must be either CH3X, or a primary alkyl halide or a 
secondary cycloalkyl halide. The alkyl group of the lithium 
dialkyl cuprate (also called Gilman reagent) may be methyl 
1°,2° or 3°. Moreover, the two alkyl groups being coupled 
need not to be different. 

This method is particularly suitable for the preparation of 
unsymmetrical alkanes of the type, R -R' (via S N 2 mechanism). 

(CH3hCHBr ?~~) [(CH3 hCHhLiCu 
Isopropyl bromide \ 11 Lithium isopropyl cuprate 

CH3~H2Br) (CH3 hCH-CH2CH
3 

2-Methylbutatie 

11. By tbe action of water (or dil. HCI) an aluminium 
and beryllium carbide: Both these carbides on treatment 
with water or dilute HCI at room temperature yield methane. 

Al4C3 + 12H20 ~ 3CH4 + 4Al(OHh 

Be2C +4H20~ CH4 +2Be(OHh 
Beryllium carbide Methane 

12. Industrial preparation: Methane is formed by 
passing a mixture of hydrogen sulphide and carbon disulphide 
vapours through red hot copper tube. 

CS2 +2H2S +8Cu Hightemperatur\ CH
4 

+4Cu2S 

6.6 GENERAL CHARACTERISTICS OF 
ALKANES 

Physical: The physical properties (boiling point, melting 
point, solubility, density, etc.) of hydrocarbons depend upon 
the intermolecular forces of attraction. Since alkanes are 
almost non-polar and therefore, their molecules are held only 
by weak van der Waals 'forces which mainly depend upon the 
size (surface area) and the structure of the molecule. 

(i) State: Due to weak forces, the alkanes upto four 
carbon atoms, i.e., methane, ethane, propane and butane are 
colourless, odourless gases, the next thirteen members (from 
Cs to C17 J are colourless, odourless liquids. Alkanes from C1S 
onwards are colourless and odourless solids. 
. (ii) Density: The density of alkanes increases· very 

slowly with the rise of molecular mass until it becomes 
constant at about 0.8. Thus, all alkanes are lighter than water. 

(iii) Solubility : They· are generally insoluble in polar 
solvents such as water but soluble in non-polar solvents like 
ether, carbon tetrachloride, benzene, etc. The solubility 
decreases with increase in molecular mass. 

However, the liquid hydrocarbons themselves are good 
non-polar solvents for other non-polar organic compounds. 

(iv) Boiling points: The boiling points of straight 
chain or n-alkanes increase regularly with increasing 
number of carbon atoms. In general, the boiling point 
difference between two successive members of the series 
(except for the first few members) is ~bout 20 -30°C. Among 
the isomeric alkanes, the normal isomer has a higher 
boiling point than the branched chain isomer. The greater 
the branching of the chain, the lower is the boiling point. 
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Physical Constants of Some Alkanes 

Methane CH4 -161.5 -182.5 0.4240 

Ethane CH3CH3 -88.6 -172.0 0.5462 

Propane CH3CH2CH3 '-42~1 -187.7 0.5824 

n-Butane CH3(CH2)2CH3 ~0.5 -138.4 0.5788 

n-Pentane CH3(CH2)3CH3 36.1 -129.7 0.6264 

n-Hexane CH3(CH2)4CH3 68.7 -95.3 0.6594 

For example, the following boiling point values of 
various isomers of butane and pentane justify the above 
statement. 

n-Butane > Isobutane 
b.pt. 

n-Pentane > Isopentane > Neopentane 
b.pt. 36.1"C 28°C9.5"C 

The trend in boiling points can be explained in terms of 
intermolecular (dipole-dipole) forces of attraction. These 
forces 'act along the surface of the molecules and their 
magnitude increases with increase· in surface area. As the 
molecular size increases in the series, ·the surface area 
increases and with that the boiling points also increase. This 
has been depicted in Fig. 6.2. 

The n-alkanes have most extended structure and larger 
. surface area in comparison to . branched chain isomers having 
compact structure (as the shape approaches that of a sphere in 
the branched chain isomers). Thus, intermolecular forces are 
weaker in branched chain isomers, therefore, they have lower 
boiling points in comparison to straight chain isomers. 
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<v) Melting points: The melting points of alkanes do 
not follow a very smooth gradation with the increase of 
molecular size. Alkanes with even number of carbon atoms 
have higher meJting point than the next lower and next 
higher alkanes having odd number of carbon at!lms 
{Fig. 6.2). 

It is explained by the fact that alkanes with an odd number 
of carbon atoms have their end-carbon atoms on the same side 
of the molecule and the even-numbered carbon atom alkanes 
have their end-carbon atoms on the opposite sides of the 
molecules. Thus, alkanes with even number of carbon atoms 
pack closely in such a manner as to permit greater 
intermolecular attraction and therefore have slightly higher 
melting point. 

/C" /C" /C" 
C C C C 

Odd number of carbon atoms Even number of carbon atoms 

Chemical : Alkanes are quite inert towards common 
reagents such as acids, alkalies, oXIdising and reducing 
agents, etc., at ordinary conditions because of their saturated 
character. The electronegativity difference between carbon 
(2.6) and hydrogen (2.1) is small and thus,C-H bond is 
almost non-polar. The C--C bond' is completely non-polar. 
Therefore, the polar reagents (electrophiles and nucleophiles) 
do not find reaction sites (electron-rich or, electron-deficient 
centres) on alkane molecules. The C--C and C-H bonds are 
strong sigma bonds and cannot break under ordinary 
conditions. At high temperature, energies of collisions are 
sqfficient for breaking C-H and C--C bonds resulting the 
formation of free radicals. 

• • 
RCHz-H ~ RCHz +H 

and stability of free radicals is in the order: 
•• • • • 

HzC"":"'CH<CH3 <CH3CHz < (CH3 h CH<(CH3 hC 

«. ) CH2 - H2C=CH-CHz 

Hdwever, alkanes do show some reactions under special 
conditions. Some of the importan.t reactions of alkanes are 
described below: ' 

1. Substitution reactions: These are most characteri
stic reactions of the alkanes. 

<a) Halogenation: When the alkanes are treated with 
halogens (particularly chlorine or bromine) in presence of 
light (sunlight or UV) or at elevated temperatures 250-400°C, 
the hydrogen atoms of alkanes are successively replaced by 
halogen atoms. This process is known as halogenation. The 
extent of halogenation depends on ,the amount of halogen 
used. For example, methane undergoes chlori~ation in excess 
of chlorine in presence of UV light giving the mixture of 
methyl chloride, methylene chloride, chloroform and carbon 
tetrachloride .. ,.-

CH4 
Methane 
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CH3CI 
Monochloromethane 

(Methyl chloride) 

CH2Cl2 
Dichloromethane 

(Methylene chloride) 

Clz Clz ~ CHCl3 ~ CCl4 
hv Trichloromethane hv Tetrachloromethane 

(Chloroform) (Carbon tetrachloride) 

For chlorination reactivity of 1°,2° and 3° hydrogen is in 
the ratio ' 1°:2°:3°::1:3.8:5 

H H 
I I 

H-C-H ~ H-c-+H·· AH =105 kcallmol 
I - I' 
H H 

• CH3-CH3 ~ .cH3-CHz + H·; AH = 100 kcal/mol 

iH
3 ' , CH

3 
• 

CH3-C-H ~ CH3\C+H·; AH==96kcalimol 
I H7 
H 

iH
3 CH3 • 

CH'TH ---> CH,jc+HO

; AH~93k<:a1/mol 
CH

3 
' CH3 

Bond energy for extraction of hydrogen lies in:following 
sequence. 

CH~ > 1° > 2° > j 0; hence, the reactivity order will be 
CH4 <1°<2°<3°. 

On the basis of relative reactivity of different types of 
hydrogen, the percentage of the products in mixture can be 
calculated, e.g., ' 

(A) CH~Hr-CHz--2-CH2CI 
, / Relative amoUnt'" No. of equivalent 

, hydrogen x reactivity 
CH3--CH2-CHr-CH3 , 6 x 1 6 

(It has 6 primary hydrogen \ ' Cl 
and 4 secondary hydrogen) I 

(B) CH3--CH--CH2--CH3 

Relative amount"" No. of equivalent 
hydrogen x reactivity 

"'4x3.8 15.2 

Total amount = 6+ 15.2= 21.2 
. 6 

% of A =-x 100= 28.3' 
. 21.2 ' 

f 
15.2 

%0 B =--x 100= 71.7 
21.2 

Note: The relative reactivity of 10 ,20 ,3° hydrogen to bromination is 
1 : 82 : 1600. 

Ethane and higher alkanes react with chlorine in a similar 
way and all possible substitution products are obtained. 
However, propane and higher members contain hydrogen 
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atoms of two or three types, i. e., primary, secondary or tertiary, 
which aiffer in reactivity. The order of reactivity is: 

Tert. hydrogen> Sec. hydrogen> Primary hydrogen 
Propane gives two monochloro substituted products on 

chlorination. 

{ 

CH3CH2CH2CI 
I-Chloropropane . 

CH
3
CH

2
CH

3 
Ch (primary hydrogen is substituted) 45% 

Propane CI ' 
I 

. CHr -CH-CH3 

2-Chloropropane 
(secondary hydrogen is substituted) 55% 

The bromination proceeds in almost identical manner but 
the reaction is less vigorous than chlorination. Reaction with 
fluorine is very violent. Iodine does substitute as the reaction 
is very slow and reversible but iodination can occur in 
presence of an oxidising agent such as iodic acid or nitric acid, 
etc.; which decomposes HI into iodine. . 

CH4 + 12 ~ CH3I + HI (reducing agent) 

Heat 
5HI + HI03 ) 312 + 3H20 

or 2HI+2lIN03 ~ 2N02 +2H20+I2 
Halogenation of alkanes proceeds through free radical 

mechanism (See Chapter 5). 

Note: (i) Fluorination can be achieved without violence when alkane 
is treated with fluorine diluted with an inert gas or by the 
action of inorganic· fluorides su~h as AsF), SbF) , AgF, HgF2 
or Hg2F2 etc. on bromo or iodo derivatives. 

2C2HsI + HgF2 ~ 2C2HSF + Hgl2 

2CH)CH2CI + Hg2F2 ~ 2CH)CH2F + Hg2CI2 
Fluoroethane 

This reaction is called Swarts reaction. 

(ii) Iodo compounds are obtained by treating chIoro or bromo 
derivatives with sodium iodide (concentrated. solution in . 
acetone); It is a halide exchange reaction. (Finkelstein 
~action). . 

Acetone . 
C2HSBr + Nal l ~HsI + NaBr 

(Excess) . 

Points to remember: (i) Relative reactivities of 
halogens on alkanes follow the following order: 

F2 >C12 > Br2 > 12 
The reactivity decreases with decrease· in the electro-

negativity of the halogens. . . 
(ii) The replacement of hydrogen atom by halogen 

follows the following order. • 
Tertiary hydrogen > Secondary hydrogen> Primary hydrogen 

> Methane H 
(iii) Halogenation takes place in presence of sunlight, UV 

light or in dark at high temperatures (250- 400°.c). The 
reaction may be initiated by peroxide (dibenzoyl peroxide). 

(iv) Laboratory chlorination of alkanes is often done with 
S02Cl2 (Sulphuryl chloride), instead of CJ.2 ana an organic 
peroxide, ROOR is used as an initiator. 

(v) Tetra-ethyl lead, Pb(C2Hs )4' initiates the 
chlorination of methane in the dark at 150°C .. 
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(vi) Small amount of oxygen slow down the reaction for 
a period of time, which depends upon the amount of oxygen. 
Oxygen is believed to react with methyl free radical to form 
less reactive free radical. 

• • 
CH3 +02 ---7 CH3-O-O 

Here, oxygen acts as inhibitor. 
(b) Nitration: Nitration is a substitution reaction in 

which a hydrogen atom of alkane is replaced by nitro (-:-N02) 
group. 

High 
R-H+HON02 ) R-N02 + H20 
Alkane (Fuming) temp. Nitroalkane 

Lower members do not react with concentrated nitric acid 
at ordinary temperatures but long chain members on heating 
with fuming nitric acid yield nitroalkanes. 

400°C 
C 6H13-:-H + HON02 ) C6H13N02 + H20 

n-Hexane (Fuming) Nitrohexane 

However, when a mixture of vapours of an alkane and 
nitric acid is heated at 400 500°C, nitroalkane is formed 
readily .. Jhis is known as vapour pbase nitration. By this 
process lower as well as higher alkanes can be converted into 
nitroalkanes. 

450°C 
CH3 H + HON02 ) CH3-N02 + H20 
~ Vi I Nitromethane 

Vapour state 

In alkanes having two or more carbon atoms, there is 
always a possibility that the C-C bonds may break at high 
temperatures and a mixture of nitro alkanes is formed. For 
example, in the nitration of propane, the following products 
are obtained: '. 

N02 

HN03 (f) I 
4500C) CH3CH2CH2N02+ CH3CHCH3 

Similarly, 

I-Nitropropane 2-Nitropropane 
(25%) (40%) 

+C2HsN02 + CHiN02 
Nitroetbane Nitromethane 

(10010) 

HN03 
CH3CH2CH2CH3 ) CH3CH2CH2CH2N02 

n-Butane 450°C .. 

+CH3-CH-CH2CH3 +CH3CH2CH2N02 +CH3CHCH3 I . I 
N02 N02 

+CH3CH2N02 +CH3N02 
. Higher alkanes yield even more complex mixtures. 

Alkanes containing neo;.skeleton are easily oxidised with 
lIN03 to form carboxylic acids and no nitro compounds, 

CH3 

I 
CH3Y-· CH3 +402 -~2CH3COOH+C02 +2H20 

CH3 
Nco-pentane 
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Nitration like halogenation also follows free radital 
mechanism. 

• • 
C3H7 -H+HO ~ C3H7 +H20 

Propane 

• • 
C3H7 + N02 ~ C3H7N02 

. (c) Sulphonation: The replacement of hydrogen atom 
by sulphonic acid group (-SO 3 H) is known as sulphonation. 
Lower alkanes do not undergo sulphonation but higher 
members (from hexane onwards) are sulphonated slowly 
when treated with fuming sulphuric acid (oleum) at about 
400°C. 

so 
R-H+HOSO H 3, ) R-S03H +H20 
Alkane 3 Prolonged heating Alkane 

sulphonic acid 

S03 
C6HI3-H + HOS03H ) C6H13S03H + H20 

Hexane . Hexane sulpbonic acid 

However, lower members such as propane, butane, pentane, 
etc., react with S03 in vapour phase to form sulphonic acids. 

Ease of replacement of H atoms is: 
3° >2° >1° 

Sulphonation also follows free mdical mechanism. 

HOSO H 400°C) HO + SO H 
3 H l'fl' 3 omo ytlC SSlon 

• • 
C6H!3-H + OH ~ C6Hl3 + H20 

C6H13 + S03H ~ C6HI3S03H 
2. Oxidation: Oxidation of alkanes gives different 

products under different conditions. 
(a) Conibustion or. complete oxidation: Alkanes 

readily bum with non-luminous flame in excess of air or 
oxygen to form carbon dioxide and water. The combustion of 
alkanes is an exothermic reaction, i. e., large quantity of heat is 
evolved and heat of combustion increases with molecular 
weight. It forms the basis of the use of alkanes as fuel in the 
internal combustion engines. The cooking gas, which is often 
called LPG (Liquefied Petroleum Gas) is a mixture of 
propane and butane .. 

Cn H2n+2 + (3n
2
+1)02 ~ nC02 +(n+l)H20+Q 

CH4 (g)+20 2 (g) ~ CO 2(g)+2H20(l)+213kcallmol 

2C2H'; +702 ~ 4C02 +6H20+7~6kcallmol 
(b) Incomplete combustion or oxidation: 
(i) When alkane is bumt in insufficient supply of oxygen, 

carbon monoxide or carbon black may be formed. 

2CH4 + 302 Burn) 2CO + 4H20 
(Lilnited) 

CH4 + O2 Burn) C +2H20 
(Lilnited) Carbon black 

Carbon black is used for making printing ink, black 
paints, polishes and as a filler in rubber vulcanisation. 
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(ii) Reaction with steam: Methane reacts with steam 
over nickel suspended on alumina at 1073 K, hydrogen gas is 
formed with carbon monoxide. 

Ni/Al20 3 CH4 + H20 ) CO+3H2 
Steam 1073K 

(c) Catalytic oxidation: Lower alkanes undergo 
restricted oxidation in presence of metallic catalysts such as 
copper at high tempemture and pressure to form alcohols, 
aldehydes, ketones and acids. 

(i) When methane and oxygen mixed in the mtio of 9 : 1 
are compressed to 100 atmospheres and passed through 
copper tilbe at 200°C, methyl alcohol is formed, 

Cu-tube 
2CH4 + [Oh ) 2CH30H 

9 : 1 100 atm1200°C 

(This is the industrial method for the manufacture of 
methyl alcohol.) 

(ii) When a mixture of methane and oxygen is passed over 
heated molybdenum oxide under pressure or in air at 543 K, it 
is oxidised to formaldehyde. 

Cf!:4 + O2 MoO ) HCHO + H 20 
Methane 543 K. 100 attn. Formaldehyde 

Higher alkanes are oxidised to carboxylic acids in 
presence of manganese steamte or silver oxide. 

O2 
IOo-1600 C) CH3(CH2)nCOOH 

AgzO 
2R-CH3 +3[Oh ) 2R-COOH + 2H20 

Heat 

The controlled partial oxidation of m~thane at 1773 K· 
yields acetylene. 

6CH4 + 202. 1773 K) 2HC=::CH+ 2eO + lOH i .22 
Ethyne 

(d) Chemical oxidation: Alkanes are usually not 
affected by oxidising agents like KMn04 or K2Cr207' 
However, alkanes having tertiary hydrogen are oxidised by 
these oxidising agents to the corresponding alcohols. 

KMn°4 
(CH3hCH + [0] ) (CH3 hCOH 

lsobutane (Alk.) Tertiary butyl alcohol 

3. Thermal decomposition or Fragmentation (pyrolysis 
or cracking): The decomposition ofa compound by heat is 
called pyrolysis (Greek: pyro = fire; lysis loosening). When 
pyrolysis occurs in alkanes, the process is termed cracking. 
The alkanes, on heating under high temperature in absence of 
air, are broken down into a mixture of lower alkanes, alkenes 
and hydrogen. During cracking of alkanes, either rupture of 
carbon-hydrogen bonds or rupture of carbon-carbon bonds 
(Occurs by a free mdical mechanism) takes place. Tbe rupture 
of C-H bonds is catalysed by the oxides of chromium, 
vanadium, molybdenum, etc., and the rupture of C~ bonds 
is catalysed by silica, alumina, zinc oxide, etc. The following 
are some of the examples of pyrolysis. . 
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CH4 lOQO°C) C+2H2 
Methane 

f
C6H12 +H2 
Hexene 

C6. H14 ' C4Hg +C2H6 
Hexane Butene Ethane 

C3H 6 +C2H4 + CH4 
Propene Ethene Methane 

C4H IO +C4Hg 

C6H14 +C2H4 
C4H lO +CH4 +C2H4 +C 

CgH16 + H2 

C6H12 +C2H 6 

C7Hl4 +CH4 

The pyrolysis or cracking of alkanes involves breaking of 
C---C and C-H bonds and occurs by a free radical 
mechanism. It is of great importance to the petroleum 
industry. 

4. Isomerisation: The process of conversion of one 
isomer into another isomer is called isomerisation. Alkanes 
when heated in presence of anhydrous aluminium chloride 
and concentrated hydrochloric acid or anhydrous aluminium 
bromide and hydrobromic acid at about 200°C under a 
pressure of 35 atmospheres are converted into one or more 
other isomers. 

CH CH CH CH A1C13 + HCI (Cone.) 
3 2 2 3 200°C 35 atm 

n-ltutoone ' 

CH3 

I 
CH3CHCH3 

Isobutane 

~ A1CI3 +HC1(Cone.) ,. 
2-Methylpentane Heat 

2,3-Dimethylbutane 

This isotnerisation involves 1,2 shift of hydride or methyl 
group. 

The branched chain alkanes have lower b.pts~ than, 
straight chain, hence isomerisation is important in petroleum 
industry. 

5. Aromatisation: The conversion of alipbatic 
compounds into aromatic compounds is known as 
aromatisation. Alkanes having 6 to 10 carbon atoms are 
converted intO benzene or its homologous' at high 
temperatures and in presence of a catalyst. 
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" /CH3 

O+4H2 Hie; CH3 Cr203/Al203 I '~I ,. 
H2C'C ......... CH2 600°C/l5 atm 

H2 
Benzene 

n-Hexane 

6 6 -H2 6 -600°C 

n-Heptane Methyleyclo- Toluene 
hexane 

6. Insertion reaction: Diazomethane or ketene acts as 
insertion reagent because on photolysis they easily gjve 
carbene intermediate. So, due to introduction of methylene 
(-CH2-) group, the lower alkanes are converted into 
higher homologues. This process i~ known as methylation. 

CH2N 2 ~ :CH2 +N2 
Diazomethane 

hv 
CH2=C=O ---7 :CH2 +CO 

Ketene 

CH3CH2CH3 + :CH2 ---7 CH3CHCH3 
Propane I 

CH3 

lsobutane 

+CH3CH2CH2CH3 
Butane 

7. Reaction witb ketones: When isoalkane is heated 
with a ketone in the presence of conc. H2S04, we get a tertiary 
alcohol (3°). 

CH ° 
I 3 II COnc.H2S04 

CH3-C-H+CH3-C-CH3 ) 
I ' Acetone (d) 

CH3 
lsobutane 

. 2,3,3-Trimethyl butan-2-o1 

Uses of alkanes 

(i) Methane is used in the manufacture of compounds like 
, CH30H, HCHO, CH3CI, CH2C1 2 , CHCl3 and CCl4 etc. 

(ii) Methane is used in the preparation of carbon black which is 
used for mak.ii:tg· printing ink, black paints and automobile 
tyres. 

(iii) Methane in the form of natural gas is used for running the 
cars, buses, etc. LPG (mixture of butane and isobutane) is 
used as a fil,el. 

(iv) Ethane is used for making hexachloroethane which is an 
artificial camphor. ' 

(v) Higher alkanes in the form of gasoline, kerosene oil, diesel, 
lubricating oils and paraffm waX are widely used. 
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ILLUSTRATIONS OF OBJECTIVE QUESTIONS 
1. A compound with no tertiary hydrogen is: 

(a) (CH3 h C:-CH(CH3}z 
(b) (CH3hC-CH2CH3 
(c) (CH3hCH-CH2CH2CH3 
(d) none of the above 
[Ans. (b)] 

2. Which of the following gives methane on hydrolysis? 
(a) Al20 3 (b) CaC2 
(c) Fe304 (d) Al4C3 
[Ans. (d)] . 

3. Which of the following has highest octane number? 
(a) n-Hexane (b) n-Heptane 
(c) n-Pentane (d) 2,i,4-Trimethylpentane 
[Ans. (d)] 

4. Relative reactivity of halogens on alkanes follow the order: 
(a) F2 > Cl2 > Br2 > 12 (b) Cl2 > Br2 > 12 > F2 
(c) F2 >12 >Br2 >C12 (d) 12 >Br2 >C12 >F2 
[Ans. (a)] 

5. The reaction, 

C H Br (i) Li ) [X] _CH--,3=-B_r~) [Y]·, is called: 
2 5 (ii) CuI 

( a) wurtz synthesIs 
(b) Wolff-Kishner reduction 
(c) Corey-House synthesis 
(d) Kolbe's synthesis 
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[Ans. (c)] 
6. What are [X] and [Y] in the following reaction? 

(i) Li CH3CH2Br 
(CH3h CHBr (ii)CuI) [X] .) [Y] 

(a) [(CH3-hCHhLiCu and (CH3 hCHCH3 
(b) [(CH3 h CHhLiCu and (CH3)~ CHCH2CH3 
(c) [(CH3 hCHhLiCu and CH3CH2CH3 
(d) [(CH3 h CH]LiBr and (CH3 h CHCH2CH3 
[Ans. (b)] 

7. Propane is obtained from propene by which of the following 
method? 
(a) Wurtz reaction 
(c) Frankland reaction 
[Ans. (d)] 

(b) Dehydration 
(d) Catalytic hydrogenation 

8. When these compounds are arranged in order of increasing 
boiling point, 
CH3CH2CH2CH2CH3' CH3CH2CH(CH3 )CH3, 

(I) (II) 

CH3C(CH3)2 CH3 
(III) . 

what is the correct order? 
(a) I<II<III 
(c) II<III<I 
[Ans. (d)] 

. (b) II<I<III 
(d) I1I<II<1 

Ascent and descent of series: When a higher homologue is prepared from a lower homologue, it is called ascent of series. 
Similarly the preparation of lower homologue is called descent of series. 

Ascent of alkane series: Use of wurtz reaction is made. 
(i) Methane to ethane : 

. CH4 
Methane 

el2 CH CI __ H_ea_t_w_ith_N_a_in_e_th_er--..+ 
UV 

) 3 ) CH3-CH3 Wurtz reaction Ethane 

(ii) Butane from ethane: 

C2H 6 
Ethane 
(excess) 

el2 Heat with Na in ether 
UV

) C2HsCI -------~) C2HS-C2HS 
Eth 1 hl ·d Wurtz reaction Butane y c on e 

Descent of alkane series: Use of decarboxylation reaction is made. It is a multistep conversion. 
Ethane to methane : 

C2H
6 

O 2) C
2
H

s
CI KOH (aq.) C

2
H

s
OH [0]) CH3CHO [0]) CH

3
COOH NaOH) CH

3
COONa NaOH/CaO) CH

4 
Ethane UV Ethyl chloride Ethyl alcohol Acetaldehyde Acetic acid Sodium acetate Heat Methane 
(excess) 

. el2 KOH (aq.) [0] [0]. NaOH. NaOH/CaO 
HIgher ~ Alkyl ) Alcohol ~ Aldehyde ~ ACId ) SOdIum salt of H ) Lower alkane 
alkane UV halide the acid eat 

SOME SOLVED PROBLEMS 

Problem 1. Why are alkanes relatively unreactive? 

Solution: Alkanes are inert substances at room 
temperature as they are not affected by acids, alkalies and 
oxidising agents. This is due to the fact that the C-'-C and 
C-H bonds in alkanes are non-polar, i. e., they have no 
reaction sites where the polar reagents can attack. 

Problem 2. Why do the C-'-C bonds rather than the 
C-H bQnds break during pyrolysis of alkanes? 

Solution: Bond energy of C-'-C bond is lower than the 
bond energy of C-H bond. The C-'-C bond energy is 
83.0 kcaUmol while C-H bond energy is 98.8 kcaUmol. 
Thus, C-'-C bonds break more easily than C-H bonds. 

o 
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Problem 3. Methane does not react with chlorine in 
dark. Explain by giving reason. 

Solution: Chlorination of methane is a free mdical 
substitution. To convert Cl2 molecules into chlorine-free 
radicals, energy is required which is not available in dark. 
Thus, methane does not react with Cl2 in dark due to absence 
of free radicals. 

Problem 4. The fire of burning liquid paraffin cannot be 
extinguished by throwing water over this. Explain by· giving 
reason. 

Solution: The liquid paraffin is lighter than water. It 
flows over water surface and continues burning. 

Problem S. How will you obtain? Give equations only: 
(a) methane from acetone. 
(b) ethane from acetic acid. 
(c)· methane and ethane from sodium acetate. 

Solution: 

(a) (i) CH3COCH3 + 4[0] ~ CH3COOH +C02 + H20 
. Acetone Acetic acid 

(ii) CH3COOH + NaOH ~ CH3COONa + H20 
Sodium acetate 

(iii) CH3COONa + NaOH 

(b) (i) CH3COOH+NaOH ~ CH3COONa +H20 
Aeetic acid Sodium acetate 

CH3:COONa 
I I 
I I 

(ii) +: : 
I , 

cH3icoqNa 
I I 

Cathode 

Electrolysis 
) 

2Na+ 2H20 --72NaOH+H2 

(c) Apply a (iii) and b (ii) equations for obtaining methane 
and ethane respectively. 

Problem 6. Why is the Wurtz synthesis not a good method 
for preparing propane? 

Solution: Two different alkyl halides (methyl chloride 
and ethyl chloride) are to be used to prepare propane. Thus, 
three reactions may occur giving a mixture containing ethane, 
butane and propane. 

Problem 7. Write the structural formulae and IUPAC 
names of the different alkanes formed when a mixture of 
I-bromo propane and 2-bromopropane is reacted with sodium 
in presence of ether. What is the name of the reaction? 

Solution: (a)CH3CH2CH2[~!~3:~~~~3:~!!CH2CH2CH3 
I-Bromopropane I-Bromopropane 

~ CH3(CH2)4CH3 
Hexane 

H3
C

) <CH3 

CH-CH 
H3C . CH3 

2,3-Dimethylbutane 

(e) CH3CH2CH2[!ii!:~~;i:!:~~CH<CH3 -c-> 
I-Bromopropane CH3 

2-Bromopropane 

CH3 
I 

CH3CH2CH2-CH-CH3 
2-Methylpentane 

The name of the reaction is Wurtz reaction. 
Problem 8. An alkane with molecular mass 72 formed 

only one substitution product. Suggest a structure for the 
alkane. (BCECE 2006] 

Solution: Let the molecular formula of the alkane be 
Cn H 2n+2 • 

Molecular mass of the alkane = nC + (2n + 2)H 

Thus, 

or 

So, 

=nx12+(2n+2)xl 

=14n +2 

1412+2=72 

14n=72-2=70 

70 
n=-=5 

14 

Thus, the molecular formula of the alkane isC5H12 .It can 
have three isomers. 

CH3 CH3 
I I 

CH3CH2CH2CH2CH3 ; CH3 CHCH2CH 3 ; CH3-C-CH3 
n-Pentane· 2-Methylbutane I 

. (Isopentane) CH
3 

2,2-Dimethylpropane 
(Neopentane) 

Since, the alkane forms only one mono substituted 
product, it must have only one type of hydrogen atoms. 
Therefore, the alkane is 2,2-dimethylpropane. 

Problem 9. Give reason why chlorination of ethane to 
ethyl chloride is more practicable than the chlorination of 
n-pentane to l-chloropentane. 

Solution: Ethane forms only one mono chloroderivative 
(ethyl chloride) on chlorination while n-pentane forms three 
isomers on mono-chlorinati~n and the yield of l-cbloropentane 
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is low as it is fonned by replacement of primary hydrogen 
while other two isomers are fonned by replacement of 
secondary hydrogen atoms respectively. 

CH3-CH3 Gl2) CH3-CHFI 
Ethane Ethyl chloride 

Cl2 CH3CH2CH2CH2CH3 ~ CH3CH2CH2CH2CH2CI 
n-Pentane l-Chloropentane 

CI CI 
I I 

+ CH3-CH-CH2-CH2CH3 + CH3-CH2-CH-CH2CH3 
2-Chloropentane 3-Chloropentane 

Problem 10. Prepare butane from chloroethane using 
the Corey-House synthesis. 

Solution: Chloroethane is first converted into lithium 
diethylcuprate which then reacts with chloroethane tD fDnn 
butane. 

(i) CH3CH2CI +2Li Ether) CH3CH2Li + LiCI 

. (ii) 2CH3CH2Li +Cuf ---; Li(CH3CH2hCu + Lil 
Lithium diethyl cuprate 

(iii) Li(CH3CH2hCu +CH3CH2Cl ---:-" 

CH3CH2CH2CH3 +CH3CH2Cu + LiCI 
Butane 

6.7 PETROLEUM 
The tenn petrDleum (Latin: Petra =. rock; Oleum = .oil) is 
applied tD the dark;coloured oily liquid with .offensive odour 
fDund at various depths in many regions below the surface .of 
the earth. It is also called rock oil, mineral .oil or crude .oil. It is . 
generally found under the rDcky strata of the earth's crust and 
.often floats over salted water .. It is covered by an atmosphere 
.of a gaseDus mixture known as natural gas. 

The chief oil producing centres in India are: Rudrasagar 
and Lakwa in Assam; Ankleshwar, Cambay and Kalol in 
Gujarat and Mumbai high (offshore area). 

Composition: The cDmpDsitiDn of crude petroleum 
varies with places of occurrence but essentially it is a mixture 
.of hydrDcarbons. It contains mainly the fDllowing: 

(i) Alkanes: The percentage .of alkanes can vary from 
30 tD 70. Alkanes containing UptD 40 carbon atoms are. 
present. Alkanes are mainly straight chain but few are 
branched chain isomers. 

(ii) Cycloalkanes: 'The perc~ntage of cycloalkanes 
varies from 16 to 64. the cycloalkanes mainly present in 
petroleum are: Methyl cyclopentane, cyclohexane and methyl 
cyclDhexane. The .oil rich in cycloalkanes is knDwn as 
asphaltic on. 

(ill) Aromatic hydrocarbons: The percentage .of 
. aromatic hydr.ocarbDnS varies frDm 8 tD 15. The chief arDmatic 

cDmpDunds present in petrDleum are: Benzene, t.oluene, 
xylenes and naphthalene. 
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(iv) Sulphur, nitrogen and oxygen compounds.: Besides 
hydr.ocarbons, there are also present certain .organic 
cDmpDunds containing oxygen, nitrDgen and sulphur. The 
sulphur cDmpDunds are present tD the extent .of 6% and these 
include mercaptans (R-SH) and sulphides (R-S-R). The 
disagreeable smell of petroleum is due to these sulphur 
cDmpDunds. Their remDval fr.om petr.oleum products is very 
necessary, DthelWise these will get Dxidised tD sulphurDuS and 
sulphuric acids during cDmbustiDn in internal cDmbustion 
engine and will cause cDrrDsiDn .of metal. 

The chief nitrDgencDmpDunds are alkyl pyridines, 
quinDlines and pyrrDles. The .oxygen cDmpDunds present in 
petrDleum include alcDhDls, phenDls and resins. CDmpounds 
like chlDrDphyll, haemin (green and red cDIDuring matter .of 
plants and animals, respectively) are alsD present in 
petroleum. 

(v) Natural gas: The gas found abDve the petrDleum 
deposits is referred tD as natural gas. It is a mixture of low 
mDlecular weight alkanes, namely methane .(80%), ethane 
(13%), prDpane (3%), butane (1%), the vapDurs ofl.oW b.oiling 
pentanes and hexanes (0.5%) and nitrDgen (1.3%). The natural 
gas in liquid fDnn under pressure mainly cDnsisting propane, 
and butanes is used as cDDking gas (LPG = liquefied 
petrDleum gas). It is highly inflammable. The gas burns with 
blue flame prDducing IDt .of heat. The gas cDntaining methane, 
nitrogen and ethane is sDld as bDttled gas in compressed state 
in steel cylinders. 

Theories of origin of petroleum: Many the.ories have 
been prDpDsed t.o explain the .origin .of petr.oleum belDw the 
crust .of the earth but nDne is satisfactDry in itself. Any theDry 
prDP.osed must explain the f.ollowing characteristics 
associated wIth petroleum: 

(i) its associati.on with brine (s.odiUm chl.oride soluti.on), 
(ii) the presence .of nitr.ogen and sulphur compounds in it, 
(iii) the presence .of chlDrDPhyll and haemin in it, 
(iv) its .optically active nature. 
Mining of petroleum: PetrDleum deposits .occur at 

varying depths at different places ;ranging fr.om 500 to 15000 
feet. This is brought to the surface by artificial drilling. The.oil 
well is drilled till the .oil bearing regi.on is reached and pipes 
are fitted. SDmetimes, the .oil rushes .out thr.ough these pipes 
due tD the pressure exerted by the natural gas. As the gas 
pressure subsides, air pressure is applied t.o raise the .oil fr.om 
the well. 

The crude .oil thus, .obtained is. either stored in big steel 
tanks or sent to refineries by pipelines for processing. 

Petroleum refining: The petr.oleum .obtained by 
mining contains impurities such as sand, brine .or sea water, 
sulphur comp.ounds and resins. It is technically called as 

. crude on. The crude oil is mechanically freed fr.om sand and 
brine and then subjected to fractional distillati.on in a refinery 
because crude oil as such is not suitable f.or m.ost technical 
purposes. 
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, . The process' of dividing crude oil into useful fractions 
with, different boiling ranges a'nd free from undesirable 
. inipuritiesis termed refining. 

The fractional distillation of crude oil is carried out 
continuously in a specially designed tall fractionating tower or 
column, made of steel. The cnide oil is heated in a furnace to 
about 400°C and introduced in this tower. Higher boiling 
fractions· condense fITSt whereas the low boiling fractions rise 
upward and are collected as soon as they condense. The gases 
which do not condense at all (low boiling points such as 
methane, ethane, propane and butane) are collected at the top 
of the column. Some portion of the crude oil does not vaporise 
and i,s obtained as a residue or pitch. 

The main fractions obtained are: 

FractioD: 

l. Uncondetised gases 

2. Crude naphtha (16%) 

3. Kerosene (25-30%) 

4. Heavy oiH25-30%) 

5. Residual oil (about 30%) 

6. Non-volatile residue 

, Approximate 
1···.compositioD 

C I C4 

Cs CJO 

CII C I6 

C16 -C18 

C I7 -C40 

Boiling point 
, range upto room 

temperature 

30-1 50°C 

I 50-250°C 

250-400°C 

Above 400°C 
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Different fractions are furtherrefmed and subjected to 
refractionation to yield various useful products. ' 

Purification: The fractions obtained above are called 
sour fractions. These fractions are purified in order to impfC)ve 
odour, stability to air oxidation, corrosiveness and, other 
properties. The actual process of purification differs from one 
fraction to the other depending upon,its commercial utility and 
nature of unwanted substances· present. 

(i) Treatment with concentrated su,phuric acid: The 
gasoline or kerosene fraction is shaken with sulphuric acid to 
remove ar.omatic compounds like thiophene and other sulphur 
compounds which impart offensive odour to gasoline and 
kerosene and also make them corrosive. It is then allowed to 
settle and the upper layer is withdrawn. It is treated with 
sodium hydroxide to Fernove excess, of acid and finally 
washed with water several times. It is then redistilled. 

(ii) Doctor sweetening process: Sometimes sodium 
plumbite is used in presence of alkali and calculated quantity 
of sulphur to remove mercaptans. Mercaptans are oxidised to 
disulphides. 

2RSH + Na 2Pb02 +S ~ RSSR +PbS+2NaOH 
Disulpbide 

(iii) Treatment with adsorbents: Various fractions are 
passed over adsorbents like alumina or silica or clay, etc., 
when the undesirable cumpounds get adsorbed. 

A complete list of petroleum products, approximate 
compositiOl~. boiling range and their uses is given below: 

Table : Petroleum Products 

S. 
No. Fraction ' 

I. Uncondensed gases 

2. Crude naphtha on refractionation 
yields: 

(i) Petroleum ether 

(ii) Petrol or gasoline 

(iii) Benzene derivatives 

3. Kerosene 

4. Heavy oil 

Refractionation gives: 

m Gas oil 

(ii) Fuel oil 

(iii) Diesel oil 

5. Residual oil on fractionation by 
vacuum distillation gives: 

(i) Lubricating oil 

(ii) Paraffin wax 

(iii) Vaseline 

(iv) Pitch 

6. , Petroleum coke (or redistilling tar). 

Upto room temperature 

30-70° 

70-120° 

120-150° 

150-250° 

250-4()()O 

Approximate'composition 
., . 

" 

\ ClI -CI6 

CiS-CIS 

" 

CI7 C4~ 

C17 C20 

C20 -C30 

C20 -C30 

C30 - C40 

.. " 

'.U~,,;:, " .. , .... 
, ',',,' ', .. '. /' /' ~ . ", 

Fuel gases; refrigerants; production of carbon 
black; hydrogen; synthesis of organic 
chemicals. 

Solvent. 

Motor fuel; dryclean~ng; petrol gas. 

Solvent; dryc1eaning. 

Fuel; illuminant; oU gas., 

As fuel for diesel engines; converted to gas
oline by cracki~lg. 

Lubri,'ation. 

Candles; boot polish; wax, p,lpcr; etc. 

Toilets; ointnients; lubrication. 

Paints, lOad surfacing. 

As fuel. 
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LPG and CNG (Petroleum' Gases) 
1. Liquefied petroleum. gas (LPG): The petroleum 

gas liquefied under pressur~ is called liquefied petroleum gas 
(LPG). It is chiefly a mixture of butane and isobutane with a 
small amount of propane and is easily compressed under 
pressure as liquid and stored in iron cylinders. It is supplied in 
liquid form, so that a cylinder of even ~mall volume may 
contain an appreciable amount of the gas. A domestic' gas 
cylinder contains about 14 kg of LPG A strong foul smelling 
substance called ethyl mercaptan (C2HsSH) is added to LPG 
cylinders to help in the detection of gas leakage. The gas used. 
for domestic cookin~ is called Liquefied Petroleum G~s 
(LPG). It is mainly used as a pollution free household neat 
and clean good fuel because the' combustion of butane and 
isobut~e is, complete. When we turn the knob of the gas 
cylinder, the pressure' is released resulting decrease' of 
pressure inside the cylinder, so that highly volatile LPG 
changes into gas. When ignited, the gas burns with a blue 
flame producing a lot of heat. It hs a high calorific value 
(about 50 kItg). The major sources of LPG are natural gas·and 
from refining and cracking of petroleum. 

2. Compressed natural gas (CNG): The natural gas 
compressed at very high pressure is called compressed natural 
gas (CNG). It consists mainly of methane (95%) which is a 
relatively unreactive hydrocarbon and makes it nearly. 
complete combustion possible. The other 5% is made up of 

" various gases such as ethane, propane aud butane including 
small amounts' of other gases nitrogen, helium, carbon 
. dioxide, hydrogen sulphide and water vapours, etc. Because 
of the gaseous nature ofthis fuel, it must be stored in either a 
compressed natural gas (CNG) state or in a liquefied na1u!'a1 
gas (LNG) state. The CNG is now being used as a better fuel 
than gasoline for running buses, cars and three-wheelers in 
metropolitan cities like Delhi, Mumbai, etc., because of its 

,complete combustion and no unburnt carbon is being released 
into the atmosphere to cause air pollution. Recently a plant (or 
LNG has been established in Gujarilt. 'CNG or LNG are vet)' 
clean fuels which cause very little pollution and also have 
very high. calorific value. Natural gas ,has octane rating 9f 130. 

6.8 ARTIFICIAL METHODS FOR MANUFACTURE 
OF. PE"rROL OR ·GASOLINE 

Petrol or gasoline obtained from crude petroleum is not 
sufficient and can meet only halfofworld's requirements. It is, 
therefore, necessary to fmd alternative methods of obtaining 
petrol. The deficiency is partly met these days by converting 
the other less valuable fractions such as heavy oil and 
k~rosene fractions into petrol with the help of the cracking 
process. Synthetic methods have also been discovered for the 
manufacture of petrol. The methods generally eJ?1ployed for 
the artificial production of petrol can be studied under two 
main heads: . 

, (i) Cracking, (ii) Synthesis. 
0) Cracking: It is a process in which high boiling 

,fractions consisting of higher hydrpcarbons are heated 
strongly to decompose theni into lower hydrocarbons with 
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low boiling points. The" proqess . of cracking involves the· 
breaking of carbon-carbon, and carbon-hydrogen bend 
resulting in the formation of smaller molecules of various . 
types depending on the conditions uSed. 

For example, when Jong, chain alkanes are heated well 
above their boiling points (400-800°C) with or without a 
catalyst, they are broken (or cracked) to yield smaller alkanes, 
aIkenes and hydrogen. 

Long chain alkanes " .t()O-800:C) Smaller. alkanes + 
AIkenes + H

2
. '. ..' . 

Thus; by crackin~of asmgle alkane (e.g.,decane), a lirge 
number of hydrocarbons like heptane, 'hexane,pentane,., 
butane~ propene, butene, pentene, hexene, etc:, areprgduced~ 

Similarly, 

G12H26 
, Dodecane 
(b.pt. 489 K) 

Cracking 

700°C ) 

'\lf3 (CH2)6CHr +CZH4 
Octane Ethene 

CH3(CH2hCH3 + C3H6 
,Heptl,Ille 'PrQP~mi , 

CH3 (CH2)4Gfh +C4Hs .' 
'Hexane . Butene 

CH3 (CH2hCH3 +CSH10 
Pentane Pentene 

CH3 (CH2hCH3 +C6:H12 
Butane Hexene . 

C7Hl6 + CSHIO 
Heptane Pentene 

(l:!.pt. 371 K) (b.pt. 309 K) 

Cracking is carried ou~ in two differentways; 
(a) Liquid-phase cracking and 
(b) Vapour-phase cracking. , 
(a) Liquid-phase cracking: In this process, the heavy· 

oil or residual oil is cracked at a high temperatUre 
(475-530°C) under high pressure (7 to 70 atmpspheric, 
pressure). The high pressure keeps the reaction product in 
liquid state. The conversion is app:roximately 70% and the 
resulting petrol has the octane number in·the rang~,65to,70. ' 

The cracking can be done in presence of some catalysts' 
like silica, zinc oxide, titanium oxide, ferric oxide and alumina 
(catalytic cracking). The yields of petrQI are generally higher 
when catalyst is used at lower temperature.· ' 

(b) Vapour-phase cr~cking: In this.pmcess,kerosene 
or gas oil is cracked in vapbur-phase. The temperatureis:kept 
60Q-800°C and the pressure is about 3.5 tg 10.5 atmospheres. 
The cracking is facilitated by ,use of a suitable catalyst The 
yields are about 70%. 

It is obServed that petrol obtained by cracking is" far 
superior, to petrol obtaioedby direct 6istillatioD ·ofcrode 
petroleum on account of its high octane number (due to 
presence of large quantities of unsaturated hydrocarbons). 
'. ' Petrol is also Qbtained by th,e pe.lymerisation and 
alkylation ,of' sWtPle llyQroca.Jibons o~tahled durlng. 
crackiQ.g~ Olefins underg0'P0lym~sation reactions in the 
presence of catalysts like 'HiS04 or H3PQ4.Simpie olefin,s 
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form molecules having 6 to 8 carbon atoms and can be 
converted into petrol by hydrogenation. 

H3C '. 
)C=CH2 + H-CH2C=CH2 70% H2S04 > 

He I 
3 CH 

3 

2-Molecules of 2-methylpropene 

H3C) H 2 " 

C
1

-CH2 -C=CH2 ~ (CH3hC-CH2CH(CH3h 
H3C I 2,2,4-Trimethylpentane 

CH3 CH3 . (Iso-octane) 

2,4,4-Tri methylpentene 

The octane number of polYfl?er gasoline is generally high. 
Alkylation occurs under similar conditions. Isobuterie 

reacts. with isobutane in presence of conc. H2S04 at about 
4o.oC to form iso-octane .. 

CH3 

I Cone. H2S04 CH3-C=CHz +CH3-C-H ---,--...--~) I . . I 40°C 

CH3 CH3 

Isobutene Isobutane 

CH3 

I 
CH3-C-CH2-CH-CH3 

I I· 
CH3 CH3 · 

Iso-octane 

CH3 

I 
CH3 

I 
CH3-C-H+ CH2=CHz I '. Ethene 

CH
3 

. 

---t- CH3-C-CH2-CH3 
. . I 

CH3 

Isobutane Neo-hexane 

(ii) Synthesis Petrol can be" synthesised from coal 
(Synthetic petroleum) by the following two methods: 

(a) Bergius process and (b) Fi~cher-Tropsch process. 
(a) Bergius process (Hydrogenation'of coal) : This 

method was invented by llergius in Germany during the first 
world war. Finely powdered coal and a catalyst (usually ferric 
oxide, Fe20 3 or fin) is made into a paste withheaVy oil. The 
paste is then preheated ana pumped to the conyerter.Here-the 
paste is heated to 450-500°C and hydrogenis passed at about 
250. atmospheric pressure. The product of hydrogenation is 
. subjected to fractional distillation. . 

Coal + Hz 
~~ . . 

----==---:::.~.) MIX. of hydrocarbons or crude od 
450-500°C . 

250atm [synthetic petrolellm] 

The following fractions are obtained: 
(i) Gasoline upto 15o.oC 
(ii) Middle oil between 150-20o.oC 
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(iii) Heavy oil 2o.0-3o.o.oC , 
(iv) Residue '. 
Heavy oil and residue are again mixed with coal and the 

. above process is. repeated. Middle oil fraction can be 
seParately hydrogenated in the vapour phase in· contact with a 
solid catalyst to form mo,:e of gasoline. 

The yield of gasoline by this method may be as high ~s 
60.%,' 

(b) Fischer-Tropsch process: In this method, stearn is 
fITst passed over hot coke to form water gas .. 

C + H 20 1200°C ) CO + H2 
Coke Steam . '---v---' 

Water gas 

Water gas is mixed with half its volume of hydrogen and 
then passed over a catalyst at 2o.o.oC under 5-10. atmosp!~.ric 
pressure. The product is synthetic petroleum. 

C Co orNi. :' 
x 0 + y Hz Heat > MIxture of hydrocarbons + H20 

The best catalyst for this process is a mixture of cobalt 
(10.0. parts), thoria (5 parts), niagnesia (8 parts) and kieselguhr 
(200. parts). 
'. The artificial petroleum obtained is then fractionally 

distilled. The various fractions separated are: petrol, kerosene, 
lubric;t1ing oil, diesel oil and paraffin wax. The high boiling 
fractions are cracked to get more gasoline. The overall yield in 
this process is slightly higher than Bergiu!> process. 

6.9 KNOCKING AND OCTA'NE NUMBER 

. Petrol is used asa fuel in the internal combustion engines of 
cars, scooters, aerop la~es, etc. A mixture of petrol vapour and 

. air is compressed by a piston within the cylinder of the engine 
to its one-::.i,th or one-tenth volwne. The compressed mixture 

, is ignited by a spark plug. The fuel burns apd energy produced 
delivers a smooth thrust to the piston. This result in the 
movement of the piston and the' force is transmitted to the 
wheel of the vehicle: The efficiency of the engine depends on 
the compression ratio. The increase in compression of the 
fuel-air mixture beyond a certain point results in. irregular 
burning of the fuel which causes jerks agairist the piston and 
gives rise to viole]).t mt:tallic sound. The metallic sound 
produced due to irregular burning of the fuel is termed as . 

. knocking. The knocking lowers the efficiency of the engine 
and results the loss of energy. A fu~l which has minimum 
knocking property is always preferred. 

It has been observed'that knocking property is related with 
the nature (composition) of fuel. The straight chain aliphatic 
hydJ::ocarbons have a higher tendency to knock while branched 
chain or unsaturated hydrocarbons have less tendency to 
knock, i.e., the tendency to knock falls off hl the following 
order: ' ' 

Straight chain alkanes> branched chain alkanes> . 

olefins > cyclo alkanes> aromati9, hydrocarbons 

To indicate the quality of gasoline (petrol), a method of 
'gradation has been introducyd in 1929 which is ten;ned octane' 
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rating or octane number. Two compound&. ''''' .;;;e. 
as standards. Heptane which causes maximum knocking IS 

assigned the octane number 0 (zero) while 2,2,4-trimethyl
pentane ( iso-octane) which causes minimum knocking IS 

assigned the octane number 100. 

CH3 ,CH3 I, I 
CH3CH2CH2CHiCH2CH2CH3; CH3-C-CH2-CH~CH3 

Heptane I ; 
(octane number = 0) CH] 

2,2,4 -Trimethylpentane 
(octane number = 100) 

The octane number of any sample of gasoline is 
determined by matching its knocking property with the 
mixture containing iso-octane and heptane in an experimental 
engine. The octane number of a given sample may be 
defined as the percentage by volume of iso-octane present 
ina mixture of iso-octane and heptane which has the same 
knocking performance as the fuel itself. For example, a 
given sample has the knocking performance equivalentto a 
mixture containing 60% iso-octane and 40% heptane. The 
octane number of the gasoline is, therefore, 60. 

Antiknock compounds: To reduce the knocking 

property or to improve the octane number of a fuel certain 
chemicals are added to it. These ate called antiknock 
compounds. One such compound, which is extensively used, 
is tetraethyllead (TEL). TEL is used iii the form offollowing 
mixture: 

TEL:::;: 63%, Ethylene bromide 26%, Ethylene chloride 
= 9% and a dye = 2%. 

Generally I to 3 mL of this mixture is added~ to one gallon 
of gasoline. It is believed that tetraethyl lead dissociates to 
give. free ethyl radicals' which convert some of the 
straight-chain hydrocarbons to branched-chain hydrocarbons 
and thus, improves the octane number. However, there is a 
disadvantage that the lead is deposited in the engine. To 
remove the free lead, the ethylene halides are added which 
combine with lead to form volatile lead halides. 

. . 
Pb+Br~H2-CH;-Br ~ PbBr2 +CH2=CH2 

Etnylene bromide Volatile Ethylene 

Other Methods for Improving Octane Number of Gasoline 

Since, .lead' compounds are toxic in nature, the lead 
bromide escaping from the engine pollutes the atmosphere. 
The modeQI trenq is, therefore, to improve the octane number 
without using T I.:: L. The octane number of a fuel can be . 

. ,improved by increasing the percentage of branched-chain 
al,kanes, alkenesand aromatic hydrocarbons. The following 
processes are used for getting no-lead gasoline with better 
octane number. 

(i) Isomerisation (Reforming): .By passing gasoline 
vapours over aluminium chloride (AlCI 3 ) :.It 200°C. 
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CH3 

AlCI3 I . 
CH3CH2CH2CH2CH3 2000C) CH3CHCH2CH3 

Pentane lsopentane 
(octane number = 62) (octane number = 90) 

(ii) Alkylation: Isobutylene formed as a by-product 
dttring cracking of petroleum, alkylr :s with isobutane to form 
iso·octane in presence of concentrated H2S04, 

CH3 CH3 CH3 I I I -;04 CH3CH +CH2=\.., ~ CH3CCH2CHCH3 I, . [sobut<'1 I 
: CH3 CH3 

lsobutane ' lso--octane 
(octane number = 100) 

(iii) Aromatization (Platforming): A mixture of 
benzene, toluene and xylenes known as BTX is obtained when 
crude naphtha (C6-CS straight chain alkanes) vapours are 
passed over a catalyst (Pt + Al20 3 ) at 500°C. So, the octane 
number is improved significantly by converting low-octane 
alkanes into high-octane components. 

/CH3 

H2C CH3 
I I 

H2C ...................... CH2 
CH2 

n-Hexane 

Heptane 
(octane no. = 0) 

Catalyst 

Catalyst 

Cyclohexane 

CH 
HC~ ........... CH 

I II 
HC~ /CH 

CH 
Benzene 

+4";2 

Toluene 
(oct!tne no. '" 104) 

No-lead gasoline sold today is the gasoline obtained by 
isomerisation and alkylation blended with BTX. Its octane 
number is 90. 

The octane number of petrol can, thus, be improved: 
(i) by increasing the proportion of branched·chain or 

cyclic alkanes, 
(ii) by addition of aromatic hydrocarbons (BTX), 
(iii) by addition of methanol or ethanol, 
(iv) by addition of tetraethyl lead (C2Hs)4Pb. 

6.10 CETANE NUMBER 
Cetane number is used for grading the diesel oils. Two 
compounds have been selected as standards. Hexadecane 
(cetane) has been assigned cetane number 100 while a-methyl 
naphthalene is assigned zero cetane number on the basis of 
ignition property. 

• 
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The cetane number of a diesel oil is the percentage of 
. , cetane (hexadecane) by volume in a mixture of cetane and 

a-methyl naphthalene which has the same ignition 
property as the fuel oil in question under similar 
experim~ntal conditions. Thus, the diesel oil having cetane 
number 75 \, 0uldhave same ignition property as a mixture of ' 
75% cetan~ and 25% a-methyl naphthalene. 

6.11 FLASH POINT 
Volatility of a liquid hydrocarbon determines its explosive 
nature. Kerosene used for illuminating purposes should not be 
sufficiently volatile at ordinary temperatures so as to form 
explosive mixture with air. The lowest temperature at which 
an oil gives sufficient vapours to form an explosive mixture 

. with air is referred to as flash point of the oil. 
The flash point or ignition temperature fixed for a 

particular oil varies from country to country, depends on its 
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climate and Cl1ntrols the percentage of highly volatile 
hydrocarbons in l~e oil. The flash point is high fora hot 
country .and low f6r a cold country. The flash point in India is 
fixed at 44°C, in France it is fixed at 3,S°C, and in England at 
22.8°C. The flash point of an oil is usually aetermined by 
means of "Abel's apparatus'...· . 

6.12 PETROCHEMICALS 
Petroleum is the biggest and che.apest S,Ource of hydrocarbons. 
These hydroca\bons can be converted into vari01,lS useful 
organic compounds. All such chemicals which are derived 
from petroleum or natural gas are called petrochemicals. 
The modem petrocherirical industry produces about half a 
million useful organic compounds. Petrochemicals provide 
raw materials for the manufacture of dyes, drugs, plastics, 
fabrics, . insecticides, detergents, food preservatives, 
disinfectants, etc. . ' 

The following list includes some of the chemicals which ar~obtained from petroleum: 

Hydl'oearbons t~mp~"'ds derived 
--------~~~~--~~.~.~.~.~. -'~~'~'--~~~--~~~------~-------

Methyl chloride, chlorofornl: methanol, fonnald~hyde; fonnica<';I,', freon, hydrogen for synthesis of ammonia. 1. Methane 

Ethyl chloride, ethyl bromide, acetic acid, acetaldehyde, ethylene,ethyl acetate, nitroethane, acetic anhydride. 
. - • ! . 

2. Ethane 

3. Ethylene Ethanol, ethylene oxide, glycol, vinyl chloride, glyoxal, polyetbene, styrene, butadiene, acetic acid. 

4. Propane Propanol, propionic acid, isopropyl ether, acetone, nitrome~hane, nitroethane, nitropropane.· 

5. Propylene 

6. Hexane 

Glycerol, allyl alcohol, isopropyl alcohol, acrolein, nitroglycerine, dodecylbenzene, cumene, bakelite~ 

Benzene, DDT, 'gammexane. 

7. Heptane Toluene. 

8. Cycloalkanes Benzene, toluene, xylenes, adipic acid. 

9. Benzene 

10. Toluene 

Ethylbenzene, styrene, phenol, BHC (insecticide), adipic acid, nylon, ~yclohexane, ABS detergents. 

Bertzoic acid, TNT, benZaldehyde, saccharin, chlo~amine-T; benzyl chloride, benzal chloride. ' 

IMPORTANT POINTS TO REMEMBl:R (SUMMARY) 
[J Saturated hydrocarbons are called Paraffins or Alkanes .• 

They have the generalforinula C n HZn + z. 
[J The C-C and C-H bond lengths are equal to 1.54 A and 

1.10 A respectively. All bond angles are tetr-ahedral angle 
(109.5°). The C-C and C-H bond dissociation energies 
are 83 kca¥mol and 99 kcaVm61 respectively. 

[J They are divided into normal, iso and neo categories. 

General methods of preparation. 

[J By hydrogenation of unsaturated hydrocarbons with Ni at 
200°C or Raney Ni at room temperature. 

[J By the reduction of alkyl halides with ZnlHCI or 
ZnlCH3COOH or Red PIHI etc. 

[J By Wurtz reaction: 

Dry ether . 
RX + 2Na + XR ) R--R + 2NaX 

C) By Fran!<land's reaction: 

Ether " 
RX +Zn + XR ) R--R +ZnX2 

[J By decarboxylation of carboxylic acids. 
[J By electrolysis of Na or K salts of fatty acids (Kolbe's 

electrolytic reaction). , 
[J From Grignard reagents : By double decomposition with 

" compounds containing active hy~ogen atom like HOH; 
R-OH, NH3, R--' NHz, R·zNH, CH3C==CH, CH3COOH 
etc. . 

[J By ~uction of alcohols, aldehydes, ketones, carboxylic 
acids and' their' derivatives with hot conc. ill and red P in a 
sealed tub~. ' . 

[J By reduction ~f aldehydes and keton~ ()C=O) with 
Zn-Hg and conc. HCI (Clemmensen's reduqtion). 

'C=O + 4H Zn-Hg) 'CH 
./ 'Conc. HCI./ 2 

[J By reduction "~f ald~hydes and ketones with excess of 
hydrazine on sodium alkoxide on heating (Wolff-Kishner 
. reductifPn). 
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)c=O + H2N-NH2~)C " N· NH2 
'HYdrazine Hydrazone 

C?HSONa "-
,- ) "CH 
r"Il~C /, 2 

o By hydroboration of alkenes: 

RJIC=CH2 -~ [RCH2-CH2-" hB 
Alkene Trialkyl borane 

CH3COOH. ' " 
, ' ) RCH2CH3 

H+ Alkane 

o By CoreY-Ho~se synthesis: ~ + 2Li -~ R-Li + LiX' 

2R-Li + CuI ~ LiR2Cu 
"LiR2Cu + R'X --:--7 R-R' + R,-Cu + LiX 

Litbiwn dialkyl , Alkane 
cuprate 

Physical properties' 
o Physical constants like m.pts., b.pts. and density increas¥ 

gradually with increase in molecular weights. Straight 
cham alkanes have higher boiling points than branched 
chain alkanes having same number of carbon atoms. . 
n-alkane >- Isoalkane > N eoalkane ' 

Chemical properties 
o Both C-C and C-H bonds of alkanes are non-polar and 

strong sigma bO,nds cannot break under ordinary 
conditions; hence; alkanes are quite inert towards common 
reagents such as acids, alkalies, oxidising and reducing 
agents. A few important reactions of, alkanes are as 
follows: 

o Halogenation:, Alkanes react with halogens in presence 
of UV or diffused sunlight at high temperature 
(250-400°C), the hydrogen atoms' 'of alkane are 
successively replaced by halogen atoms. This process is 
known -as halogenation (substitution reaction). The 
extent of halogenation depends upon the, amount of 
halogen ,used. (Reactivity order of' halogens ' is 
F2 ~C12 > Br2 >1 2) 

:.J Higher alkanes undergo halogenation in controlled 
conditions and give a mixture of isomeric haloalkanes. 
The order of reactivity is: , 
Tertiary hydfogen > Sec. hydrogen> Primary hydrogen 

o Chlorination and bromination proceed in almost identical 
manner. Reaction with fluorine is very violent but the 
reaction with iodine is very slow and reversible, so 

, iodination occurs in presence of an oxidising agent. 
o Laboratory chlorination 'of alkane is often done with 

S02Cl2 instead ofCl2 arid an organic peroxide, ROPR is 
used as an initiator. ' 

o Halogenation occurs by a ftee radical chain mechanism. 
The important steps are: (i) Initiation (ii) Propagation 
(iii) Termination. . 

o Nitration: It is a substitution reaction in which a H-atom 
of alkane is replaced by nitro (-N02) group. Alkanes can 
be nitrated with nitric acid in gas phase generally at a 
temperature 450-500°C. This is known as vapour phase 
nitration. ' 
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. ,L\ ' 
RH+H~N02 ~R-N02 +H20, 

, fuming Nitroalkane 

o Due to the oxidising action ofHN03 , the C-' Cbonds of 
higher alkanes also break at high temperature during the 
reactioriand hence, a mixture oflower and corresponding 
mononitro alkanes are formed. , 

o Alkanes containing neo-skeleton are easilyoxidised with , 
HN03 to form carboxylic acids and no nitro compounds. 

o Nitration 'like halogenation also, follows free 'radical 
, mechanism. 
o Sulphonation: The replacement ofH-atomby sulphonic 

acid (-S03H) group is known as sulphonation. Lower 
alkanes do not undergo sulphonation,but higher alkanes 
(from hexane onwards) are sulphonated on heating with 
oleum (conc. H2S04 containing dissolved S03) at about 
400°C. 

" S03' 
C6H13-H + HOS03H(conc.) ~ C6H13-S03H + H20 
, Hexane 400 C Hexane 

sulphonic acid, 
'" o . Sulphonation also follows free radical mecbanism. 

o Oxidation: Alkanes on' oxidation give different 
products und~ different conditions. 

'0 Combustion: Alkanes readily burn in excess of air or 
oxygen to form CO2, H20 and heat. Combustion is ,an 
exothermic reaction, hence it is used for the production of 
heat and energy. , 

o Incomplete oxidation: When alkanes are burned in 
insufficient supply of oxygen, they give CO and carbon 
black.' ' 

o Catalytic oxidation: Lower alkanes undergo restricted 
oxidation in presence of metallic catalysts at high 
temperature and pressure to form alcohols, aldehydes and 
acids, etc., ' 

o Chemical oxidation:' Alkanes containing tert. ~ydrogen ' 
atoms ~e oxidised to tert. alcohols by KMn04 • 

KMn°4 ' 
. (CH3h CH ) (CH3h C-OH 

lsobutane ,[0] Tert. butyl alcohol 

0, Thermal decomposition (or Pyrolysis or Crucking): 
'The thermal decomposition 'of organic compounds is 
known as pyrolysis and the, process of breaking C-C 
bonds or C-H bonds of complex hydrocarbons into 
simpler molef;;ules by heat is known as cracking. 

o Isomerisation: The process of conversion of Qne isomer 
into another. is called isomerisation. The straight chain 
alkanes (n-alkanes) on treatment with Lewis acid catalysts, 
e.g., anhydrous AlCI3,conc. HCI, etc., are converted into 
branched chain alkanes. 

n~Butane Anhy&AlCI 3/HC1) Isobutane 
3QO°C 

O\romatisation: The conversion of aliphatic compounds 
into aromatic compounds is known as aromatisation. 

o Insertion reaction:..Ori reaction withdiazomethane 
(CH2N2 ) or ketene (CH2=C=0), the lower alkanes are 
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· .. ' " <convened int() high~bo~ologUeS ~e to the introduction 
of methylene group (.,.....,cH2~). . 

·Petroleum .'. .• . ...• . . ..' . 
. The eomposition of crude pen-oleum varies with place Qf 
.·ocCUtte~e but, essentially it isa mixture of alkanes, . 
. cyeloalkanes, aromatic . hydtocarboris, S,Nand oxygen 

.' . compounds and :i1aturalgas~ etc" . 
(JMpdemtPeoryof origia of~oleilDl explains (i) the 
· 'pf,esenceOfiililorophyll and w.emin(ii) p~seRce of coal 
' .•. d~ositi~ea:r . oil .' 'fields., (iii)· .presence 'ofN and S 

COInP~)\1D.ds along With optically aetive substances (iv) 
presenc~of resins and heliumg,s. . ... '.' " ' ... 
piecmde Oil o~ed by mining of petroleum cootains 

. impurities: '. '. . .,: .' . '. ; ..•. '. 
.•. 1:;1. The Pl'ocess of dividing ,?ruge..Oilintollseful ~tionSwith 

. .... .ditf~rentboiling.rangtls Ii. ~., 1UlCondensed ,gases (C1-C 4 ), 
'., cl'llde. n~phtha {C5~to;30'"'-1~0~C)>ckeT0sene {Ci i -016 ; 

'. '·150--2~Qe C), 4~avy .oil (C1{j-"'Cis; 4'0-400~ C), residual 
oil;: (C17+(:40; above4~"'~)an49-on:':'volatile residue land 
t\e¢ .natu \ltldesirabl~filnpwitie,s'is termed refining of 

, ~e1irn •. .... ....•........ . ......... .<; .' •... 

... ' '. 1:1 A-udenapht~'on refh\ctionati<m yields: (i)' Petroleum 

.. · •• e. ther ~.C. S.:..... c.~., at3~70~~.);(ii). Jle~1 or.,. gasoline (C6:...o8 
at 70-120°c, and benzene .derivatives· (e8-C1O . at 

. lZ~150OC).,< ..... .' ". '. . 
'Cll;iqu~fiedpe~oleum gas '(LPG):Jt iscliiefly a mixture 

(tfbutane.and lsoh'tit$e (domestic gas) compressed under 
·pressute·Qs liquid and stored;mll'on?eylinders .. 

·0 Compressed natural gas \(CNG):The natural. gas 
·compres$ed at very < high ·pr~sQ.re· is called ~omp~ssed 
··~J.lathral ga$'.(CNG).Itmaittlycansists of methane (95%) 
and other. 5% i~Hnade up of various gases sU9h as ethane, 

.;."ropimejID.d butaneia.eluding:$m.ll amount of other gases: 
'. Atflncial"Methods for .Manufacture of Gasoline' 
J.e Cracklng:Jt ·is. aproc:essin'whicb high boiling 
,fractiop~.cmlsisting..of higho.rhydr'ocarbons are heated 
'. strQllglyto decompose lliem, into lmver hydrocarbons with 
. lOw boiliftg points. . 

.• ....;... ..•.... <,400-8()()"C 
·.LongCbain'alkanes .. ' '.' .' .'~) Snlaller alkanes 

. .. ".'. " ...... . + Alkenes + H2 
.... 2. Bergiu,s . proCess (Hydrogenation .. (coal):. 

Fez03 catalyst. . ..... 
Coal +' H2 ) Mixture ofhydrocitrboos 

500"C, 250 attn . . 

or crude rul (Synthetic petroleum) 
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3. Fischer-Tropsch process (Hydrogenation elf water 
gas): 

. .~. CoorNi 
,xCO+ yH~." ) Mixture of hydrocarbons 
(Water gas) . 200 C~5-:l0 attn 

. + H20 (Synthetic petroleum) 
Cl Knocking: The metallic sound produced due to irregular 

burning of the fuel is termed as knocking. A fuel with 
miirimum knocking property is always preferred. 

Cl The tendency to knock fall off is in the following order: 
Straightchail) alkanes > branch.ed «hain alkanes . 

> alkenes > cyc10alkanes > aromatic hydrocarbons. 
Cl Octane num~er: . The octane nurilber of a given sample 

may be defined as the percentage by volume of iso-octane 
present in. a mixture of iso-octane and heptane. Heptane 
which causes maxim'\lDl knocking is assigned the octane 
number zero, while iso-octane (2,2,4-trimethyl pentane) 
which causes minimum knocking is given the octane . 
number 100.' . 

Cl Antiknock compounds: To reduce knocking property 
or to improve the octane number of a fuel. certain 
chemicals are added to it. These ~e called antiknock 
compounds. Tetraethyl lead (TEL) is the best antiknock 
compound. y., . 

Cl Other methods for improving octane number of 
gasoline: The octane number of petrol (gasoline) can be 
improved by (i) increasing the proportion of branched 
chain· alkanes (by isomerisation or reforming) or 
alkylation (ii) the addition of aromatic hydrocarbons, BTX 
(by aromatisation) (iii) addition of TEL (CzHs)4Pb or 
methanol or ethanol. . 

Cl Cetane number: The cetan,e number ora diesel oil is the 
percentage of cetane (hexadecane) by volume in a mixture 
of cetane anda-methyl naphthalene. It is used for grading 
the diesel oils. Hexadecane has been assigned cetane 
number 100 while a-methyl naphthalene is assigned zero 
cetane number . 

Cl Flash point: The lowest temperature at which an oil 
gives sufficient vapours to form an explosive mixture with 
air is referred to as flash point of the oil. The flash point in 
India is ftxed at 44°C. . '. . 

Cl PetrochemicalS: All suoh chemicals which are derived 
from pen-oleum Of natura1 gas 'ate called petrochemicals. 
They provide raw materials fQT the manufacture of dyes, 
drugs, plastics, fabrics. insecticides, . detergents; food 
preservatives and disinfectants, etc. . 



280 

.:. Very Short Answer Type 

1. Fill in the blanks in the following: 
(a) The tenninal carbon in butane is ...... hybridized. 
(b) Petroleum is the main source of ...... . 
(c) Al4C3 evolves ...... when treated with water. 

- Ether H20 
(d) CH3I+Mg ~ ...... ~ ...... 

(e) Hydrogenation of unsaturated -aliphatic hydrocarbons 
using nickel as a catalyst is known as . . . . . . . ' 

(f) n-Propyl bromide on reaction with sodium in presence 
of ether gives .. . . .. and the reaction is known as 

(g) Kolbe's electrolysis of ...... produces n-hexane at 
anode. 

(h) Paraffins mainly undergo ...... reactions. _ 
(i) The straight chain isomer of an alkane has a ..... . 

boiling point than the branched chain isomer. -
(j) Halogenation of alkanes does not occur in ...... . 
(k) The halogen which is most reactive in the halogenation 

of alkanes under the sunlight is ...... ( cqlorine, 
bromine, iodine). 

(I) Sodalime is NaOH arid ...... mixture. 
(m)A sample of gasoline has same knocking properties as a 

mixture containing40% n-heptane and 60% iso-octane. 
The octane number of the sample is ...... . 

(n) Breaking of higher hydrocarbons into lower hydro-
carbons is called . .. . .. . '. 

(0) Gasoline obtained' as a result of ...... has a higher 
octane number than the straight run gasoline. 

(P) A lead compound known as ...... is used as antiknock 
in petroleum industry to increase efficiency -of fuel 
consumption. 

(q) Reduction of alkyl halides with ..... : yields alkane~. 
(r) The gas supplied for cooking is ...... . 
(s) Synthetic petrol is obtained by ...... . 

-(t) Chlorination of propane give rise to ...... monochloro 
products. 

(u) When ...... is strongly heated with sodalime C2H6 is 
_ obtained. _ 
(v) CH3JV1gBr + CH)OH ----7 ...... + .... : .. 
(w) The shape of methane molecule is ...... . 
(x) All alkanes are ...... than water. 
(y) The conversion of n-hexane into benzene in presence of 

a catalyst Cr203 at 600°C is termed ...... . 
(z) ...... is obtained when methane is oxidised with 

ozonised oxygen at 450°C. 
2. State whether the following statement is True or False: 

(a) In alkanes all carbon atoms are sp3 -hybridized. 
(b) Natural gas consists of lower hydrocarbons. 
(c) The general formula of alkanes is Cn H 2n+4 . 

(d) The alkanes having four or more carbon atoms show 
only chain isomerism. 
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(e) Sodalime is a mixture of -sodium hydroxide and 
potassium hydroxide. 

(f) Methane can be obtained by wurtz reaction. 
(g) Methane is also called as fire damp or marsh gas. 
(h) Ethane on nitration at 400°C forms only nitroethane. 
(i) The decreasing order of boiling points amongst the 

isomeric pentanes is neo > iso > n. 
(j) Petroleum is called liquid gold. 
(k) Petrol consists of hydrocarbons from C12 H26 to CIS H32 • 

(I) Straight chain hydrocarbons have high octane number 
values than branched-chain hydrocarbons. 

(m) TEL increases octane number of gasoline. 
(n) Wurtz reaction is not suitable for the synthesis of 

alkanes containing odd number of carbon atoms. 
(0) Kolbe's electrolysis method is applicable for the 

preparation of only symmetrical alkanes of the type 
R-R. -

(P) In Clemm~nsen reduction, LiAlH4 is used for _ the 
reduction of aldehydes and ketones to form- alkanes. 

(q) In alkanes, C-H bond is stronger than C-C bond. 
(r) Photobromination of 2-methylpropane gives a mixture 

of I-bromo-2-methylpropane and 2-bromo-2-methyl
propane in the ratio of 9: 1. 

(s) Fischer-Tropsch method is used for the preparation of 
synthetic petrol. 

(t) Neopentane yields three different Inonochloro 
derivatives. 

(u) The three carbon atoms in propane lie in straight line. 
(v) Alkanes mainly undergo substitution reactions and 

follow free radical mechanism. 
(w) For grading diesel oil the term octane number is used. 
(x) Higher -alkanes can be oxidised to fatty acids in 

presence of manganese stearate. 
(y) Methane when hC<-I'cd at lOOO°C in absence of air, 

decomposes into carbon black and hydrogen. 
(z) Ethane is used for making hexachloro ethane which is 

an artificial camphor. 
3. Match the following: 

[A]( 1) Decarboxylation 
(2) Saturated hydrocarbons 

(3) Marsh gas 

(4) Antiknock compound 
(5) Wurtz reaction 

Sunlight ' 
(6) CH4 + CI 2 ) CH3CI 

(7) Conversion of n-butane into 
2-methylpropane 

(8) Liquid gold 

(a) Lead tetraethyl 
(b) Free radical 

substitution 
(c) Alkyl halide + 

Na Ether) 

(d) Isomerisation 
(e) Petroleum 

(f) Paraffins 

(g) Methane 

(h) RCOONa + 
Sodalime 
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[B] (1) Petrol 
(2) Kerosene 

(3) Aluminium carbide 
(4) TEL 
(5) Iso-octane 
(6) Pyrolysis of alkanes 

(7) Carbide theory 
4. What happens when: 

(a) Methane 
(b) Octane number 

value 100 
(c) Mendeleeff 
(d) Cracking' 
(e) C7 -e12 
(f) Antiknock 

compound 
(g) CI2 -CIS 

(a) Dry sodium propionate is heated with sodalime? 
(b) Water is added to aluminium carbide? 
(c) Ethyljodide is treated with phosphorus and hydrogen 
, iodide? 
(d) Electrolysis of an aqueous solution of potassium acetate 

is done? 
• (e) Ethyl iodide dissolved in dry ether is treated with 

sodium metal? 
(f) Methane is ,treated with iodine in presence of an 

oxidising agent? 
(g) n-Hexane is treated with CrZ03 supported over alumina 

at 600°C? 
(h) Ethane is treated with cone. nitric acid at 450°C? 
(i) Lithium dimethylcuprate is treated with ethyl bromide? 

5. How will you prepare the following? 
(a) n-Butane from ethyl bromide. 
(b) Ethane from acetic acid. 
(c) Ethane from ethene. 
(d) Methane from acetic acid. 
(e) Ethane frommethane in two steps. 
(f) Ethane from ethanol in one step. 
(g) Methyl chloride from aluminium carbide in two steps. 
(h) Propane from methane. ' 

6. Complete the following reactions: ' 

M CH H <OC2Hs 
(i) CH3CH2 Br ~ (A) ~ (B) + Mg 

ether ' 
• Br 

(ii) CH3Br ~ (A) ~ (B) ~ (e) 
ether hv ether 

(Iii) CH
3
COOH NaOH) (A) NaOH) (B) Br2) (e) 

CaO hv 

(. ) CH CH CH CH Cr203/Alz03 IV 3 2 2 2CH2CH2CH3 ) (A) 
6oo°C/15 attn 

(v) CS2 + H2S -f.!4 (A) [0] Co tube> (B) 
2000C/100 atm 

(vi) (CH ) CHBr (i)Li) (A) (CH3hCHCH2Br (B) 
3 2 (ii) Cui ) 

(vii) (CH ) CBr (i) Li ) (A) CH3CHzCHzBr (B) 
3 3 (ii) CuI ) 

(viii) CH CH C(CH ) Br (i)Li ) (A,) CH3CH2Br) (B) 
3 2 3 2 (ii) Cui 
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(ix) (CH3 )3 CH + Br2 ~ (A) (i) Mglether 
(ii) D

2
0 ) (B) 

(x)CH CH CH +Br ~(A) (i)Li ) (B) 14CH,ll (e) 
3 2 3 2 (ii) Cui ~ 

(xi)~ 

(xii) ~ 

(xiii) EtCH=CHz B2~) (A) AgN03 ) (B) 
, ' NaOH 

(xiv) CH3Br ~ (A) DzO) (B)" C12• A ) 
ether one mol. 

(e) ~ (D) 
ether 

7. Answer the following: 
(a) How many molecules of oxygen would be required for 

the complete combustion uf one molecule of butane? 
(b) How many chain isomers are possible in CsHI~? 
(c) What is the octane number of2,2,4-trimethylp~ntane? 
(d) What is the octane number of n-hexane? 
(e) What is the name of the process in which higher alkanes 

are converted into lower alkanes by heating? 
(f) Name the two methods used for the synthesis of petrol. 
(g) What is the flash point fixed in India? 
(h) What is the name of the process in which normal alkanes 

are converted into their branched chain isomers in the 
, presence of aluminium chlOljde and HCI? 

.:. Short Answer Type 

8. How do you account for the following? 
(a) Alkanes are inert towards chemical reagents. 
(b) Chlorination of methane does not occur in dark, 
(c) Iodination of methane occurs in presence ofiodic acid. 
(d) Why the cracked gasoline is considered to be superior to 

straight distilled gasoline? 
(e) The boiling points of branched chain alkanes are lower 

than their normal isomers. 
(f) Alkanes containing even nwnber of carbon atoms have 

higher than expected melting point. 
(g) Although combustion of alkanes is a strongly exo~ 

thermic process, it does not occur at moderate 
temperatures. 

(h) Tetraethyllead, Pb(C2 HS)4' initiates the chlorination of 
methane in the dark at 150°C. 

(i) Why does an oil slick form on the surface of the ocean 
after a spill? 

(j) A tertiary, carbon atom can be oxidised with relative 
ease. 

9. Write short notes on: 
(a) Sabatier and Senderen reduction 
(b) Kolbe's electrolytic method 
(c) Wurtz synthesis 
(d) Cracking 
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(e) Theories of petroleum origin 
(f) Octane number 
(g) Synthetic petrol 
(h) Flash point 
(i) Antiknock compounds 
(j) Cetane number 
(k) Clemmensen's reduction 
(1) Frankland's reaction 

10. Select from each of the following sets the hydrocarbons 
having lowest and highest boiling point: 
(a) n-butane, n-hexane, n-pentane 
(b) n-pentane, n-hexane, 2,3-dimethylbutane 
(c) 3,3-dimethylpentane, 2-methylhexane, n-heptane 

II. (i) Write equations for the preparation of n-butane from: 
(a) n-Butyl bromide, (b) Ethyl bromide, 
(c) I-Butene, (d) 2-Butene 

(ii) Which ofthe following reagents will react with ethane? 
(a) Aqueous KOH, 
(b) Alkaline KMnO 4, 

(c) Bromine in presence oflight, 
(d) J':litric acid at 450°C. 

(iii) Write the structural formulae and IUPAC names for all 
the dibromo derivatives of propane. 

(iv) Write the strUctural formulae and IUPAC names for all 
. the trichloro derivatives of propane. 

(v) Starting with bromoethane and bromomethane, prepare 
propane using the Corey-House synthesis. 

(vi) Prepare n-hexane from l-1:>romopropane using the 
Corey-House synthesis. 

(vii) Prepare 2-deutero propane from iso-propyl bromide. 
12. (a) Which is better of (i) .and (ii) ? 

. (i) Li CH3CHzBr 
(1) CH3CH2C(CH3hBr..) ) , 

. . . (11) CuI 

(ii) CH CH Br (i) Li ) CH3CHZC(CH3)zBr 
3 Z (ii) CuI 

. Also identify the product formed. 
(b) Sodium salt of which acid will be needed for the 

preparation of propane? 
(c) When sulphuryl chloride (SOzClz) is used to 

chlorination of an alkane, an organic peroxide, RzOz is 
used as initiator. Explain mechanism of chlorination. 

(d) Give the condensed formulae for the alkanes (i) CgHl8 
and (ii) CII H24 with the greatest number of methyl 
groups. 

(e) Place the three isomeric pentanes in order of increasing 
stability at room temperature. 

(f) Write the structure of all the alkenes that can be 
hydrogenated to form 2-methyl pentane. 

(g) In the halogenation of alkanes other than methane, 
there is another chain terminating reaction called 
disproportiomition. Write the mechanism of this 

• 
reaction for C2 Hs. 

(h) Write the structure of ari alkane, CgHl8 which gives 
only one mot;Iochloro substitution product. 
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ANSWERS 
t. (a)sl; (b) alkanes; (c) methane; (d) CH3MgI, CH4;(e)S~atier8nd. 

Senderen's reaction; (f) n-heia:ne; Wwtz reaction; (g)sodiUl'lI or 
potassium salt of butanoic acid; (h) substitution; (i) higher; {j) <lark; 
(k) chlorine; (1) CaO; (m) 60; (n)cracking; (0) cracking; (p)tetra 
ethyl lead (TEL);(q) nascent hydrogen;(r) LPG (liqu~fiedpetroleum . 
gas); (s) Fischer-Tropsch process; (t) two; (u) sodium propionate; (v) 
CH4, Mg(Br)OCH3; (w) tetrahedral; (x)Jighter; (yj aromatisatioll; 
(z) fonnaH:lehyde (methanal). . 

2. (a) True; (b) True; (c) False-:general formula is:.C,.H2n+2;(d) True; 
(e) false-mixture of NaOH and CaO; (f)False:-elUlJiot Qe 
obtained by Wurtz reaction; (g) T~e;(h) Fal~fonns'U1ixtureof 
nitroethane and nitromethane; (i)Palse-::-the deereasing order is 
n > iso > neo; (j) True; (k) False-bydrocarbonsfcOll1C1H16 to 
C12H26; (I) False-straight chain 4ydrocarbonshave lQwoc~e 
number values than branched-"Cbain. !:lydrOcarbo~; (m) . True; 
(n) True; (0) True; (P) False-ZII-':-Hg andH(;;r~s usedf.01 
reduction; (q) True; (r) False--a.sthe bromination ocCUrS via free 
radical mechanism, the rate of reaction of tertiary:hY<h:Dgen is mm:h 
faster as compared to primary hydrogen; (s) :t~; (t)False--c:yields 
only one monochloro derivative; {u)Fiilse;(v)Tru¢t(w)Falstt-tbe 
tenn cetane number is used; (x)Tme,(y) True;(zHrru~, 

3. [AJ (1- h), (2-f), (3-g), (4--a), (5-c), (6 -b), (7~.d);(~e); 
[BJ (l-e), (2-g), (3-'-8), (4 ~f), (5 -.Il), (6)-d).(7;;;.c)., 

4. (a) C2HsCOONa+NaOH CaO)Cz~+Na;C03 .... 

(b) Al4C3 + 12HzO ----+ 3CH4 +4AI(OH»).· . 

(c) (i) 3CzHsI + 3HI ~ . .3CzH6 + 312 

(ii) 2P + 312 ----+ 2PI3 " 

(d) 2CH3COOK + 2H20 ~C2H6 + 2COz +iKOH: + H2 

(e) 2C2HsI + 2Na -4 C4HioT.2Nal 
(1) (i) CH4 + 12 ..,....:.....: CH31 + HI 

(ii) 2HI + 0 ----+ H20 + 12 

( ) C lJ Cr203/ A120 3 ) rJ.L'+4H 
g 6"L14 6000C '"1r'6 2 

(h) C2~ + HN03 450°C) t 2HsNOz + CH~O; .. 

(i) Li(CH3)2Cu + CzHsBr ----+ C.lHS + CH3Cu·~ LiBr 

5. (a) C2HSBr + 2Na + BrC2H~C2Hs"":'-:C2Hs+'2NaBr 

(b) CH3COOH + KOH ---4 CHl~OOK+H20 
!EI~trOIYSj$ .. 
CH3-=-:-cCH3 

NaOH 
(d) CH3COOH + NaOH ----+ CH3COONa ~ CH4 ·CaO 

(e) CH4 C\ CH3Cl· ~ CH3-CH3 hv Ether 

(1) C2HsOH P/ffi) C:zH6 

H20 CI2 (g) Al4C3 ~ CH4 W CHP 

. 1 hv Na Clz (h) CH4 + C 2 ----+ CH3Cl ----+ CH3-CH3 W 
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6. (i) (A) CH3CHzMgBr; (B) CHr -"CH3 
(ii) (A) CH3 - CH3; (D) CH3CH2Br; (e) CH3CH2CH2CH3 
(iii) (A) CH3COONa; (B) CH4; (e) CH3Br 
(iv) (A) CJ1SCH3 (Toluene) 
(v) (A) CH4;(D) CH30H 

(vi) (A) [(CH3hCHhLiCu; (D) (CH3)2CHCH2CH(CH3)2 
(vii) (A) [(CH3hChLiCu; (D) (CH3)3CCH2CH2CH3 

(viii) (A) [CH3CH2C(CH3hhLiCu; (B) CH3CH2C(CH3hCH2CH3 
(ix) (A) (CH3)3C- Br; (D) (CH3hCD 
(x) (A) CH3CH(Br)CH3; (B) [(CH3)2CH]2LiCu; 

'(e) (CH3hCHI4CH3 

Br 

(xi)(A) ~ 
D 

; (D) ~ 

D 

(,ii) (A) ~ (B) ~ 
D 

(xiii) (A) (EtCH2 - CH2-hB; (B) EtCHzCHzCHzCHzEt 
(xiv) (A) CH3MgBr; (D) CHp; (e) CH2Cl; (D) CH2-CH2 

I I I 
D D D 

7. (a) 13/2 oxygen molecules, (b) three, (c) 100; (d) zero, (e) cracking, 
(f) (i) Bergius method, (ii). Fischer-Tropsch process, (g) 44°C,. 
(h) isomerisation. 

8. (a) Alkanes have no reaction sites due to C-C and C-H 
non-polar bonds where the chemical reagents can attack. . 

(b) Chlorination is a free radical substitution. To get chlorine free 
radicals from Cl2 molecules energy is required which is not. 
available in dark. 

(c) Iodination is Ii reversible process. To decompose hydrogen 
iodide, one of the products, an ox'idising agent, i. e., iodic acid is 
required, 

(SHI + HI03 -- 312 + 3H20). 
(d) Cracked gasoline possesses branched chain hydrocarbons 

which have higher octane number. The straight distilled gaso
line possesses mainly straight chain hydrocarbons. 

(e) The intermolecular forces are weaker in branched chain iso
mers due to low surface area and therefore, have lower boiling 
points. , 

(f) Alkanes with even number of carbon atoms pack in a manner to 
permit greater intermolecular attraction and therefore, have 
slightly higher melting points. 

(g) The reaction is very slow at room temperature because of a 
very high energy of activation. 

(h) Pb(C2Hs)4 undergoes thermal homolysis of C-Pb bond at 

lS0°C. The free radical CH3CH2 then generates CI which 

brings chlorination of methane in dark. 

(i) Alkanes, the chief constituent of petroleum are insoluble and have 
a lower density than water. 

G) Alkyl group's being electron releasing grQUps increase the 
electron density at tertiary carbon atom which helps easy oxida
tion. 

to. (a) highest b.pt., n-hexane; lowest b.pt., n-butane. 
(b) highest b.pt.,'n-hexane; lowest b.pt., n-pentane. 
(c) highest b.pt., n-heptane; lowest b.pt., 3,3-dimethyl pentane .. 

11. (i) (a) Mg followed by hydrolysis, (b) Na (Wurtz reaction), 
(c) H2/Ni, (d) H2/Ni. 

(ii) (c) and (d). 
(iii) Br2Cf:[CH2CH3 

1,I·Dibromopropane 

BrCH2CH2CH2Br 
1,3·DibromOpropane 

(iv) Cl3CCH2CH3 
1,1, I· Trichloropropane 

CI2CHCH2CHzCl 
1, 1,3· Trichloropropane 

CICH2CHCICHzCI 
1,2,3· Trichlor?propane 

CH3CBr2CH3 
2,2-Dibromopropane 

BrCHzCHBrCH3 
1,2-Dibromopropane 

CI1CHCHCICH3 
1 , 1 ,2. Trichloropropane 

CICH2CCl2CH3 ; 
1,2,2-Trichloropropane 
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. '. roU . ~& (v) CH3CH2Br ~ (CH3CH2)2LiCu ~ CH3CH2CH3 
Bromoethane (Il) Cui Uthiwn diethylcuprate Propane 

CH3CH2CH2B~ CH3CH2CH2CHzCH2CH3 

(vii) (CH
3

)2CH-'-Br + Mg Ether) (CH3)2CH- MgBr DzO) 

(CH3)2CHD 
12. (a) (i) is better since it uses 1· alkyl halide in second step of reaction. 

. rou . 
CH)CH2C(CH3hBr .. ) C ) [CH3CH2C(CH3)2hLICU 

(11 uI 

CH3CH2Br 
---:;-"--"-7) CH3CHzC(CH3hCH2CH3 

. 3,3-Dimethyl pentane 
(b) Butanoic acid 

CH3CH2CH2COO~a + + NaOH CaO) CH3CH2CH) + Na2C03 
Sodiwn butaooate ~ Propane 

(c) Step l. ROOR __ • 2RO. . ) Initiation 
Step 2. R'H + RO __ K+ ROH 

• • . 1 
Step 3. S02Cl2 + K __ S02Cl+ KCl) 

Step 4. S02Cl __ Ct + S02 }>ropagation 

Step S. R'H + CI __ k+ HCI 

Step·6. it + Ct __ KCl Termination 

(d) (i) (CH3)3C-C(CH3)3, (ii) (CH)))C-C(CH3h-C(CH3h 
(e) .The stability generally increases with increase in branched 

chain. Thus, 
CR3(CH2hCH) < (CH3)2CHCH2CH3 < (CH3)4C 

(f) There are four different positions of double bond; hence, the 
four different alkenes are: 

CH3-CH-CH=CHCH), CH3-CH-CH2-CH=CH2 
I I 
CH3 CH) 

H H 
I. . 1 • 

(g) CH3-
y 

+ H-y-CHz -- CH3-CH3 + H2C=CH2 

H H 
Clz (h) (CH3)3C-C(CH3))o ~ (CH3)3C-C(CH2}zCH2Cl 

2,2,3,3· Tetramethyl-
butane 
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au PROBLEMS BASED ON STRUgr.~RE AND r~ROPERTIES -!t1 
1. What volume of methane (NTP) is formed from 16.4 g of 

sodium acetate by fusion with sodalime? 
(Ans. 4.48 L) 

[ Hint: CHJCOONa + NaOH CaO) CH4 + Na2c03J1 
[12+3+12+32+23] heat 22.4 L 

82g 

2. If a rocket was fuelled with kerosene and liquid oxygen. what 
mass of oxygen would be required for every litre of kerosene? 
(Assume kerosene to have the average composition C14H30 • 

The density of kerosene is 0.764 glmL) 
(Ans. 1654;7 g) 

[ Hint: C'4H30 + 43 O2 ---'; 14C02 + 15H20 lJ 
198 g 2688 g 

3. Write the structure of all the alkenes that can be 
hydrogenated to form 2-methylpentane. 

[Hint: The structure of 2-methylpentane is, 

CH3 

I 
CH3-CH-CH2-CH2-CH3 

There can be four different positions for a double bond; hence, 
four different alkenes are: 

CH3 
I 

CH3-CH-CH2-CH=CH2; 
(i) . 

CH3 CH j 

CH 3-t=CH-CHz-CH3; CH3=t-CH2-CH;r-CH3] 
(iii) (iv) 

4. In the study of chlorination of propane, four products (A, B, 
e and D) of the formula C3H6Cl2 were isolated. Each was 
further chlorinated to provide trichloro product" 
(C)HSCI 3 ). It was found that A providl.:o one trichloro 
product, B gave two and C and D 0:lch gil'vi: tl!r.:oc. \Vhat arc 
the structural fommlae of A, B, e and m 
[Hint: Dichloro isomers, 

11 
(A) CH3- I-CH3 

CI 

! Ci 2 

CI 
I 

CH2CI-C-CH3 
I 

CI 
(One) 

(C) CH3CHCICHP 

! Ci2 

I. CH2CICHCICH2CI 
2. CH3CHCICHCI2 
3. CH3CCl2CH2Cl 

(Three) 

,. CI2CHCH2CH2CI 

2. CICH2CICHCH2CI 
(Two) 

(D) CH3CH2CHCI 2 

1 C1 2 

I. CH3CHCICHCI 2 

2. CH3CH2CCI3 
3. CH2C1CH2CHCI21

J (Three) 

5. Calculate the heat of combustion of methane at room 
temperature from the given bond energies: 

C-H = 98.7 kcallmol 
0=0 119.1 kcal/mol 
C=O = 192.0 kcal/mol 
0-H = 110.6 kcalhl101 

[Hint: CH4 + 202 = CO2 + 2H20 ,'lH = '? 

t.H = Total bond energies reactants - Total bond energies· products 

= [4 x (C-H) + ~ x (0=0)]- [2 x (C=O) + 4(0-H)] 

==4x98.7+ 2x 119.1-2x 192.0-4x 110.6 

-193.4 kcal/mol] 

6. n-Butan~ is produced by monobromination of ethane 
followed by the Wurtz reaction. Calculate the volume of 
ethane at NTP required to produce 55 g n-butane; if the 
bromination takes place with 90% yield and the Wurtz 
reaction with 85% yield. 
[Hint: C2H6 + Brz ---'; C2HsBr + HBr; 

30g 109g 

2C2HSBr + 2Na ---'; C4H10 + 2NaBr 
2 x 109 g 58 g 

55 g butane will be produced from 
2x 109 . . 

== --- x 55 g ethyl bromide 
58 

As the yield is 85%, the actual ethyl bron,,,!..: required 

== 2 x 109 x 55 x 100 = 2-112 g 
58 85 

243.2 g of ethyl bromide will be produced from 

30 .K L.43.2 = 66.93 g ethane 
j()') 

As the yield is 90, the actual ethane required 
100 

'" - x 66.93 = 74.37 g 
90 

. 74.37 
Volume of the ethane at NTP -- x 22.4= 55.5 L] 

30 

7. An alkane, C7H1u ' i~ produced by the reaction oflithium di

(3-pentyl) cupratt .\ ith.etbyl bromide. What is the structu,re .. 
of alkane? • 
[Hint: This is a Corey-House synthesis. 

[(CHJCH2)2CH]2CuLi + CH3CH2Br ~ (CH3CH2)3CH] 
(3-Ethylpentane) 

8. The alkanes, (a) CsHli and (b) CgHI8 , on treatment with . 

chlorine give only one monochloride. Give the structures of 
each alkane and its chloride. 

[Hint: (a) (CH3)4C ---'; (CH3)3C-CH2CI; 

(b) (CH3)3C"":'C(CH3)3 ---'; (CH3)3C-C(CH3hCH2Cl] 

. 9. Calculate the Ml for the two propagation steps in the 
reaction of methane with chlorine. The bond energies for 
CH3-H, CH"3-CI, H-CI and CI-Cl are respectively 
105, 85, 103 and 58 kcaVmol. 
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[Hint: Step 1. (Breaking of CH)-H bond) + (fotming of 

Ii~-CI bond) 
= 105 + (-103) = + 2 kcallmol 

Step 1. (Breaking ofCI-C1 bond) + (fonning ofCH)-CI bond) 
58 + (-85) = - 27 kcal/moll 

10. The relative reactivity of 1°: 2° : 3° hydrogens to 
chlorination is 1: 3.8: 5 respectively. Calculate the 
percentage of isomers formed during monochlorination of 
2-methylbutane. 
[Hint: 

CH3 CH3 I I . 
1° 

CH3CHCH2CH2CI + CH3CHCHCH3 
(a) I 

CI 
(bl 

CH3 

1°· 301 2" 30 
CH:r=-cH-CH2-CH3 +Clz 

2-Methylbutane 

Relative proportion of the four products can be calculated as: 
Type (due to Relative 
reaction of) amount Isomers % yield 

(a) (CH3hCHCH2CH2C1 3 equivalent 
3x 1.0= 3 _3_ x 100= 13.9 

1° H's 21.6 

(b) (CH),CHCHCH3 - I 
2 equivalent 

2i. x 100= 35.2 2° H'-s 2x 3.8;= 7.6 
CI 21.6 

(c) (CH3),C-CHzCH3 1 equivalent 5.0 -I x 100= 23.1 3° H's Ix5=5.0 
CI 21.6 

CH3 

1 6 equivalent 6x 1.0=6.0 ~~ x 100= 27.8] (d) CH2-CH-CH2CH) 
I IOH's 21.6 

CI 

11. The relative reactivity oflo : 2° : 3° hydrogen to bromination 

is 1 : 82 : 1600. Calculate relative amount of each product 
on monobromination of iso-butane. 
(Ans. I-bromo 1-methylpropane 0.6%, 1-bromo-1-methyl
propane 99.4"/,,1 
iBint: Do like Q. No. 10] 

12. (a) What are the different products obtained on insertion of 
n-pentane using diazomethane? 

iBint : CHzNz ~ :CHz + Nz 
CH)-(CHz)3-CH3 + CHzNz ---7 CHy-(CH2k-CH) 

II-Hexane 
CH) 
I 

+ CH3 CHCHzCH2CH3 + CH3CHzCHCH2CH3] 
2-Methylpentane I 

eH3 
3-Methylpentane 

(b) Which of the following alkanes will give single 
insertion product? 

13. 
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(iv)T H3C>· <CH3 
(iii) C 

H3 C CH3 
H C CH It has all equivalent hydrogens. 

[Hint: (iii) 3 > C< 3 hence, it gives single insertion 

H ,C I CR, P'~t. 
CH N H3C> < CHz-CH3 

2 2 C 1 
hv HC CH 

3 3 
Give the major products of monobromination of following 
compounds. 

(i) 0 
(iiif~ 

[Hint: 

(i) 0·-tBf2 --

(ii) CO +Br: 

(iii)~ +Br2 

(ii)W 
(iv) 0 

(all carbons are identical) 

-

cO 
(3° hydrogen is more reactive) 

Br 

~ 
(30 hydrogen is 
more reactive) 

(Allylic hydrogen is 
more reactive) 

\Hint: Allylic free radical is resonance stabilized. 

-
14. Complete the following reactions: 

o 
·11 

0
C

"'-CH 
(i) I 2~_ (A) 

CH2 
HO/ 

ZnlHg ~ (B) 
Cone. HCI 
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. (ii) (CH
3
hCHBr ~~~uI) (A) (CH3hCHCH2B\(B) 

(iii) (A)alkene H2/Ni) (B) 
300°C . 

(CH ) CB (1) Li ) (C) (CH3 h CHBr ( 3 3. r ~~-4 , ) B). 
(2) CuI 

o 
II 

("yC'l .. '., . [Hint: (i)(A) ~ 

(ii) (A) [(CH3)zCHhLiCu 
(B) (CH})zCHCH2CH(CH3)2 

CH} 
I 

(iii) (A) CH3-C-C=CH2 . I I 
CH3 CH3 

(B) (CH3)3C CH(CH3)2 

(C) [(CH3)3C]LiCu 1 

(B) C)::J 

15. (a) An alkane, C6H14 gives two monochloro derivative. 
Give its structure. . 

(b) C6 HI2 (A)has chirall,'l1lre. When it is hydrogenated, 
gives C6 H14 (B) in which there is no chiral centre. 
IdentifY (A) and (B). 

(9) Cs Hll CI gives 2, 2, 5, 5-tetramethylhexane as main 
product on Wurtz reaction. Give the structure of 
CsHIl Cl. 

CH3 CH3 I . I CI
2 [Hint: (a) CH3-CH-'-CH~CH3 ~ 

2,3-Dimethylbutane 

CH3 CH3 CH3 CH3 
I II I 

CICH2-CH-CH-CH3+ CH3-CH-C-CH3 
I 

. ~ 
(b) (A) CH3-C-:-CH-:-CH2 

. I . 
C2HS 

Chiral molecule 
(3-Methyl-I-pentene) 

eH3 

I 
(c) CH3-C-CH2Cl + 2Na 

I 
CH} 

l-Chloro-2,2-
dimethylpropane 

Cl 

H· 
. I . 

CH3-:-r-CH2-CH3 

C2H5 

Achiral molecule 

Dry ether 
) 
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16. How many monocarboxylic acids are possible Which on 
decarboxylation form iso-pentane? 
[Hint: 

. CH3- rH-CH2-CH2-COOH; 

CH} 

COOH 
I 

CH3-C-ell ,~-CH3; I -
CH} 

Four isomeric monoc,:arboxylic acids are possible.] 
p. How many monocarboxylic acids are possible, which on 

decarboxylation give neopentane? 
[Hint: Only one carboxylic acid is possible. 

CH3 

I 
CH3-C-CHz-COOH] 

. I . 
CH3 

18. ~uggest a combination of organic halide and cuprate 
reagent appropriate for the preparation of each of the 
following compounds: 
(a) 2-Methylbutane (b) I-Butylcyclohexene 
[Hint: 
(a) CH3I + LiCu[CH2CH(CH3)2h ~ CH3CHi.JI(CH3h 
.' 2-Methylbutane 

(b) (CH3CH2CH2CH2hCuLi + Q-Br --

Q-cH2CH2CH2CH3J 

19. Complete the following reaction: 

/ CH2, 

H~ 'C-H CH2 
II \I + II -(A) ~~~~ I (B) 

H-C C-H CH2 . 

[Hiot: (A) d:=::J ' (8) d:=::J. J-
Bicyc\o (2,2,1 )-2-heptene Bicyclo (2,2, I)-heptane 

20. Indicate the reactivity of vinyiic, allylic and aliphatic 
hydrogen in cyclohexene. 

[ . . HDH ~ Allylic 
Hmt: ~ 1"-.. 

( n Vmybc 
Aliphatic . 

. Reactivity sequence : 

Allylic > 
B.E. 87 kcalJmol 

Aliphatic > Vinylic J. 
95 kcaVmol . 108. kcalJmol 
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SETI: TiIis. set contains questions with single correct answer. 

1. The namefire~d3mp is given to: 
(a) methane' '. o (b) ethane 0 
(c) proPane .D (d) butane 0 

Z., Marsh gasJ;llainly contains: '.' 
:t(a)<;;iH~ . ... '.0 (b) 9H4 0 
'(crH~S' [J . (d) CO 0 

3. Botlnn.e~naethaneri:taybeobtained by asuitable one 
step'reacti6p from: [BHU 2004; UGET (Med.) 2007) 
(a).C831'; D (b) CH3CH2IO 

(C)~H30H .' . o (d) C2HsOH 0 
. ;4. l';orn:mti~ of alkane, by IiCtionof zinc and alkyl halide is cal lea: .... . . 

"(a)Wuttzreaction Cl '(h) Frankland reaction 0 
. (c).Kolbe's.teaction . [] (d) Clemmensen reaction 0 

5. The hi~stboilingp,?intis expected for: 
(a) jso-,()ctane . 0 
(b)h-o~e 0 
(c) 2,2,3,3;.t¢tramethylbutane 0 
(d) n'-butane 0 

6. When wawrvnpours are passed' over aluminium carbide, we 
get: 

. (a) acetaldehyde . 0 (b) ethylene 0 
(c) meth3ne 0 "<d) methyl alcohol 0 

7. When electrolysis of potassium acetate is carried out, we 
get: 
(a) methane' ·0 (b) ethylene 0 
(c) ethane 0 (d) acetylene 0 

·S. When Grignard reagent (CH3 MgBr) is treated with water, we 

get: . 
'(a) ethane 0 (b) ethyl alcohol 0 
(c) qIcthyl alcohol .0 (d) methane 0 

9~ Acti6nofheat on a mixture of sodium propionate and 
so~IUne produces: 

'. (a}rriethane 0 (b) ethane. 0 
, (c) propane . 0 (d)ethylene 0 
. .to. Iithane canb"epreparedby: 
. {~l.betuingsodaliIneWithsQdium acetate 0 

(b)el~tl'olysis of sodiumsuccinafe 0 
(e) electrolysis of sOdii.U11 acetate 0 
'(dj all of these 0 

11. wurtz reaction is used to prepare: 
(a) ~ane only 0 (b) symmetrical alkanes 0 
(c) Unsymmetrical alk:ahes 0 . (d) all of these 0 

12. For the conversion of CH30H into methaIle, .the reagent 

used is: 
(a) sodimn'O (b) P and HI 0 
(c) hydrogen 0 (d) sodil\m hydroxide 0 

13. Thepr04.uctsformed when the mixture of methane and 
steam.: is paSsed over tmely divided nickel, at 1000°C are: 

(a) CO2 and H2 o (b) COand H2 

(c) CH30!Iand H2 o (d) none of these 

14. Carbon black is obtained when methane is: 
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o 
O. 

(a) heated in absence of air 0 
(b) heated in presence of nitrogen 0 
(c) heated in presence of ammonia 0 
(d) heated with steam 0 

15. What is the volume of oxygen required for the 'complete 
combustion of 4 litre of ethane? 
(a) 4 litre 0 (b) 8 litre 0 
(c) 12 litre 0 (d) 14 litre 0 

16. Kerosene is a mixture of: 
(a) aromatic hydrocarbons 0 
(b) aliphatic hydrocarbons 0 
(c) saturated hydrocarbons 0 
(d) alicyclic hydrocarbons 0 

17. Which of the following substances is used as antiknock 
compound? 

(a) TEL 0 (b) Lead tetrachloride 0 
. (c) Lead acetate 0 (d) C2HsPbCI 0 

18. Most of hydi:ocarbons from petroleum are obtained by: 

(a) fractional distillation 0 
(b) fractional crystallisation 0 
( c) vaporisation 0 
(d) isomerisation 0 

1~. The knocking will be minimum when the mixture of fuel is: 
(a) straight chained 0 (b) iso-carboltation 0 
( c) neo-carbonation O. (d) none of these 0 

20. Petroleum is a mixture of: 
(a) alkanes 0 (b) cyclo:llkanes 0 
(c) aromatic hydrocarbons 0 (d) all of lh.:se 0 

21. Iso-octane is added to petrol: 
(a) to precipitate inorganic material 0 
(b) to prevent freezing of petrol 0 
(c) to increase the boiling point 0 
(d) as an antiknocking agent 0 

22. The fraction obtained between tem(ft:ratures 150 -300°C 

during fractional distillation of crude petroleum is: 
(a) paraffin wax 0 (b) heavy oil 0 
(c) kerosene 0 (d) naphtha 0 

23. Hydrogenation of coal is done for the production of 
synthetic petrol in: 
(a) Sabatier process 0 (b) Bergius process 0 
(c) cracking process 0 (d) none of these 0 

24; Tfie number of chain isomers of alkane containing six 
carbon atoms is: 

003 0 ~4 0 
(c) 5 0 (d) 6 0 

25. The compressed gas available in cooking gas cylinders is a 
mixture of: . 
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(a) C6H6 + C6HSCH3 D (b) C2H4 + C2H2 D 

(c) C2H4 + CH4 D (d) C4 HIO + C3HS D 

26. By Wurtz reaction, a mixture of methyl iodide and ethyl 
iodide gives: 
(a) propane D 
(b) ethane D 
(c) butane D 
(d) a mixture of the above three D 

27. Select the correct statement about alkanes: 
(a) they are polar in nature D 
(b) they are soluble in water D 
(c) they are non-combustible D 
(d) their dipole moment is zero D 

28. Reaction of ROH with R'MgX produces: 

(JEE (WD) 2009) 
(a) RH . D (b) R'H D 
(c) R-R D (d) R'-R' D 

29. It is necessary to use ...... in the iodination of alkane. 
(a) alcohol D (b) oxidising agent D 
(c) benzene D (d) reducing agent D 

30. The reaction conditions leading to best yields of C2HsCl 

are: 

Dark 
) 

room temp. 

UVlight 
(c) C2H6 + Cl 2 (excess) ) 

(d) C
2

H
6 

+ C1
2 

UV light) 

D 

D 

D 

D 
31. A mixture ofCS2 and H2S on passing over heated copper 

gives: 
(a) methane D (b) ethane D 
(c) complex mixture D (d) propane D 

32. For the preparation of alkanes, concentrated solution of 
sodium or potassium salt of saturated acid is subjected. to: 
(a) hydrolysis D(b) oxidation D 
(c) hydrogenation D (d) electrolysis D 

33. The gas supplied in cylinders for cooking is: 
(a) marsh gas 
(b) LPG 
(c) mixture ofCH4 and C2H6 
(d) mixture of ethane and propane . 

34. The thermal decomposition of alkanes is known as: 
(a) cracking D (b) isomerisation 
(c) dehydration D (d) reforming 

o 
D 
o 
D 

D 
o 

35. Which of the following is not prepared by Kolbe's 
electrolytic process? 
(a) C3Hg D (b) C2H6 

D (d) C6HI4 

o 
o 

36. When n-hexane is passed over Cr203 / Al20 3 at 600°C, 

...... is formed, 
(a) hexane D (b) hexyne D 
(c) benzene D (d) none of these D 
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37. Which of the following compounds has been given an 
octane number of 100? 
(a) n-Hexane D (b) Iso-octane D 
(c) Neo-pentane D (d) Neo-octane D 

38. The number of different substitution products possible 
when bromine and ethane are allowed to react, is: 
(a) 6 D (b) 8 D 
(c) 7 D (d) 9 D 
[Hint: One mono-substituted, two di-substituted, two tri-substi-

tuted, two tetra-substituted, one penta-substituted and one 
bexa-substituted, ] 

39. The reagents and conditions to convert methyl iodide to 
methane are: . 
(a) action of dry Ag20 D 

(b) KCN followed by refluxing with diI. HCI D 
(c) aqueous NaOH followed by boiling Al20 3 at 640 K D 

(d) Mg in'dry ether followed by boiling with water D 
40. A gaseous hydrocarbon 'X' on reaction with bromine in 

light forms a mixture of two monobromo alkanes and HBr. 
The hydrocarbon' X' is: 
(a) C2H6 D (b) C3H6 D 

(c) C3HS D (d) C4H IO D 

41. Which of the following is notlinked with methane? 
(a) Marsh gas D (b) Natural gas D 
(c) Producer gas D (d) Coal gas D 

42. The reaction, 
Ni 

H2C=CH2 + H2 250 -300od CH3-CH3 

is called: 
(a) Wurtz's reaction 0 
(b) Kolbe's synthesis D 
(c) Sabatier and Senderen's reaction 0 
(d) Carbylamine reaction 0 

43. Paraffin wax is: 
(a) ester D 
(b) alcohol 0 
(c) unsaturated hydrocarbons 0 
(d) saturated hydrocarbons 0 

44. Octane number of gasoline can be increased by addition of 
BTX, BTX stands for: 
(a) butane, tetraethyllead and xylene 0 
(b) butane, tetramethyllead and xylene 0 
(c) benzene, toluene and xylene 0 
(d) benzene, tetraethyllead and xylene 0 

45. The flash point in India is fixed at: 
(a) 44°C 0 (b) 35°C 0 
(c) 22.8°C 0 (d) 30°C 0 

46. Photochemical chlorination of alkane is initiated by a 
process of: 
(a) pyrolysis 0 (b) substitution 0 
(c) homolysis 0 (d) peroxidation 0 

47. Zinc~copper couple that can be used as a reducing ~gent is 
obtamed by: 
(a) mixing zinc dust and copper gauze 0 
(b) zinc coated with copper 0 
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(c) copper coated with zinc 0 
(d) zinc and copper wires welded together d 

48. 2.84 g of methyUodide was completely converted" into 
methyl magnesium iodide and the product was decomposed 
by excess of ethanol. The volume of the gaseous 
hydrocarbon produced at NTP will be: 
(a) 22.4 litre 0 (b) 22400 mL 0 
.(c) 0.448 litre 0 (d) 0.224 litre 0 

49. Decarboxylation of isobutyric acid. gives n-alkane but 
reduction of isobutyric acid with phosphorus and hydrogen 
iodide gives: 
(a) n-propane 0 (b) iso'-butane 0 
(c) n-butane 0 (d) none of these 0 

50. Correct IUPAC name of allGme obtained in the reaction of 
2-chloropropane + sodium and dry ether is: 
(a) 2,3-dimethylbutane' 0 (b) 2-isopropylpropane 0 
(c) n-hexane 0 (d) none of these 0 

51. The IUPAC name o{neo-pentane is: [AIEEE 20091 
(a) 2-methyl butane 0 (b) 2,2-dimethyl butane 0 
(c) 2-methyl propane 0 (d) 2,2-dimethyl propane 0 

52. In the complete combustion of Cn H2n+2 , the number of 

oxygen moles required is: 

(a) 2~2 0 (b) ( n; 1)02 0 

(c) en2+ 1)02 [] (d) (n; 2) 02 0 

53. Which of the following isomers of the pentane gives four 
monochloropentane on chlorination? 
(a) ~-Pentane 0 
(b) iso-Pentane 0 
(c) neo-Pentane 0 
(d) 2,2-Dimethylpropane 0 

54. Number of di-suestituted isomers of the product of the 
reaction, CH3CH2CH3 + Br2' would be: 

(a) 2 '. 0 (b) I 0 
(c) 3 0 (d) 4 0 

55. Aqueous solution of sodium acetate and sodium propionate 
on electrolysis yields: 
(a) ethane 0 (b) butane 0 
(c) propane 0 (d) all of these 0 

56. What is the maximum number of carbon atomS in the 
expected products of the Wurtz reaction? 

CH3 - CH2 Br andCH3-CH-CH;Br 

Na + dry ether ·1 ~H3 
• Products 

(a) 8 0 (b) 6 0 
(c) 4 0 (d) 2 0 

57. The reactivity of hydrogen atoms attached to carbon atom in 
an alkane has the order: 
(a) tertiary > primary > secondaJ;Y 0 
(b) secondary > primary > tertiary 0 
(c) tertiary > secondary > primary 0 
(d) primary > secondary > tertiary 0 

58. Grignard reagent gives alkane with: 
(a) H20 0 (b) C2HsOH . 0 
(c) C2HSNH2 0 (d) all of these 0 

59. The octane number of a fuel containing 90% of n-heptane 
and 10% of 2,2,4-trimethylpentane is: 
(a) 10 0 (b)90 0 
(c) 100 0 (d) 50 0 

60. Kolbe's synthesis of sodium salt. of butanoic acid gives: 
(a) n-hexane 0 (b) iso-butane 0 
(c) n-butane 0 (d) propane " 0 

61. The function of sodalime (a mixture of solid NaOH and 
solid CaO) ill the decarboxylation reaction is: 
(a) to increase the rate of reaction" 0 
(b) to decrease the rate of reaction 0 
(c) to change the rate of reaction 0 
(d) none is correct 0 

62. Which of the following is the correct sequence ofSteps in 
the halogenation of an alkane? 
(a) Propagation, initiation, termination 0 
(b) Initiation, termination, propagation 0 
(e) Initiation, propagation,tt;!rmination 0 " 
(d) Propagation, termination, initiation 0 

63. Reaction of alkanes with halogen is explosive in case of: 
(a) Cl 2 0 (b) F2 0 
(c) Br2 0 (d) 12 0 

64. Fischer-Tropschprocess is used in the manufacture of: 
(a) ethane 0 (b) benzene 0 " 
(c) synthetic petrol 0 (d) LPG 0 

65. A hydrocarbon with formula CgH)8 gives one monochloro 

derivative. The hydrocarbon is: 
(a) n-octane 0 
(b) 2-methylheptane 0 
(c) 2,2,4-trimethylpentane 0 
(d) 2,2,3,3-tetramethylbutane 0 

66. Which of the following alkanes can be synthesised in good 
yield by the Wurtz reaction? 
(a) (CH3 h CH-CH2-CH(CH3 )2 [] 

(b) (CH3 h CH-CH2CH2-CH(CH3 h 0 
(c) CH3CH2-C(CH3 )2-CH2CH3 0 
(d) (CH3 )3 C-CH2-CH2-CH3 0 

67. The order of appearance of the following with iricreasing 
temperature during the refming of crude oil is: 
(a) kerosene, gasoline, diesel 0 
(b) diesel, gasoline, kerosene 0 
(c) gasoline, kerosene, diesel 0 
(d) gasoline, diesel, kerosene 0 

68. Which of the following fractions of pett:oleum has the 
lowest boiling point? 
(a) Gasoline 0 (b) Kerosene 0 
(c) Diesel oil" 0 (d) Heavy oil 0 

69. Isobutyl magnesium bromide with dry ether and absolute 
alcohol gives: 
(a) (CH3 hCH-CH20Hand CH3CH2MgBr 0 
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(b) (CH3 )2.CH-CH2CH2CH3 and Mg(OH)Br 0 (c) miXing aluminium nitrate with mercuric oxide 0 
(c) (CI:I3 hCH2,H2C=CH2 and Mg(OH)Br ' 0 (d) adding.mercury to aluminium chloride solution 0 
(d) (CH3 h CHand CH

3
CH20MgBr 0 82. Adam's catalyst is: 

'70. Natural gas. is primarily composed of: . (a) platinum metal 0 (b) palladium 0 
(a) methane o (b) n-butane 0 (c) nickel metal 0 (d) Pt02 0 
(c) n-octane . 0 (d) a mixture of octanes 0 83. A gas oelieved to be the cause of explosion in coal mines is: 

71. The ~ost important'method to prepare lower hydrocarbon (a) CH4 0 (b) C2H6 . 0 
is: (c) C3HS 0 (d) C4HlO 0 

. (a) cracking 084. When propanal is heated with Zn-,-Hg and conc. HCI, which 
(b) 8abatier-8enderen's reaction 0 is formed? 
(c) heating saltsoffatty acids witli sodalime 0 (a) C3H4 '. ·0 _ (b) C3H6 o 
(d) direct synthesis . '. 0 (c) C

3
Hg 0 (d) C

3
H

7
CI 

72. Butane can be converted into 2-methylpropane,if heated 85. Catalyt' ic reduction of water gas gives: 
o 

with: / 
(a) acetylene, 0 (b) ethylene 0 

(a) Al2Cl6 0 (b) CrZO] 0 (c) ethane 0 (d) methane 0 
(c) Cr02Cl 2 0 ' (d) Nalether 0 • " . 86. The number of possible eQantiomeric pairs that can be 

73. Percentage of hydrogen is maximum in: produced during monochlorination of 2-methylbutane is: 
(a) C2H2 . 0 . (b) C2H4 0 (a) 2 .' 0 (b) 3 0 

(c) C2H6- 0 (d) CH4 0 (c) 4 0 (d) 1 0 
74. Domestic cooking '~as consists of mostly: 87. (CH3 )3 C-MgCI on reaction with D20 produCes: 

(a) methane and ethane, ' 0 (a) (CH3 )3 CD 0 (b) (CH3 )3 OD 0 
i(b)liquefied butane and iso-butane 0 , (c) (CD3)3 CD 0 (d) (CD3 hOD 0 
(c ) ethylene and carbon monoxide 0 88. The most stable conformation of n-butane is: . 
(d) kydrogen and acetylene 0 (a) skew boat 0 (b) gauche 0 

" 75. Paraffin dissolvesirJ: (c) staggered anti ,0 (d) eclipsed O' 
(a) distilled wat~ 0 (b) methanol 0 89. Which of the following reactions is expected to readily give 
(c) penzene' 0 (d) salt water 0 a hydrocarbon product in good yield? 

76~ Uqui4 hydrocarb.ons is converted into a mixture of gaseous 
ny~pcarbon by: [CBSE (PMT) Prelims 2010] (a) (CH

3 
h C-Cl C2HsOH) • 0 

(a) cracking 0 (b) hydrolysis 0 
. (c) oxidation 0 (d) distillation 0 

77. The complete' combustion ofC~4 gives: [BHU.2004] 

(a) CO+ H2 ' 0 (b) CO+N2 0 

(c) CO+ N20 0 (d) CO2 '+ H20 0 

78. How many types of carbon atoms are present in 
2,2,3-trimethylpentane? 
(a) One 0 (1::J) Two 
(c) Three 0 (d) Four , 

79., Which one of the following is called Raney's nickel? 

o 
o 

(a) Nickel in; a fme state of division 0 
,,(b) Nickel-iron alloy ,0 

(c) 'Nickel-aljnninium alloy 0 
- (d) Nickel-chromium alloy , , 0 

80. Finely divided platinum and palladium commonly known as 
platinum and palla<ijum black, may be prepared by reducing 
their,soluble salts with:, 
(a) ~200· (b) C2HsOH 

, : (c) HCHOO(d) C6H6 

o 
o 

81. Almninium amalgamused as a reducing agent, is obtamed 
by: ' ' 

(a) dipping aluminium foil in mercuric chloride solution 0 
(b) mixing aluminium powder with,mercury 0 

(b) RCOOK ElectrolysiS') 

Cl2 (c) CH3-CH3 ~ 

(d) RCOOAg ~ 

o 
o 

0' 

o 
90. Octane number is zero for: [KCET 2002] 

(a) iso-heptane 0 (b) n-heptane 0 
(c) iso-octane 0 (d) n-octane 0 

91. Main constituent (8) of LPG is/are: [AFMC 2009] 
(a) m~thane • 0 (b) H2 ,CH4, isobutane 0 
(c) iso .. butane, propane 0 ' (d) n~ne of these 0 

92. Consider tKe follow~ reaction, 

Identify the structure of major product Jr: 
[lIT (8) 2002] 

(a) CH3~fH~F-rn2 o 
D CH3 
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o 

. 
(C) CH3.~G-CH-CH3 

, I I ' 
o 

D CH3 

(d) CH3-CH-CH-CH3 
. I 

o 
CH3 

93. ' Which hydrocarbon is mainly present in gobar gas? 
[AFMC 20031 

(a) Butane 0 (b) Propane 0 
( c) Methane 0 (d) Ethane 0 

94. On mixing certain alkane with chlorine and irradiating it 
with ultraviolet light"it forms only one monochloro alkane. 
The alkane could be: [AIEEE 2003; JEE (WB) 2010] 
(a) propane 0 (b) pentane' 0 
(c) iso-pentane ,0 (d) neo-pentane 0 

95. Which one of the following is reduced with zinc and 
hydrochloric acid to give the correspond1n.g hydrocarbon? 

[AIEEE 2004] 
(a) Ethyl acetate 0 (b) Acetic acid 0 
(c) Acetamide 0 (d) Butan-2-one 0 

96. A petrole~ fraction having boiling range 70-200°C and 
containing~6-lOcarbon atoms per molecule is called: 

[UPSEAT 2004) 
(a) natural gas 0 (b) gas oil 0 
(c) gasoline 0 (d)' kerosene 0 

97. The compound having only primary hydrogen atoms is: 
[AIIMS 2004) 

(a) butane 0 (b) iso-butene 0 
(c) cyclohexane 0 (d) 2,3-dimethylbutene 0 

9S. Octane number can be changed by: [AFMC 2004) 
, (a) isometisation 0 (b) alkylation 0 

(c) cyclisationD (d) all of these 0 
,99; Which of th~ following yields both alkane and alkene? 

. [AFMC 2004] 
(a) Kolbe's reaction' 0 (b) Williamson's synthesis 0 
(cjWurtz reaction 0 (d) Sandmeyer's reaction 0 

100. 2-Methyl butaDe on reacting with bromine in the presence 
of sunlight gives mainly: [AIEEE 2005) 
(a) l~bromo-2-methylbutane 0 
(b) 2-bromo":2-tnethylbutane 0 
(c) 2-bromo-3-methylbutane 0 
(d) l-bromo-3-methylbutane . 0 

101. Which oJ the following reactions will nofgive propane? 
[DPMT 2005) 

o 

o 

(c) CH3HC=CH.2 'CH
3
COOH) 

(~): CH
3
COCI CH3MgX) , 

- HzO 

o 

o 
i02. Of the five isomeric hexanes, the isomer which can give two 

monochlorinated compounds is: (AIEEE 2005] 
(a) n-hexane 0 (b) 2,3-dimethyl butane 0 
(c) 2,2-dimethyl butane 0 (d) 2-methyl pentane 0 

103.% is heated with sodalime and gives ethane. Xis: ' , 
(A:FMC2005) 

(a) ethanoicacid 0 (b) methanoic acid 0 
(c) propanoic acid 0 (d) either (li.) or (c) '0 

104. In order to .get propane gas, which of the following should 
be subjected to sodalime decarboxylation? '(BVP 2006) 
(a) Sodium formate ' D 
(b) Mixture of sodium aceta~e and sodium ethanoate' 0 
(c) Sodium butyrate "0 
(d) Sodium propionate:D 

105. Methyl bromide is converted into ethane by, heating it in 
ether medium with: 

[CET (Karnataka) 2006; CET Engg. (Pb.) 2007) 
(a) Al 0 (b) Zn '0 
(c) Na 0 (d) Cu 0 
H3C, " . ' 

, P+ Brz Na . 
106. /CH-OH--7~X; XIS: 

H3C -

[DCE2006) 

CH3 
'\ , 

(a) CH3-CH-CHz-CH3 o 
CH3 I ~ 

(b) CH3i-CH3 

CH3 

H3 C", . ,/CH3 

~c) , /CH-CH" 
H3e CH3 

o 

,CH3 

. I , 
(d) CH3 -CH-CH2CH2CH3 o 

107. petroleum is obtained from water gas, name of the reaction 
, involved is:' (DCE 2'"16) 

(a) Fischer-Tropsch 0 (b) Bergius 0 
(c) Dow's 0 (d) Kjeldahl's 0 

j CH3 

~. C12,hv, (;'.: rod ) 
lOS . , ) N Isomenc p ucts, , • H3e ' 

'CH3 

Fractional .'. d ) CSH l1CI ) M (lsomenc proQ.Cts 
, distillation . . ,," 

Give the number of Nand M: (lIT ,2006] 



(a) 6, 6 0 (b) 6, 4 o 
o (c) 4, 4 0 (d) 3, 3 

109. When CH3COOH reacts with CH3Mg X, then: 

. (BCECE (Med.) 2006] 
. (a) CH3COX is fonned 0 

(b) hydrocarbOn is fonned 0 
(c) acetone is formed 0 
(d) alcohol is forn'ied 0 

. 110. Wbichofthe following liberates methane on treatment with 
water? (CMC (Moo.) VeJ)ore 2007] 
(a) Silicon carbide 0 (b) Calcium carbide 0 . 
(c) Beryllium carbide 0 (d) Magnesium carbide 0 

111. The geometry of methane molecule is: 
(MGIMS (Med.) 2007] 

(a) tetrahedral 0 (b) pyramidal 0 
(c) octahedral 0 (d) square planar 0 

112. Alkyl halides react with dialky't copper reagents to give: 
[UPSEE (Engg.) 2007] 

(a) alkenyl halides' 0 (b) alkanes 0 
(c) alkyl copper halides 0 ' (d) alkenes . 0 

113. Which of the following isomeric heptanes can yield seven 
different monochlorinated products upon free radical. 
chlorination? (PMT (Kerala) 2010] 
(a) 2,3-Dimethylpentane 0 (b) 2,2-Dimethylpentane 0 
(c) 3-Methylbexane 0 (d) 2-Methylbexane 0 
(e) 2,4-DimethylpilDtane 0 

114. Which of the following has highest knocking property? 
IAFMC 2007] 

(a) Aromatic hydrocarbons 0 
(b) Olefins 0 
(c) Branched chain paraffms 0 

. (d) . Straight chain paraffins 0 
115. Octane number can be changed by: [AMU ~fOO.) 2007] 

(a) isomerisation 0 (b) alkylation '0 
(c) cyclisation 0 (d) aU of these 0 

116. Which of the following has lowest octane number? 

(a) n-Hexadecane / 
(c) n~Hexane 

117. The treatment of 

produces: J 

[CMC (Moo.) Vellore 2007} 
o (b) iso-Octane 0 
O. (d) n-Heptane 0 

CH3MgX v.:ith CH3 ----C==C-,-H 

[AIEEE 2008) 
(a) CH4 0 (b) CH3HC=CH2 0 , 

(d) CH3HC=CHCH3 · 0 (c) CH3 ----C==C-CH3< 0 

, 
i 
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118. CH3 CH3 + HN03 675K) ? 

(a) CH3CH2N02 

[VITEEE 2008) 
. 0 

(b) CH3CH2 N02 + CH3N02 
(e) 2CH3N02 

(d) H2 C=CH2 

o 
o 
o 

SET II: This set contains questions with two or more correct answers. 
119. Which of the following carbides can be used to prepare 

methane by its action with water? (BHU (Mains) 2007) 
(a) Aluminium carbide 0 (b) Beryllium carbide 0 
(c) Calcium carbide 0 (d) Silicon carbide 0 

120. Methane can be prepared by: 
(a) alkyl magnesium bromide 0 
(b) Wurtz reaction' 0 
(c) decarboxylation 0 
(d) Friedel-Crafts reaction 0 

121. Kolbe's electrolytic method can be applied on: 

CH2COOK 
(a) CH3COONa 0 (b) I 0 

CH2COOK 

HC-COOK 
(c) II 

HC-COOK 
o 

122. Both methane and ethane may be obtained by one step 
reaction from: 

. (a) CH31 

(c) H2C=CH2 

o (b) CH3COOK 

o (d) CH3MgBr 

o 
o 

123. Grignard reagent gives alkane with: 
(a) C2HsOH 0 (b) HOH 0 

~(c) NH3 0 (d) C2H5N~12 0 

124. CH3CH2CH3 
400-6OO"C ) X + Y 

Xand Yare: 
. (a) H2 and methane 

(c) H2 and propylene 

[UPSEE (Engg.) 2008) 
o (b) H2 and ethylene 0 
,0 (d) methane and etbyleneO 

125. On mixing a certain alkane with chlorine and irradiating it 
with ultraviolet light, it fonns two monochloro derivatives. 
The alkane could be: [BOO (Mains) 2008} 
(a) propane 0 (b) pentane 0 
(c) iso-butane 0 (d) neo-pentane 0 
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=ASSERTION-REASON TYPE QUESTIONS 

Following questions consist of an Assertion (A) and Reason 
(R). Use the following keys to select the correct answer: 

(a) If both (A) and (R) are correct and (R) is the correct 
explanation of the (A). 

(b) If both (A) and (R) are correct but (R) is not the correct 
explanation of the (A). 

(c) If(A) is correct but (R) is incorrect. 
(d) If (A) is incorrect but (R) is correct. 

1. (A) Corey-House reaction can be used to prepare both 
symmetrical and asymmetrical alkane. 

(R) Lithium metal is involved in it. 
2. (A) The octane number of branched chain hydrocarbon is 

higher than that of unbranched chain hydrocarbon. 
(R) The branched chain hydrocarbons are more volatile as 

compared to unbranched chain hydrocarbons. 
3. (A) The boiling point of n-alkanes increases with increase 

in number of carbon atoms. 

293 

I 
(R) van der Waals' force of attraction increases with 

increase in number of carbon and molecular mass. 
4. (A) In cracking of alkanes C-C bond is broken but.not 

C~Hbpnd. . , 
(R) Bond energy of C-C bond is less than C-H bond. 

5. (A) Melting point of neo-pentane is greater than that of 
, n-pentane but the boiling point of n-pentane is more 

than that of neo-pentane. . . 
(R) Melting point depends ~pon packing in crystal lattice' 

whereas boiling point depends upon surface area of the 
molecule. . 

6. (A) Fuel in aeroplane has a high percentage of highly 
branched chain alkanes. • 

(R) Octane number of branched alkanes is less than that of 
straight chain or normal alkanes. 

7. (A) Propene and cyclopropane both give addition reactions 
only. 

(R) Propene and cyclopropane are ring chain isomer. 

I ANSWERS I I . I 

OBJECTIVE QUESTIONS 
1. (a) 2. (b) 3. (a) 4. (b) 5. (b) 6. (c) 7. (c) S. (d) 9~. (b) , 10~ (c) 

11. (b) 12. (b) 13. (b) 14. (a) 15. (d) 16. (b) 17. (a) 18. (a) , 19. (c) 20. (d) . 

21. (d) 22. (c) 23. (b) 24. (c) 25. (d) 26. (d) 27. (d) . 2S. (b) 29. (b) , 30. (a) , 

31. (a) 32. (d) 33. (b) 34. (a) 35. (a) 36. (c) 37. (b) 38. (d) 39. (d) 40. (c) 

41. (c) 42. (c) 43. (d) 44. (c) 45. (a) 46. (c) 47. (b) .' 48~ (c) 49. (b) 50. (a) 

51. (d) 52. (c) 53. (b) 54. (d) 55. (d), 56. (a) 57. (c) 58. (d) 59. (a) 60. (a} 

61. (b) 62. (c) 63. (b) .64. (c) 65. (d) 66,. (b) 67. (c) 6S. (a) 69. (d) 70. (a) 

71. (c) 72. (a) 73. (d) 74. (b) 75. (c) 76. (a) 77. (d) 78. (d) 79. (a) SO. (c) 

'Sl. (a) S2. (d) 83. (a) 84. (c) 85. (d) 86. (a) 87. (a) 88. (c) 89. (b) 90. (b) 

91. (c) 92. (b) 93. (c) 94. (d) 95. (d) 96. (c) 97. (b) 98. (d) . 99. (a) 100. (b) . 

101. (d) 102. (b) 103. (c) 104. (c) lOS. (c) 106. (c) 107. (a) 108. (b) 109. (b) 110. (c) 

Ill. (a) 112. (b) 113. (c) 114. (d) 115. (d) 116. (a) 117. (a) 118. (b) 119. (a,b) 120. (a,c) 

121. (a,b,c) Ill. (a,b) 123. (a,b,c,d) 124. (c,d) 125. (a,c) 

ASSERTION-REASON TYPE QUESTIONS 
1. (b) 2. (b) 3. (a) 4. (a) 5. (a) 6. (c) 7. (l?) 



. 1. Methane can be prepared by: 
(a) Wittig reaction 0 . (b) ,Wurtz method . 0 
(c) Kolbe's method. 0 (d) Decarboxylation '0 
(e) Corey-House method 

2. Match List I with List IT and select the correc~ answer from 
'the givencodes: . 

. List I List II 
Reaction . Metals used 

A. Wurtz reaction 
B. . Sabatier Senderen'sreaction 

. C. Frankland reaction 

. D, Corey-House synthesis 
''Codes: . 
ABC' D 

(a) I 2 3 4 
(b) 4 I 2 3 
(c) 3 2 4 I 
(d) 2 4 2 3 

1. Ni 
2. Zn 
3. Li 
4. Na 

3. Which of the following compounds will give the maximum 
yield of alkane on nydrogenation? 
(a) H2C=CH2 

(b) CH3-CH-CH2 

. H3C",~. <CH3 
. (c) ~=C 

H . . H 

H3C> <CH3 
(d) . C C . 

H3C.. . CH3 

o 
o 

o 

o 

4 •. If a mixture of methane, anunonia and oxygen is passed 
over Pt-gauge at.'700"C then the product will be: 
(a) HGOOH 0 (b) HCN 
(c) CH3NH2 . 0 (d) all of these 

5. Which of the following alkanes is affected by AlC13 ? 

o 
o 

(a) CH4 0 (b) C2H6 [] 

(c) C3HS 0 (d) C4HlO (n-butane) 0 

6. Which of the following cannot be considered as a 
m:echanistic step in chain reaction of. methane with C1 2? 
(a) C1 2 ~ Cl" . 0 
(b)!CH4 + CI" ~ CH3CI + H' 0 
(c)'C( +CH4 ~ CH; +HCI 0 
(d) CI' +CU; ~ CH3Cf' 0 

7. The nitration of which of the following a1kanes will give the 
maximum nUmber of products? 
(a) Propane 0 (b) Neo-pentane 0 . 
(c) Etpane 0 (d) Methane 0 

8. Which. of the followiQg cannot be prepared by the Wurtz 
reaction? .' 
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(c) (CH3 h CHCH3 

o. (b) GH3-fH-CH3 

CH3 

o (d) CH3CH2CH2CH3 

o 

o 
9. Which among the following reagents convert alkyl halide. 

into a1kane? . 
(a) Bu3 SnH 0 (b) Na/dry ether 0 
(c) R2CuLi 0 (d) All of these 0 

10. Which among the following genera (plants) is the future 
source 9f hydrocarbons? 
(a) Cassia 0 (b) Accasia 
(c) Euphorbia 0 (d) Thia' 

11. Select the correct statements among the following: 

o 
o 

(a) methane is present in the atmosphere of Jupiter 0 
(b) in Fischer-Tropsch process, alkane. is synthesised by 

liquefaction of coal 0 
(c) methane on pyrolysis give carbon black 0 
(d) pyrolysis of a1kanes is also called as isomerisation . 0 

12. Antiknocking agent used for unleaded gasoline is: 
(a) BXT 0 (b) TBA 0 
(c) MTBE 0 (d) all of these 0 

13. By which of the following reagents, butanoic acid can be 
converted into butane? 
(a) Red PIHI 
(c) CH3MgBr 

[j (b) NaOHICaO 
o (d) All of th~se 

o 
o 

14. Which among the following is known as Gihnan reagent? 
(a) R2CuLi 0 (b) Lil 0 
(c) CuI' 0 (d) Li 0 

15. Which among the following carbides on hydrolysis give 
all.dif1e? 
(a) Al4C3 0 (b) CaC2 0 
(c) Be2C 0 (d) SiC 0 

16. Methane cannot be synthesised by which of the following 
methods? 
(a) Wurtz reaction 0 
(b) Kolbe's reaction 0 
(c) Corey-House synthesis 0 
(d) All of the above 0 

17. In the given reaction, 

011 
[Xl .. 

CH3-C-~Hs ~ CH3-CH2-C2Hs 
Xwill be: 
(a) LiAlH4 0 (b) NaBH4 0 
(c) Bu 3SnH 0 (d) NH2-NH2/OIr 0 

18.· What will be the least molecular mass of an a1kane which is 
optically active? 
(a) 70 
(c) 90 

o (b) 80 
o (d) 100 

o 
o 
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19. The 'products obtained in the reaction, 

273K 

is/ar:e: 
(a) C6HsCHCI-CH3 0 (b) C6HsCH2-CH2 CI 0 
(c) C6HsCCI2-CH3 0 (d) C6HsCHCICHzCl 0 

'20. Chlorination of propane is carried out in the presence of 
sunlight. The % yield of major and minor alkyl halides will 
be: 
(a) 92%,8% 
(c) 80%,20% 

o (b) 70%, 30% 
o (d) 86%, 14% 

[J 
o 

(Hint: 
, . C12 

CH,-CHz-CH3 ----t CH3-CH~CH3 
Light I 

CI 
2-Chloropropane 

(Major) 

+ CH3-CH2-CH2CI 
l-Chloropropane 

(Minor), 

Ratio of products can be calculated as, 

I-Cbloropropane Number of 2° hydrogen 

2-Cbloropropane Number of e hydrogen 

x .:.:Re;.:.:' a=cti:::.·V1:.::.:·ty~of_l_o ..:;hy:.-dro~gen_ 
Reactivity of2° hydrogen 

2 J I 
=-x 

6 3.8, 11.4 

% of 2-Chloropropane = 11.4 ~ 100 = 92% 
12.4 

% of l-Chloropropane = 100 - 92 = 8%] 
21. The highest boiling point is expected for: 

(a) iso-octane o 
o 
o 

(b) n-octane 
(c,.2,2,3,3-tetramethyl butane 
(d) n-pentane '. 0 

22. Tetraethyllead (TEL) in petrol was used as antiknocking 
agent, which creates lead pollution. In order to avoid lead, 
pollution, the substitute of TEL is used in unleaded-petrol. 
The substitute is denoted as: 
(a) AK-33:-X 0 (b) BK-33-X 
(c) CK-33-X 0 (d) DK-33-X 

o 
o 

[Hint: AK-33-X;' Its chemical name is cyc!opentadieny! 
manganese tricarbonyJ.] 

. 23. If an alkane has number of carbon atoms equal to n, then the 
number of moles of oxygen required for its complete 
combustion is: 
(a) 3n + I 0 (b) 2n 0 

2 

ANSWERS: BRAIN STORMING PROBLEMS 
1. (d) 2 •. (b). 3. (a) . 4. (b) '5. (d) 

" 

11. (a,b,c) 12. (tt), 13. (a) 14. (a), 15~ ,() 

21. (b) 22: '(a) ····23 •. (8.) '24 •. (ij< 2S~ (c) 

,-
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(c) !! 
, 2., 

o (d) (2n + I)~ '.' o 
• (3n + 1)' . (in + 2) 

[Hint: ' C,.H2n+2 + -. -2- 02 ~ nC02 + -2-. -, HPJ ' 

24. Which of the following is the condition for best yield of 
CzHsCI? 

'. UVligbt 
, (a) CZH6 (excess) + Clz . ) .0 

, dark 
(b) CZH6 + SOClz . ) 

, ,room temp. 
o 

(c) C,ZH6 + Clz (excess) ~ 0 
UVligbt 

(d)CzH6 + pps ~ 0 
25. An alkane with even J1umber of carbon only, can rtlsult in: 

(a) Sabatier Senderens reaction 0 
(b) wurtz reaction , 0 
(c) Kolbe's electrolytic reaction 0 
(d) Grignard reaction 0 

26. n-Hexane can be converted to .benZene by the treatment 
with: 
(a) alk. nmo4 . 0 (b)alc. KOH 0 
(c) CrZ03 at 770K O. (d) LiAl1:i4 0 

27 • Following are the isomers of molecular formula for Cs Hl2 : 
j' " .... 
~ - x 

I II III 
Decreasing order of their boiJjng points is: 
(a)I<II<IlI ,Q'(b)I>II>III 0 
(c) II>I>III o '(d) II1>I>II., 0 

28. An unknown carboxylic acid salt on Kolbe's electrolysis 
form cyclobutane; the carQoxylic a9id can be: , ' 
(a) adipic acid .' 0 (b) hexanoic acid 0 . 
( c) succinic acid . [] .. (d) fumaric acid , " 0 

29. A compound has molecular mass 42. It should be:" 
(a) propane O. (b) cyclopropane 0 ' 
(c) propene ,,0 . (d) butane , . D 

30; Petrol is a mixture hydrocarbons from'C6 to Cg • The quality 
.. ' ..." r • 

,of petrol is determined in terms of octane nUIJ:iber:, The . 
higher the octane number, better is the quality of.fUel. The 
correct order of octane number is: ' , 
(a) cyclo~es < alkenes < alkanes < aromatic hydr~~ns ' 
(b) alkenes < alkanes <aromatic hydrocarbons . 

, . '< cycloalkan~s 

(c), aJk;mes < aromatic llydrocarbons < cycloaikanes . 
" , .' <fllkenes 
(d) alkanes < ,aJkenes :<:cycloalkanes 

, < arowatic hydrocarbons 

! , 

6. ,(b) ,7! (it) , 8; (b,c) 9; (d), . 10 •. (c) > 
16. (d) 11., (d) 18 ... {d) 19. (a,c) "'20.' (a) 

26. (c) 27. (b) ,·28. (.a) 29. (b,c) 30~ (d) 



Passage 1 

Adolf von Baeyer suggested that, since carbon prefers to 
have tetrahedral geometry withbon~ angles of approximately 
109°, ring sizes other than five and six may be too strained to 
exist. Baeyer based his hypothesiS on the simple geometrical 
notion that a three-membered ring (cyclopropane) should be an 
equiIateral triangle with bond angles to 60°, a four membered 
ring (cyclobutane) should be a square with bond angles of. 90° 
and so on. Accor!iing to Baeyer's analysis, cyclopropane," wIth a 
bond angle compression of 1O~- 600 =49°, should have a large 
amount of angle strain and must therefore be highly reactive. 
Cyclohexane becomes puckered to releave its strain: The angular 
deviation of cycloalkane is (-ll 0). Greater is the angular 
deviation more is the torsional strain. 

Answer the following questions: 
1. Which of the following is most reactive cycloaikane? 

(a) Cyclopropane , (b) Cyclobutane 
(c) Cyclopentane (d) Cyclohexane 

2. Which among the following is most strained cycloalkane? 
(a) Cyclopropane (b) Cyclobutane 
(c) Cyclopentane "(d) Cyclohexane 

3. The tendancy of cyclopropane (I), cyclobutane (II) and 
cyclopentane (Ill) to form addition compounds is in the 
order: 
(a) 1>1I>I1I (b) I=II>III 
(c)I>II=I1I (d) I III>II 

4. Which among the following has greatest bond angle? 
(a) Cyclopropane (b) CycloQutane 
(c) Cyclopentane (d) Cyclohexane 

S. Which of the following cycloalkanes has zero strain 
energy? 
(a) Cyclobutane 
(c) Cyclohexarie 

(b) Cyclopentane 
(d) Cyclopropane 

Passage 2 

Wurtz reaction involves the condensation of two molecules 
of alkyl halides in the presence of sodium and dry ether. 

R-X +2Na + X-'R Dry ether) R-R + 2NaX 

In this reaction small amount of alkene is also formed as 
byproduct. 

Na /Dry ether 
CH3CHzBr +CH3CHzBr ) 

CH3-CHz-CHz-CH3 + HzC-':'CHz +CH 3-CH3 " '---v-----' 

" Byproducts 

Tertiary alkyl halides do not give Wurtz reaction. Frankland 
reaction is similar but has certain advantages over Wurtz reaction. 
His useful in the synthesis of syntmetrical alkanes. Frarikland 
reaction is shown by primary, secondary as well as tertiary alkyl 
halide .• 

Answer the following questions. 
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1. Which of the following alkanes is not obtained from Wurtz 
reaction? 
(a) Methane (b) Ethane 
(c) Propane (d) Butane 

2. Disproportionation takes place in: 
(a) Wurtz reaction (b) Frarikland reaction 
(c) both of these (d) none of these 

3. Which among the following compounds will give Wurtz 
reaction? 
(a) CHz " CH-Br (b) C6HS-Br 
(c) HzC=CH-CHz-Br (d) None of these 

4. A mixture of ethyl iodide and methyl iodide is subjected to 
the Wurtz reaction. The products formed are: 
(a) ethane (b) butane 
(c) propane (d) 2-methyl propane 

S. Which of the following compounds cannot be prepared by 
Wurtz reaction? 
(a) Ethane 
(c) n-Butane 

(b) Iso-butane 
(d) Neo-pentane 

Passage 3 

Gasoline infact is a poor fuel for internal combustion engine. 
When such fuels are used in an engine, combustion can be 
initiated before the spark plug fires. This produces 'Knocking' or 
'Pinging' in the running engine. The quality of fuel is indicated 
by its octane number. Straight chain hydrocarbons have low 
octane number. A scale was Set up to evaluate this important 
knock property of gasoline. Iso-octane, an excellent fuel with a 
highly branched structure, was arbitrarily given a rating (octane. 
number = 100), n-Heptane being a poor fuel was given the octane 
number of zero. 

The octane number of gasoline can also be increased by the 
addition of other compounds besides the tetraethyl lead (TEL) 
which is a pollutant. The compounds used in gasoline to improve 
its quality or octane number are: 

BTX : Benzene Toluene Xylene " 

" TBA ~ Tertiary Butyl Alcohol 

MTBE : Methyl Tertiary Butyl Alcohol 

Qualityof diesel fuel is measured in terms of cetane number. 
Cetane compound is already given 100 cetane number whereas 
a-methyl naphthalene is given the cetane number zero. 

Answer the following questions: 
1. What is the IUPAC name of the compound having octane 

number equal to 100? 
(a) n-Heptane 
(b) 2,2,4-Trimethyl pentane 
(c) 2,2,3-Trimethyl heptane 
(d) 2,2,4,4-Tetramethyl butane 

2. Select th~ correct statements among the following: 
(a) cetane number is assigned for diesel fuel 
(b) cetane number is assigned for kerosine oil 
(c) greater is the cetane number, more efficient is the fuel " 
(d) cetane l,1umber and octane number are same 
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3. Hexadecane is commonly called: 
(a) octane (b) cetane 
(c) gasohol (d) natalite 

4~ Octane number of regular gasoline is 87. It has same 
knocking property as: 
(a) a mixture containing 87% iso-octane and 13% heptane 
(b) a mixture containing 13% iso-octane and 87% heptane 
(c) 87 g iso-octane dissolved in 1 litre alcohol 
(d) 13 g iso-octane dissolved in I litre water 
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s. Select the correct statement about the efficiency of gasoline: 
(a) branched alkanes are better fuel than straight chain 

alkane 
(b) lesser is the octane number, greater i~ the efficiency of 

fuel 
(c) high quality fuel has greater knocking property 
(d) all of these 

ANSWERS: LINKED COMPREHENSION TYPE QUESTIONS ,1--------,--..,------------,---, 
Passage 1 . 1. (a) Z. (a) 3. (a) 4. (d) s. (c) 
PassageZ . .1. (a)Z: (a) 3. (c) 4. (a,b,c) .. 5 •. (b.d) 
Passage 3 1. (b) . ·Z~(a,c)3.(b) 4. (a) S.(a) .. :-: . 



7 
UN.SATURATED HVDR·OCARBONS 

[Alkenes (Olefins) and Alkynes (Acetylenes)] 

7.1 INTRODUCTION 

The open chain hydrocarbons which ~ontain lesser number of 
hydrogen atoms than the corresponding alkanes containing 
same number of carbon atoms are called unsaturated 
hydrocarbons. The members which contain two hydrogen 
atoms less than the corresponding saturated hydrocarbons are 
known as olefins* and are represented by the general formula 
Cn H 2n • These are characterised by the presence of a double 

bond between two adjacent carbon atoms,)C=C<' in the 

molecule. In IUPAC system, the olefins are termed as alkenes. ** 
The unsaturated hydrocarbons which are characterised by 

the presence of a triple bond between two adjacent carbon 
atoms, -C=C-, in the molecule and contain four hydrogen 
atoms less than the corresponding saturated hydrocarbons are 
termed alkynes. These are represented by a general formula 
Cn H2n- 2 • 

Alkenes seldom occur free in nature. Lower alkenes occur 
in coal gas in minute quantities. Ethylene is present in natural 
gas. However, alkenes are produced in large amounts by 
cracking of petroleum. 

7.2 NOMENCLATURE OF ALKENES 

There are three ways of naming the alkenes or olefms. 
(i) The common system: The common names of fIrst 

three members are derived from the corresponding'alkanes by 
changing the ending -ane to -ylene. Greek letters are used to 
distinguish isomers as to indicate the position of double bond. 

n,~, y, etc., are written to indicate the carbon atoms having 
double bond. 
H2C=CH2 
CH3-CH ,CH2 

a 

(Ethane - ane + ylene) 
(Propane - ane + ylene) 

Ethylene 
Propylene 

CH3-CH2-CH=CH2 (Butane - ane + ylene) a~Butylene 

~ 
CH3-CH=CH - CH3 (Butane - ane + ylene) ~Butylene 

CH3-C=CH2 (lsobutane -:- ane + ylene) . ISo-butylene 
, I 

CH3 

a 
CH3CH2CH2CH=CH2 a-Amylene 

~ 
CH3CH2CH=CH-CH3 ~Amylene 

'(ii) As derivatives of ethylene: Olefms are named as 
substituted derivatives of ethylene. The names are derived by 
adding the name of alkyl groups replaCing the hydrogen 
atom/atoms of the ethylene to the parent name ethylene. The 
dialkyl derivatives are of two types, symmetrical or 
unsymmetrical; depending u~on whether the alkyl groups are 
attached to the same carbon atom or to diffe{ent carbon atoms. 

CH3-CH=CH2 Methyl ethylene 

CH3-CH=CH-CH3 Sym..,dimethyl ethylene 

CH3-i=CH2 Unsym-dimethyl ethylene 

CH3 

* The tenn olefin has its origin from an old Dutch name of ethylene 'Olefiant gas' (oil fonning gas) which refers to the oily nature of the product 
(ethylene chloride) fonned by the combination of ethylene and chlorine. 

** Alkenes containing two carbon-carbon double bonds are called dienes or alkadienes.' 
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(iii) IUPAC system: The name is obtained by dropping 
the suffix -ane from the name of the corresponding alkane and 
adding the suffix -ene. . 

Alkane - ane +ene = Alkene 

The position of the double bond' is indicated by the 
number of the first carbon atom (lowest numbered) involved 
in the double bond. Alkyl groups are numbered, named and 

.. placed as prefixes in alphabetic order. When there are two or 
three double bonds in the molecule, the ending -ane of the 
corresponding alkane is replaced by -adieneor -atriene. 

H2C=CH2 CH3CH=CH2 
Etbene . Propene 

CH3CH2CH=CH2 
But-I-ene 

CH34=CH2 

CH3 
2-Methylprop-l-ene 

CH3CH2CH=CHCH3 
Pent-2-ene 

.. , CH3CH=CHCH3 
But-2-ene 

CH3CH2CH2CH=CH2 
Pent-I-ene 

; . CH3CH2C=CH2 . I 
CH3 

2-Methylbut-l-ene 

H2C. CH-CH-CH2 
Buta-I,3-diene 

3-Methylbut~l-ene . . 

Alkenyl groups: The monovalent groups obtained by . 
the removal of one hydrogen atom from alkenes are called 
alkenyl groups. 

H2C=CH
Etbenyl (Vinyl) 

CH3-CH=CH-
I-Propenyl 

HC C-
2 I 

CH3 
lsopropenyl 

( I-MetJIylvinyl) 

Alkylidene groups: 

H3C- CH= ; 
Ethylidene 

H2C=CH-CH2-
2-Propenyl (Allyl) 

. CH3-CH=CH-CH2-
2-Butenyl (Crotyl) 

CH3CH2-C=CH-CH2-
.' I . 

CH3 
3-Methylp~nt-2-enyl 

CH3-CH2-CH= 
Propylidene 

CH3-C= 
I 
CH3 

lsopropylidene 

7.3 ISOMERISM IN ALKENES 

Alkenes can show the followmg types of isomerism. Ethene 
and propene do not show structural isomerism. 

(a) Position isomerism: This is due to the position of 
double bond in the same molecular formula. 
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Butene has two position isomers. 

CH3CH2CH=CH2 ; CH3CH=CHCH3 
'. But-I-ene But~2-ene 

(b) Chain isomerism :. This is. due to the difference in 
the nature of carbon skeleton: 

CH3CH2CH=CH2 " 
But-I..:ene 

2-Methylpropene 

Chain isomers 

rIf3 
CH3 -CH2-C-CH2 

2-Methylbut-l-ene 

Chain isomers 

( c) Geometrical isomerism : Due to restricted rotation 
about the double bond, the alkenes (with the exception of 
ethene and propene) show geometrical isomerism. But-2-ene 
shows geometrical. isomerism. 

H3)C c~j\~;:ut:<~J 
H H H~ H 

Cis-form Trans-fonn 

Pent-2-ene also shows geometrical isomerism. 

H)C <~,~~;>ent:<~. 
C2HS . CH3 . H CH3 

Cis-form Trans-form 

Besides. the above three types, alkenes show ring-chain 
. isomerism with cycloalkanes. 

CH3CH2CH=CH2 
But-l-ene 

H2C-CH2 
. I I 

H2C-CH2 

Cyclobutane 

7.4 STABILITY OF' ALKENES 
(HEATS OF HYDROGENATION) 

. ' 
The relative stability of alkenes can be determined by 
comparing their enthalpies of hydrogenation, (i.e,. the heat 
evolved when one molecule of alkene reacts with hydrogen). 
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So;' heats of hydrogenation have been used to assess the 
relative stabilities of alkenes in much the same way as was 
described for heats of combustion as catalytic hydrogenation 
ofbut-l-ene, cis-but-2-ene or trans-but-2-ene yields the same 
product, butane in presence of catalyst such as Pd or Pt. 

H)C) <C1l3 H' . 
C=C '. .-4 CH3CH2CH2CH3 

H . . Pd "B tan . H.· u e 

Cis-b~t-2-ene . r· . 
H3C H2 Pd H 

....... ',>'C=C< 

H CH3 
Trans- but-2-ene 

It has been. observed that enthalpy of hydrogenation of 
cis-isomer is 120.0 kJ/mol and that of trans-isomer is 
115.0 kJ/mol. Thus, the measured heats of hydrogenation 
reveal that trans-but ... 2-ene is 5 kJ/mol (1.2 kcaVmol) lower in 
energy than cis-but-2-ene and that cis-but-2-ene is 7 kJ/mol 
(1.7 kcaVmol) lower in energy than but-I-ene; In otherwords, 
the trans-isomer is 5 kJ/mol more stable than the cis-isomer. 

The energy differences between the isomeric butenes as 
measured, by their ,heats of hydrogenation are, within 
experimental error,. equal to the differences in their heats of 
combustion. 

Heats of hydrogenation can be used to, estimate the 
stability of double bonds as structural units, even in alkenes, 
that are not isomers and also depends upon the position of 
double bonds. For example, 

CH3CH2CH2CH=CH2 
Pent-I-ene 

(Monosubstituted) 
MI = - 126 kJ/mol 

CH3-C=CH-CH3 
1 ' 

CH3 

2-Metbylbut-2-ene 
(Trisubstituted) 

MI = 112.5 kJ/mol 

2-Metbylbut-l-ene 
(Disubstituted) 

MI = - 119.5 kJ/mol 

CH3-C=C-CH3 
,I I 

CH3CH3 
2,3-Dimetbyl 

but-2-ene 
(Tetrasubstituted) 

MI = - 111.5 kJ/mol 

The more substituted alkenes, (i.e., greater the number 
of alkyl groups attached to the double bond) are more stable. 
Thus, the order of stability of alkenes is: 

R2C=CR2 > R2C=CHR > R2C=CHz > RCH=CHR 
> RCH=CH2 >.H2C=CH2 

7.5 GENERAL METHODS OF PREPARATION 
OF ALKENES 

Alkenes containing upto five carbon atoms can be obtained in 
pure form from the petroleum. More complicated alkenes and 
also the simpler ones can be prepared by the application of any 
one of the general methods. Most of the methods involve 
elimination of atoms or groups. from two adjacent carbon 
atoms from the molecules having only single bonds. 
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I 1 .1 1 
C-C-~ -C=C-+XY 

rJ--J-. 
• X y. 1 _______ <1 

1. By dehydration of alcohols: An alcohol is 
converted into' an alkene by dehydration, i. e., elimination of a 
molecule of water. 

,II-H20 
-e-c-~ + H 20 J .. _ .L _ _ Alkene 

:_IJ_'j~IJJ 
Alcohol 

The dehy'di-ation' of alcohols is generally carried out in 
either of two ways: 

(a) heating . the alcohol witl} acid catalyst like 
concentrated sulphuric acid or phosphoric acid H3P04 or 
p-toluene sulphonic acid or P20 S to temperatures as high as 
200°C. or 

(b) passing the vapours of alcohol over alumina (A120 3 ) 

at 350 400°C, (A1203 serves as a Lewis acid). . 

The ease of dehydration follows the following order: 

Tertiary (3°) > Secondary (2°) > Primary (10) 

CH3 

I 
CH3-C-OH > 

I 
CH3-CH-CH2CH3 

I 
CH3 OH 

(This sequence of reactivity is due to conjugate 
stabilization in the ring.) 

CH3CH2CH2CH20H 
Butan-I-ol 

(n-Butyl alcohol) 1° 

CH3CH2). ' 
CHOH 

CH3 

Butan-2-o1 
(Sec. butyl alcohol) 2° 

CH3 

I 
CH3-C-OH 

I 
CH3 

75% H2S04 

140°C ) CH3CH=CHCH3 
But-2-ene 

(Unexpected chief product) 

60% H2S04 
lO00C ) CH3CH=CHCH3 

But-2-ene 
(Chief product) 

CH3 

20%H,S04 I 
-8-5--9.....::~:.....oC~) CH3-C=CH2 

lsobutylene 
(2-Methylpropene) 

2-Metbylpro~-2-o1 

(Tert. butyl alcohol) 3° 

.. 
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In the dehydration of secondary and tertiary alcohols, 
when there is a possibility of formation of two isomers, the 
hydrogen atom is preferentially eliminated from the adjacent 
carbon atom with the fewer number of hydrogen atoms. 

This is Saytzeff's rule. 

CH -CH -CH-CH 60% H2SO\ CH3CH2C. H=CH2. 
3 2 I . 3 100°C 

But-l-ene (20%) 
OH 

Butan-2-o1 (Sec. alcohol) 
+CH3CH=CHCH3 

But-2-ene (80%) 
(Main product) 

Dehydration of alcohols are stereoselective reactions in 
which a single starting compound can yield two or more 
stereoisomeric products and proceeds in the. direction that 
produces the most highly substituted alkene and the more 
stable one is formed in greater am.ounts. A carbocation 
intermediate is involved and sometimes' rearrangements take 
place during elimination. For example, butan-2-01 gives 
but-2-ene (80%) and more stable trans-stereoisomer 
predominates. Pentan-3-01 gives 75% trans-pent-2-ene and 
25% cis-pent-2-ene and so on. 

Cone. H2SO,,> 
CH3CH2-iH-CH2CH3 Heat 

. OH 
Pentan-3-ol 

CH3CH2)C=c(CH3 + CH3CH2)C=C<H 

H H H CH3 
Pent-2-ene (25%). Pent-2-ene (75%) 

(Cis) (Trans) 

H+ 
R2CHCR'2 ~ R 2C=CR'2 + H 20 

I Alkene 
OH 

OH Alcohol 

~.' ~ 
2-Methyl hexan-2-ol 2-Methyl hex-I-ene 

(20%) 

+~ 
2-Methyl bex-2-ene 

(80%) 

Mechanism: The mechanism of acid catalysed 
dehydration involves the formation of carbocation as an 
intermediate. The reaction is believed to occur in three steps: 

1st step: Due to the presence of two lone pairs of 
electrons on oxygen, alcohols act as weak bases. Therefore, 
they react with strong mineral acids (H2S04 or HCI etc.) to 
form a protonated alcohol (oxonium ion). 

"..---".. 
•• + + 

CH3CH2 0H+H CH3CH2 0H 
•• •• 

Ethyl alcohol H 
Protonated alcohol 

2nd step: The presence of positive charge' on highly 
electronegative oxygen atom weakens the C-O bond. As a 

result, the protonated ethanol breaks with the elimination of a 
water molecule to form ethyl carbocation. . 

(1-+ Slow + 
CH3CH2 -O -H~ CH3CHz + H20 

I Carbocation 
H 

This step is slow and hence is the rate-determining step of 
the reaction. . 

3rd step: Finally the carbocation being unstable and a 
reactive' chemical speCies, readily loses a hydrogen ion to 
yield an alkene. 

H H . • . . . 
I I .H) . H 

H-y-C-H~ C=C<· + H+ . 
[J + H H Taken up by new 
H alcohol molecule 

As alkene is more volatile than alcohol, it is easily driven 
out from the reaction mixture and thus the reaction is 
completed inspite of the reversible nature. 

[The formation of ethylene from ethyl alcohol c~m also be 
explained in the following manner.] 

1st step: When ethyl alcohol is reacted with H 2S04 at 
170°C, it forms ethyl hydrogen sulphate. 

C2H sOH + H-HS04 ---4 C2HsHS04 + H20 
2nd step: Ethyl hydrogen sulphate decomposes to form 

alkene. 
C2HsHS04 ~ C2H 4 + H2S04 

A controlling factor in the dehydration is the formation of 
carbocation. The alcohol is dehydrated more easily which 
foons a carbocation more easily. The more stable the 
carbocation, the more easily it is formed. Thus, the ease of 
dehydration follows the same sequence as the ease of 
formation of carbo cations, i.e., the stability· of the 
carbocations. 

Tertiary (3°) > Secondary (20) > Primary (10) 
(The detailed mechanism is given in chapter 5), 

'. The same sequence is observed when vapours of alcohols 
are passed over alumina for dehydration .. Some . other 
dehydrating agents are P20 S, BF3, conc. H3P04 , dry ·HCI, 
CaCl2 and KHS04 , etc. 

Al20 3 Primary alcohol --"":7) Alkene +H20 
350°C 

CH3 
I 

CH3-C-OH 
I 

CH3 

Tert. butyl alcohol 

Al20 3 . 
3500C) H zC=CH2 + H20 

Ethylene 

CH3 I . 
CH3-C=CH2 

2-Methylpropene 
(Isobutylene) 
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Conc.H3P04 

100-130°C o 
Cyclohexanol' . Cycblhexene 

In the case of secondary and tertiary alcohols, the 
Saytzeff's _rule is followed when dehydration is done with the 
help of alumina. . 

~etropinacolrearrangement (Wagner rearrangement) : 
It' is the rearrangement in open chain compounds in which 
shifting of C6HS (Ph -) ; CHi and H- takes place to form 

more stable. carbocation and hence more stable products. 
Shifting of these groups takes place in following sequence: 

-C6~S (Ph-) > CHi.> H-

3,3-Dimethyl pentan-2-ol 

Mechanism: 

2,3-Dimethyl pent-2:-ene 

1st step :CH
3 

CH
3 

H 

I _ -OH- I I. 
CH3CH2-C

I
-jH-CH3 ------*H+ CH3CH2-C-C-CH3 

CH3~ @J+' 
2° Carbocation 

(Less stable) 

CH3 H 
1,2-Methyl shift I I 
----. ~), CH3CH2-C-C~CH3 

+ I 

CH3 

I 
CH3-C--CH-CH3 , I - I ' 

CH3 0H 
3,3-Dimethyl butan-2-ol 

CH 3 

.,3° Carbocatidn (More stable) 

C~ CH3 

COIl-c. H2S04) CH3-b~-CH3 
a,-H20 

2,3-Dimethyl but-2-ene 
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CH3 

CH -6-CH OH- Conc. H2S0,\ 
3 I 2 .6., -H20 

fH3 

CH3 -C=CHCH3 
CH

3 
2-Methyl but-:-2:-ene (Major) 

2,2-Dimethyl propan-l~ol 

2. By dehydrohalogenation of alkyl bandes .: Dehydro
halogenation involves removal of the halogen atom together 
with .. a hydrogen atom from a carbon adjacent to the one 
bearing the halogen. Alcoholic KOH - is used for 
dehydrohalogenation. 

. , I I Alc. KOH 0 I I 
-C-C- --=--:-. ~) -C=C"":"" +HX 

..t---L Heat 

LtLX! 
/ Alkene 

CH3-CH-CH3 
- .- I: 

Alc. KOH) CH
3
-CH=CHi 

.6. Propene (Propylene) 
CI 

Isopropyl chloride 

CH3CH2CH2CH2CI 
n-Butyl' chloride 

Ale. KOH ) CH3CH2CH=CH2 
.6. But-l-ene 

. (a-Butylene) 

CH3CH2CHCH3 
1-. 

Alc. KOH) CH
3
CH=CHCH3 

.6. But-2-ene (J3-Butylene) (80%) 
CI 

(2-Chlorobutane) 
Sec. butyl chloride 

Br 
Ale.KOH 

(Main product) 

+ CH3CH2CH=CH2 
But-l-ene (20%) 

~ .6. ,,~-+~ 

2-Bromopentahe 

~ 
Alc.KOH .. 

.6. 

ar 
2-Bromo-2-methyl-butane 

Pent-2~eDe 
(Major) 

+ 

Pent-l-ene 
(Minor) 

2-Methyl but-2-ene 2-Methylbut-I-ene 
(70%)' - (30%) 

So, in strong bases (pKa = - 16) hydroxide ions (OH-) cause 
a proton and a halide to be lost from adjacent carbons of an 
alkyl halide to yielO an alkene, 

R2CH-C-R'2 +':B- ------*R2C=CR'2 
. 'I ' . Base Alkene 

X 
Alkyl halide + H~B + X

Conjugated . Halide 
acid of base . 
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This is an example Qf eliminatiQn (E2 ) reactiQB as it 
fQllQWS the secQnd Qrder kinetics. 

AccQrding to, the SaytzetT's rule, when twO, alkenes may 
be fQrmed; the alkene which is mQSt substituted Qne 
predQminates. 

The fQrmatiQn Qfless substituted alkene in an eliminatiQn 
reactiQn is called as a Hofmann eliminatiQn and that Qf mQre 
substituted alkene as a Zaitsev elimination. RegiQselectivity 

. is in accQrdance with the Zaitsev rule. 
The ease Qf dehydrQhalQgenatiQn in alkyl halide is in the 

Qrder: ., 

Tertiary> SecQndary > Primary 

The ease Qf dehydrQhalQgenatiQn fQr differenthalQgens is 
in the Qrder: 

IQdide > Bromide> ChlQride 

The yields are very gQQd in the case Qf tertiary and 
secQndary alkyl halides but Qnly fair QrlQw in the case Qf 
primary alkyl halides, Saytzeff's rule i,s fQllQwed in these 
reactiQns. This is in accQrdance with the stability Qf alkenes, a 
mQre substituted alkene is more stable. than less substituted 
alkene Qwing to, higher number Qf resQnating fQrms. 

This methQd is preferred because Qfless cQmplicatiQns in 
cQmparisQn to dehydratiQn Qf alcohQls which is accQmpanied 
by a hydride shift leading to, the fQrmatiQn Qf an intermediate 
mQre stable carbQcatiQn. 

Further greater the cQnjugatiQn, greater the stability (due 
to resQnance) hence easier the debydrQhalQgenation. 

CHr --'CH-CH=CH2 Ale. KOH) H
2
C=CH-CH CH

2 . I Heat Buta-I,3-diene 
Br (b), 

5-Bromobut-I-ene 
(a) 

CH3-CH-CH2CH3 
I 
Br 

2-Bromobutane 
(c) 

Ale. KOH ) CH
3
-CH=CH-CH3 

Heat But-2-ene (Major) 
(d) 

Since the product (b) is mQre stable than (d) hence, 
dehydrQhalQgenatiQn Qf (a) is easier than that Qf (c). 

Stronger bases like NaNH2 Qr C2H 50Na in ethanQI.Qr 
triethyl amine, (C2H5)3N, can also' be used in place Qf 
alcQhQlic KOH fQr dehydrQhalQgenatiQn (Et3Nis a bulky 
base and PQQr nucleophile, minimising SN2 reactiQn). 

o 
ChlorocyeloheKane Cyclohexene 

Mechanism: The functlQn Qf hydrQxide iQn is to, pull 
the hydrQgen iQn away frQm carbQn atQm; simultaneQusly the 

'~ 

halide iQn separates and the dQuble bQnd fQrms. . 

OH-:-~ 
•• I > < -C-C ----7 C=C +X- +HzO 

·I~ 
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CH3CH2Br + C2H50- ----7 H2CCH2 +C2H50H + Br~ 
EthOxide ion Ethene' 

The reactiQn dQes nQt take place in stepwise manner but 
invQlves a cQncerted mechanism. It is an example. Qf E2 
reactiQn and represents abimQlecular \>-eliminatiQn reactiQn. 

. The energy required fQr the cleavage Qf C-H and C~X 
bonds is provided by; . . 

(i) fQrmatiQn Qf bond between H+ and OH- iQns, 
(ii) fQrmatiQn Qf x-bQnd and 

. (iii) sQlvatiQn Qfhalide iQn in alcQhQl. All these release a . 
cQnsiderable amQunt of energy. 

Let us' cQnsider eliminatiQn . Qf HBr· from 
l-brQmQ-I-methyl cyclQhexane. There are twO, possibilities Qf 
dehydrQhalQgenatiQn. 

0~Hl 
I-Bromo-l-methyl

cyelohexane 

Endoeyelie • rY. CH3 o +HBr 

I-Methyleyelo
hexene (94%) 

Exoeyclie .. 

Mechanism 

('r(Br 
(i) V CH3 

Methyleneeyclo
hexane (6%) 

-H+(From 
methylene) 

(Fast) 
II 

FQrmatiQn Qfthis prQduct is accQrding to, SaytzetT's rule. 

(ii) ·0· B. r - -·rHCl~Cc'<ES~l CH Br H 
. 3- H 

H 

The fQrmatiQn Qf less substituted alkene in an eliminatiQn 
reactiQn is called as Hofmann elimination. 

The increasing Qrder Qf dehydrQhalQgenatiQn is: 

. CH 

~2CH,Br < o-r-{;H, < OBr ' 



In addition to bemg regio~lective, dehydrohalogenation 
of alkyl halide is stereoseleetive and favours the formation of 
more stable isomer. 

Br ~ 
~ _E_tO....,;H ..... t ~'- + ~ . 

EtONa 
3-Bromo hexane Cis-hex-3-ene. Trans-hex-3-ene 

(Minor) (Major) 

3. Debalogenation of vicinal dihalides (Two halogen 
atoms are attached to adjacent carbon atoms): When 
vicinal dihalide is heated with ZnlCu couple in methanolic 
solution, pure alkene is formed. . 

i.x:---X-: 'r---r 
--:-c~ C - + Zn Alcohol) -c=c- +ZnX2 

I I Heat I I 
CH2Br 
I +Zn 

Methanol 
) 

Heat 

CH2 
II. + ZnBr2 
CH2 CH2Br 

1,2-Dibromoethane 
(Ethylene bromide) 

Ethylene 

Methanol 
+ Zn --~) CH3CH +.ZnBr2 

Heat II 
CH2 

1,2-Dibromopropane Propylene 
(Propylene bromide) 

Gem-dihalides have also been used in the preparation of 
ttlktmes. 

CH3CH2CHBr2 + Zn Methanol) [CH3CH2CH(] + ZnB;~ 
l,l-Dibromopropane 1 

(Propylidene bromide) . 

CH3CH=CH2 
Propylene 

If sodium metal is used in place of zinc (like wurtz 
reaction), then higher alkenes can be obtained. 

r-----------------~ 

/:Br Br I 

CH3CH~ +4Na+ )cHCH3 
.Br· Br I 
I ______ ------------~ 

I,l-Dibromoethane 

Ether 

I 
CH3CH=CHCH3 + 4NaBr 

But-2-ene 

CH3CH2CHBr2 + 4Na + Br2CHCH2CH3 
l,l-Dibromopropane .,', 

Ether 

1 
CH3CH2CH=CHCH2CH3 + 4NaBr 

Hex-3-ene 

In place of Zn dust, NaI in acetone can also be used by E 2 

mechanism. 

Nal 
BrCH2-CH2Br .) H2C=CH2 + NaBr + IBr 

Acetone . I,2-Dibromoethane Ethylene 
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Stereo selectivity: Elimination of halogen from 
dihalides give dominant trans-product. 

Me 
1 Me'-./H 

-H~-Br Nal C 
1 • II 

H~-Br Acetone C 
1 H/'-.Me 

Me . Trans 

Me 
1 H'-./Me 

H~-Br Nal C 
I t II 

. Br--<[c-:--n Acetone C 
H/'-.Me 

Me Cis 

CJIs 
I H'-./CJIs 

H~-Br Nal C 
I .. II 

H~-Br Acetone C 
1 CJIs/'-.H 

CJIs Trans 

4. Electrolysis of salts of dicarboxylic acids: When 
sodium or potassium salt of saturateddicarboxylic acids of 
succinic acid type are subjected to electrolysis in ~eous 
solution, alkenes are formed. 

CH2COONa CH2COO- ' , ~ 
1 _ ·1·, +2Na 
CH2COONa CH2CO~r /. . 

Anode / Cathode 

CH2COO- -2e- CH2 2Na+ + 2e-- 2Na 
I;. -II +2C02 
CH2COO- CH2· 2Na + 2H 0- 2NaOH + H 

Ethene 2 2 

The method is an extension of Kolbe's method for the 
preparation of alkanes. 

S. Controlled partial hydrogenation (reduction) of 
alkynes :. Alkynes react with hydrogen when passed over 
heated catalyst (Lindlar's eatalyst)-Palladium poisoned 
with CaC03 or BaS04 and partially poisoned by addition of 
PbC03, S or quinoline to fOrin predominantly cis-alkenes (as 
high as 98%). 

R-C=C-H + H2 Lindlar's) R~H=CH2 
Alkyne catalyst Alkene 

CH3~==C-H + H2 Lindlar's) CHr -:--CH=C:H2 
Propyne catalyst Propene 

HC==CH + H2 Lindlar's) H2C=CH2 
Acetylene . catalyst Ethylene (Ethene) 

(a) Hydrogenation ofalkynes with Lindlar's catalyst or a 
nickel boride called P-l catalyst yields only cis-alkene. 

Lindlar's catalyst R~-H 
R-C==C--'-R + H2 . 2) II 

Alkyne orNI-B(P- ) R~-H 

Cis-alkene 



. i-'-'- ;.' . '-:~~'~"-:"'- ~'-::" 

t.~ .. ;~:: .. ', .. _,,'~.' __ , _. ~ .<:-.>,-.\'O:,:~_>-~_ 

.;;;u._n_sa_tu_n~'ll_te_d;.;H_y~di_n_oc_a_r_b_ons _____ ..,... ___________ ..... ____ ..... ______ .-._..,... __ ... i-.. t=;~~.~:·'{i.-.'~; .. ······ 
(PJ But reduction of alkynes with lithiuin or sodium in 

liquidNH3 (Birc:b: redudioD) yields ' predominantly 

trans~a",ene .. 
R-C-H ;' 

Li, NalLiq. NH3 II 
R'--C==C-R+ H2 ) 

Alkyne H--C'-R 
Trans-rukene 

So. 

H3)" . (" CH3 Lindlar's 
.--..,.....--~ C=c 

catalyst H .' H 
CHjO=CCH3 + 1I2 

But-2-yne 

.Cis-but-2-ene " 

Na/Liq. NH3 

Birch reduction 

Trans-but-2-ene 

(c) Hydroboronation of alkynes (with B2Ho) followed by 
protolysis (with H+) gives almost pure cis-alkene. 

. ." I' . .' '. 
~~" .... H.j.·, ~. 

'--C==C- ) (-CH=C-)3B -=-j'--CH CH-

6 •. Pyrolysis or c:racking: Higher alkanes when heated 
at high temperature (50o-700~C) decompose to produce a 
lower alkane and an alkene (C'--C fission). . 

CH CH C CH .Cracking .·CH 'CH' -CH . 'CH . . 3 2 H2 3 . ,)' 3 - 2 -+. 4 . 
n-Butane· . Propene,. -'. Methane 

or 
"2C=CH2 +CH3-:-CH3 

CH3CH2CH2CH2CH2CH3 Cracking) CH3CH=CH2 
·~-Hexarie. Propene 

. +CiI~CII2CH3 
'. Propane- . 

. The presence of catalyst (like oxides of Cr. vanadium· and '. 
Mo)~ h()wev~r, accelerates the C-H.linkagefission. 

. .... Cracking .... . . 
CH3'--Cl;I2-CH3 . . .) .CH3ClI-:-CH2 + H2 

. Propane' . . (Catalyst) . '. Propene , 

,'. .,. PyfoIysiS ofquatemary ammODiumeompoilnds:' 
Many alkenes are conyeniently prepared by lieating quatetnary 
ammonium compounds.::..:.... .' . . 

+ -' Heat' 
(C2Hs )4NOH ) 

. Tetraethylammonium . 
hydroxide 

(C2HshN +C2H4 + H20 
Triethylamine Ethene 
(ten. amine) . 

"CuR 
H2C=CHCl . 2) H2C . CHR' 
Vinyl chloride 

1 
.. (CH3)2Cu . . 

H2C=CHC . ) H2C=CH-CH3· 
Propene 

9. By GrigDardreageDts : . Alk:enes can be obtained by 
,reacting Grignard reagent with vinyl chloride. . 

. . 
R . . . . . "', 

Mg<. +X~CH=CH2'~ MgX2 +RCH'·~·-:-tH~ 
, ,X Vinyl halide .' _ . AU<.ene . 

CH
3 

"',' .' 

" Mg< '+CI'--CH,-:-CH2'~ MgCI~ +CH3CH 'CH2 
CIVinyl chloride '. Propene 

10. By Wittig reactioD: ConverSion of aldehydes and 
ketones to alkenes with the help of alkyUdene (methylene) 
triphenyl phosphorus (Willig reagent) is .known as Wittig' 
reaction, e.g. " . . . 

. '. , . '. Heat' ~ . 
CH3C" , o + (C6Hsh P=CH2 ~CH3CH=CH2 
. Acetaldehyde ". Propene 

'+(t.(jHshP .. 0 
; Triphenyl 

. .... . pho~hine Qxide 

H3C)c .' ". Heat· '.' • 
.'. =0 + (Phh P-CH2 .~ CH3-· C-:-CH2 
.' "j' 

H3 Acetone' . '. :; ., . CH
3 

. 

2~Methyipropene 

·+(PhhP.:......O 
.' '.. . Heat . ' .. 

C6HsCH=0 + (Ph) 3 P==CH2~C-6HSCH=CH2 
Benzaldehyde. . Styrene 

+(PhhP .. 0 
. I 

C~)+~h)~2 Hw~8·+~h)3PO 
Now, ',carbonyl compound is ad~ed, din';~tly to ether 

solution of Wittig reagent. " .' 
11. PetersoD reac:ti9D: . (3-Hydroxy alkyl silane gives 

elimination reaction in presence of acid as well as.base. It is 
. stereosefective of E- and Z- iSOl;ners of alkene. . 

(C28 s )4NX Heat) (C2HShN +CZH4 + ~ '.' H"c ' c/H ~. BF3,e~er Si(CH3~~c(~jf7 
It is called HofmaDn eliJilinatioD with ,the fonnatioti of .' C3117/ "C3H7 (Anti-eliniination) C3H7 / ~iI 

'an amine having smaller alkyl groups on the x-bonded carbon. Z~alkene . 
. This reaction is E2 elimination with an all}ine 'as leaving 

.- group:. , . ' . , . 
. 8. AdioD' of c:opper alkyl Oil' 'Vioyl-eblorides: ~lkyl 

derivatives of ethylene can be conveniently prepared by the 
action of copper alkyls on vinyl chloride .. 

. . 

"" /~~7 .J>. . /C==c, . 
(Syri-elimination) C

3
H?' .... . "-H 

....:{CH3hSi-DH· E-alkene 

. Kil, THF 

-:Ail 
--,,--. 
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12. Cope reaction or cope elimination: When a 
3°-amine oxide containing at least one j3-hydrogen is heated at 
150°C, it decomposes to fonn an alkene and a derivative of 
hydroxylamine {Thennal elimination} " 

Transition state 

R-CH 

- II 
CH2 

Alkene 

This reaction may also be carried 
sulphoxide or THF at room temperature. 

+ ' R2NOH 
Djalkyl 

hydroxylamine 

out in dimethyl 

7.6 GENERAL CHARACTERISTICS 

Physical' properties: (i) The first three memb'ers are 
gases, the next fourteen members are liquids while' alkenes 
with more than 17 carbon atoms in the molecule are solids at 
room temperature. 

(ii) Except ethene, all are odourless. Ethene has pleasant 
odour. All are colourless. 

(iii) Like alkanes1 alkenes are insoluble in water but 
dissolve freely in organic solvents. 

(iv) The boiling points, melting points and specific 
gravities show a gradual increase with the increase of 
molecular mass in the homologous, series. They are less 
volatile than alkanes, i. e., their boiling and melting points are 
higher than corresponding alkanes. Cis-isomer has a higher 
boiling point than trans-isomer due to higher polarity. 

For example, cis-but-2-ene has boiling point 277 K and 
trans-but-2-ene has boiling point 274 K. 

However, trans-alkenes have higher melting points than 
their corresponding cis-isomers. For example, cis-but-2-ene 
(m.pt. = 134 K) and trans-but-2'-ene (m.pt. = 167 K). This is 
due'to the fact that the trans-alkene molecules are symmetrical 
ap.d therefore, they can pac~ more closely in the crystal lattice 
than the cis-alkene molecules. So, larger amount of energy is 
required to break the crystal lattice 'of trans-a.lkene than the 
corresponding lattice of cis-alkene, i.e., trans-isomers are 
more stable than the cis-isomers. 

(v) They are weakly polar. The values of dipole moment 
for alkenes are pretty close in the rang\.: of 0.35 to 0.40 D. 

> However, trans-isomers have zero dipole moment and are 
non-polar. 

(vi) The double bond in alkenes consists one sigma and 
onepi-bon<J. 

, 'Carbon-carbon double bond (C=C) is shorter than the 
, cali'on-carbon singlehond. 

, , . 
. .;. 

>~34 i< 7~54 ~ 
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The total bond dissociation energy of double bond 
(146 kcal) is greater than carbon-carbon single bond 
dissociation energy (83 kcal). Hence, the double bond is 
stronger than carbon-carbon single bond. 

Chemical properties: ,The most important reactions of 
alkenes are the addition readlons. Alkenes are reactive due to 
the presence of double bond. The double bond consists of a 
strong a-bond and, a weaker 1t-bond. The 1t-electrons are 
loosely held, and are, therefore, easily polarisable. In addition 
reactions, the 1t-bondis broken and ,two new a-bonds are 
fonned. The fission of the bond may be heterolytic or 
homolytic as shown below. 

>
C-C< .(Heter~lytic >C=C< 'HO~lytic) >c-c< 

fiSSlon fiSSlon. . 
Charged species Drradical 

In polar solvents, addition proceeds by ionic mechanism 
(i.e., at low temperature), whereas in the presence of light or 
non-polar solvents, the addition occurs by free radical 
mechanism (i.e., at high temperature). 

Ionic mechanism involves three steps: 
1st step: The reagent E-Nu ionises to give an 

electrophile and nucleophile. 

E-Nu ----7 E+ + :Nu-

2nd step: The electrophile attacks the carbon-carbon 
double bond and fonns a covalent bond with one ofthe carbon 
atoms by utilising the 1t-electrons. The other carbon atom 
acquires positive charge, i. e., fonnation of carbocation occurs. 

E+ + >[\ C< SlOW) 

Alkene 
>C-c< 

I 
E 

Carbocation 

3rd step: The nuc1eophile now attacks the carbocation 
to fonn an addition product. 

>C-e(+ :Nu-
I ~ 
E 

Fast) >C-C< 
I I 
E Nu 

Addition product 

As the addition reaction is initiated by an electrophile, 
the reaction is termed as electropliilic addition. ' 

The addition of electrophilic reagents relieves the strain 

of >C=C< (bond angle 120°) by changing itto 7C-C~ 
(bond angle 109.5°). The r~ctivity order for alkenes hail been 
given on the basis of heat of hydrogenation as, 

H2C-CH2 > R--CH=CH2 >R2C=CH2 "" 

, R-CH=CHR > R2C=CHR > R2C=CR2 

The reactivity of alkenes is, however, also related to the 
following factors: ' 

(i) Steric effect, ' (ii) Hyperconjugation and (iii) Heat 
'of combustion. 

Alkenes (except ethene) also contain' alkyl groups. Alkyl 
part is very stable. Like alkanes, this part can show 
substitution reactions with difficulty. 



Unsaturated Hvdrocarbons 

1. Addition reactions: The important addition 
reactions of alkenes are described below: 

(a) Addition of hydrogen (Hydrogenation): Alk~nes 

combine with hydrogen under pressure and in presence of a 
catalyst (Ni, Pt, Pd or Rh) to form corresponding alkanes 
(Sabatier-Senderen'sreaction). 

Hp CH2 +H2 
~ Ethene 

CH3-CH=CH2 + H2 
Propene 

Catalyst 
---=~) CH3-CH3 + Heat 

Ethane 

Catalyst 
----=~) CH3CH2CH3 + Heat 

Propane 

Cis-cyclododecene Cyclododecane (100%) 

When nickel is used as a catalyst, the reaction is carried 
out at 200-300°C and in presence of Pt or Pd, the 
hydrogenation can occur even at room temperature. 
Hydrogenation follows free radical mechanism. 

Hydrogenation is exothermic. The heat of hydrogenation 
of every alkene is fairly close to an approximate' value of 
30 kcaVmol. The heat of hydrogenation of ~ alkene is an 
index of its stability. The lower the heat of hydrogenation of 
an alkene, the more stable it is. Trans-but-2-ene 
(27.6 kcaVmol) is more stable than cis-btit-2-ene 
(28.6 kcaVmol) and but-I-ene (30.3 kcaVmol). 

A terminal double bond may be reduced by sodium in 
liquid ammonia in the presence of an alcohol (MeOH or 
EtOH). This is called Birch reduction. 

RCH=CH2 +2H Na/Liq. NH3 ) RCH CH 
EtOH 2 3 

Cyclohexene can also reduce olefinic bond, and itself is 
oxidised to benzene. . 

O + 2H2C=CH2 - 0'1 + 2CH3~H3 
Ethene ::::,... , ,Ethane 

Cyclohexene Benzene 

The double bond is also reduced in excellent yield by 
NaBH4-PtCI2 • 

q 
Me Me 

~. 
H 
Me Me 

[Meso ()r syn addition product] 

The rate of hydrogenation of olefmic bonds at room 
temperature is -CH=CH2 > -CH=CH-' 'or a ring 
double bond. . 

307 

(b) AdditiOn of halogens: Halogens (chlorine and 
bromine only) add at ordinary temperatures to alkenes in 
presence of an inert solvent, (e.g., CCI4 ) to form vicinal 
dihalides. Br2 water is decolourised by unsaturated hydro
carbons (hence the test of uusatoration). 

Br 2 + H20=CH2 
CCl4 . 

------~~) CH2Br--CH2Br 
(Inert solvent) Ethylene bromide (Brown Ethylene 

colour) (Colourless) 

Br2 + CH3CH=CH2 
Inert 

--~)' CH3CHBrCH2Br 
solvent . (Brown Propylene 

colour) 
Propylene bronude 

(ColoUrless) 

The reaction with fluorine is explosive whereas iodine 
reacts very slowly. When alkene is bubbled through alcoholic 
solution of iodine (12 solution in CCI4), a mixed halide is 
formed. 

H2C=CH2 + I+Cr ~ CH2I-CH2CI 

CH3CH=CH2 + I+Cr ~ CH3 -CH-CH2I 
Propene I 

CI 
2-Chloro-l-iodopropane 

With trans-but-2-ene, the product ofBr2 addition is optically 
inactive due to the formation of symmetric meso compounds. 

CH3 CH3 
H-C-CH3 

II +Br2 
~H+Br + Br+H 

H3C--C--H H+Br Br+H 
Trans-but-2-ene CH3 CH3 

(Meso) 

In general, for symmetrical alkenes and symmetrical 
reagents, the addition takes place as: 

cis-alkene + syn-addition ~ meso 

trans-alkene +syn-addition.'~ racemic 

cis-alkene + anti-addition ~ racemic 

trans-alkene + anti-addition ~ meso 

This re&ction provides a useful test for unsaturation, the 
brown colour of the bromine being rapidly discharged as the 
colourless dibromoderivative is formed. The reaction is. 
stereospecific, anti-addition is observed. A stereospecific 
reaction . is that where stereoisomeric starting substrate 
produce products which are stereoisome~ of each other. 

Mechanism 
1st step: . The Br2 molecule ionises on interactio~ with 

1t-bond. 
Br2~· . Br+ + 

Bromoniurn ion 
(Electrophile) 

. 
:Br-

Bromide ion 
(Nucleophile) 

2nd step: Bromonium ion attacks the double bond to 
form a carbocation. 

Br 
.. , 
)c·rt< +Br+ 

Alkene . 

, I 
)C--C< ' 
Carbocation . 

Slow) 



.. 

. ,jrd step: Nucleophile (Br -) attacks the carb~ation to ' 
. form addition product ' ,.,' 

Br.,. Br Hi . 
, " , + ,'I , . . I' ,I' '. 

, )c-e< + :Br- Fast) )C::-e( 
. ~., 
'Mechanism-was proved by following addition reac~(m. 

' .. ' ~ H"~;'H: .' . 'B ' NaCi (aq,) ~ . '. 
:; " '. '.' ,2""'-"" 2 + r2 . - . ) 

" CHz'-CH2 ,+ CH2-CH2 +tH2~CHi I ,t ·1, I " I . I '. 
Br OH Br Br ' Br . CI 

Mechanism 

. '. .-
2nd step: . 

Cyclopentene, 

"CH:z-CH2 I' I . 
Br.· Br 

1,2-DibtOmoethane 

. CHz-CH2 
I '·1,' 

Br" Cl 
"1-Br°Dt°:2-chloroethane 

oft-from water· 
CHi-CH2 

i 

. '. I·, :1\, 
BI: OH 

2-~romQethanof 

. ~ 
Br 'Br 

.l,2-Dibromocyclopenjane, 
(Trans)' . 

. . 

. (c), Additi~n of : halogen acids: . Alken:es react ,with 
, halog~'acids (HCI~, H.Br or HI) to foi"Iri alkyl halides .. ' 

." ' 

. , . r,.,.j.' 

. .~ , 

A protbn. 'ltnd 'a halogen add to the doubie ,bond of an 
alkene' ,to form an aU<yl Mlide 'in accordance With 

. ¥ar~o~ikoff's rule'undernonniil qoridition. ' ' 
- '. '" ,RCH" CRz + ,HX'; RCH2~C.R2 l' 

, Alkene:, " ,Hydrogen ',' , I, , 
, ,halide,' X': ' 

. A.J.kylli.a1id«: 

Uns~etrichlalkenes give ~o diff~rent products with 
unsymmetricalteagents; . These prOducts are constitu~ional 
isot)1eis: the one ~duct y.rhichptedomi1ui:tes in the reaction, 
is ,called aregiosel~tive reaction, " " .' ) . . .' . , 

( . 
,', \ : ~. 

,. t. 
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. Thus, ionjc .. addition of unsyminetrical reagents . to 
unsymmetrical alkeQes is regioselective reaction. ' 
, . The order of reactivity of the hydrogen halides is: 

HI> HBr :;> HCl >HF 
Mechanism 

,lststep : HXionis~s;' HX ~ 'H+ +:X-

2nd step :,' ElectroiJhile (H+)'attacks the double bond to' 
form carbocl!tion. 

, '.' R· 

H+.+ )C,. C< ~ ,>c~~ , 
3rd step: Nucleophileattacks the carbocatiorrto forin 

th~ alkyl halide. . . 
", H " 'R 

>C~X .~ >r-c~, 
X 

Markownikoff's Rule:" The negative part, of the 
unsymmetrical reagent ad4s .to less hydrogenated (more' 
sU,bstituted) carbon atom etf the double bond. The modern 

, version of the rule 'is that electrophilic addition to a 
carbon-carbon double bond involves the rearrangement 
'(1,2-hydride or 1,2-methyl shift)'leading to the 
ilJtermediate formation 'of' a. more' stable. carbocation 
(c~rbonium ~on). The, order of stability is: 

+ 
3.0 >" 2°> 1° > C1h 

For eJl,ample, an addition of HBr to propene is ap. Ionic 
electrophilic IJdditioil reaction, in }Vhich the electrophile in 

, the step 1 isH+. .', , " ..,. ' , . 
Mechanism: 
Step 1: HBr' -""-'-4 H+ + :Br-

, Attacking eleCtrophil~ 

Step 2: The proton (H+) attacks the 1t-b()nd to give a 
stable carbo<;ation. . 

-+ 

. , ~CH3-CR-CH3 
20 Carboeation 

CH C'H nC~H + Slow . 3 --r- = 2 + H .' (More stable) 
Propene 

'+ 
CH3 -CH2,-CH2 

. 10 Carbocation 

(Less stable) 

Step 3: ' The nucleQphile bromide ion attacks the·,more 
stable 2~ carbocation togive2-bromopropane (major product). 

. , . + . . Fast '. . " 
. CH3-C.iI-CH:; +:Br~ ) CH3--,-CH-CH3 

. " or 
, I3r' 

2-BrQmopropane , 

, In another .example, an addItion' ofHBl' to isobutyl<:?ne 
forms tlirt., butyl bromide (2-bromo-2,-methyl propane) as . 
major product It is a completely regioselective reaction, as 
'one ofthe possibl€: product'(1~bromo-2-methylprQPane)'is not 
formed at alL ' 

; 
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Other examples are: 

CH3 ' CH3 CH
3 

· 1 . 1+1· + 
CH3-C=CH2 + HBr ~ CH3-C-CH3 or CH3-CH-CH2 . 

2-Metbyl propene A '3!>'<:arbocation A I" caIbocation 
(Isobutylene) (MoIestable) (Less stable) 

CH3 · 

1 " . . 

. " ·.lsr-
CH . 
I 3 

CH3...::.cc-CH3 , . '!i . 
'i-BroiOO~2-methyl propane 

orTen: butyl bromide (Majorproduci) 

CH3 Ca3 

CH3-CH-CH=CH2 
+HBr I ,I' 

) CH3-,-CH2CH3 +CH3-CH-' . r-CH3 
3-Methyl but-I-ene 

Br Br . 
2-Bromo-2-methyl 2-Bromo-3-methyl 
. butane (Major) butane (Minor) 

CH3 CH3 
I 

CH3 
I', I ,+HBr 

CH3-C-CH=CH2 ~ 

I 
CH3 -C-' . CHCH3 , ,l 1 

+CH3-C-,.-CH-CH3 . '. , 'I . I '",-
CH3 

3,3-Dimetbyl but~l~ene 

. Br 'CH3 
.. ' 2-Bromo-2,3-dimethyl butane 

(Major) 

'CH3 Br 

,2-Btomo-5,3-<limethyl 
butane '(Minor) 

. . '. : 
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The addition of fIX to 2-i>entene V$'.notregioselective as both alkyl halides CZ-Bromopentane and 3~Bromopentane)'~ formed in 
comparable amoun~s. . . . . 

+ 
CH3CH2CH2CHCH3 ) CH3CHitH2'H~'. ' 

2° Carbo cation . , . 

CH3CH2t:H==CHCH3 H 
. Pent-2-ene + 

'. .' Br 
..:- ' 

, 2-Bromopentane 

CH3CH2CHCH2CH3 
2°. Carbocation' 

Br...·· .'." 
." ) CH3CH2CHCll2CH3 I· . ". 

. Addition occurs rapidly ina variety ofsolvents~ mduding 
cblorofo~ benzene, acetic aCid and dicbloromethane; etc. 

CH3CH~'>' ..... . <.' CH;CH3 . . . '. . 
,. . C=C'. + HBr • Solvent )' . 

, . H·' . H~' 
Hex-3-ene (cis) 

+ HCl 

I-Methyl cyclopentene 

';:;H3CHzCHCH2CH2CH3 · I' . . . 
. Br . 

3-BromOhexane 
(75%) 

acc ~.' . CH3 

~.~-CI 
.. 

· .:~ I-Chloro-I-methyl
, cyclopeptane (100%) 

.. ', . Br 
,J 

3-Btomopentane 

Peroxide effect :. Kharascb observed tbatthe addition 
of HBr totmsYnunetrical alkenes in the presence of organic " 
peroxides [(C6H sCOOh , Benzoyl peroxide] follows an . 
opposite course' to that. suggested by Markownikoff.This is 

. termed anti-Markownikoff or peroxide effect. .. . . 
. Peroxide . . .' -r::' CH3CH2CH2Br . .' , . " . I-Bromopi'opane' 

. CH3~CH2 +HBr . . .' .(l1-PrOPYlbrO~~e) 
opene . ' . No ~oxide CH CHBrCH 

. ,3 ,3 
. 2-Bromopl"9JJane 

(Isopropylbromide) 
. . ~ . .r .... 
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In presence of benzoyl peroxide, the reaction is free radical 
eleetropbilic addition reaction, in which the electrophile here is 
Br· free radical which is obtained by the action of benzoyl 
peroxide on RBr. 

Meebanism: 

Step 1: Peroxide undergoes fission to give free radicals 
(initiation). 

C6H5C~O~COC6H5 
Benzoyl peroxide 

Step 1: RBr combines 
bromine-free radical. 

.~ 0n 
C6HS +H-Br 

• 

Heat) 2C H Coo----7 
(Homolytic 6 5 . 

fi . ) Benzoyl radIcal 
SSlOn (Unstable) 

• 
[2C6 Hs + 2C02] 
Phenyl free radical 

with free radical to fonn 

Step 3: Br attacks the double bond of alkene to fonn a 
more stable free radical (propagation). 

CH -CC\H~· Slow .• 
3 =1. .. .H2 + Br ) CH3 -CH-CH2Br 

Step 4: More stable free 
(termination). . 

2° Free radical 
(More stable) 

radical attacks the RBr 

.~ ~ Fast • CH3CH-CH2Br + H-Br ) CH3CH2CH2Br + Br 
I-Bromopropane 

• • 
Step 5: Br + Br ----7 Br 2 

Free radical chain reaction can also be initiated 
photochemically either with or without adding peroxides. 

~CH2+ RBr ~ [)<H 
~ CH2Br 

Methylene 
cyclopentane 

Bromomethyl 
cyclopentane (60%) 

Note: Peroxide effect is effective only in the case ofHBr and not.effec
tive in the case of HCI and HI. This is due to the following rea
sons: 

G.R.B. Organic Chemistryfor Competitions 

H2C=CH-N(CH3h +HBr) BrCH2-CH2.N(CH3h 
(d) Addition of bypobalous acids: Alkenesfonn 

halohydrins withhypohalous acids, (i.e., chlorine or bromine 
in aqueous solution). In place of HOCI or HOBr, chlorine or 
bromine in presence of water can be used. 

- +. CI2,H20 
H2C=CH2 + HOCI ) . CH20H-CH2CI 

Ethylene Ethylene chlorohydrin 
(2-Chloroetbailol) . 

Propylene chlorohydrin . 
( I-Chloropropan-2-o1) 

R 
I 

RCH=CR~ . + X 2 + H20 ----7 X-CH-C-OH 
I I Alkene Halogen Water 

O CH
2 

Methylene cyclohexane 

(CH3 hC=CH2 
2 .. Methyl propene 

R R' 
Vicinal halohydrin 

+ HX 
Hydrogen 

halide 

O CH2Br 

OH 
I-Bromomethyl 

cyclohexanol (90%) 

Br2 
H

2
0) (CH3 h,-,H2 . 

OHBr 
I-Bromo-2-methyl
propan-2-ol(77%) 

Oxygen is more electronegative than bromine (or chlorine 
or iodine) and so the HO-Br bond is polarized. o + el, H,o. et°H 

CI CycIopentene 
2-Chlorocyclo
pentanol m'ans) 

1. H-CI bond (103 kcal/mol) is stroIlger than H-Br bond 
(87kcal/mol).H-Clisnotdecomposedbyperoxide-:fi:eeradical. In these halohydrin fonnation reactions, a halonium ion is 

2. Iodine-free radical formed as H-I bond is weaker but fonned as . an intennediate which is attacked by water in 
iodine-free radicals readily combine with each other to form aqueous solution. . 
iodine molecules rather than to attack the double bond. The order of reactivity of different X 2/H 2 0 (H 0-X) is: 

3. InH-Br both the chain propagation steps 3 and 4 are exother- CI 21H20(HOCI) > Br 2/H20 (HOBr) > I 2/H20(I-OH) 
mic while in HCI step 3 is exothermic and step 4 is endother- Mechanism: The addition of halogens in presence of 
mic. In HI, step 3 is endothermic. water occurs through the intennediate formation of hal onium 

ion as shown below: 
The abnonnal addition ofHBr in presence of peroxide can 

be ~revented by the addition of an inhibitor such as diphenyl 1st step: CH3CHVcH2 + 8~~~ ~ CHl:H-CH
2
CI + cr 

anune or catechol, etc. . 
An . M· ik ff . . Propylene u- arkown 0 addItIon is observed if the alkene ~ 

bears a powerful electron withdrawing gl'llUp (-/ group) 1nd step: CH3-rn-CH2Cl + H--O: ~CH3-CH-CH2Cl 
attached directly to the doubly bonded carbon. I I . 

H H-o+ 
I 

H 
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CH -ClI-CH + H+ 
3 I I Z 

HO CI 
Propylene chlorohydrin 

(e) Addition ofsulphuric acid: Cold and concentrated 
sulphuric acid or fuming sulphuric acid readily adds upto 
alkenes to fonn alkyl hydrogen sulphate. In the case of 
unsymmetrical alkenes, Markownikoff's rule is followed: 

HzC=CH2 + H+HS04 ~ CH3CH2HS04 
Ethylene Ethyl hydrogen sulphate 

CH3-CH=CH2 + H+HS04 ~ 
Propylene 

CH3--CH-CH3 

, I 
, HS04 

Isopropyl hydrogen sulphate 

Ethyl hydrogen sulphate on heating at 160 -170°C yields 
ethylene again. Hence, this reaction is used in the 
separation of ethylene or alkene from a gaseous mixture of 
alkanes and alkenes. 

CH3CH2HS04 ~ H2C=CH2 + H2S04 
Ethanol is obtained when alkyl hydrogen sulphate (an 

ester) is boiled with ,water. 

CH
3
CH

2
HS04 + HOH Hydrolysis) CH

3
CH

2
0H + H

2
S04 

Hence, the reaction is used for the preparation of 
alcohols as alkenes are readily available from the cracking 
of petroleum. 
Conversion of alk-l-ene. to alkan-2-o1 (reaction with cold 
and conc. H2S04), 

CH3CH=CH2 + H-HS04 Cold) 
HOH 

CH3CHCH3 Warm) 

I Propene (Cone.) 

HS04 

CH3fHCH3 

OH 
Propan-2-ol 

CH3-CHz-CH=CH2 + H-HS04 Cold) 
But-I-ene (Cone.) 

CH3-CH2--CH-CH3 , I 
HOH ---+) CH3-CH2-CH-CH3 
Warm I 

HS04 OH 
Butan-2-01 

Acid catalysed hydration to alkenes with Markownikoff's 
rule are regioselective reactions. The order of hydration is: 

CH3--C=CHz >CH3-CH=CH2 > H2C=CHz 
I 
CH3 

.311 

Note: To obtain alkan-l-ol from alk-l-ene, the following procedure 
should be adopted. Alk-I-ene is treated first with diborane, the 
boron compound formed is then reacted with H20 2 to get the 
desired alcohol. Thi~ addition of: borane followed by oxidation 
is known as llydroboration'Oxidation reaction. 
For example, 
CH3CH=CH2 + (BH3)2 --+ CH3CH2CH2BH2 ' 

Propene Diborane 

CH3CH=CH2) (CH3CH2CHzhBH CH3CH=CH2 ) 

(CH3CH2CHzhB H20 2, OH~CH3CH2CH20H + B(~Hh 
Propan-I-ot • Boric acid 

This reaction involves two steps, i.e., addition ofborane (BH3) 
to double bond called hydroboration and oxidation followed by 
hydrolysis to give alcohol. ' 

6CH3-CH2-CH=CH2 + B2H6--+ 
But-l-ene 

2(CH3-CH2-CH2-CH2)3B , 
Tributylborane ' 

(CH3 CH2CH2CH2)3B + 3HzOz --+ 

3CH3CHzCH2CH20H + H3B03 
Butan-I-ol 

With diborane .B2H6 alkenes undergo addition reaction 
(Hydroboration) to yield trialkyl boranes, which are used for 
the synthesis of primary alcohols by the reaction with alkaline 
aqueous solution of hydrogen peroxide (oxidation). 

6(R-CH=CH2) + B2H6 --+ 2(R-CH2CH2)3B (OH-» 
Alkene Trialkyl borane + 6HzOz 

RCH=CRi 
Alkene 

6(R-CH2CH20H) + 2H3B03 
Primary alcohol 

The overall result of the above reactions, appears to be 
anti-Markownikoff's addition of water (hydration) to a double 
bond (Hydroboration oxidation). 

C=C B2H6 (ether») C-C C2HS) <C2Hs ' C2Hs> ,<CzHs 

HH H20 2,OH H I I H 

Hex-3-ene 
, H OH 

Hexan-3-QI 
'+ Enantiomer 

Methylene cyclopentane , Cyclopentylmethanol 

Addition of -H and -OH is syn. addition. 

i H3 f 
H OH 

Another convenient hydroborating agent is the 
borane-tetrahydrofuran (BH3 - TIfF) complex. It is very reactive 
and the reaction is carried out in THF (tetrahydrofuran), ether or 
diglyme (diethylene glycol methyl eth~, 

CH30CH2CH2OCH2CH2OCH3)' 
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BHr-THF ' , " 
(CH3)iC=CH-CH3 ' H

2
0

h 
OH~ ) (CH3)z--CH-CH-CH3 

2~Methyl b1!1-i -ene 6H 
3 - Methyl butan - 2 - 01(98%) 

(CH3hCH-'-CH=CHzBH1-THF) (CH3)2CH-CHzCHzOH 
• 3-Methyl but+ene .' H20 2 ,OH '3.Methyl butan·l·ol 

, ", __ ,'B2He (diglyme) , " 
CH3(CHz)7 qr --CHz ' Hil2'0& ), ~H3(CHz)7 CHz:Hz()H, 

, , Dec-l-~ " ,Pecan-l-ol(93Y..) , , " , 

, r 

The hydroboratiotl reaction was discoyetedby H.,C, Brown, ~ho was 'awarded Norn;IPrize in 1980 for the synthetic Uses of the reaction. 
Trialkyl bOtaDe on decomposition,by aceti~ acidfomis alkane. ' 

~ 'Trialkyl borane reacts with organic acid, generally ~cetic acid, to give alkane corresponding -to alkanes. 

Trialkyl borane Alkane 
, , 

, "BH3 " , , GH3COOH 
, 3CH3CH=CH2 ---'7 (CH3CH2CHih B ") 3CH3CH2CH3 ' 

Propelle Tripropylborane Propane 

(i) BD3/THF 
CH3-' CH=CH2 -----=---~) CH3-CH-CH2 

~CH3COOHI I 
D H 

(i)
BD3/THF ) CH -CH-CH 

(ii) CH3COOD 3 I I 2 

D D 

Tpalkyl b9raries undergo coupling reactiop. in presence of AgN03/NaOl:{. 

(i) BH3/THF . ' ' 
CB3CB--:'CH2 .. " ')CH3-' (CH2)4-CH3 

Propene (u).AgN°3/NaOH ',' n-Hexane'· 
, ' ~ " 

(f) Addition of water (Hydration) : Alkenes add up water !ll0lecule in presence of aCids or catalyst BF3 or Mn phosphate, 

etc.~ to yield alcQhQ\g., This' additi9n also follows Markownikoff's rule. A carbocation is an interme4iate and is captUred by a 
molecule of water acting ,as, ~ npcleophile. For ~synthetic purposes, this reaction ordinarily' works well for the preparation of 
secondary 'or tertiary alcohol. For example, ' " , ' 

',.' .*.. . 

(i) CH3CH=CH2 + H20Dil H2S04) CHicH-CH3 
, Pro~ (MR.) , t 

Oll 
Propan~2-QI 

Mechanism: ' 'The mechanism of acid catalysed addition of water (hydration) to alkenes involves the following three steps: 
Step 1. Electrophilic attack by hydroniuin ion (H30+) on alkene gives an intermediate, carbocation. " 

(H~S04 ,.....---72H+ +SO~-') , 
H 

• •• _< I 
H-, O-':a + H+ ~ H-O+-H(H30+) .. '.. , 

H~oni~ion ' 

H 
," ~'I 

' . ,'" + 
CH3CH CH2 +HT 8,-H 

Propene V 
Slow)" CH -' CH-, CH + H 0' 

3 ,3 2 •• 
2° Carbocation 

Step 2. Nucleophilic attack by water on carbocation to yieldprotonated alcohol. 
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+~. Fast .. 
CH3-CH-CH3 + :O-H --.....) CH3-CH-CH3 

Isopropyl . . \ \ 
carbocation (2°) H 0 + / .. \ 

H a-·· 
Protonated alcohol 

Step J. Deproronation (lossQf proton) to form an alcohol. 
•• Fast' + 

CH3-rH-CJH3+:Y-' H . ) CH3-rH-:-:-CH3+FhO: 

19.\ •.. . . H P~~2~1 
llrotonateda)cohol 

Other examples a,re, 

(a) 

. . 
2-Methyl propene 

(Lsobutylene) 

/ 

OH 
\ 

CH3-C-CH3 
. \ 

CH3 

2-Methylpropan-2-o1 
(Ten. butyl alcohol) 

(55:-00%) 

Meehanism: 

(b) 

··CH3 . . CH3 · ~.. CH3 . 
.. \ \ ~ !I-R-H\ -H+ 

CH3-C-"::"'CH2 + H+ --.....) CH3--'-C-CH3 . ) CH3-CH-CH j ~=-~) 
2-Metliyl propene . . (Slow) . + (Fast) I 

Ten. butyl +. 

car~cation 9\ 
H .. H· 

RCH=CR2 + H 20 ~ RCH1C"-:R; 
Alkene. . .\ 

OH 
,Alcohol 

CH3 
\ 

CH3-y~H3 

OH· 
2-Metbylpropan-2-o1 

. CH3 I' .: 

Oi~ I. -CH-CH3 II . 

(c) 

3~Phenylbut-l-ene 

'H OH 
. 3-Phenylbutan-2-o1 

(by Mark,ownikotf's rule) 

CH3 . 

I 
~H~H3 
VbH 

2-Phenylbutan-2-o1 
(by 1,2-hydride shift) 

(Ii) Oxymercuration-demercura~on: With mercuric aCetate (in THF) followed by reduction with NaBHiNaOH is also 
an example of hydration of alkene according to Markownikoff's rule. The ~gioselectivity of this reaction is identical with that 

. of acid-catalysed hydration. 
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(CH3hC-CH. CH2 
3,3-Dimethyl but-I-ene 
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NaBH4 0) (CH3COO)2Hg) (CH ) C-CH-CH HgOOCCH 
(ii) THF, H20 3 3 I. 2 3 

--~) (CH3 hC-CI H-CH3 NaOH 

OOCCH3 

• 
(ii) NaB}4, mr 

Cyclopentene 
~OH 

Cyclopentanol 

OH 
3,3-Dimethyl butan -2-01 

Experimentally, it has been found that the product of the reaction is a result of the anti-addition reaction. For example, 

(XI CH3 (i) Hg(OCOCH3hIHO~ rY~Ifl 
D (ii) NaBH4 . ~g 

Anti-addition can only be obtained if product formation takes place by the formation of cyclic intennediate. 
Oxymercuration-<iemercuration is a better process of hydration of alkene than catalytic hydration by dil. H2S04 , because it 

avoids rearrangement (due to the absence of free carbocation involvement in this mechanism). 

(i) Hg(OAch . 
R-CH=CH2 ) R-CH-CH2-HgOAc 

Alkene (ii) THF/H20 I 
OH . 

If alcohol is used in place of water as nucle()phile, then this reaction is called alkoxy mercuration-demercuration and the 
product of the reaction is ether. Addition of alcohol works better in the presence of mercuric trlfiuoroacetate. 

OCH3 

(i) Hg(OCOCF3h/THF-CH30H . I 
(ii) NaBH4, OH ) CH3 CH-CH3 + CF3COO 

2-Methoxy propane 

CH
3 

. 

(i) Hg(OCOCF3hIC2H50~ ~OC2H5 
(ii) NaBH4 . U 

(g) Addition of nitrosyl chloride (Tildens Reagent): Nitrosyl chloride (NOCI) or bromide adds to a carbon-carbon 
double bond to yield halonitroso derivatives. '7 

(NOCI ----? -CI +N=O); (NOBr ----? -Br +NO) 

NO . I 
)C=C< + NOCI ----? )c-c< 

I 

CH3CH=CH2 
Propylene 

+ 
CI-N=O 

(NOCI) 

CI 

CH3-CH-CH2NO 
I 
CI 

Propylene nitrosochloride 

The product is stable when the C3roon atom bearing -NO group does not contain hydrogen. However, if hydrogen is attached to the 
carbon atom, the product changes to more stable oxime. 

NO 

)c-1<H ~ 
I 
Cl 

)I~I=NOH 
Cl 

Oxime 

.. 
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(h) Addition of alkanes: Highly branched alkanes add to alkenes in the presence of cone. H2S04 or HF (Alkylation of 
alkenes). 

CH3 

I 
CH3 

I 
CH3 CH3 
I I 

CH3-C-H 
I 

+ H2C=C-CH3 

Cone. H2S04 

0-5°C ) CH3-C-,CH2-CH-CH3 . I 
CH3 

2-~e~lpropene 
(Isobutene ) CH3 

2-~ethylpropane 

(Isobutane) 
Iso-octane (2,2,4-Trimethyl pentane) 

. This reaction is used in the manufacture of iso-octane. . 

CH3 

I 
CH3-C-H + H2C=CH2 I Ethylene 

O-~d CH3 -TH-1~H-CH3 
CH3 CH3 

2,3-Dimethyl butane 

CH3 
2-~ethyl propane 

(Isobutane ) 

(I) Alkenylation ofalkenes (Dimerisation): Two molecules ofisobutene (C4Hg) add together in the presence of H2S04 

or H3P04 at about 80°C to give an alkene, CgH16 in two isomeric forms, a dimer ofC4Hg and this is called dfmerisation. 

2-~ethylpropene 

(Isobutene ) 
(C4Hs) 

CH3 CH3 

I I 
H2C=C-CH2-C-CH3 +CH3-C=CH-C-CH3 

I I I I 
CH3 CH3 CH3 CH3 

(A) Major (B) ~inor 
(CSH I6 ) (CSHI6) 

Products (A) and (B) are position isomers and on hydrogenation form the same alkane, 2,2,4-trimethyl pentane. 
Similarly, styrene (Vinyl benzene) on dimerisation gives 1,3-diphenylbut-I-ene. . 

!(5\-rH CH2 + H2C=CH--fc:5\ ~ CH=CH-CH-CH3 

~s~ V.nYlbe_~ Hou © © . 
. There are different types of dimerisation of alkenes in presence of sunlight forming cycloalkane. 

H2C--CH2 

hv I I 2H2C=CH2 .. 

Ethene H2C--CH2 
Cyclobutane 

(j) Diels-Alder reaction:. It is a diene-dienophile addition reaction. It forms cyclic compounds. 
~CH2 ,../CH2 ........ 

CH CH2 CH CH2 

I + II -II I 
CH CH2 CH· CH2 · 
~CH Ethylene ........ CH ,../ 

2 2 
Buta-l,3-diene Cyclohel'ene 

~CH2 
0 0-
Il II 

CH H-C-C-OH CH~-OH ,. + II - II -OH CH H-C-C-OH 
~CH2 II· CH II 

0 0 
~aleic acid 
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(k) Addition of oxygen:· Wherimixed with i:>xygen or oxidation with peroxy a~ids (CH3C03H~ C6HsC03H or CF3C03 H) 

or air and passed through a silver catalyst at high temperature (200':"400°C) and pressure, lo~er alkenes add an atom of oxygen to 
. form epoxides, (i.e., cyclic ethers, jn which the ether oxygen atoin is a part of three membered ring). The·reaction is a stereo

specific syn-addition. 

·c I Ag H2C= H2 + 2 0 2 --~ .~H2 
o 

Ethylene .. 

RCH=CHR +1.02 .. 2. 

o 

Ethylene oxi!1e (Oxirane) 
(1,2-Epoxyet~) . 

o 
II II 

RtzC=CR2 + R'-C-oOH ~R2C-CR2 +' R'-C-OH 
Alkene Peroxy acid, ,V Carboxylic acid 

o 

CJCHj 'II· 
I . +CH3-C~H 

, . . Peroxyacetic . 

I-Methyl cyclci
hexene 

acid 

o . ' 
Epoxide 

.. 0 .. . O CH
3 .. 11 

- . 0 + CH3-C-OH 
. .. Acetic acid . 

I-Methyl-l,2-epoxy 
cyclohexane 

These epoxides on hydrolysis form diols or glycols. . 
(I) Addition of ozone (Ozonolysis) : When a stream of ozone or oz6nised oxygen is passed through a solution of alkene in 

an in~ solvent (ether or CH2Clz or CRCl3 . or CCI4), at low temperature (196-200 K), the molecule adds up to form ozonide. 
Ozonide is unstable, explosive compound and easily decomposes either by reduction [with ZnlH20 or ZnlCH3COOH or H2IPd or' 
(CH3hS]or hydrolysis in presence of reducing agent and formscoinpounds ha~ing :)C-:-O group. This process is known "as 

ozonolysis. 

. I . I . CH
2
CI

2 
. -C=C-+03 .. 

Alkene· 196-200 K 

. -01 >c\ . fC< ZnIH20 I .. I 
I.: : 1 -C=O+ 'O=C-
0HO· ,...ZnO Products 

(Reductive cleavage) (Aldehydes or ketones o.r mixture) 
Ozonide 

.. 

Zinc dust is' added. to Ilreveht the formation ofH20 2 produced by the reaction ofH2Q and 0 (Reductive ozonolysis); . 

, CH2Ch 
H2C=CH2 + 0 3 .. 

Ethylene 19~200 K 

-0 1 

H cY, r-CH ZnIH20 
~ I : : ,I 2 ----~--. 2HCHO 
O~O 
Ozonide 

. - Zno Fonnaldehyde 
(Reductive cleavage) (2-niolecules) 

H 
'- -0 1 <H CH~Y, r-C 

3 1 \ : 1 H 
I I . 

Of--!;-O ... 

H . H 
ZrtIH20 . I . . I 

-----...... CH~=O + O=C-H 
-ZnO . Acetaldehyde. Formaldehyde 

(Reductive cleavage) 
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196-200K 

Knowing the number and arrangement of carb~n atoms in these aldehydes and ketones, the structure of the original alkene 
can be worked out. .. 

Note: (a) All a1kene9!typeRCH .. CHR'gives aDnxtllre of two aldehydes .. 
(b) ~ alkerie'6ftype R2C CHR'givesllmiXtute of aldehyde and ketone." '. .' ..... . 

.' (c) . ~alkene ofth.e· type R2(;--:-Clf.2. gives a. mi?tt].lre of two ,ketones.,~ lind R'cntaY. be·.sanie;nr;difrerept, 
(d)EtP¢n~(H2Cc,CI:l2)giVeson1Y.fomia1aehYde;'i; '. i ., . ,; .... '.. 

(e) Bqt-2~ne/qI~CH==CHCH3)gives~onlf''acetaldehyde. . '. ' . 
(t) (CH3)2C.C(~H:ih·(2,3-cJimethYlput-2-eneJgives only~cefone(propanone). 
(g) CYClobu(ene.gives,.;the product containing equal number of cinbQnatoms. 

,\·!1t;·;(,;,ro?':~J":l~:~.. .' ~ '.~~) 03 .:. <[H:r-CHO 

. (1l)ZnlCH3COOH .;;,·elf2~HO 

Butane-l,4-dial 

Butany.} ,4-dioic acid 

Absence of Zn/CH3COOH will oxidise.::.::cliOhtto -COOH~ 

". ":;;'~.~ .. ·.;8 .. ;.i .. '.:·· •. " .• '.'~.·'.'.' ... '~ .. · .•.•..• "',:(i:~'~k~d~ .. OHC~Hr-CH~~~IIO' .. ' . 
. '. ". ".':'.:' > . ; ;Pen~e-l ;5.,dial .; 

Cyclopeniene : 

So, ozonolysis of cycloalkene gives one molecule of dialdehyde. Cycloalkfidiene on ozonolysis gives two molecules (,)f , 
dialdehyde. . 

HC~H2--:-CH2--:-CH (I') 203 CH~--:-CHO 
'\I" II " 2 I" , 
HC-CH~H~H. (ii) 2ZnlH20 CHz---CHO 

Cyclo-octa-l ,5~diene But;me-l,4-dial 

CHO 
(i) 203 " .2H2C<· I' 

(ii),2ZrilCH3COOH . . CHO 

Cyclohe:xa-I,4-diene Prop,ane-l,3-dial 

While conjugated diene and.triene gives mainly glyoxal (dialdehyde) ~i1d formaldehyde. 

H~C=CH-CH:-:-CH2 .(~:203) 2HCHO +OHC~CHO' 
. Buta-l,3-diene (11) 2Zn/H20 Formaldehyde Glyo:xal '. 

H2C=CH~CH .CH~CH=CH2 (i) 303 
) 2HCHO 

Hexa.t,3,5-triene (ii) 3Zn/H20 Formaldehyde 
.' .... ~ 

. (01) . Addition "f HN03 ':, Nitric acid (funung) .adds to a ~arbbn:caibon doubl~ bond to yield nitro alcohol. 

, Fl2C ,CH2+ HO~N02 .~ CH20HCH2NO~ 
, . Bthene .)' . ,. .' 2·Nitroethatiol ". '.' . •• . 

(n) Addition 'of aietyl ~hloride: 'A molec~le of ace~l chloride adds ,to a carbon-carbon double bond in prest;nc.e of AlCI3. 

to form chiaro substituted ketone,' . , ',\ . ,'.. .' ..' . 
J 
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H2C=CH2 +CH3COCI ----? CH~CICH2COCH3 
Ethene 4-Chlorobutan-2-one 

(0) Self addition or polymerisation: Alkenes in the presence of acid catalysts at high temperature (473 K) under a 
pressure of 1500 atmospheres and in presence of a trace of oxygen (0.001- 0.1 %) undergo self addition. Two or more molecules 
of an alkene link together to fonn a new bigger molecule of higher molecular mass. The small molecules are called monomers 
while the bigger (new) molecules are called macro-moleCules or polymers and the process is called polymerisation. In such a 
polymerisation no atom breaks off and the molec1!les unite by the change in the position of double bond. 

H2C=CH2 + H2C=CH2 
Ethylene 

(Monomer) 

H2C=CH-CH2-CH3; 

IH'C=CH' 
+CH2-CH2-1n 

Polyetbylene (polytbene) 

Isobutylene 

f CHt. Peroxides, a I 
nCH3-CH=CH2 . ) CH2-CH 

Propene or Zlegler-Natta catalyst 
, n 

. Polypropene 

CH3 

I 
C-CH2 
I 

CH3 
n 

Polybutylene or polybutene 

Polythene. polypropene and polybutene are "plastics" of industrial importance and squeeze plastic bottles 
ate moulded from high density polyethylene. Polypropene is a harder and stronger polymer than polythene and its fibres are used 
in carpets and automoblIe tyres. Polystyrene -( C6HsCH=CH2+ n is used in television cabinets, housewares luggage and 

packaging, etc., cis~polyisoprene fH2 =f-CH=CH! is a natural rubber. 

CH3 n. , 

[Polymer and the original alkene have the same empirical mass but different molecular masses. The molecular mass of the 
polymer is generally very high. The derivatives of alkenes of the type H2C=CHX (X may be Cl, Br, I~ CN, COOR, C6Hs, etc.) 
are also used as monomers and undergo polymerisation to fonn useful plastics.] 

, Polymerisation 

nH2C=CH ) tCH2-CHt I in presence of I 
CI benzoyl peroxides CI n 

Vinyl chloride Polyvinyl chloride (PVC) 

PVC is used for making plastic bottles, sheets, pipes, raincoats, hand bags, table mats, records, etc. 

Polymerisation 
nH2C=CH .) tCH2-C~Ht I in presence of 

CN (FeS04 + H:P2) 

Acrylonitrile Polyacrylonitrile (PAN) 

Polyacrylonitrile is used for making Orion and Acrilan fibres used for making clothes, carpets and blankets, etc. 

nF2C CF2 
Tetra fluoroethene 

(N~nS:P8 

High pressure 
+CF2-::-CFftn 

Polytetra fluoroethene (PTFE) 
(Teflon) 

Teflon is chemically inert and a heat resistant polymer. It is very tough, electrical resistant and is used for making non-stick 
surfac,e coating particularly for cooking utensils. It is also used in the manufacture of pipes and surgical tubes. 

2. Substitution reactions (Halogenation): The alkyl group of the alkenes undergo substitution at high temperature. 
Chlorine or bromine replace hydrogen of the alpha carbon atom with respect to the double bond of alkyl group at about 500°C 
wit~out breaking the double bond (allylic substitution). The substitution proceeds by free radical mechanism. If the alkyl group 
contains more than one carbon atom, then the substitution occurs at the a-carbon to the double bond. 
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CH3CH=CH2 +C12 
Propene 

500°C • Heat) CICH2-CH=CH2 + HCI 
Allyl chloride 

(3-Chloroprop-I-ene ) 

. 500°C 
CH3CH2CH=CH2 +C12 ) CH3CHCICH=CH2 + HCI 

But-I-ene Heat 3-Chlorobut-I-ene 

NBS (N-bromosuccinimide) is a reagent used for the specific purpose ofbrominating alkenes at the allylic position. 

CH2-CO> CH2-CO~ 
CH3CH=CH2 + I N-Br' --7 CH2-CH=CH2 + I NH 

Propene CH2-CO I CH2-C 
NBS Br Succinimide 

Allyl bromide 

Bond energy of C-H bond in the different environment: 

". '. .' ."C, / "'/,., .~ .. ::> 
.' .'. .'," .. <,,". " 

Type ofHydr~en Eumple (Hydroearbqll)' Bond Energy kcallmol(~ 
" ' ...... , "'. :'.,' ., .J ', . 

Methyl (H3C-!1) 1-----. 103.8 
: H-:C __ H: 

I 
H 

Vinyl (H2C=CH-!O 

He=:C~~ 
108 

2 -"-_ if' ...... .. l 

Allyl (H2C=CH-CH:r-H) H 88 
J------, , 

H2C=CH~T-_-HJ 

H 

Primary (0) (CH3-CH2-H) H 97.9 
J------. 

CH3"'-:f--Ji: 

H 
1--" 

[(CH3)2CH-H1 Secondary (2°) 1H,: 95 
'I' ' . · . 

CH3-irl-CH3 

e,;;., H 

Tertiary (0) [(CH3hC-Hl Iii: 
90 : I: · ' · ' CHr--lC+-CH3 

I 
CH3 

On the basis of bond dissociation energy data, abstraction reactivity for different types of hydrogen may be given as: 

Allylic > 3° > 2° > 1° > methyl> vinyl 

3. Oxidation reactions: Alkenes are readily oxidised. The oxidation products depend on the nature of the oxidising agent 
used. , 

(i) Oxidation with cold dilute alkaline potassium permanganate (Hydroxylation): Alkaline potassium perrnanganate 
(Mn04 +OH-) is known as Baeyer's reagent. When alkenes are treated with dilute alkaline KMn04 (1%) solution at low 
temperature, dihydroxy (glycol) compounds are fonned. The pink colour of KMn04 solution disappears during the reaction. 

Thus, this reaction is used as a test of unsaturation. ' 
. CH2 II + H20+O Alk. KMn04 ) 

CH
2

' ' (Cold) 

Ethene 

CH20H 
I 
CHzOH 

Etbane-l,2-diol 
(Glycol) 
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. ' 'CH20H' 
3H2C=.CH2 +2KMn04 +4H20 ~ II '+ '2Mn02i +2KOH 

'CH20H (Brown ppt.) 

CH3CH, Alk. KM.ti0
4 

CH3CHOH "-
I~ + H20 +0 (CQld» , I 

.CH2· CH20H 
Propene Propane-I,2-diol 

CH3-C-H 
, II 

CH3-C-H 
~But-2-ene (cis) 

Alk.KMn04 
, ) 
(Cold) 

(Propylene glycol) 

CH 
I 3 , 

H-C-OH 
I 

H-C-;--OH I ' 
CH3 

(Mesofonn) 

CH3 

I 
CH3 

I , 
CH3-C..:....-H ' II Alk. I04nO 4 

H-C-OH HQ..:....-C-H 

H-C-CH3 
But-2-ene (trans) 

. I 
HO-C-H 
'I' ' 

CH3 

+ I, 
,H~C..:....-QH 

I, 
CH3 

(dl) mixture 

Hydroxylation by KMn04 is always syn-addition. 

P .. ~H' H'o/. , , , ,. 

Alk:. KMn04 

(Syn-addition) 

CH3 , CH3 OH OH 
1,2-Dimethyl cyclohexene 1,2-0imethyl cyclohexanediol (cis-) 

[Glycols are Iillso fanned when alkenes are treated with osmium tetraoxide (OsO 4) and the product is ret1uxe~ with NaHSO 3 

(ate.) or Na2S03 or H20 2. ' ' " , 

/ ' CH2 CH2-O)' ,,0, NaHS0
3 

' CH20H . 
II :+O&O4 ~' I , Os, ---~ I + H20s04 ] 
CH2 . . CH2..:....-Q. ',.Al!Zohol CH20H 

Hydroxylation using 0804 is syn:'addition but witli H20 2IHC02H is anti-addj.tion. 

o H~~H" A C2~>~ C<~2~S, ~:~: .. 
Cyclopentene . )--{ 

, OH 'OH" 
'l ~2-Cyclopentanediol (trans-) 

(Anti-addition) 
, ' 

Hydroxylation using I2 /CH3COOAg can also be used for diols fonna~on. , 

C2Hs~ LC2Hs ' 
H7c-c"H 

HO ", "OH 
(Meso) 

H H .H Ii 
F 11 

R-C;-' ---\C-'-R " J. ,', J ,. . . 
. NaOH ~ , R~~-R' 

Alkene PCOCH3 . OCQCH3 ' ' .. ,) . 

. ' I I. 
OHOH 

Alkanediol 
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(ii) Oxidation with aei~le potassium pennanganate or p«!tassium dichromate: When alkenes are treated with acidic or . 
hot KMn04 0r acidic K2Cr207' glycols are fU'St formed which are further oxidised to aldehyde~, ketones or acids. Terminal 
fon;nic ,acid isoxidised to CO2 and H 20;. . . 

CH3CH' .' CH
3
CHOH' '.' . 

(a) II (H20 + 0),) I [0]) CH3CHO + HCHO [0]) HCOOIl 
CH2 · . CH20H ~[O]" Formic acid 

or 

Propene CH
3
COOHt [0] 

Acetic acid CO2. + H20 

CH3CH=C, H2 ,+. 4[0]' . Hot, aIk.KMn04 ) cn COOH +CO + H 0 
373-383K 3 . 2 2 

. CH3CH=CHCH3 
But-2-ene 

. . R R ' 
KMnO ... .1 ) . 2CH3~0<?H; )c=C<' KMn04

• ~) 2R-CO-,-R 
[0] . AcetIc aCId R' R [0] Ketone . 

(HzO+ 0) 
) 

2-Methyl propene 
(Isobutylene) 

Acetone 

(b) Same products are obtained when oxidation is done with periodicaeid (HI04) or lead tetra-acetate (CH3COO)4Pbor 

sodium pedodate (NaI04) . .-
The aqueous solution of sodium periodate and a trace of potassium permanganate (Lemieux reagent) isa better method both 

for determining the position of double bond and for preparing carbonyl compounds. 
HzOz HI04 R-CH=CH-R' . )' R-CH-CH-R') RCHO + R'CHO . 

(HzO+O) I I 
OR OH, 

Cis-diol 
Formaldehyde is usuaUyobtained from a terminal alkene. Instead of permanganate, a trace ofOsO 4 has also bel,m used by . 

Lemieux. . . 
(c) By passing a mixture ~f ethene' and oxygen under pressure into an aqueous solution ofPd and CuCI 2 (cupric chloride )at , 

SO°C, the product is acetaldehyde. '. . .." 

50°C 
H2C=CH2 + PdCl2 + H20 ----; CH3CHO + Pd + 2HCI 

Ethene Acetaldehyde 

[ 

Pd +2CuC12 ----; PdCl2 +Cu2Ch 1 
Cu2Cl2 +2HCl+t[Oh----;2CuC12 +H20 . 

With propene, acetone is formed. 

CH3CH=CH2+ PdCl2 + Hi0----? CH~C. OCH3' + P~ +2HCI 
. Propene . A:~one .. 

(d) Oxidation of alkenes by selenium dioxide (Se02) readily affects the allylic :position and not the d4:)Uble bond., 

, Se02', . 
H2C=CH-CH2CH3 -"---7.) H2C. CH-CH-' CH3 

. But-i-em: . .~ '6H '0' . 

But-3~en-2-o1 

. '. /.8e02 .. 
CH3CH . CHCH2CH3 ) CH3CH=CHCHCHg 

Pt;lnt-2-ene . I. 
OH 

Pent-3-en -2-01 

But the following types of alkenesare oxidised to (X~diketones, i.e., 
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R'-CH=CH-· R".~ Rl-C-C-R" 
. II II 

o 0 

(iii) Hydtoxylationusing peroxy acids: A mixture ofH20i and formic acid, (i.e:, HC.o3H) on allowing to stand with an 

alkene yields glycol atld the addition of two -OH gr9ups in anti~position. . . . 
,,( 

CH3 

I 
H-C 

. H-1 
. I 

CH3 

But-2-ene 

Hi0 2,HCOOH 

or HC03H 
(anti-addition) 

.. 
Trans-(racetnic) 

If perbenzoic acidi(C6HsC03H) or peroxyacetic acid, (CH3C03H) is used then ftrstly glycols are fo~ed and ftmdly yields 
oxirane (epoxide). Peroxy. formic /ilcid forms only glycol, ids strong to decompose epoxy link. 

R-CH=CH-R _QI~5_C_O_~~) R-CH-CH-R 
orCH3C03H I I .. 

OH OH 
. . 

H 20) R-CH-CH-R 
~. 

o 
Epoxide 

Ep?xi4e formation (EpoxldadoD) is aIsonam;:;;;.v,c:2: 

O· Cis-meso 
- I 

Cyclohexene ,---=.H=-=C-=.O-=.O-=.O.;;;.:.H~ ..... ~OH + Bnan.tiomer 
Anti-addition It!g)-H 

Racemic mixture· 

Reactivity of alkenes for peroxy acids: More is. in the substitution at double bond, gteateris the reactivity. 

Me Me Me Me 
I : I . I I , 

Me-,-C ,. C-CH2-CH=CH2 . Me-C-C-CH2-CH CH2 · V -'---..--' '--:-----' 

More reactive site . Less reactive ·0 
(Highly substituted) . . . site 

(iv) Combustion: .. · When: bumt in air, alkenes are oxidised to carbon dioxide and water. The ~action is exothermic because 
heat is evolved; 

Burn 
C2H4 + 302 . ) 2COz + 2H20 + Heat 

They bum irith luminoiIs flame and fonn explosive mixture ~th air or oxygen. 
4. InsertioD,'of methylene (Carbene): Photolysis of diazomethane and ketene gives methylene. Alkenes react with 

methylene in presence of light to fonn cyc1oalkanes. 

CH2N 2 .l!:4 :CHz +N 2 
. Diazomethane 

H20=C=0 ~:CH2 + CO 
Ketene • 

". ,~. . .. 
Qnly si11~let carbene (CH2) is involved in alkene addition reaction . 

. , .. 
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. .. < •.... /. ....... CH
3 .. ' " ''':. I 

.... . . (eH) C--'-OK: '. . .............. ' .. ' ...... '., '..'. . .. " . 
CH3~_2.;~~CH~+CHC13 ,33 ..••. ·..~.C:{I3~II~H3 + CH3-?~H +KCl: 

.. ~:. ':A . '.' .CH3 .: . 

. CI .Ct . ':Tert.buty1alcohol~ 

SO, when an alkene reacts with chlorofoJ1}l in :p£eseq<:e:£tfPitassimntert.;'b~toxid~~ ·thereiiaddiqon of dioh1orojn~hyleiie . 
(dichlorooarbene : CC1i); Methylene can also.·1)e ad~d\1V1i~'rtail-B:~erier¢'actsWitli QthI:2,ln presenoe of catalYst (Cu;..Zri) to form 
cycloalkane, '..' .', .. .. '. . . " '. 

This reaction is known as Simmons-Smith reaction. 
.. Uses ofalkenes: Etheneisused:.'· .' . , . 

(i) for the manufacture ofpolythen~a:plastio:rna~rial:,Substituted.aIkeJ.1es ttpon'polymerisationfornls a number of useful 
polymers such as polypropene, PVC,: teflon and natural ru~etc.: 

(ii) for artificial ripening of fruits;" . ,'., ., 

(iii) as a general anaesthetic; ". "., .:. . .. ' . .'. ........; ..... '" .. '. .. ... .'. '. .'.' . ..." 
(iv) as a starting material for a Iargenumberof compoundSsuclias. giycol;'ethyl ha.lides,~ethylalCohol,/ethylene oxide, etc; 
(v) for making poisonous mustard gas (War gas); ". ". . ..' . 

• (vi) for making ethylcne-oxygeuflame.for cutPng,andw~ldirtgtt;leials.' 
"', '. . 

7.7 ALKYNES 

Alkynescontain four hydrogen atonis less thim the coirespondingallolriegand ~echar~cteri~.edby.fu~presence of airiplebond in. 
the molecule. The first and the most important member of this .seiies~s acetylene; He. CH, He,nce,;tn<? alkynes (C';H2~"':2) are ' 
also called acetylenes.. . .' ." _. _ ..... . .. ! . . .' 

. Nomenclature: There are, three systems for naming. alkyrtes.':·.: .' ." .' ". . •. .' , 
(i) The common name system: '. The c9DllllonnamesofalkYtt--e$dQilot bear any relationshfp and are based onthe names-

.ofrelatedoorupounds. . .. ' .... . . ....... .-"i" ":""'. ';,', '" .,....... -'.' '. . '. .' 
Formula (C

II
H

2n
-

Z
) _.... • C(nn~onntin.e .... - . . 

C2H2(gC-CH)' 

C3H4 (CH3C .. GH) 
. C4H6 (CH3C==CCH3r 

. Except acetylene, other names ar~.nci 10ngeruSed~ 

, -A¢,ctyHlne'
··-AUylene • 

croionylen~ . 
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(ii) Derlyed system: In this' system, the higher alkynes 
are'regarde~ as allryl derivatives of acetylene; 

.... forinula 

\. 'HC==CH 

CH3C==CH 

CH3CH2C-CH 

CH;C-CCH3 

H~C"", . 
/CH-C==CH 

H3C . 

Derived name 

Acetylene 

Methyl acetylene 

Ethyl acetylene 

Dimethyl acetylene 

'. Isopropyl acetylene 

(iii) IUPAC system:. Names are obtained by dropping 
-ane of the parent alkane and adding the suffix -yne. . 

. Alkane - ane + yne = Alkyne _ 
Wh~n the triple bond can take up more than one position 

in the molecule, the carbon chain is numbered in such a way as 
to give minimum number to carbon atom bearing triple bond. 

. Formula . IUPAC name 

HC=CH 
. ' CH

3
C' CH 

CH3CH;C=CH 

CH3.t==CCH3 . 

. Alkynyl groups : 

HC . CH ,-H) HC==C-

Ethyne 

Propyne 

But-I-yne 

'But-2-yne 

(-e + yl) Ethynyl 
) -H" . . ~ .' 

H3C-C-CH ~ H3C-C=C-(-e+yl) = I-Propynyl 
Reactivity ofalkynes: Inspite of the fact that the two 

1C-bonds . are present in alkynes, these are less reactive than. 
alkenes) towards addition reactions (due, to symmetrical 
cylindrical nature ,of 1C-e1ectron cloud of alkynes). Further, 

. alkynes do not showgeometricalisomensm due to their linear 
structure. " . .' '. . . 
, . Due ,to' greaterelectronegativity ofsp-hybridizedcarbon 

atoms ofa triple bon!} than Sp2 -hybridized carbon atoms Of a 
". doule, bond, the 1C-electrons' of alkyne are more tightly 
. attached to the carbon' atoms than 1C-electrons in alkene and 
hence are less easily available for additioQ reactions with 
electrophiles. As. a result, alkynes are less reactive than 
alkenes . towards electrophilic addition. reactions. A 
majority of addition reactions of alkynes are catalysed by 
heary.metal ions stich as Hg2+ apd Ba 2+, etc., while t:I0 such 

. catalysts. are needed in case of electrophilic addition reactions 
to alkenes.. . . . 

7.8 ISOMERISM IN ALKYNES 

Ethyne does not show any type o(1somerism. Oth~r alkynes 
can exhibit the following types of structural isomeriSm:. 

. '. (i) Chain isomerism: It is due to the difference in the 
type of ~arbon skeleton. . 

CH3CH2CH2C==CH 
Pent-I-yne 

CH3"", . 

/CH-C=CH 
CH3 

3-Methyl 'but-I-yne 

(U) Position isomerism: . It is due to 1he difference in 
the position of triple bond in the carbon chain. 

CHsCH2C-CH ; . CH 3-C==C-CH 3 
But-I-yne But-2-yne 

CH3CH2CH2C,=CH; CH3CH2C==CCH3 
Pent-I-yne Pent-2-yne 

(iii) Functional isomerism: Alkynes and dienes have 
same molecular formulae. Alkynes contain one triple bond . 
while dienes contain two double bonds in their molecules. 
C4H6 represents butyne and butadiene. 

CH3CH2C=CH ; H20=CH- CH=CH2 
But-I-yne ' Buta-I,3-diene 

CH;-C=CH H2C=C=CH2 
Propyne' Propa-l,2-diene (Allene) 

(iv) Ring chain isomerism: Alkynes and cyc10alkenes 
having same molecular formulae are ring chain isomers . 

CH3-C .CH; 
Propyne . 

CH3CH2C==CH; 
But-I-yne 

Cyclopropene . 

o 
Cyclobutene 

7.9 GENERAL ME'rHODS OF. PREPARATION OF 
ALKYNES 

(i) By heating ethylene bromide or ethylidine bromide 
with •. alcoholic potash 'followed by sodamide (NaNH2) in 
liquid ammonia (Dehydrohalogenation of dihalides). 

H Br [R~~B~ 
I I Al KOH I·' I. NaNH2 

H-C-C~H c. )H-C=C-H ) HC==CH 
•. r - ~ - - -L A Vinyl bromide Acetylene 
LBcH 

1,2-Dibromoethane 
(Ethylene bromide) 

H Br 
I . I 

H-C-C-H 
··1 1 . 
H' Br 

I, I, Dibromoethane 
(EthyJidine bromide) 

H Br 
1 I 

Alc. KOH) H-C=C-H 
A Vinyl bromide 

NaNH2) HC----CH 
AcetYlene 

. (i) Heat of combustion of alkanes is great\!f than corresponding alkene and alkyne. 
(ii) 'Cis' ~isomer has greater heat of combustion than 'trans' -isomer because cis~isomer is destabilized by sterlc hindrance .. 
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Sodamide (NaNH2) in liquid NH3 can be used instead of 
alcoholic KOH. ' 

H Bi.-
I I Li uid NH ' 

q 3) R-C==CH +2NaBr R-C-C-H +2NaNH2 , I I 196K Alkyne 

Br H 

Note: By this method, ethene can be ~onverted mto acetylene. 

Br2/CCI4' Ale. KOH ' H2C=CH2 ) CH2Br-CH2Br ----,-7) H2C=CHBr 
Ethene 1,2-Dibromoetharie Vinyl bromide 

lNaNH2 

HC=CH 
Acetylene 

(ii) By heating 1,1,2,2-tetrachloroethane with zinc in 
methanol (Dehalogenation of tetrahaJides): 

CHCl2 ' CH 
I +2Zn Alcohol) III +2ZnC1 2 
CHCl2 Heat CH 

.Note: This method can be used for the punhcatlOIi of ethyne and 
higher alkynes can also be prepared. 

X X 
I I 

R-C-C-H + 2Zn Alcohol) R-C=CH+. 2ZnX2 
I I 

X X 

(iii) By heating halo form . (CHX 3) with" silver 
powder: Pure acetylene is obtained when iodofonn or ' 
chlorofonn is heated with silver powder. 

cHfr;--·V6Ag-·H;1 CH ~ HC=CH +6AgI . 
IodofoI-iii------------' Ethyne 

(iv) By·the electrolysis of aqueous solution of sodium or 
potassium maleate or fumarate (Kolbe's method): 

CH<::QOKElectrolysis CHCOO-' 
II '. II + 2K+ 
CHCOOK CHCOO- 1 C th d 
~ . aoe 

CHCOO- -2e CH 2K+ + 2e -- 2K 
II -III +2C02 

CHCOO- CH 2K + 2H20 -- 2KOH + H2 

(v) Laboratory method: Acetylene is prepared in the 
laboratory by the action of water on calcium carbide.' 

CaC2 + 2H20 ---7 HC==CH + Ca(OH}z 
Calcium carbide Acetylene 

Acetylene prepaI 'd by this method is contaminflted with 
small amounts of phosphine, hydrogen sulphide, arsine,' 
ammQnia, etc. The evolved gas is thus, passed through 
acidified copper sulphate solution. There should be no flame, 
in the vicinity of the apparatus because acetylene catches fire as 
it forms explosive mixture with air. 

H2S +CuS04 ---7 CuS + H2S04 (Black ppt.) 

~ ,/. 
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2PH 3 +3CuS04 ---7 CU3P2' + 3H2S04 
Cupric phosphide ' 

(Black ppt:) , 

(vi) Manufacture: (a) Laboratory method of pre para
tion of acetylene is also used 'on a large scale ·for its 
manufacture. The start is made with limestone (CaCOi). It is 
heated at IOOO°C to fonn.quick lime, (C'hO). A mixtUre of 
quick lime and coke is then heated in an electric furnace when 
calcium carbide is fonned. 

. Heat 
~=.-4) CaO + CO2 

CaO + 3C 2000-3000°C) CaC2 + CO 

(b) Acetylene is manufactured by heating methane' or 
natural gas at I SOO°C in an electric arc. . 

2CH4 Electric arc) HC ' CH + 3H2 
(c) A recent method for the manufacture of acetylene is 

the controlled partial oxidation. of methane at high 
temperature. 

6CH4 + 02 1500°C) 2HC=CH + 2CO + IOH2 

(d) Propyne can be prepared by the hydrolysis of 
,gnesium carbide. ,_; , . - \ 

Mg 2C3 + 4H20 ---7 CH3C=CH +7Mg(OH}z 

(vii) Synthesis (Berthelot): Acetylene is synthesised 
by striking an electrIC arc between, carbon electrodes in the 
'atmosphere of hydrogen. . ' 

2C+H22000-2500°C) HC' CH 

7.10 GENERAL CHARACTERISTICS OF ALKYNES 

~hysical properties : .,'.' 
(1) The first three members (C2, C3 andC4).are colourless 

gases, the next eight are liquids while the higher one are solid. ,). 
(ii) Acetylene has a garlic odour due to the presence of 

phosphine as impurity. ' 
(iii) Alkynes are weakly 'polar, lighter than water and 

immisible with water but highly soluble in organic solvents 
like ether, acetone, benzene and carbon tetrachloride. 
Acetylene is transpo)1:ed under high pressure in' acetone ., 
soaked on porous material packed .insteel cylinders .. 

(iv) The melting and boiling points of alkynes are slightly 
higher than those of correspqnding members, of alkane and 
alkene series. This is du,e to' the fact that alkynes have ,a linear 

'> Structure and therefore, their molecules are rather more 
closely packed in the crystal lattice as compared to alkanes 
and alkenes. 

(v) Their melting poiI1t, boiling point anq density increase 
with increase in molar mass. 

Chemical properties: (1) Acidic nature: Acetylene 
is.acidic in nature. The acidity can be explained on the basis of 
percentage of s-character of the hybrid atomic Qrbital. The 
amount of s-character in various hybrid orbitals is as follows: 
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aY~Orbital'J'e;cei>la:~~~~i;i; ~C+!l+~N~f~J4~~~~~ 
sp2;':'}};: ."'; 'Ethyne .' Sod.$JIide'··. Pisodiwut:tbyDide ... ' 

The Nh:cter of C,M bQ~6f.~~~iw~2';;;B#1If:t.'~~~"fi:~~ 
comparison to <:>-H bOll<l9fetheneandethane,>'I'b.er¢.fOre;' ~a.r.8U.10ns (aceryhdelOns). ,,' 
the release of H+ ionfrotnl.analk.e~e'~datkari;;tnol~ei;.ri .~7'7"~±~~j-T:":;#;c7i#-;&~~-:-'=--:"':~~"";::;';:;;'-~ 
difficult and they do not ·showacidi~charac;ter. . '<," ' •. ,.'.,.,.' .•.•.. 

HC==CH >HgC. CH1>H36Cil; 
K 10-26 ·K···· l' O'~36' K····:' " ':'1" '0:4:4' .':: " 

. +NsX' 

a= '-: ~f ',' .:"""%:i' - "'. '-.' ',.-:' .. ': <".-,~,<,-">,-~. 
.. ..'< a... . . , ' . . '11":' .. :.< ..••...... ::-,:-~±~~~~--'-:---.::.~----~---"-~----~.::......;,.~---'-

The hybridisation ~q4.eatotn.bOrid~dt~'!lJe:~yqiogeti~~~: ;,::',~~)~=Cf8Nai+BrCH3'~ HC .• ' C-CH3 + NaBr 
a large effect on the acldl:ty ofthathydrogeii~ssho'W:l1:itlthe>; .,§~di~!iCetylide .. ' . 'Pl."opyne.. . , .. 

following examples: . '. ' " .. ·':·,·j:; ... ~r:.c.'.' .•.• '.H,<!.,:~ .. 3,,·.,.~ .•. ~.: •. ~.".'.".'.~.'.p.,~,.~.'.': .• "" ... '. H+Na·Liq.NH~)CH3--c'. C-Na . 
HI HI' ,,,,':' ,."'.'.,.:,:;."" ',,':<"'" r'h, "..,v 

..; .",: .,-

H-C---.C-H '. ' .. IIC~' c~ij.~» •. ,.>'· .• ,:~5~:(·~C==c-Na •. +ICH3 +-+~CH3~==c~CH3 k k (pi::n~);."·~i~~~{;y{,;t> •. ' .... ..' .' . . IM·2~yrie . 

Ethane::,- c1fiC.;C·Na+BrCH;CH3~C.H3C==G-CH2CH3 
(PKa = 5~) .'. .,;',/:, ' "Ethyl bromide. . . 'Peht-2~yne, . . 

'DIe hybridisation changes fronisp3.··in~h~e't6~Ji2in .' .......•. c'1'he'.acetylinicand tertnin~l H.ar~ reactivehenfe;'salt : .... 
ethene andto~p ~n ethyne, the acitlitYincoofiSes atldthepK

a
' fOpnatiQIlis easier. c··· '. .... .···c .. ' . ..' 

decreases, Thls IS because of the relative stability oftl!t< '. ..•...•......... ......, .... Liqml ., ....•.... ' ..... '., 
unshared electronS' in .the conjtigatepasesofca6li o{fhese<: ·.··.R~~~H·· " l)R~C::::i5C,--,:Na 
compounds. .' . .' . '. '. .' ···.···c:.'·· i./..~'·aIkyne . " 

An's' orbital has alow~ energy .~aq;~'p>orl:ii~t'.. .•... .' .·XK. R ' . Cl..-r' 'R' ,. 
Therefore, the energy ofa hybrid ot'Qital deeteaseswitl{tbe:,;: .; ";. ~ "~~; . 
Increase in's' character. The energy of hybrid orbitals 'istnthe' . ',', ..... ". .'0 ....' .' '.' HighetaIkYrte' 
order sp < sp2 < sp3 . . . '. ,.,... : " ,.;;,:.fIIg}ieia;Ikynesareformed when R":::":X and R' X should . 

The electr?ns of the C-H bQn,d.' ~n ... ·· aC¢.tyle. fiJ.'a.re Str.o~~lY'.· ···])e.·?ti1tlar~r (l OJ alkyl halides, since higher 2° and 3°, alkyl 
held by .car60n nucJeh This .. facilit~te$therem(jvat\QLb.~l<i~sgiv¢; 'maillly alkeneswhetl they react with sodium 
hydrogen as proton. . ." .c. . . . > alky'riides.·· . ...... ..... .' . . 

A 
. . ..• ". . •........ \..,>.. ····'·"9H3d==C-Na+ ClCH--CH2CH3 . ~ . 

. ' cidic nature is HOH>ROH>Hc;~g~~3c~RH;. . . . . I 
Conversely, th~ relative basicitiesfollow11leoid~r:'·,{··'·:· . .... '. q13 . ". '.' 

Ii. > NH2 > !1C~C'" >RO~.>lib~;:· .. (2Q) See .. butylchloride; 

On accouttt of'a~idic~ature,acciylene,fo~~t8;'~h~c~:: .'. CH3~C==CH +CH3CH. CHCHl +NaCl 
'are called acetylides oralkynid¢s~ "'. ........... .' ." .But~2~eile' 

. (a) For~atio.n~( ,sodium"a.cetyUdes'.; AcetYl~e. ;(\..(b)"For~ation of c~pper acetyHde.: Acetylene when ' .. 
reacts WIth SOdlUffi. mhqUld ammofllaorsodamt4e(NaN1I:l}.·pass~d through an ammomacal cuprous chloride solution, a 
to form SOdciuHm acetylides., .• , ...••....•.... < . red, precipi1ate of cuprous acetylide is: fornied:This is a test of . CNa . . . '. acetylene,' '. .'. 

~H +Na Liq.NH
3
)·· . ~H .' +~FIit'WH~+c;u2th +2NFi40H~ . W-Gu+2NH4CI 

Acetylene ·.Monosodium '. CR,. ',.... ..' 'c-en 
acetylide' AcetYlene . OJprousaeetylide 

. CNa 
III· +Na 
CH· 

CNa 1" .'. .•... (Red ppt) 
Llq. NH3>111 c' +~R2t .. , .:.. . . ' ." .+2H20 

CNa ,2,' ·2C.Hj~C==CfI+QI2C12 +2NRfOH ~ . 
Disodium' ·ProPY.l1e .. . ...' '. . 
acetylide 

, . 
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R-C=CH +[Cti(NH3)2tOH----7R-C C-'Cu 
(Terminal aIkyne) , Copper alkynide 

, , (Redppt.) 

+H20+2NH3 
(c) Forination of silver acetyl ide : Acetylene when 

passed through an ammoniacal solution of silver nitrate (Tollens' 
reagent), a white precipitate of silver acetylide is formed. This is ' 
also a test of acetylene. ' 
CH C-Ag 
III +2AgN03 +2NH40H ~ III 
CH C-Ag 

Silver acetylide 
(White ppt.) 

R-C=CH +[Ag(NH3>ztOH----7R-C C-Ag 
(Terminal aIkyne) ToIlens' reagent Silver alkynide 

, (White ppt,) 

-I:" H 20 + 2NH3 
Note : Copper and silver acetylides are very sensitive to shock when, 

,dry and may explode yiolently.' However, ,these c'an be 
decomposed by acids to regenerate acetylene.' 
, Cu--':'C==C-Cu + 2HCI ~ HC==CH + 2CuCI,j, 

Cuprous acetylide Acetylene 

2HN03 ; ,: 
Ag-C==C:"""'Ag ~ HC==CH + 2AgN03 

, , (Oil,)' \.' , 

Hence,tbese reactions can be'utilised for"tbe separation of 
;acetyl~nefrom'a mixture ~ontaining etbane, etbylene and 
acetylene. 

(d) Reaction with Grignard reagent: (Alkylation of 
acetylene and terminal alkynes). 

HC CH+CH3MgI Dry) CH4 + HC=C-MgI 
ether ' 

HC==C-MgI HCH3 
D 
, ry ) HC=C-CH3 +MgIi 
ether Propyne 

R '-C ....... CH + RMgX Dry,) R '-C=CMgx + 'RH ' 
Terminal aIkyne ' ether AIkynyl G.R. . Alkane' 

Alkynyl Grignard reagents like usual Grignard reagents 
can be used t9prepare'a varietyoiorganic compounds. 

(e) Reaction with ammoniacal 12:. 

HC=CH+I2 +2NH40H ----7 IC=CI+2NH~ +2H20 

(2) Addition reactions: Carbon-carbon triple ,bond is 
a combination of one sigma-bond arid two pi-bonds. D~e to 
the presence of excess of 1t-electrons, acetylene, should, be 
very reactive and should undergo addition reactions very, 
readily but acttially it is not so. Ethylene has been found to be 
more reactive than acetylene towards electrophilic reagents. This 

, , is quite unexpected. • 
'However, acetylene, undergoes electrophilic additi011 

reactions. The addition occurs in tWo stages. In fIrst stage, 
acetylene is converted into ethylene compound and in the 
second stage, into ethane derivative, i.e., two molecules ofthe 
reagent are used; Besides electrophilic addition reactions, 
nucleophilic addition reactions are also observed. 
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(a) Addition of hydr9gen. (Hydtogenation): 
Acetylene reacts with hydrogen in the presence~'~fa catalyst' 

, (Ni, Pt or Pd). The reaCtion occurs ip two stages~, ' 
-

'flH ,H2) ~~2. Hi .) ?1I-3 .. ~ __ : 
eH Catalyst ' CH

2 
Catalyst' CH3 •• 

AcetYlene , Ethylene Ethane 

, Ethylene can be obtained ii:J. very good yield if Lil).dlar's 
catalyst is u~ed. " 

, 'R . R 
Lindlar:~ catalyst) i ~C=C/ 

Pd/CaC03 ,,'. / ' ~ 
(Boilingquinoliile) H H 

Cis-alkene 

',aut-2-ene (cis) 95% 

This reaction is an eX:~ple of stereos elective reaction. 
, Thus rea~tion that generates a C~double'bond or chiral 

carbon in a product leading to 'the preferential formation of 
one stereoisomer over another is known as a ,stereoselective 
reaction. 

For 'trans' product we, take Nalliq. NH3 or Li
,NH3 /C2H 50HorLiAlH4 as a redu(:ing agent (anti::.arldition). 

, 'R\.. ./R 
Na/Liq. NH3 "" /. 

R-C=C-R +H2 ) . C=C" ' 
orLiAlH4 ' R/,;~ "H 

Tz'an.~-alkene 

R-C~G--R + 2H2 ~02 or [(CJI
5)3

Ph), 'RCI;IiCH2~R ' 
Higher aIkyne' ' , " ,Catalyst, Higher alkane ' 

Iristeid of H2 , the D2 canbe us~d to fOrin ·;ans-alkene. 

H3C~ ~ /D ' 
H 3C-C=C---:CH3 + O2 ----7 D ' .( C-C", '

CH
3 

But-2-yne . /' '" 

But-2-ene (trans) 

(b) Addition' of halogens: Acetylene combines with 
gaSeous chlorIDe or bromine in the dark to form di or tetraha:lides. 

CH CCI
4 

'H", . / /CI 

mH' +C12 , ) c((c=k~I:I 
Ethyne, 

(Acetylene) 1,2-Dichloro
ethene (trans) 

(Acetylene dichloride) 

" CHCl2'" 
I ' 
~CHCI2 

, 1,1,2,2-Tetrachloro
ethane (Westron) 

(Acetylene t~tr.achloride) 

Mechanism(See unit 5, problem 6'on page ,220) 

,./ 



CH3-C==CH + Br2 
'Propyne 

CC" H 3C",,- ' /Br 
4) /C=C"" 

Br, H 
1,2-Dibr.omopropene 

(trans) 

Br ,Br 
I I 

H3C-C-C-H 
I , 

Br Br 
1,1,2,2-TetrabromO propane 

Thus, ' a1kynes also decolourise bromine water and this 
reaction'gives a useful test for unsaturation. , 

Liquid ,bromine yields tetrabromo derivative while 
bromine water or Br2/CCI~ forms;dibromo derivative. 

CHBrCH ,Liquid CHEr2 
" (Bromine' ,III ' ) I" " 
CHEr Waiet' CH' Bromine CHEr2 

1,2-Dihromo ' Ethyne 1,1,2,2-Tetrabromo 
ethene' (Acetylene) " ethane 

(Acetylene (Acetylene 
dibromide) , tetrabromide) 

Iodine ~eacts slowly in alcohol to formdi-iodo derivative. 

CH CHI 
- ,III, + 12 Alcohol) II 

CH CHI 
Acetylene 1,2-Di"iodoethene 

(Acetylene ill-iodide) 

Dihalid~derivati:ves are trans-isomers and the addition of 
halogens to acetylene is,stereoselective reaction. 

Alk:yi:tes are less reactive than alkenes towards addition of . 
'halogens becausealkynes form less stable intenrtediate. ' 

" 'Br2' " 
H-C==C-H ~ H-C=C-H (Less stable) 

, , ", '\ / ,Intermediate 
Br 
+ 

+ 

(More stable) 
Intermediate 

Alkynesuridergo addition of halogens, as well as other 
electr~philic'addition more slowly than alkenes. 

Br2 (1 mole) 
HC=C-CH2 -CH=CH2" , ) 

Pent-I-en-4-yne CCI4• -20·C 

HC==C-CH2 -CH(Br)-CH2 (Br) 
4,5-Dibromopent-I-yne (90%) 

This reaction clearly shows that alk:yi:tes are less reactive 
than alkenes towards electrophilic reagents. 

Thus, the order ofreactivity of halogens is: 

C1 2 > Br2 > 12 
(c),Addition of halogen acids: Addition of one 

molecule of halogen a<;id gives vinyl halide which then adds 
another'molecule of hydrogen halide to form gem-dihalide. 
The addition follows Markownikoff's rule. 
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CH CH2 , CH3 III ' + HEr ~II HBr ) , I' 
'CH CHBr CHBr2, 

'Acetxlene Vinyl , l,l-Dibromoethane 
bromide ' (Ethylidene bromide) 

Mechanism (See unit 5, problem 5 on page 220) 

CH3-C=CH + iIei 
Propyne 

Maik. addu. ) CH
3
-C=CH

2 
I 

+HI 

Mar\c. addn. 

. CI 
2-Chloropropene 

I 
I 

CH3-C-CH3 

I 
CI 

2-ChIoro-2-iodopropane 

In presence of peroxides, anti-Markownikoff product is 
ol;>tained. ' 

CH2 CH 
III +HBr~ II HBr ) 

Peroxide . CH CHBr 
Acetylene 1,2-Dibromoethane 

, By passing acetylene into dilute hydrochloric add at 
6(),.,65°C in presence of mercuric ion (catalyst), only one 
molecule is added to give vinyl chloride. ' , 

~H., ~ H~l Hg2+) rH2 

CH CHCI 
, Acetylene , Viilyl chloride 

Vinyl chloride polym~rises' to ,yield polyvinyl chloride 
, (PVC), an addition polymer used in making PVC sheets, water 

pipes: hoses and hand bags, etc. ' 
The order of reactivity of halogen acids is HI > HBr> HCI 

> HF,butHF adds only under pressure. 
, (d) Addition of hypochlorous acid (Chlorohydroxyla

tion by chlorine water): Acetylene when passed into 
hypochiorous acid solution forms dichloroacetaldehyde. 

'CH 

III 
CH 

Acetylene 

, OH 

CH/ 3- 3+' CHOH 
+ HOCI ~ II, HOCl) 

. CHCl "" I , OH 
CHCl2 
, Unstable 

/H 

r'O 
CHCl2 

2,2~Dichloroethanal 

(a,a-Dichloro
acetaldehyde) 

CH3-C==CH + HOCI ~ CH3-C=CH 
Propyne " I I ,Y 
" OHCl 
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o 
II 

HOCI) CH3-C-CHCI
2 

1,I-Dichloroacetone 

(e) Addition of sulphuric acid: Acetylene gas when 
passed through conc. H2S04, it gets absorbed fonning 
ethylidene hydrogen sulphate. 

CH' ,CH2 H SO ' CH3 

III +H2S0~~ II, 2 4} I 
CH (Conc.) CHHS04 Conc. CH(HS04h 

, Acetylene Vinyl hydrogen Ethylidene 
sulphate hydrogen sulphate 

E~} :.idene hydrogen sulphate on boiling with water 
produces acetaldehyde. 

>~jCH3 ao CH3 CH3 I 2)I<OH~ I, 
CH(HS04 h CH CHO 

OHAcetaldehyde 
Unstable 

(f) Addition of water (Hydration): Alkynes cannot 
be hydrated more easily than alkenes because of their low 
reactivity tc:>wards electrophilic addition reactions. Further 
when acetylene is passed through 40% H2SO 4 containing 1% 
HgSO 4 at 80°C, a water molecule adds upto give 
acetaldehyde. 

fiR +'HOH 40%H2S04 ) [112) 1 TautOmerises) TH
3 

,CH 1% HgS04 CHOH CHO 
, Acetylene Vinyl alcohol Acetaldehyde 

(Unstable) 

R~Cli + HOH H':~~L) [R1~ ),] 

, 

(Enolic) , 

! Tautomerises 

R-C-CH3 II ',' 
o 
Ketone' 

This is called keto-enol tautomerism. ' 
However, if the unsymmetrical alkyne is non-tern;rinal, a 

mixture of two isomeric ketones is obtained in which methyl 
ketone predomina~es. For example, 

H2S04 (dil.) 
CH3CH2--C=C-CH3 + HOH-----~ 

Pent-2-yne HgS04, 70" C 
, (Non-terminal alkyne) 

~ ~ 
CH3CH2CH2-C-' CH3 +CH3CH2-C--CH2CH3 

Pentan -2-one Pentan -3-one 
(Major product) (Minor product) 

(g) Addition of hydrogen cyan~de: The addition of a 
molecule ofHCN occurs in the presence of barium cyanide or 
CuClIHCI (catalyst). Vinyl cyanide is formed. This is an 
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important reagent f.or making polymers such as Orion (Poly 
acrylonitrile or PAN) and Buna-N rubber. 

flH + I Ba(CNh) ~H2 
CH CN CHCN 

Acetylene Vinyl cyanide, 
(Acrylonitrile) 

(h) Addition of acetic acid: Acetylene combines with 
acetic acid in presence of mercuric sulphate or zinc acetate or 

, BF3 (as catalyst) at 160°C. It first forms vinyl acetate and then 
ethylidene acetate. 

CH 
III 
CH 

H 
+1 

00CCH3 
Acetylene Vinyl acetate 

(Vinyl ethaooate) 

H()()CCH3 ) TH
3 

CH(00CCH3 h' 
Ethylidene acetate 

Vinyl acetate on polymerisation fomis polyvinyl acetate 
(PVA), used in' plastic industry and ethylidene acetate on 
heating at 300-400°C yields acetaldehyde and acetic' 
anhydride. 

/
00CCH3 Heat 

CH3CH"" ' ) CH3CHO' 
"OOCCH 3 300-400"C Acetaldehyde 

Ethylidene acetate 

+ (CH3COhO 
Acetic anhydride 

(i) Addition of alcohol : In presence ofNaOH or KOR 
or a mercury. salt, acetYlene reacts' with alcohol (AlcoQolation 
of alkynes) to form ethyl vinyl ether. 

Ace,tyiene 

HC===CH ,+ CH30H 
Acetylene 'Methanol 

Ethyl vinyl ether 

CH3 

I 
CHO 

Acetaldehyde 

+CzHsOH 

BF3 
HgO) H2C=CH-0-CH3 

Methyl vinyl' ether 

e a!' 

CH10H 
) 

Such a reaction is termed vinylation. 
(i) Addition of ozone (Ozonolysis): Acetylene 

combines with ozone in presence of some inert solvents such 
asCC14, CHCl3 orCH2Cl2 at low temperature (196--200 K) to 
form an ozonide which on decomposition with zinc dust and 
water or H2IPd (reductive cleavage) yields glyoxal. 
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CH CCl4' " /' CH~O, ,CHO' 
III ,/ I I, Zn!lI2q I" + H ,0' 

'+03 ~ 0,' ," , 2 2 
CH 'CH-O -Zno CHO 

Acetylene Ozonide Glyoxal 

~ 2HCOOH 
Glyoxal is further converted into formic acid. Formic acid 

0, 

1\ Zn/H20 
CH3 -. ~-:-CI H ) I (-znO) 

0-0 
Propyne ozonide 

CH3-C-C-H 

! A 
Methyl glyoxal 

(2-Oxopropanal) 

[Higher alkynes form diketones which are further 
oxidisedto carboxylic acids. 

R-C===C-R' +03 
Alk:yne 

o 
CCl4 /, 
~'R-H-R' 

·0-0 
Ozonide 

Reductive 
" cleavage 

R-C~C-R' + H20 2 ~ R-COOH + HOOC-R'] 
II II ' , A~ids' ' o 0 

. Dia1ky1 glyoxal 

(k) Self addition or polymerisation: Acetylene . 
undergoes polymerisation yielding different types of 
polymeric compounds under different conditions : ' 

,(i) ,Cyclic polymerisation: When, acetyle~e is passed, 
through a red-hot metallic tube at 600°C, cyclic polymeri
sationtakes place with the formation of benzene.' 

3HC==CH 'I Red hot 0 
Acetylene (~g!~) ~. 

. , Benzene, 
Propyne on heating trimerises under similar, conditions 

and formsmesitylene (1 ,3,S-trimethyl benZene). 
CH3 

3CHr-C==CH Red hot iron tubi 0'" 
, Heat HC 

Propyne 3 ~ CH3 

, . Mesitylene 

(ii)Acetylene dissolved in tetrahydrofunin polymerises , 
into cYclo-octa-l,3,S,7-tetrene in presence of Ni(CNh and 
under ~igh pressure. 

, 4HC-CH 
Acetylene Tetrahydrofuran 

(Solvent) 
High pressure 

CH-:-CH 
/ "-HC' cn 

II II 
HC CH 

"- / CH=CH 
Cyclo-octatetrane 
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(iii) Linear polymerisation: When acetylene" is 
passed into cuprous chloride solution containing NH4Cl, 
linear polymerisation occurs forming monovinyl acetylene 
and divinyl acetylene. 

HC===CH + HC===CH 
Acetylene 

CU2Cl2 
--~~ H2C=CH-C==CH 

NH4CI Monovinyl acetylene 
(Two molecules) 

HC-CH 1300. molecule 

H2C=CH-C==C - C;fI=CHi 
Divinyl acety16iie' . 

Vinyl acetylene on reduction with H2 /Pt in:presence of 
BaSO 4 forms buta:-l,3-diene. 

H2/Pt 
H2C=CH-C==CH ) H2C=CH-CH...:-CH2 

Vinyl acetylene (Ba804) , Buta-I,3-diene 

Butadiene and vinyl cyanide form polymer Buna 
N-syntbetic rubber: 

Butadiene adds to acetylene (Diels-Alderreaction)to 
form addition product. 

~CH2 
CH 
I 

CH 
+ III 

CH CH 
~CH2 Ethyne 

/CH2" 
HC CH -' II II 
HC CH' 

"CHr' 
Buta-l ,3~diene Cyclohexa-I,4-diene 

But if 1 ~alkynes react with Cu 2Cl2 con~ining NH4CI and 
air, oxidative coupling takes place and dimerised products are 
formed. 

Cu2Cl2 . ) HC=C-C==CH + H2 
NH4CI,air 

HC==CH + HC==CH 

CU20 2 
2R~=CH, ) ,R-C==C-C===C-R +H2 

~CI,air 

When monovinyl acetylene is treated with HCI. it forms 
chloroprene which is used for making synthetic rubber like 
substance; neoprene. 

Cl ' 

HCI I 
H2C-:-CH-C==CH ) H2C-.:-CH-C=CH2 

Vinyl acetylene 2-Chlorobuta-l,3-dJ.ene 
(Chloropr~ne ) 

(iv) When acetylene is heated in presence of spongy 
copper or its oxides, a cork like substance cuprene is 
produced. This is'used in the manufactUre of linoleum. 

(I) Addition of arsenic trichloride: . In the presence of 
a11hydrous aluminium chloride, acetylene combines with AsCI 3 

to yield,Le\.vii;ite, a powerful poisonous gas. -

He CH +CI-AsCl2 ~ CICH=CHAsCl2" 
Acetylene 2-Chlorovinyldichloroarsenic 

(Lewisite) , 

.. 
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It is more poisonous than mustard gas and was u800jn 
World War~II.The British chemists developed an antidote for .• 
Lewisite and natIled it·as BAL (British Anti Lewisite) . 

'CH2~H-CH2 . 
I . I' I . 
8H 8H OH 

BAL 

' .. 

. .... (m) Alky,!ylation of carbo'}yl compounds :. Terrnm.· al .. ' 
aJkynes (contalQUlg -:-:-CH, a methme hydiogenatom) can add . 

... on to. > c=o gro.up in presence of sodiuq1 alk~xide or·' 

copper acetyli(l~ catalyst and. formalkyndiol (along with small. 
atIlount of alkyneol),' This is called alkynylation or 
ethinylaticu. . . 

H 
,8$ I 0._ RONa. .... .' .'. 

(1) HC==C-H + H-C . 0 ........,-4. HC==CCH20H 
. , '. Ethyne" Formaldehyde . Prop~2~yn~1-ol 

H 
. ··1.··· ....... ' .. ' ."; 

HC==C-CH20H+H--,-CO ~ HOCH2C==CCH20H 
. ." But-2-yn-l,4-di'ol .' 

(ii) CH3--"C=CH+ H-'-C~Hj CH30Na) 
Propyne '. . .' II .. ' . 

.. ' O' 

Acetaldehyde 
. . '. . . 

. CHr ":C=C-.-:.CH2-CH3 ·· 
. . r .,' . . . . . OIl .. 

. .. . ".' . 

. . .... \,' V . CH3 

'·'(iii)CH3~~-~i +O==='C( .•... ' ... ~~ 
'., CI:I

3 
. 

'. Acetone· 
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. (0) Som~ other addition reactions rim be sumrnemed as: . 
. '. .... . .. ..... '.' NaNH

2 
.. ' ... ' '. . . 

(i}'HC~H+CH2~fh 'H
2
0)HC .··C-CH2CH20H .....•..... '.~ ..... 

.' 'Ethyleneoxide .... . .; 
O' OR 

';. ....... ·.11 NaNH ··.1 
(it) CH3C~CH+CH3CC2Hs ···.H()2) CH3C==C-C-C2Hs 

Ethylmethyf 2 .· .. I 
ketone . CH 3 . 

. (iii) Propargylicbromination .' 

............... ' •........... : ..... ~.' .. ' . '. 

. '. •• .... .CH2--:C "" 
(:Hr-C==CH+ I. .' /NBr 

Propyne" . CH2-C/. . .'. . II 
o 

N-Bromosuccinilllide . 
o 
II 

.' '. '.' ..... ' ....... CH2-C 

.. BrCH2-c~H+1 .' )NH 
, '. Propargyhc.. CH2-C 
. .... . .' . bromide'· .' II .'. . 

' ...... ; . " ...... O. . 

(3) ~ea~don$with$illphur, 'ilitrogenand ammonia: 
'. . .'. • '( a)Wben acetyleoeispassed .oVerheated iron pyrites at 

300°C. ifoornbines with stllphur to form,tbiQpb~Jie. 

.. ·······~2+s'S·~!L~~-
rhloPhette ' 

(tl)'Wb~~ari:el¢ctric SP~ki$"pas~ed througpa.rmxmte 'of . 
.' .. ' ..... '.. .... .' '. ···ac~tYletiemld!Ilittqgen,hydtQcyanieaciid is form~. 

·CHr -. C' C,'/ .. ,.CH3>.· .... :.:, .... :... '. '.. ". ... 
. '. '. . )c«.> ' + LtCl .. ' 'ciII1'+,Ni E~:~c)2HCN .' . 

. ',' ..•... ' .... .'/... ..... ..{ HO CH
3 

. . ..... (c)~cetyletie:~ombine!?Witharrimonia at high 
. ' ...• (iv)Terrilin:~ralkyne(R~C-H) on reaction with temperatnreto·fol1l1Pyrrolew 

certain hydroxy compounds can also undergo, ethiny1ation . . ~Ii ". ' ... ' p <. CH~H 
. "2111' +NH3 ... e-Pyrite) 'II '11 +lIi·· 

. 'witbtheremoval ofHiO,. CH ' ... ,Heat CH CH 

H--C==C-JI +H.oCHtl\JR2 ~ H-C-C~CH2N~2 Acetylene "¥. 
+lIo··· . .... .H 

. (nJ CarbonylatiQn :Acetyl~ereactswit1i(CO +I-I~~) .•. . .' .... ' .. ' . .. .....':. . pyrroie 

'or (CO + R0H)~n~esence of nickel<:atalyst~ndfo:rins(4)OXidati6n'::DifferentoXidation' pn>ductsare. 
. a.~Wlsaturatedacid o:r estet.. '.. ' . obtained with differentreagents:. .... 
. . '.. . .... . . (a).BunJing (CQm~ust,oQ):A(:etylene burps'. with 

.. a~===CH+CO+Hi) .'. Ni\. lItC 'CHCOOH .. slJ1okyflameirlexCessofaitUndercontrolledstipplyofair, it 
..... ..' '. .'. .• '. •..... Prop-2-erioic acid ; ·bwns;WitIia brig)lt lighfwhi~h:is;ilijuriQuS· to eyes> The 

. . ..... '.' . . burning'isrughlY.· exothenmc'ait& al&ieaniount of heat is . 
. 'HC==CH +CO+HOCH3 Ni·).· H2C=CHC()OCH3 ptoduced;TheoxY~aeetylene;flanie(blue.flatne)is used for 

. Ester 



welding and cutting purposes and gives a temperature of about 
3500°C .. 

2C2H2 +502 ~ 4C02 +2H20; AH=-1300k) 

(b) With alk. KMn04 solution: Acetylene is finally 

converted into oxalic acid with cold, dilute alk: KMnO 4 

solution and pink colour of the soluti9n is dischargoo. 

CH Alk. KMn04 COOH 
1\1 + 4[0] ) I 
CH COOH 

. Ethyne Oxalic acid 

Alk.KMn04 
CH3C==CH +[0] . ) CH3-C-C---OH 

Propyne 25-30"C . A A 
. 2-0xopropanoic acid . 

(Pyruvic acid) 

Alk. KMn04 
CH3 -C==C-CH3 + 2[0] 30"C) CH3-C-

11 
C

11
-CH3 

But-2-yne 
o 0 

B\ltan -2.3-dione 

10 + H20]) 2CH
3
COOH 

EthaD.oic acid 

(c) With acidified KMn04: ,Acetylene is converted 

into formic acid with a rupture of triple bond at high 
, temp~ature. 

CH 
III + 3[0] + H20 ~ 2HCOOH 
CH Fonnic acid 

Acetylene 

R-C==CH+3[0]+H20 Heat) RCOQH+HCOOH 

(d) With hot acidic or alkaline KMli04 : 

CH3 ......,...C=CH +[0]' lOO-llO"C) CH COOH +CO 
KMn04 3 2 

Propyne 

In contrast, non-terminal alkynes on oxidation with hot 
alkaline KMnO 4 gives only carboxylic acids. 

For example, 

CH3-C==C-CH3 +4[0] 
.But~2-yne 

CH3CH2C-C-CH3 +4[0] 
Pent-2-yne 

Alk. KMn04 

lOO-110°C ) 

CH3COOH + HOOCCH3 
Ethanoic acid (2 moles) 

Alk. KMn04 

100-110"C 

CH3CH2COOH + HOOCCH3 
Propanoic acid Etbanoic acid 

So, it is possible to detennine the position of triple bond 
in an alkyne molecule by alkaline oxidation with KMn04 . 
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(e) With SeOz (Selenium . dioxide) : Acetylene is 
oxidised to glyoxal (ethane-I,2-dial) with se02. 

CH CHO 
III + 2[0] se02 ) I 
CH CHO 

Ethyne Glyoxal 

Se02 
CH3-C==CH +2[0] -~)CH3COCHO 

Propyne 2-Ketopropanal 

(I) With chromic acid (KZCrZ0 7 + HzSO 4): Acetylene 

is converted into acetic acid and orange colour of the dilute 
acidified dichromate changes to light green. 

CI1IH c
I
H3 

+ H20+[0] ~ 
CH COOH 

Acetylene Acetic acid 

Oxidation of alkyne is slower than that of alkene. Thus, 
only double bond can be oxidised leaving behind triple bond. 

CH3C=CCH2COOH +C2HsCOOH 

Peroxy formic acid (HC03H) hydroxylates'C=Cwithout 
affecting C=C bond. 

HCOOOH 
C2HS-C C-CH=CH2 ) 

C2Hs-C==C-CH-CH2 
I I 
OH OH. 

(5) Substitution reactions: When acetylene is passe9. 
through sodium hypochlorite solution at O°C in absence of 
light, hydrogen atoms are replaced by chlorine atoms with the 
formation of 1 ,2-dichloro~thyne. • 

CH CCI 
III NaOCI ) III 
CH O°C CCI 

Ethyne 1,2-Dichloroethyne 

(6) Isoinerisation: (a) On heating with alcoholic 
KOH or NaNH2 in inert solvent, the triple bond of l-alkyne is 
shifted toward~ the centre to form an isomeric 2-alkyne. 

CH
3
CH2-C=CH AlcoholicKOH) CH

3
-C===C-CH3 

But-l-yne (Heat) . . But-2-yne 

(b) On heating with sodamide (NaNH2 in liquid NH3), 

the triple bond shifts towards the end. 

NaNHa · H20 
CH3-C=C-CH3 ' ) CH3CH2-C==CNa ) 

But-2-yne (-NH3) Sodium alkynide 

CH3CH2-C-CH 
But-l-yne 

• 
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(7) Oxidative-Hydroboratio .. : Alkynes react with BH3 (in THF) and fmally converted into carbonyl compounds. 

3C~3-C==CH BH3, THF ) . (CFi3~H'-:""CH-hBHP2' OH; 3CH3-CH ~ Tautomerise\· 3CH3CH2CHO 
Propyne Propanal 

Thus, this method is useful for preparin,g aldehyde from terminal alkyne, which is otherwise not possible by hydration. 

o 

CH3-C==CH 
. Propyne 

H2S04 e II 
.------.....::....-.:...--+ CH3-C-CH3 

HgS04 Propanone 

(i) BH3> TIIF . 
'------+ CH3CH2CHO 

(ii) H20 2, OH- Propanal 

Higher ketones can also be prepared by this method. 

o 

rHO 
~. I 

R-CH=C-CH3 

(enol) 

T · ?! 
automenses) R-CH2--':"C-CH3 

. Ketone 

o 

CH3-C==C-CH2CH3 
.. Pent-2-yne 

(i) B2H6, THF II II 
------''--'--~) CH3-C-. CH2CH2CH3 +CH3CH2-C-CH2CH3 

(ii) H20 2• OH- . Pentan-2-one . Pentan-3-one 
(Major) (Minor) . 

Aldehydes can likewise be prepared from terminal alkynes, but to avoid complications due to double addition.of diborane, 
bulky sterically hindered boranes such as (1,2-dimethylpropyl) borane commonly known as disiamylborane (R2BH) is used in 

place of ~H6' 

(i)R2BH 
CH3C==CH ----=----"7) CH3CH2CHO 

Propyne (ii) H20 2, mr Propanal 

Here, R2BH (abreviated as Sia2BH) is disiamylborane, i.e., [(CH3hCH-CH-hBH. . . I . .. 

CH3 

Uses: (i) Acetylene is used as an illuminant. 
(ii) It is used for the production of oxy-acetylene flame. The temperature of the flame is above 3000° C.1t is employed for 

cutting and welding of metals. 
(iii) Acetylene is used for artificial ripening of fruits. 
(iv) It is used as a general anaesthetic under the name Naracylene. 
(v) Acetylene has synthetic appliCations in synthesis of cis and trans alk~nes and methyl ketones. It serves as a starting 

material for the manufacture of a large variety of substance like acetic acid, ethyl alcohol, vinyl plastics, synthetic rubbers such as 
Buna N and synthetic· fibres such as Orion. 

(vi) On electrical decomposition acetylene produces finely divided carbon' and hydrogen. Hydrogen is used in airships. 

7.11 . TESTS OF UNSATURATION 
Unsaturation means the presence of double or triple bondlbonds in the molecule of the compound. The tests of unsaturation 

are actually the tests for the detection of double or triple bond. The following two tests are generally performed for unsaturation .. 
. 1. Baeyer's reagent: It is 1% KMnO 4 solution containing sodium carbonate. It has pink colour. To an aqueous solution .of 

the compound a few drops ofBaeyer's reagent are added. The pink colour of the solution disappears on shaking and a brown 
precipitate of Mn02 appears. The decolourisa,non of pink colour indicates the presence of unsaturation in the compound. 

Note: . (a) This test is also given by aldehydes qr primary and secondary alcohols which are readily ox!.dised. . . 

. (b) AJk_ wiiliohy hydroge. atom on ... =tOn £0.- "" double bo.d [:> c <: 1 do 001 ,oow "" .. ,,' 

2~ Bromin~arbon tetracbloride test: The compound is dissolved in carbon tetrachloride or chloroform and then a few . 
drops of5% bromine solution in carbon tetrachloride are added to it. If the colour of the bromine is discharged, i.e., disappears, it 
indicates the presence of unsaturation in the compound. 
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Note : This test also fails in the case of alkenes of f!!e type 

Besides the above two tests, l~al.k)'nesgive a white precipitate when passed through allllri6niacal silver nitrate solution 
(Tollens' reagent). . ., .. 

The double and triple bonds are located by the identification of the products of ozonolysis . 
. Degree 01 Unsaturation 

The number of pairs of hydrogen atoms that a-molecular formula lacks to be an alkane (CnHZn+Z) is called degree of 
unsaturation and this value is also called the index of hydrogen deficiency. 

For example, amolecularformula, C4H6 has 2° ofunsaturation, because a molecule with four carbon atom needs IOH atoms 
to be an alkane. It has 4Hatoms (or two pairs of hydrogen atoms) less than alkane. 

. (C~H6 +2Hz ~C4HIO) 
So, C 4H6 with 2° of unsaturation can· have the following possible isomers: 
(i) H2C=CH-,CH=CH2, or :H2C=C=CH-CH3 ; 

(ii) HC-C-CH2-CH3, or H3C-C==C-CH3; 

(iij) 1: or l or 1 or D; 
The number of degree ofunsaturation in a hydrocarbon is given by: 

(iv) LSJ 
2nl +2-n2 

= 
2 

where, nl is the number of carbon atoms; n; is the number of hydrogen atoms. 

F· I . C H h d f .'. 2 x6+2-12 or examp e, m 6 12' t e egree 0 unsaturatlon IS =, 2 = 1 

So, C6H12 with 1° ofunsatuiatiol1 can have different arrangements. 

(i)~ or'~ ,or ~ 

(ii)~. or ' 

(iii) >=< or or 

(iv) 0 or or 

Other examples have the following degree of unsaturation: 

(i) C6H6 ---t 4° (ii) CSHg ---t 2° 

(iii) C7HlO ---t 3° (iv) CgH12 ---t 3° 

(v) ClO H16 ---t 3° (vi) C12HlO ---t 8° 

(vii) C3H3Cl3 (It is like C3H6) ---t 1° (viii) C3H40 (It is like C3H4) ~ 2° 

(ix) C4HsN (It is like C4H4) ---t 3° . (x) CsH9CI (It is like CSHlO) ---t 1° 
Hence, degree of urisaturation induces double bonds, triple bonds and rings. 

ILLUSTRATIONS OF OBJECTIVE QUESTIONS 

J. The shape of but-2-ene is: 
(a) planar 
(c) linear 
~ns. (a)] 

(b) . tetrahedral 
(d) pyramidal 
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2. The molecule that will have dipole moment is; 
(a) trans-3-hexene 
(b) trans-2-pentene 
( c) 2,2-dimethyl propane 

(a) cis-l,2-dichlorobutane 
(b) trans~2,3-dichloro-2-nexene 
(C) cis:l,2-dichloro-l-hexene 
(d) trans: r ,2-dichloro-I-hexene 
t\ns. .(d)] . 
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(d) 2,2,3,3-tetramethyl butane 
~ns; (bH 5. I-Pbenyl-2-chloropropane on treatment with alcoholic 

3. Which of the following cannot be obtained by oxidation of 
alkenes with potassium pennanganate followed by acid 
hydrolysis? . 
(a) Carboxylic acid (b) Aldehyde~ 

KOH /sives.mainly: 
(a) l-phenylpropan-l-ol . 
(c) I-phenyl propene 
t:\ns. (c)l 

(b) I-phenyl prop~-2-o1 
(d) 2-phenyl propene. ' 

(c) Ketones (d)C02 ' 6. Allene' (C3 H4 ) contains: 
~DS. (b)] , 

4. Find the identity of compound [B] in the following reaction 

sequence; 

HC-C-r--:Na + CH3CH2CH2CH2Br ----? [AJ, 

[A] + C12. ----? [BJ 
11l1Ole 11l1Ole 

7.12 INTEACONVEASIONS 
(i) Conversion of ethane into ethene : (Alkane into alkene) 

CH3-CH3 
,Ethane 

(ii) Ethene into ethane: (Alkene into alkane) 

.. (iii) Ethane into ethyne (acetylene) : i.e., alkane into alkyne 

(iv) 'ltthyne into ethane: . (Alk:yi1e into alkane) 

(v) Ethene into propene: Ascending in alkene series. 

(a) one triple' and two double bonds 
(b) two double and four single bonds 
(c) two triple and one double bond 
(d) . one double bond and one triple bond 
t:\ns. (b)] 

Ale. KOH) HC eM 
or NaNH2 Ethyne 

HI KCN [H] HN02 H2C=CH2 ~ CH3CH21 ~---+) CH3CH2CN . ) CH3CH2CH2NH2 ) . CH3CH2CH20H 
Ethene Iodoethane . Propane nitrile Reduction Propan-l-amine Propan-l-ol . 

(Ethyl cyanide) I 
PBr3 

. Ale. 
CH3CH==CH2 (KOH CH3CH2CH2Br 

Propene l-sromopropane 

Or H2C=CHz ~ CHjCH21 Li(CH3h Cu
) CH3CH

2
CH

3 
Ethene Iodoethane . Propane 

.Alc. ) CH
3
CH=CH

2 
KOH Propene 
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H C CH HI CH CH I CH3I1Na' CH CH CH 2= 2~ 3 2' ) 3.23 
Propane 

(vi) Propene into ethene: Descending an alkene series. 

CH3-CH=CH2 
Propene 

03/H2
0 ) CH

3
CHO 

Ethanal 

(vii) Acetylene into propyne (methyl acetylene): (Ascent) 

HC==CH Na)' HC==CNa 
Acetylene Monosodium 

acetylide 

CH3I) HC===C-CH3 
Propyne 

(viii) Propyne into acetylene: (Descent) 

. Lindlar's catalyst C CH~CH OJ/H20 
CH3C=CH ) H3 - 2 ---7) CH3CHO 

Propyne Propylene Acetaldehyde 

(ix) I-Butyne into 2-pentyne : (Ascent) 

PCls ) CH3CHCl2 
Ethylidene 
chloride 

C-f"'ll NaNH2 CH C-r<' CH31 CH CH C-r<CH CH3CH2 ==\..-ll· ) CH3 2 ~-Na ) 3 2- ~ 3 

But-l-yne . Pent-2-yne 

(x) l-:Butyne into 2-pentanone: (not more than three steps) 

~~) HC=CH 
Acetylene 

7.13 SEPARATION OF ALKANE, ALKENE AND ALKYNE OR SEPARATION OF ME"rHANE 
OR ETHANE, ETHYLENE AND ACETYLENE 

The gaseous mixture is passed through ammoniacal cuprous chloride solution. The alkyne (acetylene) reacts with Cu 2Cl2 and forms a 
red precipitate. It is ftltered. The aIkyne or .acetylene is recovered by decomposition of .the precipitate with an acid. 

C2H2+Cu2CI2+2NH40H~ C2CU2 +2NH4CI +2H20 . 
(Red ppt.) 

C2CU 2 +2HN03 ~ C2H2 + Cui(N°3h 
The remaining gaseous mixture is passed through concentrated sulphuric acid. Alkene ( ethylene) is absorbed. The hydrogen 

sulphate derivative is heated at 170°C. . 

. Heat. 
C2H4 + H2S04 ~ C2HsHS04 1700C) C2H4 + H2S04, 

The methane or ethane is left behind. 
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7.14. DISTINCTION BETWEEN ALKANES;' ALKENESAND ALKYNES OR DISTINCTIOt:4 BETWEEN 
ETHANE, ETHENE AND ETHYNE ' 

1. 

2. Nature 

3. Burning 

4. Reaction with H2 

5. Reaction with cone. 

Unsaturated .. . Unsa~ted. 

Single bond between carbon atoms.· D6uble bond between tWocarbo~ Triple bond between two carbon atoins. 
Each carbon atom is sp3.hybridized. a(oms. Bothcarbpnat()msate sl: Both,carbonatoms are sp-hybridized .. 

~C-C~ hybridized . 

. ·.:.·>C·c( 
L34A' 1.20A 

192 kcal mol~1 
Bond length : 1.54 A . 
Bond energy: 83 kcal mql-I 

Burns'with nonluniip.ousflame. Burns with lUminous flame. 

~H6 + ~. oi ----:-7 2C02 + 3H20 HC2H4 + 302 2C02 + 2H20 

Forms alkane forms alkene and alkane; 

C"H2n + H2'~ CIIH2n+£ 
.. 300°C Alkane' 

CJ.f . +H .~ CH 
. IT

U

2n-2 . 2 .. 3.00°C Aike~ 

C2H.i + H2 ~ C2H6- . 
C,jH2n + H2 ~ C"H2n+2 

300°C Alkane 

Addition. Addition. 
H2S04 and hydrolysis . ~H4 + H,2S04 ~C2H5H804 ~H2 ~ CH3CH(HS04)2 

7: Baeyer's reagent 
(Alk. KMn04) 

8. Ammoniacal Cu2C12 ' 

9. Ammoniacal silver 
nitrate 

~ ~H50H 
. Alcohol 

Decolourises. . 

Dibromo derivatives,. 

, ~H4 + Br2 . ~ C2H4Br2 

Decolourises. 

Glycol is formed. 

C~. . CH20H 
~. +H20+0~. I .... 
CH2 ' .. ···CH20H 

Decolourises. 

T etrabromoderivatives, 

~H2Br4: 

Decolourises .. 

Oxalic acid is fonned. -

H20) CH3CHO 
Aldehyde 

CH COOH 
III +40·~·1·· 
CH· COOH' 

.Red precipitate 
. Cli. ) CCu 

III + Cu2C12. + 2NH40H. ~ III" 
CH. . ceu 

(Red) 

+ 2NHi::1 :- 2H20 

. White precipitate 

CH .', .C-Ag. 
III + 2AgN03 + 2NH40H.~ III ~. '. . 
CH . . C-J,\g 

. ,. (White) . 

+ 2NH4N03 + 2H20 
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hOME-SOLVED PROBLEMS 

Problem 1. Write the structures of all the isomers of 
dichloroethene. which one of them will have zero dipole 
moment? 

Solution: There are three isomers of dichloroetherie. 

CI-C-Cl H-C-CI H-C-CI 
II , II · II , 

H-C--'-H CI-C-H H-C-CI 
I,I-Dichloroethene' Cis-f,2-Dichloroethene Trans-! ,2-Dichloroethene 

',.(i)·' '(ii) (iii) 

The'structure (iii); i.e., trans,;,isomer has zero dipole 
moment. . 

'f'roblem2.Propene reacts with HBr to give isopropyl 
bromid~ Qut does not give n-propyi bromide .. 

.. ' Solution: The addition of HBr on propene takes place 
in accordance to Markownikoff's rule, i. e., negative p.art ofthe . 
additive goes to that carbon atom which is linked with lesser 
nJ.1ll1ber of hydrog~n atQms. The addition of an electrophile 
involves the intermediate' formation of a more stable 

· ,',. +.'. . +. 
carbonium ion. (CH3hCH is mo~e stable, than CH3CH2CH2. 

. carbonium ion; , 
Problem 3. Acetylene is acidic but it does not react with 

NaOH or KOH. Give reason. 
Solution :~cetylene.is very weak acid. The value of Ka is 

. near about 10:-25 . Thus, it does notreact with NaOH or KOH but 
·.reacts with very strong base such as NaNH2' . " . 

. '. Problem 4;Ethene'01z:treating with Br2 in presence of 

.$odium "chloride forms i:l mixture' of CH2CICH2Br and 
CH2BrCH2Br. Give reason. 

Solution: The . ,addition . of Br2 follows ionic 

,mechanism .. ' The intermediate carbonium ion formed is 
attacked by Br- as well as byCl- given by NaCl: . 

+. 
H2C=CH2 · -' ---'-"::"::---'-"'-:"'~ HiC-CH:i 

. (NaCI ~ + cn '. . 

· .' -c:+Br
-+ . 

H2C-CH2Br .. 

(Carboniumion) . '.+Cl- .' 

BrH2G-CH2Br 
1,2-DibromOethane 

, ,ClH2C-CH2Br 
1-BromO.'2-chloroethane 

~roblem 5.How can you prepare qenzene from lime? 

Solution :CaO + 3C 
Lime Cok~ 

Electric " 'C' C' + CO . .) a 2 fUrnace " . 

CaC2 +2H20 ~ Ca(OHh + C2 H2 
Acetylene 

Red hot tube C H 
, ) 6 6 

Polyineriz!)tion .' 'Benzene 

Problem 6.(a) 2-Mf!thylpropene can be converted into 
. isobutyl bromide by hydrogen ~romide. Write the condition. 

G.R.B. Organic Chemistry (or Competitions, 

(b) Ethyneand its derivatives will give white precipitate 
with ammoniacal silver nitrate solution. ldention the
condition under which this statement is true. ' 

Solution : (a) 2~Methylpropene . reacts with HBr in 
presence of peroxide as' the addition '. occurs . through 
anti-Markownikoff's rule. 

CH3 CI:I3 
. I Peroxide' '. I ' . 

CH3-C=CH2 + HBr ) CH3-:-CHCH2Br 
2-Methy!propene . Isobutyl bromide 

(b) Only those derivatives of ethyne will give white 
precipitate with ammoniacal sHyer nitrate which possess 

. acidic hydrogen atom, i.e., R-C!:1!5!!CH. The derivatives 
,RtC==C-R2 do not give precipitate with ainmoniacal silver 
nitrate. " 

Pro~lem 7. 36.4 g of 1,1,2,2-tetrachloropropane was' 
heated with zinc dust- and the product was bubbled through 
ammoniacal AgN03' What is th~, mass. of. preCipitate 
obtained? Give equations for the reactions involved. . 

Solution: 

CI Cl 
I I 

CH3-C-C-H 
, I I 

CICI 
1,1,2,2-Tetrachloropropane 

(Mol. mass 182) 

Propyne 
(Mol; mass 40)' . 

Mass of propyne obtained from 36,4 g of 
, " 40 ' 

1,1,2,2-tetrachloropropane == 182 x 36.4= 8 g 

CH3C==CH + AgN0J + NH 40H ~ ~H3C=C-Ag 
Ag-salt 

, (Mol. mass 147) 

+ NH4N03 -+ H20 

Mass· of precipitate obtained from 8 g of propyne 
. 147 
=-x8=29,4g 40 .. 

Problem 8. Compound (A) contains only carbon and 
. '. 

: .. hydrogen. It decolourises bromine in CCl4 solution and reacts 
slowly with concentratedH2SO,4- Compound (A) reacts with 
HBr tolorm (B). (B) reacts with NaOH to form (C)~ On 
oxidation (C) gives hexanone.,.3; Write the, structural formulae 
of (A), (B), (C) and explain the reactions involved 

. Solution: (A) is an alkene as it decolourises bromine in 
CCl4 and reacts with'H2S04 • 

(C) is a !!econdary alcohol a'S it forms hexanone-3 on ' 
o~idation. The structure of (C) sho\lld be 

'CH3CH2THCH2CH2CH3 (Hexan-3-ol) 

OH . 

(B) on hydrolysis with NaOH gives (C) thus, (B) should 
, be 
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CH3CH2CHCH2CH2CH3 (3-Bromohexane) . 
. , 

Br 

(A) on HBr addition gives (B) hence, (A) is 

CH3CH2CH=CHCH2CH3' (Hex-3-ene) 

Reactions: 

Br2 
CCl

4 
) 

CH3CH2CHBrCHBrCH2CH3 
H2S04 

CH3Cij:2Ca-CHCH2CH3 ) 

HBr 
-:---7 CH3CH2CH2THCH2CH3 

Br 
Ni:tOH . , 

CH3CH2CH2CHCH2CH3 --' ~) CH3CH2CH2C, HCH2CH3 
, , 

Br OH 

CH CH CH CH· CH CH Oxidation CH CH CH CCH CH 
,3 2 2\ 2 3 ) . 3 2: '21\' i, 3 

OH 0 
Problem 9. Anorganic compound (A), having carbon 

and hydrogen, adds one mole of hydrogen in the presence of 
platinum catalyst to form normal hexane. On vigorous 
oxidation with KMpO 4' it gives a single carboxylic acid 
containing three carbon atoms. Assign structure· to the 
compound (A). 

Solution: The compound.combines with hydrogen to 
form· normal hexane by conswning one mole of hydrogen, 
hence the hydrocarbon is n-hexene. . 

C6H!2 + H2 -:---7 C6H14 
n-Hexene n-Hexane 

. The position of double bond is indicated by its oxidation 
to propanoic acid. Thus, the double bond is_ pr.~sent in the . 
middle of the chain (a symmetrical alkene). 

CH3CH2CH=CHCiI2CH3 
Hex-3-ene 

.~~. 
2CH3CH2COOH CH3CH2CH2CH2CH:zCH3 

Propanoic acid n·Hexane . . 

P~obJem 10. How is the structure. of an. at/rene 
determined? 

·Solution: Ozonolysis is the best method for locating 
the double, bond position in 'unknoWn alkene. An alkene is 
treated with ozone in an inert solvent to form an ozonide. The 
ozonide is treated with Zn/H20 to obtain the carbonyl 
compounds., The structure of' the carbonyl compounds 
depends upon the structure of the alkene. The following points' 
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should be kept in mind while deciding the ,structUre of the 
alkene: ., 

H 
r 

1. -:-CH2 gs:oup gives formaldehyde, O=C~H 

H 
. ' I, 

=CHR group gives aldehyde, Q=C-R 

R 
. ' \ 

=CR2 group gives ketone, O=C~R 

2. When only one aldehyde or one ketone is obtained, the 
alkene is symmetrical with respect to double bond. ' 

.3. The structures of carbonyl compoUnds are wr;ittenin 
such a way that the carbonyl groups face each other. 

R2 R4 , , 
Rj-C=Q '. 0= C-R3' 

(A) . (B) 

4. The '-:".0 of both the compounds is removed and linked, 
through a double bond. This is the structure of unknown' 
alkene. 

R j , Ri, R3, R4 are either hydrogen atoms or alkyl groups 
or both. 

Problem 11. An olefin was treated with ozone and the 
resulting ozonide' on . hydrolysis gave 2..pentanone and 
acetaldehyde. What is the structure of the original olefin? 
Write equations for the reactions involved, . 

Solution : 'The products of ozonolysis are .2-poo.tanone , 
and acetaldehyde. Writing the structure of both the carbonyl 
compounds. 

C3H7"'- _ 
/C-O. 

H 
Q=C/ 

,'. "'-CH
3

' CH3 
Pentan-2-one Acetaldehyde 

Removing =.0 of the compoUnds· and linKing both 
,through double bond, we get the alkene., 

C3H7,~, /H 
C=C 

CH3/~CH3 
Thus, the alkene is3-methyl hex-2~ene. 
Reaction :, 

C3H7 ' '. -H, CR' I 
.. ' ". ". ../ . ", 2C Z 

" . /C=G"" + .03 -
CH3' ,. CH3 

, Acetaldehyde, ,Pentan-2-one 



Pr~blem 12 .. Writfi! the strUcture and give ·the ]UPAC 'name of the alkene which gives only pent'dn-2-one onreductive 
ozonolysJs:'Give equations, ' 

· :Solll~iori: As the alkene gives only pentan-2-one, it is symmetrical. Writing the structure of pentan-2-one, 

C3H 7",' " 

'. /C=O. 
CH3 ' 

, ,". ,C3H 7 "", . /C3H 7 

/C=C", 
CH3 "CH3 

Hence, the alkene is, 

Problem i3. Write the structure oj the isomeric butenes and name them. Give the products obtained on reductive 
ozonolysis. , 

~... ' 

Solution : Butene exists in three isomeric fonns: 

CH3-CH2-CH=CH2 
But-I-ene 

CH3-CH=CH-CH3 
But-2-ene 

But-I-ene on reductive .ozonolysis gives propionaldehyde and formaldehyde. 

But-2-~ne on reductive ozonolysis gives only a~etaldehyde; 
2-Methylprop-l-ene on reductive ozonolysis gives acetone and formaldehyde . 

. Probiem 14. Effect the following transformations: 
, (a) CH~CH2CH2CH21 to CH3CH2CH2CH2Br 
(b) CH3CHBrCH3 to CH3CHCICH3 

,'(c) CH3CH2CH20H to CH3CHOHCH2CI 
,Solution :' 

CH3 

I 
CH3-C=CH2 

, 2-Methylprop-I-ene 

AI ' HBr 
(a) 'CH3CH2CHitH21 KO~) CH3CH2CH=CH2 'R-O-O-R) CH3CH2CH2CH2Br 

(Peroxide) 

:(h.) , 'CH3CHBrCH3 ~~) CH~--:-CH CH2 HeI) CH3CHCICH3 

.(cf CH3CH2CH20H H~:~4) CH3-CH=CH2 HOCl) CH3CHOHCH2CI 
, . . \ 

Problem 15. Account for the following: . , 
· (aJtheC1tii5C distance is shorter thanC=C and C-;C distan'Ce. 
(b)Thi? stability of alkenes is in decreasing order of substitution by R. , . 
. Solution: (a) . The carbon-~arbon distance depends upon the shielding of carbon. nuclei by bonded electrons. In the . 

carbon nuclei i,s,sh~elded by six electrons while in C=C andC-C by four and two electrons respectively. As a result of this, th~ 
, ,'carbon atoms' come closer and undergoing more of overlapping of atomic orbitals and thus form stronger bonds. 

· Itcm also be explained on the basis -of hybridization concept. Iii C=c, each carbon, atom is sp-hybridized while in C=C and 
C~"each carbon atom is sp2_ and sp3 ~hybridized respectively. More the. s-character of the orbitai, shorter will be bond formed, 

f( :by~e orbitafIn sp, thes-character is maximum, hence CC distance is minimum.-:-· 

'.- ',. :. 
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(b) According to Saytzeff's rule, stability of alkenes 
depeflds upon the substitution in CC bond. More of 

. substitution by R, the more stable is the alkene. Hence, the 
.. order of stability is: 

R2C---':CR 2 > R2C=CHR > RCH=CHR > 

RCH= H 2C > H2G-CH2 

Problem 16. .Write the structural and steredisomers of 
pentene, CSHIO and compare their stabilities. , 

Solution : . Pentene exist in the following isomeric forms: 

CH3~H2CH2-CH=CH2;· CHr ....... CH2-C-H 
Pent-l-ene II 

CH 3-CH 24-H 

H-C~H3 

Pent-2-ene (trans) 
, . 

CH
3
-C .. CHCH3 ' 

, I' 
CH3 

H3C- C:........H 

Pent-2-ene (cis) 

; CH37'-CH2-C=CH2 
I 

. CH3' 

2~Methylbut-l-ene 

CH3-CH-CH-:-CH2 I . 
,CH~ 

2-Methylbut-2-ene 3-Methylbutcl-ene 

and the stability order is: 

Pent-l-ene < pent-2-ene (cis) <' pent-2-ene (trans) 

< 2-methylbut-2-ene 

(since, stability increases ~ith increasing numbet of 
electron releasing alkyl groups.) 

Problem 17. What are the possible pr.oducts, in order of 
t/ecreasing yield, obtained from the reaction of3-bromo-2,3-
dimethylpentane with alc. KOH? ' 

Solution: 

CH3-C=C-CH2CH3 >CH3-CH-C=CHCH3 ,I I I I ' 
CH3 CH3 CH3 CH3 

(RzC=CHR, trisubstituted) 

> CH3CH-C-:-CH2 
I I ' 

CH3 CH2-CH3 
(RzC=CHz disubstitnted) 

Problem 18. Prepare the following from I-pentene : 

(i) CH3CH2CH2,CHDCH3 (A), 

(ii) CH3CH2CH2CH2CH2D (B), 

(iii) CH3CH2CH2CHDCH2D (C). 

Solution: 

(H) 
BH3!TIlF 

CH3CH2CH2CH=CH2 . ') 

(CH3CH2CH2CH2CH2hB DOAc). (B)' 

(iii) 
BD~!TIlF 

) 

.. 
Problem 19. Write the expected products formedfraw' 

hot KMn04 oxidation o/{i) alkenes"C4Hs',(ii)cyclobutene" 
(iii) l-methylt:yclobutene, (iv) l,2~dimethylcyclobutene .. , 

Solution: 

0' 
.11 ' 

(i) . But-I-ene ~ CH3CH i C-OH +C02 

o 0 
~ ~ 

But-2-ene ~ CH3-C-:-OH + HO'-G-.:cH3 

2-Methylprop-'1-ene ~ CHr~1 .. 0 + CO2 

CH3 

(ii) 
CHr-COOH _I . J 

Cyclobutene 
CH2-C00H 

CH3 
...... CH3 1 

D. CH2-C· O' 
(Hi) - ·1. 

CH~dH 
1. -Methykyclobutene 

CH3 

DC"' 
1 . 

CH2-C=0 
(iv) - I 

CH2-C-0 
CH3 · t 

1,2-!?imethylcyclobiitene . CH3 

Problem 20. Predict the product of the reaction, 

Ph>' . C=c<H . . HBr ) produci 
H . CH3 . . 

[AIPMT (Mains) 2008] 
Solution: 

In the first step of electrophilic addition reac;tion: H+ idd~' 
to that carbon atom of the· double bond whicbcarriesCH1 "'. 
group since, it produces carboc~tion (I} which is stabilized by 
+R-effect of the Ph group. In the second step, the micleophile.; 
Br- attacks the carbocation (I) to give l-bromo-l-phenyl~ 
propane (II). . 



Ph) " ~<H H+ Ph) + 
C=C " ) C-CH2CH3 

H "CH3 (Slow) H 
(1) 

Br-) PhCHCH2CH3 
(Fast) I 

Br 
(II) 

I-Bromo-I-phenylpropane 

I SUPPLEMENTARY READING 

7.15 CYCLOALKANES 
'Cycloalkanes are carbocyclic saturated hydrocarbons in 

which ~bon atoms are joined by single covalent bonds to form 
a ring."" They form a homologous series of general formula 
C n Hzn . They are also tenned alicyclic because of their 

similarity to aliphatic compounds. Some of the members of 
this series are: 

CH2 " 

HzCDCHz 
Cyclopropane 
(Trimethylene) 

H2 
/C"",-" 

H2C CH2 
"I I 

HzC--CHz 

Cyclopeiitane 
(Pentarilethylene) 

Cyclobutane 
{Tetramethylene) 

Hz 
C 

H2~ 'L:Hz 
I I 

HzC" C-......... CH2 

Hz 

Cyclohexane 

Note:" For nomenclature see Chapter3. " 

A 

'( 

Cycloalka'ites are, usually represented" by simple 

geometrical figures: a triangle (D.) represents 

cyclopropane; a square ( ) cyclobutane, a.pentagon 

( ) cyclopentane; a hexagon ( 0 tcyclohexane and 

so on. Each corner of the geometrical "figure represents a 
-CH2- (methylene) group. 

Hydrocarbons havip.g medium'size rings (Cs or C6 ) are . 
quite stable and closely resemble alkanes. But the compounds 
having rings with carbon atoms fewer than five show chemical, 
properties somewhat intermediate between alkanes and alkenes. 

Methods of preparation : Cycloalkanes are 
synthesised from aliphatic compounds by using ,suitable 
reactions which bring ilbout cyclization. They are also 
obtained" from aromatic compounds: Some of the common 
methods used are: 

(i) From dihalogen compounds (Freund reac~on): 

a.,ro-Dihalides when treated with sodium or zinc form 
cycloalkanes. 
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CH2 

Hzc6cH2 +2NaCI 
Cycl,opropane 

This reaction can be regarded. as intramolecular wurtz 
" reaction. It is useful for the preparation of three to six membered 

rings. 
" (U) From calcium salts of dicarboxylic acids: When 

calcium salts ofdicarboxylic acids are heated, cyclic ketones 
are formed which yield cycloalkanes by Clemmensen 
reduction. 

.. ' o .. , 
II // i 

CH2CHzC4" ! 
I :' "Caz~ 

CH2CHk C-O-/ i 
: II : 
: 0 ~ , ___ .:. __________ 1 

Heat .. CH2CH2""-. 
I /C=O 

CH2CH2 
Cyclopentanone 

Calcium adipare " 
ZnJHg .. 
HCI 

Cyclopentane 

(iii) Dieckmann cyclization-From esters of 
dicarboxylic ,acids: Esters of dicarboxylic acids undergo 
"intramolecular Claisen condensation in presence of sodium or .. 
sodium ethoxideyielding cy:clic j)-ketoesters. The j)-ketoesters 
on subsequent hydrolysis and heating (decarboxylation) give 

" cycloketones. These onreditction yield cyclic. alkanes. 

:Diethyl adipate 

COOCzH5 

I 
H2C........-CH 

C2Hs9Na ~ I ~C=O 
H2C"c( . 

Heat 
-:--+ 

ZnJHg .. 
HC1 

HZC-CHZ) 
I CHz 

H2C-CH2 " 

Cyclopentane 

(iv) From alkenes: Cyclopropane derivatives are 
formed when alkenes are treated with methylene iodide 
(CH212 ) in the presence of Zn-Cu couple or diaiomethane 
(CHzN 2) and ultraviolet light. 
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CH3-CH=CH2 +CH212 
Propene 

CH3CR " CHCH3 +CH21z 
But-2-ene 

Zn-Cu alloy 
" "") CH3-CH-CH2 

" V 
CH2 

Metbylcyclopropane 

Zn-Cu aHoy 
" ) CH3~HCH3 

CH2 

(v) From aromatic compounds: Six membered 
cycloalkane compounds are conveniently prepared by the 
catalytic reduction of benzene and" its derivatives. 

"0::-... """ I + 3Hz Ni,200°C. 0 
"'-"'- Under pressure 

Benzene Cyclohexane 

0" "I OH Ni,200°C +3H2 • 
" ~ ", Under pressure 

Phenol , Cyclohexanol 

Physical properties: (a) First two members are gases, 
next three members are liquids and higher ones are solids. 

(b) They are insoluble in water but soluble in alcohol and 
ether. ' 

(c) Their boiling points show a gradual increase with 
increase of molecular mass. Their boiling points are higher 
than those of isomeric alkenes or corresponding alkanes. 

(d) Their density increase gradually with increase of 
molecular mass. " 

, Chemical properties: Cycloalkanes resemble alkanes 
in their chemical properties. However, the first two members, 
i. e., cyclopropane and cyc10butane are exceptions which are 
comparatively less stable and tend to break open like a double 
bond and give addition reactions. The similarity of 
cyc10alkanes with alkanes can be attributed to the fact that all 
the carbon atoms in cycloalkanes are sp3 -hybridized forming 

sigma bonds with two neighbouring carbons and, two 
hydrogens. It has been observed that cycloalkanes from 
cyclopentane onwards show hi!$ degree of stability and are 
not affected by acids, alkalies and corinnon oxidising agents 
under usual conditions. 

(1) Free radical substitution with C1 2 , and Dr;!: 
" Cyc10alkanes undergo halogenation in presence of sunlight or 
ultraviolet light. 

CH2-CHCl + HCl 
~/ 

CH2 
Chlorocyclopropane 

H2 
____ C'---

H2c CHC1" 
I"" I ' 

H2C"" C ..... "CH2 

H2 
Chlorocyclohexane 
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(2) Addition reactions: Like alkenes cyclopropane 
undergoes electrophilic addition reactions with ring fission. 
Some of the examples are: 

(CC4) dark 

HBr 

(i) Conc. H2S04 

" (ii) H20 

BrH2CCH2CHiBr 
1,3-Dibromopropane 

CH3CH2CH2Br 
I-Bromopropl\ne ' 

CH3CH2CH20H 
Propan_l-ol 

CH3CH29H3 

" Propane 

Cyclobutane is not as reactive as cyclopropane as it does 
not undergo addition reactions under ordinary conditions. 
However, it can be hydrogenated to n-butane at 120°C. 

CH2-CH2 
I I +H2 
CH2-CH2 
Cyclobutane 

n-Butatie" 

(3) Oxidation : Cyc10alkanes are oxidised by alkaline 
potassium" permanganate to dicarboxylic acids with ring 
fission. 

H2 
C 

H2C"""""" '"'cH2 

I I + 5[0] 
H2C""C........-CH2 

H2 
"Cyclohexane 

Alk. 

7.16 BAEYER'S STRAIN THEORY 

CHz-CH2COOH 
I"" ' 

CHz-CH2COOH 
Adipic acid 

In 1885, Adolf Baeyer proposed his famoustheQry in order "to 
explain the relative stability of cycloalkanes. The theory is 
based,ona purely mechanical concept of bonding._Th~ main 
assumptions of the theory are: 

(i) Since carbon atom is "tetrahedral in nature with aIr the 
four valencies directed towards four comers of a regular 
tetrahedron, the angle between any two bonds should be 
109°28', Any deviation from'thisi,mgle would result in internal 
strain in the molecule. 

(ii) All cydoalkanes are planar, i. e., cyclopropane ring is' 
equilateral" triangle; "cyclobutane ring is a square and other 
cyc16alkane rings are polygons. In the formation of these 
rings, there is deviation from the normal bond angle causin~ a 
lot of strain in the molecule. This stiain"commonly referred to' ' 
as angle strain, would depend up~n the, extent. of sU9h 

. deviation, " 

.. (iii) The deviations from normal tetrahedral angle can be 
calculated as follows: _. 

D~viation = ~ [109°28' bond angle in the planar ring]'. 
2 
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Cyclooutane 

, ", <::ydoPerJ.tane 

Cyciohexane 
, " 

Cycloheptap.e 

, The positive values of deviation mean that the bond 
angles are compressed whlIe negative vaiues in~an expansion 
of the bond angle from the tetrahedral angle. In bQth the cases 
the molecule has been strained. ' 

It is Qbserved that the angle strain is maximum in the case Qf 
.cyclopropane.Thus, Gycloprop~e molecule is a highly strained 
molecule and consequently most unstable. ,The ring. open!) up on 
slight provoCatiQn and thus releasing the strain. The angle strain 
iricyClobutane .is less than thatincyclQPropane.Thus, it nas 
higher stability than cyclQpropane. It undergoes ring Qpening 
reactiQns Qnly under drastic conditiQns ,;18 expected. The angle 
strairi is minimum in cyclQpentane and thus, it is 'mQststable and 
dQes not undergo. ring opening reactiQns. 

From cyclQhexane Qnwards the angle strain CQntinuously 
increases. AccQrding to" Baeyer's ,strain theQry, higher, 
cyclQalkanes ,shOuld' become incFeasinglyunstable and hence' 
mQre reactiv'e,But, cyclQhexane 'and higher members are 
fQund to be quite stable. Thus, it is concluded that the'theo,ry is ' 
valid fQr first three members Qnly, " ' . 

In Qrder to. aCCQunt fQr the stability Qfcyclohexane and 
higher members, Sachse and Mohr (1918) prQPosed that such' 
rings can becQme free from strain if all the ring carbQns are nQt 
forced into' Qne plane but assume a, strain-free' puckered 
cQnfiguration in which each carbQn atQm retains its nQrmal 
valency angle. On this basis Sachse proPQsed two. models fQr 
cyclQhexane-called the bQat and chair forms. MQhr 

, supported .this prQPQsal and'the theQry."became knQwn as, 
Sachse-Mohr theQryQf strafuless rings. ' , 

~. 
, Boat form' . Chair form 

The reactivity. of unsaturated hydrocarbQns (alkenes and 
alkynes) is explained with the help QfBaeyer's strain theory. 
When carbon atQms are linked by dQuble bQnd, the valen~y 
bQnds undergo bendirig and are distQrted from their nQrmal 
directiQns. This bending produces strain in the molecule with 
the result that it becQmes unstable and hence mQre reactive. In -

, acetylene, there is greater strain and hence is reactive. The 
strain disappears when addition QCcurs. . 

7.17 CYCLOALKENES 

Carbocyclic cQmpQundswith dQuble bonds in the ring are 
called cyclQalkenes. SQme,Qf the CQmmQn cyclQalkenes are> 
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" 

1 (109628' 60°) = 24 °44' 
2 

1 (109°28' _ 900) = 9°44' 
2 

.!.(109°28' 108°)=0°44' 2.' , 

1 (109028'- 1290) = _ 50 lt)'" 
2 ' ' 

! (109°28' ,-'-128°34') - 9°33' 2 "" 

, 6 

Q 0:0: 
, .3 , 

CyClobutene Cyclopentene Cyclohexene Cyclohexa-l,4-diene 

. CyclQalkenes can be easily obtained by Diels-Alder 
'reactiQn. These cQmpQunds undergo. the electrQphilic addition 
reactiQns Which are characteristic Qf alkenes, while the ring 
remains intact. Cycloalkenes decolourise the purple CQIQur of 
dUute CQldKMn04 Qr redcQIQur Qf bromine in carbQn 
tetrachloride. 

. CJ:clopentene 

y-Br 
Br 

1,2-Dibromo-cyclopentane . 

0+0 + H
2
0 KMn04 (aq.),. YaH Cyclopent-l-ene 

7.1ffOIENES 

OH 
Cycfopentane-l,2-diol 

These are hydrQcarbQns with two. carbon-carbQn dQuble 
bonds. Dienes ,are of three types: 

(i) Conjugated dienes : Double bonds are separated by 
, one single bQnd. FQrexampie, 

Buta-l,3-diene H 2C==:!CH----CH =CH2 

, (H) Cumu'ative dienes: Double bonds are adjacent to. 
'each other. FQr example, 

Allene (PrQpadiene). H2C=C=CH2 . 

Buta-l,2-diene CH 3 ----CH=C=CH2 

(iii) Isolated or Non--conjugated dienes: DQuble bonds 
are separated by mQ~ than Qne single bond. FQr example, 

Penta-I,4-diene H2C=CH-CH2----CH=CH2 

. The general fQrmula of dienes is Cn H2n- 2• Dienes are 
iSQmeric -with alkynes. The most impQrtant class of dienes is 
that Qf conjugated dienes. Their chemical properties are 

, different frQm those of Qrdinary alkenes. Thepredominent 
. ,member Qf this class is Buta-l,3-diene. 



'. 
Unsaturated Hydrocarbons 

Delocalisation of electrons and stability of conjugated 
dienes : In, buta-! ,3-diene, a11 the carbon atoms are in a state 
ofsp 2-hybridization. The three sp2-hybrid orbitals of each 

carbon lie in the same plane and'are atangle of 120° to each 
other. Each carbon atom in buta-l ,3-diene has anunhybridised 
p-orbital ofCI or that ofC3• Similarly, the orbital at C3 can 
overlap with that ofe2 orC4 to form X-bonds. Therefore, the 
four x-electrons of buta-l ,3-diene are delocalised over all the 
four carbon atoms. This delocalisation of x-electrons makes ' 
the molecule more stable. 

or 

H>VVVV<H C-C-C-C 
H 8--(J 8--(J H 

Overlap ofp-QrbitaIs in a 
conjugated diene to fonn 

Parti.81 double 
bond character , 

H>VV-fJfJ<H 
C-C-C-C 

H M.61J H 

Delocalisation of 1t-electrons 
or 

C> <J 
HzG-CH-C.H-CHz 

C> <J 

two double bonds " . 
The central carbon atoms in this molecule are close to 

each other and there is a possibility of overlapping between 
p-orbitals of C2 and C3• Tliis gives the partial double bond 
character to the central bond. Rotation of the molecule about 
atoms C2 and C3 requires only about 5kcaVmoi whereas that 
about the double bond in ethylene, the barrier is 60 kcaVmol.. 

The stability of conjugated dienes are supported by bond 
length measurement and study of heat of hydrogenation and 
heat of combustion, etc. 

The heat of hydrogenation of monosubstituted alkenes 
(R -CH=CH2) is 30.3 kcaVmol (or 126 kJ/mol); The heat of, 
hydrogenation of butadiene, having two double bonds, should 
be 2 x 30.3= 60.6 kcaV mol (or 252 kJ/mol). The experimental 
(observed) value is 57.1 kcaVmol (or 236 kJ/mol). Thus 
butadiene is more stable by about 3.5 kcal (15 kJ/mol). This is 
reSOnance energy of butadiene. These values support that 
conjugateddienes are !Dore stable. 
• The CZ-C3 bond length in butadiene, is 1.48 A and for 

Cj"-"":'C2 andC3-C4 bond length is 1.37 A. TheC2-C3 bond 
length is i shorter than the C-C :bond ~ength in ethane (1.54 
A). ' , 

The resonance struotures ofbuta-I ,3-diene are;as follows: 

H>' 5H 
' H> + 5H , 

C=C,' <H -- C-C,- _<' H 
H C=C H C-C 

; H 'H' H H 

, HH 

-- H>c-c5c_c<H 
H H 

Buta-l,3-diene, H 2C=CH-CH==CH2 

Buta-l,3-diene may be prepared: 
(i) From acetylene: Acetylene in presence ofCuzClz 

and NH4CI dimerise to form, vinyl acetylene which on 
reduction with Lindlar's catalyst yields buta-l,3~diene. 

CU2Cl2 ,H2 2HC=CH ) HC==C-CH=CHz ) 
Acetylene' -NH4Cl Vinyl acetylene Pd/BaS04 

H2C=CH-CH=CHz 
" Buta-I,3-diene 

(ii) From 1,4·dichlorobutane: 1,4-Dichlorobutane is 
heated with alcoholic KOH when dehydrohalogenation occurs 
with formation of buta-! ,3-diene. 

CI CI 
I I 
CHzCHzCHzCH2 Ale. KOH ) HzC=CH-CH=CHz 
1,4-Dichlorobutane Buta-I,3-diene 

(iii) From 1,4-butanediol: Acid-catalysed dehydration 
is done by heating 1,4-butanediol with cone. HZS04 • 

OH' OH 
, I I H

2
S0

4 
CHzCHzCHzCHz heat) HzC=CH-CH=CH2 

1,4-Butanediol Buta~I,3·diene 

(iv) From butane: Buta-l,3-diene is obtained by 
passing the butane vapours overheated catalyst (CrZ03 on an 
alumina support) at 600°C., ' 

CH3CHzCHzCH,3 Catalyst ) HC=CH-CH=CH 
n-Butane 600°C·

2 
Buta-I,3-diene ~ 

(v) From cyclohexene: Buta-l,3-diene may be 
prepared by passing cyclohexene over a heated nicbrOme wire. 

, . '0' I ~ HzC=CH-CH, . CH2 +HzC ,', CHz 
. " Buta-l,3·diene Ethene ' 

Cyclohexene 

Properties : Buta-I,3-diene is a gas. It shows the 
foUowing reactions: 

(I) Addition of ,halogens: Buta-l,3-diene reacts with 
halogens (Brz or Clz) in ~e presence of an inert solvent (CCI4) 

to yield a mixture of 1,2- and 1,4-addition products. 

, , { CH2BrCHBrCH=CHz 
, 3,4-Dibromobut-l-ene (l,2-Addition) 

H2C=CH-CH= CHz + Br predominates (62%) in non-i9nising 
Buta-l,3.dien~ i solvent (hexane) , 

CHzBrCH=CHCH2Br 
1,4-Dibromobut-2-ene (1,4Add~tion) 

predominates (70".4) in an ionising 
solvent (acetic acid) 

The mechanism of the above reaction involves the 
following steps: " 

lststep: The halogen molecule (Br2) undergoes 

heterolytic fission. 



Br2 ~ Br+ + :Br-' 
BromoniUIll 'Bromide 

, ion 'ion 

, 2nd step: ,The bromonium ionattacks the double bond 
to give' a resonance stabilized carbocation.' 

, ' BrCHr-CH~CH2{A) 
Br++ H2C=CH---{;H=CHz{ 't ,+' 

Buta-l,3-diene BrCHz-CH= CH-CH2 (B) 

, 3rd step: The bromide ion combines with (A) to form, 
3,4-dibromobut-I-ene (l,2-addition). It combines with (B) to 
form I,4-dibromobut-2-ene (l,4-addition). 

(il) Addition of halogen acids: A mixture ,of two 
compounds is formed when buta-l,3-diene reacts with 
halogen acids (HX). 

HzC=CH-CH=CH2 + HBr 
Buta-l,3-diene 

CH3 CHBrCH=CHz 
(1,2~Addition) 

3-Bromobut-l-ene 
(Major yield at low temp.) 

H3C-CH=CH-:-CH2Br 
(l,4-Addition) , 

I-Bromobut-2-ene 
(Major yield at high temp.) 

, (iii) Addition of water: ' Buta-I ,3-diene reacts with 
water in the presence of H2SO 4 to give a mixture of 1,2- and 
l,4-addition products. 

{

' CH3CHOHCH= CHz 
H2C "-:'CH-CH=CH2 + H

2
0 ' But-3-en~2-ol 

. Buta~Ii3-diene, CH3CH CHCH20H 
But~2-en-l-ol 

(iv) Addition of hydrogen:,' A mixture of but-I-ene 
and but-2-ene is formed when buta-l,3-diene reacts with Hz, 
in the preserice of a catalyst(Pt). ,', ' 
, (v) Polymerisation: ,It undergoes polymerisatioIi in 
the presence of peroxides to form polybutadiene (Buna 
rubber). ' 

" 

(vi) Diels-Alder reaction: This is' a reaction ~etwee:n a 
conjugated dieneand an alkene or alkyne called dlertophIle. 
This reaction does not require any catalyst. It involves the 
formation of two sigma-bonds and a pi-bond at the expense of 
three original pi-bonds. The product is called adduct, a six 
membered aromatic ring and involves an addition at 
positions 1,4. 

, ~CH2. 

H~.J 
H---{; ~ 

~cHi 
Buta-l,3-diene 

'CH2 2000C 
+ \...11 • 

CHz 
Ethene 

(Dienophile) 

CH2 
HC/-:::""'CH2 

II I 
HC .......... __ CHz 

CHz 
Cyclohexene 

(Adduct) 
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, The presence of electron attracting groups such as ---{;N, 
---{;HO, ~OR. ---{;OOH, ---{;OOR, etc., oil., dienophile 
facilitates the reaction. This reaction is widely used in the, 

' synthesis of six membered ring compounds. ' " ' 
(vii) Ozonolysis: Dienes undergo ozonolysis to give 

three molecules. Buta-I,3-diene yields formaldehyde and 
glyoxal on ozonolysis. 

.' Zn/H20 . 
HzC=CHCH=CHz +203 ) 2HCHO+OHCCHO 

Buta -1 ,3-diene 

Problem 20. How will you distinguish between: 
(i) Cyclop~pane and propene, 
(ii) Cyclopentane and pent-2-ene, 
(iii) Buta-I,3-diene and but-I-yne, 
(iv) Buta-I, 3-diene and butane? 

Solution: (i) Propene decolourises dilute KMnO 4 

solution whiie cy~lopropane does not give this test. 

KMn°4(aq·) 
CH3CH=CHz +[0]+ H;>O ) 

'Propene 

1,2-Propanediol 

(ii) Pent-2-ene decolourises the purple colour ofKM:it04 
solution. It also decolourises red colour of bromine in CC14 • 

These tests are not given by cyclopentane. 

KMn°4(aq·) 
CzHsCH==CHCH3 +[0] + HzO ) 

OH OH 
I I 

CzHsCH-CHCH3 
2,3-Pentanediol 

CCl'} , 
CzHsCH=CHCH3 + Brz CzHsCHBr-CHBrCH 3 

2,3-Dibromopentane .. 

(iii)But-I-yne forms a white precipitate with 
anlmoniacal silver nitrate solution, while this reaction is not 
observed 'with buta-l,3-diene. 

CH3CHzC=CH + Ag(NFi3 h N03 ~ 
CH3CHzC=C-Ag + NH4N03 + NH3 

(iv) Buta-I,3-diene decolourises red colour of Brz in 
CC14 solution. It also decolourises purple colour of KMnO 4 

solution. These tests are not observed with butane. 
Problem 21. How will you synthesise the following? 

(i) Hexa-l,5-diene from propene. ' 
(ii) Allene from propene. ' 

'(iii) I-Bromopropane from I,3-dibromopropane. 
(iv) Cyclohexene from cyclohexane: 
(v) Buta-l,3-diene from but-l-ene 
(vi) Hexachloroethane from calcium carbide. 

Solution: 

(i) 
ell 

CH3CH. CHz 600od CHzCICH=CH2 
Propene 3-Chloroprop-l-ene 

(Allyl chloride) 



Unsaturated Hydrocarbons 

. 3-Chloropropene is treated witn sOQlUm in presence of 
ether, i. e., undergoes Wurtz's reaction to form hexa-l ,5-diene .. 

Ether· 
) 

H2C=CHCH2CH2CH=CH2 
Hexa-I,5-diene 

(ii) Propene is first treated with bromine at 500--600°C 
whim 3-broinoprop-I-ene is fonned which on treatment with 
alcoholic KOH yields allene (propadiene). 

Brz 
CH3-CI-!--=CH2 ) CH2BrCH=CH2 

:'r,'ene 500-600°C 3-Bromoprop-I-ene 

Ale. KOH) H 2C=C=CH2 
Allene 

(iii) 1,3-Dibromopropane on heating with zinc forms 
cyclopropane which is reacted with conc. HBr to yield 
l-hrorilopropane. 

/CH2Br /CH2 
H2C"" + Zn ~ H2C "",I 

CH2Br CH2 
1,3-Dibromopropane Cyclopropane 

/CH2\ 

H2C CH2 
(iv) I I 

H2C",-C /CH2 

H2 
Cyclohexane 

Cone. HBr 
----'--~) CH3CH2CH2Br 

Clz 
~ 

hv 

Ale.KOH 

Heat 

I-Brom6propane 

CH2 
H2C~ "CHCI 

I I 
H2C .......... C~CH2 

H2 
Chloroeyclohexane 

CH2 
·HC.,..,... -""':::CH 

2 I II 
H2C .......... C~CH·· 

H2 
Cyclohexen.e 

(v) CH3CH2CH=CH2 
ijut-I-ene 

Ale.KOH 
Heat) H2C=CH-CH=CH2 

Buta-I;3-diene 

H 0 Hz C12 · 
( .) C C z C Ii ) C H .) C Cl 
VI a 2 ~ 2 2 Ni, 3000C 2 6 4000C 2 6 

Pro~lem 22. Explain the following: 
(i)' Buta-l ,3-diene gives 1,2- and 1,4-addition products. 
(ii) Addition of HBr to H2C=CHCH2C=CH gives 

CH3CHBrCH2C==CH . ' , 
(iii) Alkenes in decreasing order of reactivity towards 

electrophilic addition: 

(a) ClCH2CH-:-CHz, (b) (CHjhC=CH2, 
(c)CH3CH=CH2 , (d) H2C=CHCI 

(iv) . Stereochemical struc(ure of the reaction product of 
Br2 with (a) cis-2-butene and (/J)trtlns-2':'butene. 

(v) Why alkynes are generally less reactive than alkenes 
towards el~ctrophilic reagents such as H+ ? ' , 

(vi) The central carbon-carbon bond in buta-I,3 -diene is 
shorter than that of n-butane. 

(vii) Arrange following alkenes in decreasing order of 
stability towards acid-catalysed hydration. 

(a)' l-phenyl-l-butene; l-phenyl-2-butene; 2-phenyl-2-butene 
(b) 2-methylpropene; cis-2-butene; trans-2-butene 
(c) l-hexene, 2-methyl-I-pentene, 2-hexene. 

Solution: (i) See mechanism on Page 345-346. 
(ii) The addition occurs at double bond because isolated 

double bond is more reactive than an isolated triple bond in 
electrophilic additions. 

(iii) Electron releasing alkyl groups make the pi-bond 
more electron rich and more reactive. While electron with
drawing halogen atoms make the pi-bond more electron poor 
and less reactive. The order is: 

(b) Two R>(c) oneR > (a) one R and a CI > (d) CIon a 
double bonded carbon. 

(iv) 2,3:-Dibromobutane (a) racemic (b) meso. 
(v)-The reaction of alkyne or alkene with electrophiIic 

reagent proceeds through the formation of carbocation. Since 
the alkyl carbocation from the alkene group is more stable 
than the vinyl carbocation from alkyne group, the MI for its 
formation is less in case of alkene and hence alkene reacts 

. faster than alkyne .. 
(vi) Buta-I,3-diene (H2C=CH-CH=CHi) has 

Sp2 _Sp2 C--C bond length, while n-butane has sp3 _sp3 C--C 

bond length. More is 'i character in' hybridization, lesser is 
bond length. ' 

(vii) (a) 2-phenyl-2-butene> l-phenyi-2-butene 
> l-phenyl-I-butene . . 

(b) ,2':methylpropene > trans~2-butene > cis-2-butene 
'(c) , 2-methyl-I-pentene > 2-hexene > J -hexene. 
Problem Z3. A , hydrocarbon; C4Hg, neither 

deco(ourised bromine in carbon tetrachloride nor reacted with· 
HBr. When heated to 200°C 'with hydrogen in presence of a 
nickel catalyst, a new hydrocarbon, C4 B10 ' was formeq,. What 
was the original hydrocarbon? 

S(dution : The hydrocarbon can have the following 
isomers: 

CH
3
CH2CH . CH2, 

But-I-ene 
(A) 

CH3CH=ciIcH3, 
But~2-ene 

(B) Cyelobutane 
(C) 

(A) and (B) are ruled,out as the compound does not react 
with Br2 and HBr~ Thus, the compound is cyclobutane. 
Cyclobutane on reduction opens up the ring and forms 
n-butane. 

D +H2 
Ni 

n-Butane 
Cyclobutane 
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Pro"lem 24.' (i) Anorganic compound" C4H6 " on 

ozonolysis gives formaldehyde, and glyoxal. What" is this 
compound?' ' , . 
. '(ii) C 4H 6 cqnrepresent various structures; identifY: 

(a) Which reacts with ammoniacal AgN03" 
(b) Which does not react with ammoniacal AgN03 but 

by hot alkaline KMn04 gives CH3COOH, 
(c) Which decolourises Br2 water and by catalytic 

hydrogenation (using I mol) and subsequent reaction 
with alkaline KMn04 givesCH3COOH and 

(d) Which by ozonolysis using 03/H20 gives succinic 
acid. 

Solution: (i) The fonnula suggests that either the 
compound is an. aJ.kYne or an alkadiene. The products of 
ozonolysis suggest that the compound is alkadiene. It may 
have the following structures~ , , 

H2C . CH-CH=CH2 CH3-CH=C=CH2 
Buta-l,3-diene Buta-l,2-diene 

(A) . (B) 

Formaldehyde and glyoxal can be obtained from (A). 
Hence"the compound is buta-I,3-diene. 

(ii) (a) C4H6 reacts With ammoniacal AgN03'SO it is a 
terminal aJ.kYne (-C ' C-H). For example, 

, CH3CH2-C==C!I (But-l-yne) 

'(b) C4H6 AIkalin: KMn04) CH3COOH 

, Hence, it is CH3-Ci!!!!!!!C-CH3 (But-2-yne) 

CH3~==C-CH3 +3[O]+H20 A1k.KMn04 ) 
'Bu,t-2-yne ' . A 

(C)C4H6 + H2 ----7 C4Hg 
(H2C=CH-CH--:-CH2) (CH3CH=CHCH3) 

Buta-I,3-diene' But-2-ene 

A1k,KMn04, 

. 8. 
) CH3COOH 

Ethanoic acid 

Explanation: Buta-I,3-diene is converted into 
,but-2-ene by lA-addition. 

" () (\ + -
H2C=CH-cH~CH2 ----7 H 2C-GH=CH-CH2 

Buta-I,3-diene 

H2 . 
----'~~) H3C-CH=CH-CH3 

1,4-addition ,But-2-ene, ' 

03/H20 CH2COOH 
------"~~) I ' 

CH2COOH 
Succinic acid 

Problem 2S. (a) Draw the stereochemical structure of 
the product in the following rea,ction, ' 

Hz 
'R-C==C-R ) 

Lindlar's catalyst 

(b) !JP . .' ':j:rtV\:"'~ structures of the stereoisomersformed 
when cis-.. <>u~~e is reacted with bromine. ' 

Solution: (a) Only cis-fonn of the alkene is fonned. 

H)C=C<H 

R R 
Cis-form 

H3C) <CH3 
(b) C=C + Br 2 ----7 

H H 
CiS-but-2-ene 

It exists in two optical isomers. 
CH3 

H+B, r and 
Br-t-H 

CH
3 

. 

Problem 26. Give the structureS of the major products 
from , 3-ethylpent-2'-ene under each' of tke, following 
conditions. 

(a) HBr in presence of PeroXide, 
(b) Bt:2/H2Q 
(c) Hg(OAch/H20; NaBH4 • 

Solution: 

HBr 
'd ) }>eroiU e 

B~ , 
(b) CH3CH2C=CHCH3 ----7 CH3CH2C

1

BrCHBrCH3 , I' 
C2HS C2Hs 

H20 
. )CH3CH2r(OH)CHBrCH3 

C2HS 

Hg(OAc)z 
(c) CH3CH2-C=CH":"-CH3 ) I H20 

C2HS 

CH3-CHi-y.<HgOAC)-CH2-CH;l 

C2H; , 

.. 



Unsaturated Hydrocarbons 

Problem 27Jndicate.allylic, vinyl,IO, 2°,3° hydrogens. 

in· the Jollowingcompound. Give the sequence of reactivityfor 
free radical substitution. 

. . /C~3 
CH3-CH. CH-:-CH2-CHr -CH "'-CH

3 

Solution: 

a ~ allylic, v = vinylic, 1° ~ primary, . 
, 20 ~ secondary,. 3° ~ tertiary 

aIlylic (20
) > aUylic (10 

) > 3 ° > 2° > 1 ° > vinylic 

Decreasing reactivity for nee radical substitution 

Problem 28Hydivcarbon (X), C,H12 on reaction with 

boronhydride followed by treatment with CH3COOHyieids 
(A). On reductive ozonolysis (A) yields a mixture oj two 
aldehydes, (B) and (C). Of these, only (B) can undergo . 
Cannizzaro s reaction. (A) exists in two geometrical isomers 
~tA-I) and (A-2), of which (A-2) is more stable. Give structure 
of (X), (A), (B), (C), (A-I) and (A-2) with proper reasoning. 

[Roorkee 2_] 
Solution: General formula of (X) indicates that it is an 

alkyne, which on monohydroboronation with B2H 6 , followed 
by protolysis with H+ gives pure cis-alkene (A). 

'r I] . . 
[-'-'-c=:e- ~I\ ) L-CH=C- 3B ~ -CH=CH-] 

(A)on reductive ozonolysis gives two aldehydes (B) and 
(C). (B) undergoes Cannizzaro's reaction, hence, it should not 
contain any a-hydrogen (i.e., at a-position, there should be 
quaternary carbon. Reactions may be given as: 

. CH) , CH3 H H 
. I , . ' (i) ~I\ . " I I I 

CH3-C-C-C-CH3' ') CH3-C-C=C-CH3 I . . (ii) CH3COOH •. W I . 
CH3 CH3 ' 

(X) (A) 

4,4-Dimethylpent-2-yne . "1--; " " 
Ozonolysis (1) 0 3 

, (ii) Zn/IIOH 

H H CH3 

1 I. 1 . 
CH3-C====O+ O=C-C-:-CH3 

(C)· I ' 
Acetaldejlyde CH 3 

(Bt 
2.2-Dimetbylpropanal 

·Only (B) gives.Camiizzaro's reaction. " 
Alkene (A) exist in following two geometrical isomers 

(A-l) and (A-2), ofwruch (A-2) is more stable. ' . 

(CH,hC)=c(CH, (CH,hC)cc/H 
. H . H H ' "eH3 . 

. (A-1) CIs- . (A-2) Trans-

Problem 29.Give structures/configuration of the 
products in the following reactions: 

.C2HS 

(a)H3 C ',I H+D2
Pd

) (A)+(B) 

CH CH2 

[Roorkee 2001] 

(b) 2HC==CH eu2
+) (C)· 

O2 (Roorkee 2001] 

(c) ~ . Br2/CC4,. (V) NaNH2 to 

(W) HgS04/H2S04 ) (X) NH2NHCONH2 ) 

(y).' NaODID20 (excess) ) (Z) 

(lIT 2001] 

[ Hint: (a) 
H 
D' 

or 

(b) [C] = HC==C-:-C!!!!!:CH 

• (c)[I'] OT~H'; [WJ ~{)-{o""'CH; 
.' Br Br 

o r\Jl . 
[X] = "---I-v -CH3 ; 

NNHCONH2 

[11= (Y...:...cH3; . 
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MPORTANT POINTS TO REMEMBER 

ALKENES 
(J Unsaturated hydrocarbons with one double bond, are 

called' alkenes . or' olefins and are represented by the 
general fonnula Cn H 2n • Their functional group is 
)C = C< and are isomeric with cycloalkanes. They are 
commonly named as alkylenes~ Examples are: 

H2C=CHi (=), CH3CH=CH2 (A..), 
Ethylene or Ethene Propylene or Propene' 

CH3CH2CH CH2(~)' CH3CH~HCH3 (~) 
But~l-ene (~-Butylene1 But-2-ene (I3-Butylene). 

(J The double bond in alkenes consists of one sigma and one 
pi-bond. Each C-atom of a double bond is sp2 -hybridized. 
>C=C< bond' length (1.34 A) is shorter than 
-;"C-C~ (I.S4 A) because the C-atoms in double bond 
are held more tightly. 

(J C =C are planar and H-C-C angle is 120° and 
H-C-H angle is 117.S A while C-:H bon.d length is 
1.09 A. 

(J Heats of hydrogenation can be used to estimate the relative 
stability of alkenes; The more substituted alkenes are 
more stable, i.e., 
R2C=CR 2 >R2C=CHR > RzC=CH2 > RCH=CHR 

> RCH=CH2 > CH2 =CH2 

General methods of preparation 
(J By dehydration of alcohols: In presence of conc. 

H2S04 at 170°C or A120 3 at 2S0°C orH3P04 at 200°C or 
heating with P20 S etc. The ease of dehydration is: 

Tert. (3°) > Sec. (2°) > Primary (10). 
(J By dehydrohalogenation of alkyl halides: On heating 

at high temperature with alcoholic KOH. Stronger bases 
like NaNHz or C2H50Na or Et3N can also be used for 
dehydrohalogenation. When two alkenes may be fonned, 
the alkene which is the most substituted one predominates 
(Saytzeff's rule). 

(J The forination of less substituted alkene in an elimination 
reaction is called as a Hofmann elimination and that of 
more substituted alkene as a Zaitsev elimination. The 
ease of dehydrogenation is 3° > 2° > 1°. 

(J 'By dehalogenation of dihaloalkanes (vic- and 
gem-): On heating vic-dihalides with zinc dust and 

methanol (if sodium metal is used in place' of zinc like . 
Wurtz reaction), the gem-dihalides would give alkenes 
having double the number of carbon atoms. 
Dehalogenation by Nal in acetone talces place py E2 
mechanism. 

EJ By electrolysis of salts of dicarboxylic· acids (Kolbe'S 
method): A concentrated aqueous solution of Na or K 

salt of saturated dicarboxylic acid on electrolysis gives an 
alkene. 

[J By controlled partial hydrogenation of alkyne : 
Hydrogenation of alkynes with Pd-CaC03 (Lindlar's 
catalyst) or a nickel boride (called .P-2) catalyst yields 
cis-alkene. Sodamide (NaJliq. NH3) yields predominantly 
trans-alkene (Birch reduction). Reduction" with 
Na/C2H sOH gives trans-alkene. Hydroboration of 
alkynes (with B2H6) followed by protolysis (with H+) 
gives almost pure cis-alkene. 

(J By pyrolysis· or cracking: Petroleum is Ii complex 
mixture of hydrocarbons which on heating at high 
temperature (S00-700°C) decomposes to produc,e lower 
alkenes and alkanes. 

(J By heating quaternary ammonium compounds: 
Lower alkenes are conveniently prepared by heating 
quaternary ammonium hydroxide with·the elimination of. 
trialkyl amine.' . 

(J By Grignard reagents: Alkenes can be obtained by 
reacting Grignard reagents with vinyl chloride. 

(J By Wittig reaction: Any aldehyde or. ketone. on 
treatment with (C6HSh P=CH2 , methylene .triphenyl 
phosphorane (Wittig reagent) yields an alkene, 

(J By Cope elimination reaction: Tertiary amine oxide 
containing at least one j3-hydrogen on heating at IS0°C, 
decomposes to fonn an alkene and a derivative of 
hydroxylamine. 

Physical properties 
(J Lower members (C2-C4 ) are gases, the next fourteen 

members are liquid while the higher members are solid. 
They are insoluble in water but soluble in non-polar 
solvents. The b.pts. increases with increasing chain length, . 
while m.pts. of highly substituted alkenes are higher than 
straight chain alkenes. Trans-isomers are more stable than 
cis-isomers and cis-isomers show a dipole moment. 

Chemical properties . 
(J Alkenes ate reactive due to the presence of double bond 

and the most important reactions of alkenes . are the 
addition reactions. At low temperature in presence of polar 
solvents, addition proceeds by ionic mechanism whereas 
at high temperature in presence of light or non-polar 
solvents, the addition occurs by free radical mechanism. 

(J Addition of hydrogen (Hydrogenation): Alkene adds 
one mole of hydrogen under pressure and in presence of 
catalyst Ni (200-2S0°C) or finely divided Pt or Pd 
(Sabatier-Senderen's reaction) or Raney Ni at room 
temperature to give an alkane. . 

(J This reaction is exotliermic. The quantity of heat evolved 
when one mole of an unsaturated compound is hydro
genated is called the heat' of hydrogenation. The lower 

. the heat of hydrogenation of an alkene, the more is its 
stability. Trans-but-2-ene is more stable than cis-but-2-ene 
and but-I-ene. . 
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CJ A terminal double bond may be reduced by Nalliq. NH3 in 
presence ofCH30H or C2HsOH to give alkane. This is 
called Birch reduction. 

a The double bond is also reduced in excellent yield by 
NaBH4-PtCI2 • 

a Addition of halogens: Alkenes give addition products 
'with Cl2 ,and Br2 in presence of an inert solvent, CCI4, to 
fonrivicinal dihalides. Br2 water is decolourised by 
unsaturated Jl,ydrocarbons (hence' the' te$t of 
unsaturation). ' 

a The reaction with fluorine is explosive whereas when· 
alkene is bubbled through alcoholic solution of iodine, a 
mixed halide is formed. . 

a Addition of halogens is usually predominantly trans,i.e., 
the addition' is stereoselective. With· trans-but-2-ene, the 
product of Br2 addition is opticallycinactive due. to the 
formation of synnnetric meso compounds. 

a A more substituted alkene is more reactive towards Br 2 or 
Cl2 than a less substituted alkene. .' 

."':. R2C'CH2 <RCH=CH2 <RCHCHR <R2C CH2 

" . . . <R2C=CHR<R2C=CR2 

a Addition of halogen acids: Alkenes add one mole' of' 
;HX to form aJkyl halides~ Tlie order' of reactivity is: 

. ill >HBr > HCI >HF. ' . 

CJ Addition of IL¥ to symnletrical alkenes gives only one 
product and to unsynnnetrical aikenes, the addition Of IL¥ . 
can give two different products. Under normal conditions, 
the additiqn takes place in accordance 'with. 
Markowoikoff's rule. According to it, the negative part 

, of the unsymmetrical reagent.adds to that carbon atom of 
. the unsyimnetrical alkene containing le~s· number of, 

hydrogen atoms. " 
a It is an electrophile addition and is favoured by most stable 

carbocation intermediate. There may be 1,2-hydride or 
1,2.-methyl shift and stability order being 1 ° < 2° < 3°. 

a Peroxide effect: Kharasch obs.erved that the addition of 
", HBr only to unsynnnetrical alkenes in the presence of 

organic peroxides, i.e., benzoyl peroxide (C6HsCOOh 
follows anti-MarkowDikoWs addition and called as 
peroxide effect (free radical mechanism). 

Peroxide . 
CH3CH=CH2 +HBr . ~CH3CH2CH2Br 

. Propene' 'l-Bromopropane 

a Addition of hypohalous acid (H~X): A1k~mes form 
halohydrin with .. hypohalous acid (i.e., Cl2 orBr2 in 
presence of water). In H---O-CI or H-:-O--Br, the 
---O-Cl or --:...o-Br: (rather than -:-O--H bond) is 
,broken and the molecule is polarised' in the manner 

8- 8+3- 8+' '. 
Ho---Clor HO--- Br.·· 

a In these halohydrin formation reactions, a halonium ion is' 
formed as an intermediate which' is attacked by water 
(nucleophile) in aqueous solution. . 

a Addition of sulphuric acid:. Cold and concentrated 
HzSO 4 readily adds to alkenes and forms alkyl hydrogen 
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sulphate which on boiling ,with H20 (hydrolysis) yields 
alcohol. So, this reaction is called hydration of alkenes. 

a Hydroboration ox.idation: It is anti-Markowoikoff'$ 
addi~on of water (hydration) to a double· bond. It 
involves addition of borane (B2H6) to double bond 
followed by hydrolysis to give alcohol. ' 

aAnother convenient hydroborating agent is bor~e
tetrahydrofuran '(BH3-THF) complex. Diglyme or ether 
can also be used in place of THF. 

a Addition oJ watei': Alk.ene adds up water molecule in 
presence. of acid or catalyst BF3 or Mn phosphate 
(catalytic amount) to yield alcohol in accordance witlr 
MarkoWnikoff's rule. 

a Oxymercuration-demercuration:With mercuric acetate 
(in THF) followed by reduction with NaBHiNaOH is also 
an example of hydration of alkene according to 
Markownikoff's rule. It is a better process than catalytic 
hydration by dil. H2SO 4, because it avoids reai:rangement. 

a Addition of nitrosyl chloride (Tilden's 
reagent): NOCI or NOBr adds to C=C to yield 

halonitroso derivative. 
a Addition of alkanes: Isoalkanes . add to' isoalkenes in 

presence of concentrated.H2SO 4 or HF to give branched 
chain alkanes (alkyl~tiC)n of alkenes). . 

a Alk~nylation of alkenes ' (Dlmerisation): 1\vo 
molecules of isobutene (C 4H g) add together in presence of 
concentrated 1I2S04 0r H3P04 at about 80°C to give an 
alkene, CgH16' in two 'isomeric forms, a.dimer of C4Hg 
and this is calleddimerisation. 

a Diels-Alder reaction: It is a diene-dienophile addition 
reaction and forms cyclic compounds . 

( o + 1\ -
Etbene' 

Buta-I,3-diene Cyclohexene 

a Addi~on of oxygen: When mixed with air or oxidation 
with peroxy acids (CH3COOOH, C6HsC03H 
orCF3C03lI) or air passed through silver catalyst at high 
temperature' (200-4000C), the lower alken,es form 
epoxides (cyclic ethers) which on hydrolysis give diols. 

a Addition of ozon~: When. 0 3 or ozonised oxygen' is 

passed through a solution of alkene in an inert solvent, 
addition takes place across the double bond to form an 
ozonide. Ozonides are easily decomposed on warming 

. with ZnlH20 or reduction with HilPdcatalyst breaks 
)c= C( to produce two carbonyl compounds. 

a An alkene of the type RCH=CHR' gives two aldehydes' 
, . (same or different). 

a An alkene of the type R2C=CHR' gives one aldehyde 
and one ketone. 

a An alkene of the type R 2C=CR2 gives two keto~es (same 
or different). 

a The two step process of forming the ozonide,and then 
decomposing it to give a mixture' of two carbonyl 



'compoUnds is known as ozonolysis. From the ozonolysis 
product, the position of the double bonds can be 
determined. . 

1:l0zonolysis of cycloalkenes gives only a single product 
containing two carbonyl compounds. 

D (i) 0 3 CH2-CHO 
~ I·· ' 

(ii) H2IPd CH2-CHO 
Cyclobutene Butane-I,4-dial 

D (i) 203 CHO CHO 
~ 1 +1 

(ii) 2ZnlH20 CHO CHO 
Cyclobuta-I,3-diene Ethane-I,2-dial 

I:lCyc1odienes on· ozonolysis give two. products each 
containing two carbonyl compounds. 

[JCyclotrienes on ozonolysis give three products each 
containing two carbonyl compounds. 

01· 
~ 

Cyclohexa-I,3,5-triene 

~ 

(ii) 3H2IPd 

CHO 
31 

CHO 
Ethane-I,2-dial 

I:lConjugated dienes on ozonolysis yield three products, i.e., 
two monocarbonyl· compounds and one dicarbonyl 
compound. 

. ... (i) 203 
H2C~C-CH=CH2 . ) . I (ii) 2H2/Pd 

CH3 
2-Methyl buta-I,3-diene 

(Isoprene) o 
II 

CHiO +CH3-C-CHO+OH2C 
Methanal 2~Ketopropanal 

I:lA cumulated diene gives two monocarbonyl compounds 
and.one mole of CO2, . 

. . (i) 203 . 
H2C=C--.:....CH-CH3 .. ). CH20 + CO2 

Buta-I,2-diene (11) 2H2/Pd· Methanal 
+OHCCH3 

Ethanal 
Oxidationreadions: Alkenes are readily oxidised. The 

oxidation products depend on the nature of oxidising agent 
. used: - . 

I:l Oxidation or Hydroxylation with £old, dilute, alkaline 
_ KMnO 4 (Baeyer's reagent): Glycols are formed. 

.......,/ Alk. KMn04....... rV 
,/C=C ....... +[0]+H20---~) ,/C-\...., 

Dil., cold . I I 
OHOH 

This reaction is used for the detection ofunsaturation and is 
called Baeyer's test. 

. I:lHydroxylation by KMnO 4 is always syn~additi.on. 
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Hydroxylation using OsO 4 : 

R-CH 
II 

R-CH 
Alkene 

O~ -::? 0 Ether 
+ Os --

O-::? ~O 
Osmium tetraoxide 

R-CH-o ........ -::?O 
1 Os 

R-CH-o/ ~O 
An osmic ester 

R-CHOH 
1 +H20s04 

R-CHOH 
Glycol 

I:lHydroxylation can also be done with 12/CH3COOAg, 
peroxy acids (HC03H or a mixture of H20 2 and 
HCOOH). 

I:l Oxidation with addk KMn0 4 or addk· K2Cr207 

(Strong oxidising agent): They break the double bond 
and give ketones and carboxylic acids (because aldehydes 
formed cannot be isolated from KMnO 4 solution as they 
are easily oxidised to carboxylic acids). 

R2C=CHR' KMn04, ~ R2C=0 + RCHO ~.RCOOH 
Alkene [0] Ketone Acid 

I:lPeriodk add (HI04) or lead tetra-a£etate 

[(CH3COO)4Pb] oxidises alkene int!l glycols and finally 
gives aldehydes or ketones depending upon the nature of 
alkene. 

>r----r< .~ )=o·+o=< 
OH OH Ketone Alkene 
Pinacol 

1:l0xidation of alkenes by Se02 affects the allylic position 
and not the double bond. . 

H2C=CHCH2CH3 
But-I-ene 

Se02 
) H2C=CH?HCH3 

·OH 
But-3-en-2-o1 

I:l Combustion: When burnt in air, alkenes are oxidised to 
CO2 and H20. The reaction is exothermic, because heat is 
evolved: 

I:l Insertion of methylene (£arbene): Phptolysis of diazo
methane (CH2N 2) and ketene (CH2=C=0) gives· 
methylene (carbene). This adds to alkene ·to yield 
cyc1oalkanes. 

CH3-CH=CH2 + CH2N2 
Propene Diazomethane 

UVLight 
~. 

Methyl cyclopropane-
~'.£'':'':'ot= 

I:l Polymerisation: Two or mote molecules of an alkene 
unite together to form a bigger molecule of higher 
molecular mass called polyalkenes. 
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Polyethene, polypropene and polybutene are "plastics" of 
industrial importance. 

[J Substitution .rea4!don (Halogenadon): NBS (N-bromo 
. succinimide).is a reagent used for the'specific purpose of 

brominating alkenes at the allylic position (i.e., 
replacement of H atom of the alpha carbon atom with 
respect to double bond of alkyl group by th~ atom at about 
500°C without breaking the double bond). This type of 
substitution is kpown as aUylk substitution. It takes place 
in gas phase by free radical mechanism. . 

ALKYNES 
[J Unsaturafed hydrocarbons with one triple bond are known 

as alkynes or acetylenes and represented by the general . 
fonnula ClI H 211 - 2 • Their functional group is -C=C-. 
Alkadienes (H2C=CH-CH=CH2), cycloalkenes 

(C4H6) D and bicycloalkanes. LSJ are isomeric with 

alkynes containing same number of carbon atoms in their 
molecules. 

a The triple bond in alkynes consists of one sigma and two 
pi- bonds. Each C-atom of the triple bond is sp-hybridised 
and -C==C- bond length (1.20 A) is shorter as 

, compared with )C=c( (1.34 A) and 7C-CE (1.54 
A). 

a Monosubstituted acetyleI)es or l-alkynes. are called 
terminal alkynes, and the H atom attached to C=C is 
called acetylenic (acidic) hydrogen (R-C==C-H). 

General metbods of preparation 

[J By debydrobalogenation (-HX) of dihalldes: On 
heating dihalides (vic- and gem-) with alcoholic KOH'or 
sodamide, NaNH2 (in liquid NH3) or solid KOH or KNH2 

etc. 
[J By debalogenation (-X) of tetrabaUdes: On heating , 

wi.th Zn dust in alcohol. 
a By heating iodofonn with silver powder. 
a By the electrolysis of Na/K salts of unsaturated 

dicarboxylic acids (Kolbe's method). 
[J By the action of water on calcium carbide (Lab method). 
[J By heating methane or natural gas at I 500°C in an electric 

arc (Manufacture method). 
[J By the controlled partial oxidation of methane at high 

temperature (Manufacture method). 
[J By the hydrolysis of magnesium carbide, propyne is 

fonned. 
a By passing an electric arc between carbon electrodes in an 

atmosphere of hydrogen at 2500°C (Berthelot's 
synthesis). 

[J By reading sodium alkynides with alkyl halides : 
Higher alkynes are fonned. 

Na/liq.NH3 
HC==CH. )HC==C-Na 

or NaNH2 Sod. alkynide 
HC==C-R 

. l-Alkyne 
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a By rea4!ting l-alkynes with Grignard reagen"t followed 
by treatment witb R-X : . 

CH3MgI . . 
HC==C-H ) HC==C-MgI 

Ethyne ('---:CH4) . . 
CH3I 

---7) HC==C-CH3 
(-MgI2) Propyne . 

CH3MgI 
CH3 -CFCH (-cT-f .) CH3 -C=C-MgI 

Propyne ''4 

RI 
--~) CH3-C==C-R 

(-MgI2) Higher a1kyne 

[J By oxidation of bis-bydrazone of an a-diketone : 

2NH2NH2 
R-C-C-R' R-C--C-R' 

II II II II 
o 0 NNH2 NNH2 

(lft-Diketone Vic-dihydrazone. 

[O],2HgO . ..•.... I" .•. > ••••• 

--~) R-C C-R +2N 2 +2H20+2Hg 
Heat Higher a1kyne 

Pbysi4!al properties 

a Acetylene IS a colourless gas with ether-like odour, b.pt. is 
-84°C Acetylene (liquefied or when compressed) .is 
explosive, burns with a luminous smoky flame, hence used 
for lighting purpose. Oxy-acetylene flame is used for 
cutting and welding of metals. Alkynes have linear 
structure and' therefore, their molecules are rather more 
closely packed in space as compared to alkanes and. 
alkenes. . 

Cbemi4!alproperties 

[J A4!idi4! nature: The H-atoms of ethyne are more acidic 
than those of ethene or ethane. The decreasing order of 
acidity is: H-; C==C-H> H2C=CH2 >CH3-CH3 . 

The group -C=CH (l-alkynes) is acidic in nature due to 
more s-character (50%) of C==C which is sp-hybridised. 
Hence, proton release in -C. CH .takes place more 
readily. On account of acidic nature, ethyne and all other 
tenninaL alkynes fomi salts with metal derivatives which 
are called acetylides or. al~nides. 

[J Formation ofsodium a4!etylides: Acetylene reacts with 
NaNH2 or Na/liq. NH3 fonDS sodium alkynides which is 
utilized for the preparation'ofhigher alkynes with 10 alkyl 
halide (because 2° and 3° R-X give mainly alkenes). 

a Formation of ~oppera4!etylides: Acetylene when 
passed through an ammoniacal cuprous chloride solution, 
a red precipitate of cuprous acetylide is formed. 

[J Formation of sliver acetylides: Acetylene when passed 
through an ammoniacal solution of silver ilitrate(Tollens' 
reagent), a white'precipitate of silver acetylide is fonned. 

, [J Addition of bydrOg~n (Hydrogenation): Alkynes oil 
treatment wjth hydrogen in presence of a catalyst (Ni, Pt or 
Pd) fonnalkenes and finally alkanes. . 

.' 
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[J Alkenes (cis-) can be obtained 'from aIkyne~ by partial 
hydrogenation with PdlCaC03 poisoned by quinoline or 
lead acetate (Lindlar's catalyst). . 

[J LiAlH4 or Na/liq. NH3 converts alkynes to trans' (E) 
alkenes. ' 

[J Addition of halogens: Alkynes add two molecules of 
halogens and decolourise Br2 water (test of 

unsaturation). The reactivity order of halogens is as 
follows: F> CI > Br > I. Liquid bromine yields tetrabromo 
derivative while BrzlH20' or Br2ICCl4 forms dibromo 
derivative. Iodine reacts slowly in alcohol to fonn di-iodo 
derivative (predominantly trans- isomer). 

o Alkynes are less reactive than, alkenes towards addition of 
halogens, because alkynes form less stable intermediate. 

,0 Acetylene reacts with Cl2 in the presence of catalyst SbCIs 
. _to give westrOn which'on heating with BaCl2 or lime or 

alc. KOH gives westrosoi; 
o Addition· of halogen acid (HX): The decreasing order 

of reactivity is : HI> HBr > HCI > HF. Addition of one 
molecule of halogen acid gives vinyl halide which then 
adds another molecule of HX to form; gem-dihalide~ The 
addition follows Markownikoff's .rule. In presence of 
peroxides, anti-Markownikoffproduct is,obtained. 

o When acetylene is passed into dilute HCI at 6O-6soC in 
presence of mercuric ion (catalyst) only one molecule is 
added to give vinyl chloride (vinylation). Vinyl chloride 
(CH2 =CH-CI) is ,the monomer of PVC. 

o Addition of HBr to an alkyne can be facilitated by using 
acetyl bromide (,CH3COBr) and alUmina (Al20 3) instead 
of aqueous HBi. t ' 

, . CH3COBr/Al203 '" 
CsHIl-C==CH + HBr ) , 

Hept-I-yne. 'In CH2Ch solvent 

CSH11 -C=CH2 
I 
Br 

"i 2-Bromoh~-I-ene 

o Addition ofhypochlo~us acid,(HO--cI): It is chloro
hydroxylation. by chloririe water. Alkynes when passed 
into H{}-cl form dichloroaldehydes or ketones. 

o Addition of IhSO 4 (conc~): Acetylene gas, when 

passed through concentrated H2S04, gets absorbed 
forming ethylidene hydrogen sulphate which on boiling 
with water gives'acetaldehyde. 

o Addition of water (Hydration): \ Alkynes add on one 
molecule of water when passed into dilute H2S04 at 60°C 
in presence of HgS04 catalyst to form aldehydes or 
ketones through ketO-enol tautomerism. 

o Addi~on of HCN:Ethyne adds HCN in preseJ;lceaf 
, ,Ba(CN)2 or'NaCN or CuClIHClorCuCl21NH3 cat<.):nl to 

formvinyl cyarude (acrylonitrile) which is a mon .. 'ner for 
the polymer polyacrylonitrile (PAN). 

• 0 Addition' of CH3COQH: Ethyne adds tw~ moles of 

. acetic acid in presen~ of Hg 2+, or Bf.3catalyst at 80°C to 

.- •• j' 

" ; 
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give ethylidene acetate which on heating gives 
acetaldehyde and acetic anhydride. 

[J Addition of alcobol: In presence of NaOH'Or KOH or 
mercUry salt, acetylene reacts with alcohol to form alkyl 
vinyl ether (vinylation) which on hydrolysis gives 
acetaldehyde and alkanol. 

, o Addition of 0 3 and subsequent hydrolysis: Acetylene 

and its homologues form ozonides with ° 3 and these 
comp'-"lnds are decomposed by water to form diketones 
which are then oxidised by H20 2 (formed in the reaction) 
to carboxylic acids. 

o Polymerisation: Acetylene undergoes both cyclic and 
linear polymerisation. 

o Cyclic polymerisation: When acetylene is passed 
through a red hot metallic tube at 600°C, it is polymerised 
to benzene. Propyne on heating' trimerises to form 
mesitylene (l,3,S-trimethyl benzene). 

. 0 Linear polymerisation: When acetylene is passed into 
cuprous chloride solution dissolved in NH4 CI, linear 

,polymerisation occurs forming monovinyl acetylene and 
divinyl acetylene. Vinyl acetylene onreduction with H21Pt 
in presence of BaS04 forms buta-I,3-diene. Butadiene 

. and 'vinyl cyanide form polymer buna-N-synthetic 
rubber. . Vinyl acetylene reacts with HCI to give 
chloroprene (2-chloro-buta-I,3 -diene) which polymerises 
to neoprene (synthetic rubber). 

IJ Addition of arsenic trichloride (AsCI 3): Acetylene 

combines with Asa3 in presence of anhydrous AICl3 or 
Cu2Cl2 or HgCl2 to form Lewisite (a poisonous gas). 

o Addition of carbonyl compouncts (Alkynylation of 
)C=O compounds) : Terminal alkynes can add to 

)C=O group in presence ofC2HsONa orCu2C2 to form 

alkyndiol which is called ethinylation. 
o Carbonylation: Acetylene adds to (CO + H20) or 

(CO + R-OH) in presence of catalyst nickel carbonyl, 
Ni(CO)4' and forms a,j3-unsaturated acid or ester. 

o Formation o~ heterocyclic compounds: When acety- , 
lene is pass~d with sulphur over a heated tube at 300°C, it 
forms thiophene. Acetylene combines with NH3 in red 

hot tube and forms pyrrole: With HCN in a red hot tube, 
acetylene produces pyridine. 

Red hot O· 2HC=CH + H-C N .•. . I 
Acetylene ~N 

Pyridine 

IJ Oxidation reactions: Different oxidation products are 
obtained with different reagents. 

o Burning (combustion): Acetylene bums with ~moky 
fla!lle in excess of air to give CO2 and H20 and large 
amount of heat is produced. 

o Oxidation with alkaline KMnO 4 solution: Acetylene 

is finally converted into oxalic acid with cold, dilute 
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alkaline KMnO 4 (Baeyer's reagent) and pink colour oftbe. 
solution is discharged. Higher alkynes under similar 
conditions give diketones. At higher temperature (110°C) 
the final products are carboxylic acids, CO2 and ketones. 

Cl Oxidation with acidlfted KMnO .. : Acetylene is 

converted into formic acid with acidic KMnO 4 on heating, 
while higher alkynes give R-COOH. Symmetrical 
alkynes give a single product while unsymmetrical 
alkynes give a mixture of two products. 

CJ Oxidation with chromic acid (K2Cr207 + H2SO .. ): 
Acetylene is converted into acetic acid and the orange 
colour changes to light green. 

Cl Oxidation with selenium dioxide (se02): Acetylene is 

oxidised to glyoxal with Se02 while propyne gives keto
propanal. 

CJ Substitution reactions: When acetylene is passed 
through sodium hypochlorite (NaOCI) solution at O°C in 
absence of light, hydrogen atoms are replaced by chlorine 
atoms with the formation of 1,2-dichloroethyne. With 12 
and NH3 at low temperature, acetylene formS 1,2-di-iodo . 
ethyne. 

CH 
III 

. Low temperature 
+212 +2NH3 ) 

CH 
Ethyne 

CI 
III 
CI 

1,2-Di-iodo 
ethyne 

Cl lsomerisation: On heating with alcoholic KOH or 
NaNH2 in inert solvent, the triple bond of l-alkyne is 
shifted towards the centre to fonn an' isomer 2-alkyne. 
Similarly, on heating with sodamide (Na in liquid NH3) 

the triple bond (2-butyne) shifts towarqs the end 
(l-butyne). 

[J Oxldative-hydroboratio~: Alkynes react with BH3 (in 

THF) at O°C to give an intennediate trivinyl boratie which 
on oxidation with alkaline H20 2 gives an unsymmetrical 
alcohol that tautomerises to an aldehyde or ketone. 

Cl Degree of unsaturatioD: The number of pairs of 
hydrogen atoms that. a molecular ~onnula lacks to be an 

. alkane (Cn H2n + 2) ~ called degree of unsaturation and this 
value is called the index of hydrogeli: deficiency. The 
number of degree of unsaturation'~ a hydrocarbon is 
given by: 

= --!.---=-. 

where, nl is the number of carbon atoms andn2 is the . 
number of hydrogen atoms. ' • 

[J Tests of UDsaturatioD: ,The tests of unsaturation 
(detection of double or triple bonds) are generally per
fonned by: 
1. Baeyer's reagent: To an aqueous ,solution of the 
compound, a few'drops of Baeyer's'reagent (cold, dilute, 
alkaline KMnO 4 soluti0'fl) is added. The decolourisation of 
pink colour indicates the presence of unsatnration. 
2. Br2 water in CCI .. or CHCI 3 : The compound is 
dissolved in an inert solvent like CC14 or CHcl, and then a 
few drops of 5% bromine. so lutiotl iIi CCl4 are added to· it. 
If the colour of bromine disappears, it indicates the 
presence of unsaturation. . 

[J The presence of double arid triple bonds are located by the 
. identification of the products of ozonolysis. 

[J l-Alkynes give a white precipitate when passed through 
ammoniacal AgN03 solution and also red precipitate 
when treated with ammoniacal cuprous chloride solution. 

• 
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I. Fill in the blanks: 
(a) ...... is most acidic (Ethane, Ethene, Ethyne). 
(b) Tne compound having both spand sp2-hybridized 

carbon atoms is ...... (propene, propane, propadiene). 
, (c) Acetylene is treated with excess of sodiwn in liquid 

ammonia. The product is reacted with excess of methyl 
iodide. The fmal product is . . . . . . 

(d) The starting material for the manufacture of polyvinyl 
chloride is obtained by reacting HCI with ...... . 

(e) The monomer of polyvinyl chloride is ...... . 
(f) The addition of HBr on rulUruiyniirietficar alkene takes 

place according to ...... rule. 
. CI 

(g) CH3CH=CH2 50~~C)"" "',' 

(h) Kolbe's electrolysis of potassium succinate gives CO2 
and ....... 

(i) Addition ofwater,o acetylenic,compounds is catalysed by 
...... and.: .. ·.':.:· """" . 

G) Unsaturation in alkenes can be tested with ...... reagent. 
(k) Methane is evolved when water is added to aluminium 

carbide. The gas evolved is ...... when water is added 
to calciwn carbide. ' 

(I) The carbon atoms of ethene are ...... hybridized. 
(m) The carbon atoms of ethyne are ...... hybridized. 
'(n) A white precipitate is obtained by passing ac~tylehe 

through ammoniacal ... . . . . sol"\ltion. 
(0) Buta-I,3-diene with bromine in molar ratio generates 

predominately . . . . . . . 
(P) The electrolysis of potassiwn fumarate gives . .. . . . . 
(q) The position isomer of butene" 1 is ...... . 
(r)The ozonolysis product of CH3CH=CHCH3 is 

(s) Lewisite and mustard gas are ...... in nature. 
(1) Alkyl halides undergo ...... reactions with alcoholic 

KOH and form ...... . 
(u) A compound of carbon and hydrogen used for welding 

purposes is . .. .. . . 
(v) Carbon atoms in Ag 2C2 (silver acetylide) are ..... . 

hybridized. , 
(w) Hydration of ethylene in presence of an,acid produces 

(x) ...... is formed whell cthvlene is treated,with alkaline 
··KMn°

4
• • , 

(y) S2Cl2 reacts with ...... to form mustard gas. 
, (z) The' kind of delocalization involving' sigma bond 

orbitals is called . . . . . . . 

2. Fill in the blanks : 
(a) 'The structura1 formula of the compound which yields 

'ethylene upon reaction with zinc is ...... . 
(b) The intermediate product in the preparation of 

ethylene from ethanol and sulphuric acid is .. : .... 

(];R.B. Organic Chemistry tor Competitions 

(c) An olefiruc'X'on ozonolysis gives CH3COCH3 and 
formaldehyde. The IUPAC' name of the olefm is 

(d) Acetylene is practically insoluble in, water but very 
soluble in ...... . 

. (e): ;The 1% alkaline KMn04 solutienis known as 

(f) Ethylene on treatment with chlorine water gives 

(g) Acetylene and formaldehyde interact in the presence 
of copper acetylide as a catalyst to form the organic 
compound ....... 

(h) The H-C-H bond angle in ethylene is ; ..... . 
(i) Alkaline KMnO 4 oxidises acetylene to . . . . . . . 
(j) Carbon-carbon distance is shortest in ...... (ethane, 

ethene, ethyne). 
(k) A hydrocarbon containing two double' bonds is 

named as ....... 
(I) Dichloroacetaldehyde is obtained by treating 

acetylene with . . . . . . . 
(m) In alkenes and alkynes the electrophile adds across 

the ...... bond. 
(n) Trialkylborane on decomposition by CH3COOH 

forms ...... . 

Ph <H 
(0) )e=c ~ ..... . 

H" CH3 

NaNH2 CH3Br 
(q) HC==CH ) ...... ~ ..... ". 

HBr 
(r) CH3-CH=CH2 .) 

, PerOXIde 

Br2 
(s) H2C=CH2 '---"-f 

CCl4 

Zn 

KOH(aq.) 
) 

(t) HO=CH~ 
CCl4 

~ .. , .... 

Ph~H 
(u) ~ +KNH2 

Ph/' "'-Br 

(v) HO=CH 

(x) CH
3
-C==CH B2~ ) . . . . .• NaOH) 

H20 2 

, AlCI) 
(y) HC==CH + CH3 0CH2 CI ~ 
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(z) (CH3 h C=CH2 + CHCl3 (CH3)3
C- OK; 

3. Sta~ whether the following statements are True or False: 
(a) Moist ethylene can be dried by passing it through conc. 

H2S04 , 

(b) 2-Methylpropene gives isobutyl bromide with RBr. 
(c) Ethyne and its derivatives' will give white precipitate 

with ammoniacal silver nitrate solution. 
(d) The acidic nature of three types of hydrocarbons 

follO\·'s the order, 

Alkanes < Alkenes < Alkynes. 

(e) Peroxide effect is effective only in the addition of HBr 
and not HCI and HI. 

(f) Acetylene is colourless, odourless gas. 
(g) Vinyl acetate used. in plastic industry can be prepared 

by the action of acetic acid on ethyne. 
(h) Bromine water can be used to distinguish ethyne and 

ethene. 
(i) Decolourisation ofBaeyer's reagent is sure test of a1kenes. 
G) The process of conversion of acetylene into benzene is 

polymerisation. 
(k) The reaction of ethyl alcohol with acetylene is 

'nucleophilic addition. 
(I) Propyne is more acidic than acetylene. 
(m) In Holme's signal of the ship, the torch contains CaC2 

and Al4C3 . I " 

(n) Propene with diborane forms an additive product which 
on reaction with H20 2 fonns propanol. 

(0) Propene can undergo addition as well as substitution 
'with halogens depending upon the condition of the 
reaction. 

(P) Propyl bromide on reaction with alc. KOH gives acetylene. 

(q) )e=C< bond length ismore'than -C==C- bond 

length. 
(r) A carbon-carbon triple bond is considerably stronger 

than that of carbon-carbon double bond. 
(s) Baeyer's reagent is acidified KMn04 solution. 
(t) Addition of RBr to (CH3 h C=CH2 in presenct'lof 

benzoyl peroxide takes place according to 
anti-Markownikoff's rule. 

(u) Ethene and Baeyer's reagent gives ethylene glycoL 
(v) When propene is treated with Cl2 at 500°C,' 

substitution !,>ccurs in methyl group. 
(w) Lewisite is formed by the reaction of acetylene and 

arsenic trichloride. 
(x) But-2-yne forms white precipitate with Tollens' 

reagent. 
(y) But-2-yne 011 ozonolysis forms formic acid and 

propionic acid. 
(z) Acetylene when oxidised with selenium dioxide forms 

glyoxal. . 
4. Match the following: . 

[A] (a) Dehydrohalogenation 
(b) nCH2=CH2 ~ 

+CH2-CHdn 

(I) Poisonous gas 
(2) Westron 

(c) Ozonolysis 

(d)" Mustard gas 

(3) Alkaline potassium 
per-manganate 

(4) But-2-ene 

357 

( e) Acetylene tetrachloride (5) 2-Chlorovinyldichloro-
arsenic 

(f) Baeyer's reagent (6) Alcoholic kOH 
(g) Geometrical is;)merism (7) Structure of alkene 
(h) Lewisite (8) Polymerisation 

[B] (a) CnH2n ' (I) Formaldehyde 
(b) CnH2n- 2 (2) Plastic' 
(c) Alkyl halide + Ale. KOH (3) Allene 
(d)Polythene (4) Thiophene 
(e) C2H4 + 03/H20 (5) Alkene 
(f) H2C=C=CH2 (6) Pyrrole 
(g) C2H2 + S (7) Alkyne 
(h) C2H2 + NH3 (8) Dehydrohalogenation 

5. Complete the following equations: 
(a) H2C=CH-CH3 + HCI ~ (A) 

(b) 

(c) H2C=CH2 +0
3 

H20) (A) NaOH(aq.~ (B)+(C) 

(d) (CH3 h C-CH=CH2 + HCI ~ (A) 

Et. Br ) (B) 

(g) HC==CH H2, Pd(CaC03» (A) ~ . 
(CH3COO)2Pb CCl4 

(B) (Ale.) KOH) (C) 

(h) HC=CH HgS04,H2_<!~ (A) H) 
H2S04 LiAU4 

(Cone.) H2S04 ) (C) 
(9) 1700C 

(i) CH CH CH OH (Cone.) H2S04) (A)-~~-HB) 
3 2 2 1700C 5000C' 

G) CH CH=CH , ~'(A) (Ale.)KOH) (B) 
3 2 500"C' . Heat 

. (k) H2C=CH2 + CH2N2 ~ (A) 
(I) CH3CH=CH2 + CH2I2 ~ (A) 
(m) H2C=:CH-CH=CH2 +H2C=CH2 ~ " 

H2 
(A) ~ (B) 

(n) C3H
7
CH CH

2
, .H~OAe~) (~) NaBH4 /NaOH) (B) 

, ~/H~ 

(0) CH3CH=CH2 . BH3/1'Hl'; (A) CH3COOH), (B) 

(i) NaNH2 

(3.0,equiv.» (B) 
(ii)CH3I 



(r) 
(B) (e) 
~~ 

, Peroxide 
(s) CH3CH=CH2 + BrCCI3 ) (A) 

(t) CH3CH C(CH3h + HCI Peroxide) (A) 

(u) (CH3 hC--:-CH2 + isobutane 2~K) (A) 

CHCl3 (A) NaOH) (v) CH3CH2CH=CH2 ----"') 

(B) Dil. HCI) (C) 

(w) 

(x) 

(y) (i) BH3, THF. (A) 
(ii) HzOz, OH-

(A) , 
(z) R-CH ' CHz ~ R-,--CH-CHz-CCI3 . I 

CI 
IRoorkee lOOt] 

6. What is the fmal product when: 
(a) Acetylene reacts with arsenic trichloride? 
(b) Acetylene reacts with acetic acid in presence of 

mercuric salt ? 
(c) Acetylene reacts with ethyl alcohol in presence of 

mercuric salt? 
(d) Acetylene combines with ammonia at high 

temperature? 
(e) Acetylene combines with nitrogen in presence of 

electric spark? 
(f) Acetylene is heated with sulphur? 

7. What happens when: 
(a) Ethylene reacts with hypochlorous acid? 
(b) Acetylene is passed through ammoniacal solution of 

silver nitrate? 
(c) Acetylene is passed through a red hot metallic tube? 
(d) Ethyl alcohol is heated at 170°C with excess of conc. 

H2S04 ? 
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(e) Ethylene is treated with alkaline KMn04 solution? 
(f) Propene is subjected to ozonolysis and subsequently 

treated with Zn/H20? 
(g) Propene is treated with, hydrogen bromide in the 

presence of a peroxide? 
(h) Acetylene is passed through ammoniacal cuprous 

chloride solution? 
(i) Acetylene is passed through dilute H2S04 in presence 

of HgS04? , 
(j) Acetylene reacts with Baeyer's reagent? 

8. Answer the following: 
(a) If the bond order (number of bonds) between two 

carbon atoms increases what will happen to bond length 
and bond energy? 

(b) What type of reactions usually occur in alkenes? 
(c) What type of isomerism is eXhibited by CHBr=CHBr? 
(d) What type ofH2C=C=CHz diene is? 
(e) Which type of mechanism is followed in 

Markownikoff's rule? 
(f) Which type of mechanism is followed in anti

'Markownikofrs rule? 
(g) What reagent is used in the dehydrohalogenation of 

alkyl halides? 
(h) Name two reagents which can be used to test 

unsaturation? 
9. (a) Arrange benzene, n-hexane and ethyne in decreasing 

order of acidic behaviour. Also give reason for this 
behaviour. 

(b) Write the structural formulae and IUPAC names for all 
the structural isomers of alkenes with molecular 
formula CSHIO' 

(c) Write the various types of isomerism shown by alkenes. 
Give one example of each. 

to. Which of the following compounds will show cis-trans 
isomerism? 

(i) (CH3hC=CH-C2Hs (ii) HzC=CBr2 
(iii) C6HsCH=CH-CH3 (iv) CH3 CH=CClCH3 

U. Draw the cis and trans structures of hex-2-ene. Which 
isomer wiH have higher b.pt and why? 

U. (a) How is ethene obtained from the following compounds 
in one step? 
(i) Ethanol, (ii) Ethyl bromide, (iii) Ethyne, (iv) Ethylene 
bromide. 

(b) How is ethyne obtained from the following compounds 
in one step? 
(i) Ethylene bromide, (ii) Trichloromethane, 
(iii) 1,1,2,2-Tetrabromoethane. 

0..,. " 
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13. How wiU you synthesise? 
(a) Vinyl chloride from acetylene: 
r (Ale.) KOH 1 l Hint: HC.=CH CH3CHCl2 ) H2C=CHCI J or 

(b) But-l-yne from acetylene: 
r . NaNH

2 
. . CH

3
CH

2
Br 

l Hint: HC==CH ) HC==CNa' ) 

(c) But-2-yne from propyne: 
r· NaNH 
lHint: CH3C==CH 2) CH3C==CNa 

BrCH] 1 
) CH3C==CCH3 J 

(d) Butan-2-one from acetylene: 

~ . CH]CH2Br H2S04,H20' ?i J 
Hint: HC=CH HC CNa ) HC=CCH2CH3 -=--.:........::---+). CH3~C~CH2CH3 

But-I-yne HgS04 . 

r
) Chloroprene from acetylene: 

Cu2Ci2 Hint: 2HC==CH ) H2C=CH~C . CH 
. NH4Cl Vinyl acetylene 

CH CH CH Br ' Na I ether ) CH (~H ) CH ] 
3 2, 2 Wurtz reaction 3 2 4 3 

(i) Cyclohexene from cyclohexane: 
r Ci' Al 1 
l
Hint: Cyclobexane ~ Chlorocyclobexane ~. c. . CyclohexeneJ 

hv, KOH 

. (j) Vinyl ac~tate from ~thyl alcohol: 
r (Cone.) H2S04 ' Br2 
lHint: <;H50H 1700C') H2C=CH2'~ CH2Br~CH2Br 

(k) Cyclohexa-1,3-diene from cyclohexene: 

[Hint: 0 NBS, • r'l, ~C~~H O~ ] 
. . ~Br .' ~ 

14. How will you obtain the following from propene? 
(a) n-Propyl bromide, 
[Hint: Reaction of HBr in presence of peroxide] 

, (b) n-Propyl alcohol, 
[Hint: First convert into n-propyl bromide and then do hydrolysis with aq. NaOH or AgOR.] 

(c) Isopropyl alcohol, 
[Hint: First react with HBr to form isopropyl bromide and then do hydrolysis.] 
(d) 1,2-0icbloropropane,' . 
[Hint: Treat with Cl2 in CCI 4 ] 

359 
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(e) Acetylene; 

[Hint: By ozonolysis propene is converted into acetaldehyde, 
, 1 

CH3CHO CH3CHCl2 HC==CH J 
(t) Allene (propadiene). 

r I Hint: CH3CH =CH2 

L 

IS. How will you differentiate the following? 
(a) Ethylene and ethane 
(b) Ethylene and acetylene 
(c) Ethane and ethyne 
(d) But-l-ene and but-I-yne 
(e) But-2-yne and but-I-yne 
[Hint: But-l-yne fonns white ppt. with ammoniacal silver nitrate 

while but-2-yne does not 'lis it has no acidic hydrogen.] 
16. (a) Agaseous mixture consists ethane and ethylene. How 

are the individual members recovered? 
[Bint: Pass mixture through cone. H2S04, Ethylene is ab

sorbed. The product on beating giv(', a~:1in C2H4.] 

(b) A gaseous mixture consists of ethylene and acetylene. 
How ]:loth are separated from each other? 

[Hint: Pass mixture through ammoniacal cuprous chloride solu
tion. The acetylene fonns red precipitate. It is filtered and ' 
treated with HN03 to recover acetylene. 
Cu2C2(red ppt.) + 2HN03 -7 C2H2 + Cu2(N03)2] 

17. Explain the mechanism of the following reactions: 
(a) Bromine on ethylene. 
(b) HBr on ethylene. ' 
(c) Dehydration of an alcohol. 
(d) HBr on buta-I,3-diene. 
(e) HClon 3,3-dimethylbut-I-ene. 

18. Deduce the structures of the compounds which yield the 
following products on reductive ozonolysis: 
(a) CH3CHOand HCHO 
(b) (CH3 )2C0an4 HCHO 
(c)(CH~ hCOand CH3CHO 
(dj'(CH3 hCOonly 

(e) CHlH2 f=O (two moles) 

, CH
3 

(t) HCHO and O=CH-fH- CH(CH3 h 

CH3 

(g) CH3CH2f=O and OHC-CHO and OHCCH2CH3 

C2HS 

(h) OHC-- CH2CH2 CH2 CHO only 
(i), OHC-CH2-CHO (two moles) 

. «CH2)4) m O=C C=O only 
. (CH2 )4 
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. 0 
~ II 

(k) HC CH2CH2-CH and OHC-CHO 
II . 
o 

o 
~ II 

(1) HC CH2CHr-CH only 
II o 

o o 

(m)· [:>-1-H (,)0 
(0) (CH3 hCOand CH3CH2CHO 

[Ans. (a) CH3CH=CH2 (Propene) 

o 

(b) (CH3)2C=CH2 (2-Methylprop-l-ene) 

(c) (CH3)2C=CHCH3 (2-Methylbut-2-ene) 

(d) (CH3hC=C(CH3)2 (2,3-Dimethylbrit-2-ene) 

(e) CH3-CH2-C=C-CH2-CH3 
I I 

CH; CH3 

(3,4-Dimethylhex-3-ene) 

(f) H2C=CH-CH-CH(CH3)2 

I 
CH3 

(3,4-Dimethylpent-l-ene) 

(g) CH3CH2-C=CH-CH=CHCH2CH3 . I 
C2HS 

(3-Ethylocta-3 ,5-diene) 

HC=CH 
~ '-...... (b) H2C '-...... ____ CH2 

CH2 

(Cyclopentene) 

/CH=CH~ 
(i) H2C, /CH2 

. 'CH=CH/ 
(Cyclohexa -1 ,4-diene) 

me)) 
(k)O 
(1) (» 
(m) [>-cH-CH--<:j 

(,)00 
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(0) CH3-f=CHCH2CH3 ] 

CH3 

2-Methyl pent-2-ene 

19. Write short notes on: 
(a) Markownikoff's rule 
(b) Ozonolysis 
(c) Polymerisation 
(d) Anti-Markownikoff'srule or Peroxide effect 
(e) Dehydrohalogenation 
(1) Saytzeff's rule 
(g) Baeyer's strain theory 

ZOo Explain the following: 
(a) Why alkenes are more reactive than alkanes? 

[Ans. it-bond is weaker than a sigma-bond and is easily broken. 
The :rt-electrons are less firmly bound to carbon nuclei.] 

(b) Acetylene reacts with ammoniacal silver nitrate solution 
. or ammoniacal cuprous chloride solution or sodamide to 

form an acetylide while ethylene does not. 

[Ans. Acetylene reacts to fonn· acetylide because it contains acidic 
hydrogens.] 

(c) But-2-ene shows geometrical isomerism but but-l-ene 
does not show. . 

[Ans. ill but-l-ene, the carbon atom linl<;ed by double bond is 
. attached with two hydrogen atoms (similar groups) and 
thus does not show geometrical isomerism. 

H~ /H 
/C=C"", 

HSC2 H 
But-I-ene 

. 
But-2-ene 

(d) Why has but-l-yne a larger dipole moment (0.80 D) than 
but-l-ene (0.30 D)? 

[Ans. A C-Csp bond is more polarized than C-Csp2 bond 

because carbon with more s-character is more 
electronegative.] . 

(e) Why alkynes are slightly more soluble in water than 
alkenes and alkanes? 

[Ans. Alkynes are somewhat more polar in nature and thus, their 
solubility is slightly more in water.} 

(f) Cyclopropane is more reactive than cyclobutane. 
(g) Cyclopentane is inert like alkanes. . 
(h) Which isomer of C4H9Br yields only a single alkene on 

dehydrobromination? 
(Alc.)KOH 

[Ans. (CH3)3C-Br ) CH3-C CHz) 
Tert. butyl bromide A I 

CH3 
2-Methyl propene 

(i) Write the products of dehydrochlorination of the 
following: 

&~, 
[An., (i) &CH'; (ii) &CH

2 .... 

(Major) (Minor) 

[ill) aCH3] 
(Minor) 

(j) Which of the following reactions would provide a 
better synthesis of 2-pentene? 

(i)~ 

Br 
Br 

(ii)~ 
[Ans. (i) is better because it gives only one product ... 

~, 
while(ii) gives a mixture of 
~and~.] 

(k) Write the major products of dehydration of: 
OH OH 

(i) ~ (ii) +OH (iii)~ 
[Ans. (i) ~ (ii) ~ (iii) ~ ] 

Trans-but-2-ene 2-Methyl pent-2-ene 
2-Metbyl but-2-ene 

ANSWERS 
1. (a) Ethyne; (b) propadiene; (c) but-2-yne 

[Hint: (i) CH!!!5CH 2Na .. NaC!!!5CNa, 
NH3(liq.) 

(ii) NaC==CNa 2CH3I) CHP==CCH~ + 2Nal]; (d) acetylene 

[Hint: C2H2 + HCI --7 CH2=CHCI]; (e) vinyl chloride; 

(1) Markownikoff's; (g) CICH2CH=CH2; (h) ethene; (i) HgS04, 

H2S04; (j) Baeyer's; (k) acetylene; (I) sp2; (m) sp; (n) silver nitrate; 

(0) 3,4-dibromobut-l-ene (at low temperature) or 1,4-dibromobut-
2-ene (at high temperature); (P) acetylene; (q) but-2-ene; 
(r) acetaldehyde; (s) poisonous; (t) elimination; 
(dehydrohalogenation), alkenes; (u) acetylene; (v) sp; (w) ethyl 
alcohol; (x) ethylene glycol; (y) CH2=CH2 (ethene); 
(z) hyperconjugation. 

2. (a) CH2BrCH2Br; (b) C2HsHS04; (c) 2-methylpropene; 
(d) acetone; (e) Baeyer's reagent; (t) ethylene chlorohydrin; 
(g) HOH2CC==CCH20H (But-2-yn-l,4-diol); (h) 120°; (i) oxalic 
acid; (j) ethyne; (k) alkadiene; (I) HOCI; (m) :rt;(n) alIame; 
(0) Ph-yH-CH2CH3 ;" (P) CH3CH2HSO~ 0I3CH20H; 

Br 



(q) CH==CNa, CH3-C==CH; (r) CH3CH2CH2Br, 
CH3CH2CH20H; (s) CI:I2Br-CH2Br, CH==CH; 
(t) CHBr2 - CHBr2' CH==CH; (u) Ph-C==C-Ph; 
(v) HC==C-Na, HC==C-D; (w) Na-C==C-Na, 
D-C==C-D; (x) (CH3-C=CH-hB, CH3CH2CHO; 

(y) CH30CHzCH=CHz; (z) (CH3)2 \/CH2 

/~ 
CI Cl 

3. (a) False-Ethylene combines with H2S04; (b) False-Tert. butyl 
bromide is formed; (c) False-Only R-OaCH derivatives give 
white ppt. but derivatives of the type R-C=C-R' do not give 
white ppt. with ammoniacal silver nitrate; (d) True; (e) True; 
(t) False-Acetylene is colourless with garlic odour gas; (g) True; 
(h) False-Both decolourise bromine water; (i) False-.-Reducing 
compounds can also decolourise Baeyer's reagent; G) True; 
(k) True; (I) False-Propyne is less acidic than acetylene; (m) False
The torch oontains CaCz and Ca3PZ; (n) True; (0) True; (P) False
gives propene; (q) True; (r) True; (s) False-Baeyer's reagent is 
alkaline KMn04 solution; (t) True; (u) True; (v) True; (w) True; 
(x) False-It does not react with Tollens' reagent as it has no acidic 
hydrogen; (y) False-forms only acetic acid; (z) True. 

4. [A] (a-{j); (b-8); (c-7); (d-I); (e-2); (f-3); (g-4); (h-5). , 
[B] (a-5); (b-7); (c-8); (d-2); (e-J); (f-3); (g-4); (h-{j). 

5. (a) (A) CH3CHCICH3; (b) (A) CH3CHO, (B) CH3COCH3; (c) (A) 
HCHO, (B) HCOONa, (C) CH30H. Formaldehyde undllrgoes 
Cannizzaro's reaction; (d) (A) 2-chloro-2,3-dimethyl butane; 
(e) (A) Me-CHz-C==CNa, (B) MeCH2C=C· Et; (t) (A) 
CH==CH, (B) CH3CH CHCOOH; (g) (A) CZH4, (B) 
CH2BrCH2Br, (C) C2H2; (il) (A) CH3CHO, (B) CH3CH20H, (c) 
C2H4; (i) (A) CH3-CH=CH2• (B) CHzCLCH=CHz; (j) (A)' 
CH2BrCH=CHz, (B) H2C=C=CH2; (k) (A) cyclopropane; 
(I) (A)methylcyclopropane; (m) (A) cyclohexene, (B) eyclohexane; 
(n) (A) C~7CH(OH)CH2 - HgOAc, (B) ~H7CH(OH)CH3; 
(0) (A) (CH3CH2CHz)3B, (B) CH3CH2CH3; 
(P) (A) CJlsCHBr-CH2Br, (B) C1;HsC==CCH3; 
(q) (A)CJlsCH=CHC1;Hs (cis- and trans-); 

(r) (A) C1;HsC03H ( D)I°'c(D] , 
(CH3hC"'-H 
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(e) CH3CH2CH-CH3; 
I 
COOH 

(w)(A) CJlrCH-CH-CH3 (Major); 
I I . 

OH Br 

(x) UCI 
(y) VOH 
(z) CCliperoxide 

6. (a) Lewisite; (b) CHz=CHOOCCH3, vinyl acetate; 
(c) C2HsO-CH=CH2 , ethyl vinyl ether; 

. CH=CH"",. 
(d) I /NfI, pyrrole; 

CH=CHr 
. . 

(e) HCN, hydrogencyanlde; 

CH=CH"", 
(t) I /S, thiophene. 

CH=CH 

7. See properties of ethylene and acetylene. 
8. (a) Bond length decreases and bond energy increases; 

(b) Electrophilic addition reactions; (c) Geometrical or cis-trans 
isomerism; (d) Cumulated; (e) Ionic mechanism; (t) Free radical 
mechanism; (g) Alcoholic potassium hydroxide; (h) Bromine and 

. Baeyer's reagent. 
9. (a) The decreasing order of acidic strength is: 

Ethyne > Benzene > n-Hexane 

H--C=C-H 0 CH3(CH2)4CH3 
sp 

sl sp2 

S-character 50% 33% 25% 

The acidic character is linked with the percentage of S-character. 
Greater the S-character, more is the electronegativity of the carbon 
atom and more will be the acidic character. 
(b) CH3CH2CH2CH=CH2 (Pent-l-ene), CH3CH2CH=CHCH3 

(Pent-2-ene), (CH3)2CHCH=CH2 (3-Methylbut-l-ene), 

CH3 
I 

CH)CH2-C=CHz (2-Methyl-l-butene) 

(CH3)2C=CHCH3 (2-Methyl-2-butene) 
(c) Position isomerism-Example: but-I-ene and but-2-ene 

Chain isomerism-Example: but-l-ene and 2-methylPropene 
Geometrical isomerism~Example : cis- or trans-but-2-ene 
Ring chain isomerism-Example: propene and cyclopropane. 

10. (iii) and (iv) will show cis-trans isomerism. 

CH3"" /CH2C~2CH3 CH3"" /H • . 
11. /C=C" /C=C, 

H "H H "cH2CH2CH3 
Cis Traru 

The cis form will have higher boiling point due to more polar nature 
leading to stronger intermolecular dipole-dipole· interaction, thus 
requiring more heat energy to separate them. 

',. 
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PROBLEMS BASED ON STRUCTURE AND PROPERTIES 

1. An organic compound [A] C6H10 ' on reduction fIrst gives 

[B] C6H12 , and fmally [C] C6H14 . [A] on ozonolysis 
followed by hydrolysis gives two aldehydes [D] C2H4 O, 
and [E] C2H20 2· Oxid~tion of [B] witli acidifIed KMn04 
gives acid [F] C4Hs0 2. Determine the structures of the 
compounds [A] to [F] with proper reasoning. 

[Hint: CJIIO (~? Ozonolysi: C
Z
H40 + CzHzOz 

(11) HydrolySiS (CH3CHO) (OHC-CHO) 
(D) (E) (Glyoxal) 

Thus, LA] is CH3CH=CH-CH=CHCH3 (Hexa-2,4-diene) 

!H2 

CH3CH2CH2CH=CHCH3 
(B) (Hex-2-ene) 

! Acidified KMn04 

CH3CHlCHlCOOH] 
[F] Butanoic acid 

CH3CH2CH2CH2CH2CH3 
(C) (Hexane) 

2. (A), (B) and (C) are isomeric heptenes. (A) on ozonolysis 
gives ethanal and pentanal, (B) on ozonolysis gives ethanal 
and pentan-3-one, while ,(C) on like treatment yields 
propanone and butanone. Give the structural formulae and 
IUPAC names of (A), (B) and (C). 
[Hint! Compound (A) gives: 

CH3CH =f:.9~fQ+=CHCHlCH2CH2CH3 

.So, (A) is 
Ethanal Pentanal 

CH3CH -'-CHCH2CHlCH2CH3 
(A) 

f1ept-2-ene 
, _______ , /CH2CH3 

Compound (B) gives: CH3CH~.Q_·LQ_TC"'-.. 

Ethanal 1 CH2CH3 

So, (B) is 

Compound (C ) gives: 

So, (C) is 

Pentan-3-one 
/CHlCH3 

. CH3CH=C"", 
CH2CHj 

(B) 
3-Ethylpent-2-ene 

(C) 
2,3-Dimethylpent-2-ene 

3. An organic compound (E) (CsHs ) on hydrogenation gives 

compound (F) (CSH12} Compound (E) on ozonolysis 
gilles formaldehyde and 2-keto-propanal. Deduce the 
structure of compound (E). 
[Hint: CSHg consists two double bonds as on hydrogenation, it 

is converted into CSHI2. 

H2C=C-CH=CH
2 

Ozonolysi~ 2HCHO + O=C-CHO] 
I Formaldehyde I 

CH3 CH3 

(CsHs) (E) 2-Ketopropanal 
:i-Methyl buta-l,3-diene 

4. A hydrocarbon (A) adds one mole of hydrogen in presence 
of Ilt caqtlyst to form n-hexane. When (A) is oxidized 
vigorously with· KMn04 , a single carboxylic acid 
containing three carbon atoms is isolated. Give the structure 
of (A) and explain. 

+ Hz(Pt) 
[Hint: (A) ) CH3CH2CH2CH2CH2CH3 

[0] ~04) 2CH3CH2COOH 

So (A) is CH3CH2CH CHCHlCH3 (Hex-3-ene)] 
S. A hydrocarbon (A) of the formula C7Hl2 on ozonolysis 

gives a compound (B) which undergo aldol condensation 
giving l-acetylcyclopentene. Identify (A) and (B). 
[liint: Since, the ozonolysis of the hydrocarbon (A) gives only one 

compound (B), the compound (A) must be a cyclic alkene. 
Moreover since the number ofC-atoms in the product obtained 
from the aldol condensation of (B) is the same as that of (A), 
the compound (B) must have gone intra aldol condensation. 
So, (A) and (B) are as follows: 

c5 
CH3 

~~.&; 
(A) (B) 

i.,. &'H 
condensation 

Intra-aldol 

6. Hydrocarbon (A) C6H10 ' on treatment with H2 /Ni, 

H2/Lindlar's catalyst and Na/liquid NH3 forms three 
different reduction products (B), (C) and (D) respectively. 
(A) does not form any salt with ammoniacal AgN03 
solution, but forms a salt (E) on heating with NaNH2 in an 
inert solvent. Compound (E) reacts with CH31 to give (F). 
Compound (D) on oxidative ozonolysis gives n-butanoic 
acid along with other product. 
Give structures of (A ) to (F) with proper reasoning. 
[Hint: 

CH3CH2CH2C=:::C-CH3 

(A) 

Heat NaNH2 

NalLiq.NH3 



7. Dehydration of 

H3COH 

H OH 

gives a compound which exists in two isomeric forms. Give 
the structure of both the isomers. 

[Hint: H3:O or H3:>()] 
HOH ('r(CH

3 

9. C7HI2 ~ V OH 

What are the possible isomers of fonnula C7 HI2 which give 
above product? 

[H'· D f . 14 - 12 + 2 . 2 mt: egree 0 unsaturation = = 
2 

Thus, the compound should have a ring and a double bond. 
.. Possible isomers will be . 

c5 c5 J 

9. Identify (X), (Y)and (Z) in the following synthetic scheme 

and write their structures. 

CH CH C==CH (i)NaNH2 ) (X) H2/Pd-BaS04 ) 

3 2 (li) CH3CH2Br . 

(Y) AlkalineKMn04 ) (Z) 

Is the compound (Z)optically active? JustifY your answer. 
(liT 2002) 

Alkaline KMn04 

C~s 
I 

H-C-OH 
I 

H-C-OH 
I 
C2HS 

Hexane-3,4-diot' 
(Meso or inactive form) 

(Z) 

10. An alkene (A)C'6HI6' on ozonolysis gives one product (B) 

CsHsO. Compound (B) on reaction with NaOWI2 yields 
sodium benzoate; Compound (B). reacts with 
KOWNH2NH2 yielding a hydrocarbon (C)CSHIO' Write 
the structure of compounds (B) and (C). Based on this 
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infonnation two isomeric structures can be proposed· for 
alkene (A). Write their structures and identifY the isomer 
which on catalytic hydrogenation (H2/Pd-C) gives a 
racemic mixture. lilT 2001] 
[Hint: The given reactions are as follows : 

0 3 12 /NaOH 
C,Ji16 ~ CgHgO .) (1;HsCOONa 
, (A) (B) Sodium benzoate 
Alkene Only product 

I KOHlNH2NH2 , 
. , CsHIO 

(C) 

Since, (A) on ozonolysis gives only one product (D), the alkene 
must be a symmetrical one. This reaction may be written as, 

~IH,O > 2 [:>c~o 1 
(A) (D) 

(where a + b = C7Hg) 

Further, (D) on treatment with 12/NaOH (iodoiOrm test) gives 
sodium benzoate, one of the group (a) and (b) may be identified 
with C1;Hs and hence the other one may be CH3 group. The given 
reactions are as follows: 

C1;Hs\ /{1;Hs 0 IH 0 (1;H5\ I IN OH 
/C=C'",- ~ 2 /C=O 2 a ) C6HsCOONa 

CH
3 

CH
3 

CH
3 

Sodium benzoate 

(A) (D) 
Acetophenone 

b 
+CHI3 

.. KOHlNH2NH2 
Wolff _ Kishner {1;HsCH2CH 3 

reduction Ethyl benzene 
(C) 

The alkene (A) will have two isomers, cis- and trans. The catalytic 
hydrogenation (H2/Pd-C) involves syn-addition of hydrogen. 
The trans-isomer gives racemic mixture while cis-isomer gives a 
meso compound. 

Trans-isomer . 
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OBJECTIVE OUESTIONS 
SET I: This set contains the questions with single correct answer. 

1. When ethyl iodide is treated with a!coholic potash, we get: 
(a) ethyl alcohol 0 (b) ethane 0 
( c) acetylene 0 (d) ethylene D. 

2. Ethylene is produced by: " 
(a) dehydration of acetic acid 0 
(b) electrolysis of methyl alcohol 0 
(c) mixing acetic acid and c~lcium formate 0 
(d) passing C2H50H vapourS over hot Al20 3 0 

3. A gas decolourises alkaline KMn04 solution but does not 

give precipitate with silver nitrate. It is: 
(a) CH4 0 (b) C2H6 0 
(c) C2H4 0 (d) C2H2 0 

4. Acetylene on treatment with dil. H2S04 having HgS04 

gives: 
(a) acetaldehyde 0 (b) acetic acid 0 
( c) ethanol 0 (d) ethylene 0 

5. Which of the following reagents distinguish ethylene from 
acetylene? [BHU 2006] 
(a) Ammoniacal cuprous chloride 0 
(b) Br2 water 0 
(c) Alkaline KMn0.i solution 0 
(d) ChlOime dissolved in CCl4 0 

6. Which of the following not only decolourises alkaline 
potassium pennanganate but also gives red precipitate with 
ammoniacal cuprous chloride solution? 

[EAMCET (Med.) 2006] 
(a) Ethane 0 (b) Methane 0 
( c) Ethene 0 " (d) Acetylene 0 

, 7. The most reactive hydrocarbon is: [JIPMER 2003] 
( a) ethene [J (b) ethyne 0 
(c) ethane 0 (d) methane 0 

8. Aqueous solution of an organic compound 'A' on 
electrolysis liberates acetylene and CO2 at anode. 'A' is: 

(a) potassium citrate 
(c) potassium succinate 

9. Baeyer's reagent is: 

[EAMCET (Engg.) 2007) 
o (b) potassium acetate 0 
o (d) potassium maleate 0 

(a) alkaline KMn04 solution 0 
(b) acidic KMnO 4 solutioQ, 0 
(c) neutral KMnO 4 solution 0 
(d) aqueous bromine solution 0 

10. The negative part of the addendum adds on to the unsaturated 
carbon atom joined to the least number, of hydrogen atoms. 
This statement is called: [AFMC 2004) 
(a) Saytzeffrule o (b) Kharasch effect 0 
(c) Markownikoff's rule [] (d) Anti-Saytzeffrule 0 

11. Products of the following reaction, 
(i) 0 3 

Me2C=CHCH3 ' ) ? are: 
(ii) (CH3h S [AMU (PMT) 2009) 

(a) Me2CO+CH3CHO 

(b) CH3CHO+CH3COOH 

(c) MeiCO+CH3COOH 

(d) 2Me2CO 

o 
o 
o 
o 

12. Ethyl alcohol is heated with conc. H2S04 at 170°C. The 

product formed is: [VITEEE 2008] 
(a) CH3COOCH3 0 (b) C2H6 0 
(c) C2H4 0 (d) C2H2 0 

13. The maximum number of isomers for an alkene with 
molecular formula C4 Hg is: 
(a) 2 0 (b) 3 
(c) 4 0 (d) 5 

o 
o 

LlIint: CH3CH2CH =CH2, CH3CH =CHCH3 (cis- and Irans-) 

CH3 
I 

and CHr-C=CH2] 

14. When ethylene is passed through alkaline KMn04 solution, 

we get: 
(a) ethanol 0 (b) glycol 0 
(c) oxalic acid 0 (d) acetaldehyde 0 

15. But-2-ene can be obtained by reacting: ' 
(a) 1,2-dibromopropane with zinc 0 
(b) ethyl bromide with sodium 0 
( c) ethylidene bromide with zinc 0 
(d) n-butyl alcohol with alcoholic KOH 0 

16. On electrolysis of potassium succinate solution, the 
hydrocarbon obtained is: [JIPMER 2004) 
(a) ethene 0 (b) ethane 0 
(c) ethyne 0 (d) aU of these 0 

17. Ethylene reacts with sulphur monochloride to form: 
(a) ethyl chloride 0 ' (b) ethylene chloride 0 
(c) mustard gas 0 (d) ethylidene chloride 0 

18. Ethylene reacts with air under pressure in presence of silver 
catalyst at 250°C to form: 
(a) ethylene glycol 0 (b) formaldehyde 0 
(c) acetaldehyde 0 (d) epoxide 0 

19. 1,2-dibromopropane on reaction with ale. KOH yields: 
(a) acetylene 0 (b) propylene 0 
(c) propyne 0 ' (d) none 0 

20. ...... is obtained when iodoform is heated with Ag 
powder. 
(a) CH4 0 (b) C2 H4 0 
(cl C2 H6 0 (d) C2 H2 0 

21. Benzene is a polymer of: 
(a) methane [J (b) acetylene 
(c) ethane 0 (d) ethylene 

22. Acetylene on ozonolysis gives: 
(a) glycol 
(b) glyoxal and formic acid 

o 
o 

o 
o 
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( c) fonnaldehyde 0 
(d) none of the above 0 

23 •. Chromic acid oxidises acetylene into:. 

(a) oxalic acid 0 (b) acetic acid 0 
(c) acetaldehyde 0 (d) CO2 + H20 0 

24. The. end product oftbe following sequence is: 

CaO + C Heat) A H20) B _H.;;;..2S_0...;.4 ~) C 
HgS°4 

(a) ethanol 0 
(b) ethyl hydrogen sulphate 0 
(c) acetaldehyde 0 
(d) ethylene glycol 0 

25. Addition of HOCI to ethyne gives: 
(a) ethyl chloride 0 (b) vinyl chloride 0 
(c) dichloroacetaldehyde 0 (d) ethylidene chloride 0 

OH 

~ 
CH . CHOH HOCI CH< CHO ] 

Hint: III +HOCI-/l ~I OH-I 
CH CHCl CHCh CHCl2 

26. Whenacetylene is reacted with HCI in presence of HgC12, . 

the product obtained is: 
(a) methyl chloride 0 (b) vinyl chloride 0 
(c) formaldehyde 0 (d) acetaldehyde 0 

21. When propyne is treated with aqueous H2S04 in presence 

of HgS04 , the major product is: [PMT (Kerala) 2010] 
(a) propanone 0 (b) 2-propanol 0 
( c) ethanal 0 (d) ~thyne 0 
(e) propane 0 . 

28. The bond between carbon atom (1) and carbon atom (2) in 
the compound, . 

I 2 
N==C-CH CH2 

involves the hybrids as: 
(a) spandsp2.·p (b) sp2 and sp2 0 
(c)spand sp. -0 (d) sp3 and sp 0 

29. Which of the following displaces hydrogen on reaction with 
sodium in liquid ammonia? 

. (a) C2H2 '0 (b) CH4 0 
(c) C2H6 . 0 (d) C2H4 0 

30. When I,I,2,2-tetrabromoalkane is heated with zinc powder 
in alcohol, which is formed? 
(a)Alkyne o (b)Alkene 0 
(c) Alkane 0 (d) None of these 0 

31. The end product of the following seqQence of operations is: 

Cac2 H20) (A) H2S04 ) (B) . H ) (C) 
HgS04 LiAlH4 

(a) methyl alcohol 0 (b) ethyl alcohol 0 
(c) acetaldehyde 0 (d) ethylene 0 

32. The name of the poisonous gas formed by the interaction of 
acetylene and arsenic trichloride is: 
(a) phosgene 0 (b) lewisite 0 
(c) mustard gas 0 (d) westron 0 
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33. Acetylene when treated with C1 2. in CCl4 forms: 

(a) mustard gas' 0 (b) lewisite 0 
(c) westrosol 0 (d) westron 0 . 

34. Acetylene is not used to prepare: 
(a) westron 0 (b) westrosol 0 
(c) lewisite 0 (d) mustard gas 0 

35. Acetylene is prepared industriaily by .. passing electric 
discharge through graphite electrodes in the atmosphere of: 
(a) air 0 (b) H2 0 
(c) N2 0 (d) CO2 0 

36. When a mixture of acetylene and nitrogen'is subjected to 
.electric discharge, the product obtained is: 
(a) ether 0 (b) ethyl amine - 0 
(c) HCN. 0 (d) ammonia 0 

37. A metallic carbide on treatment with water gives a 
colourless gas which burns readily in air and gives a 
precipitate with ammoniacal silver nitrate solution. The gas 
evolved is: 
(a) CH4 - 0 (b) C2H6 0 
(c) C2 H4 0 (d) C2H2 0 

38. Which one has of the red colour? 
(a) C2Na2 0 (b) C2Ag 2 0 
(c) Cu 2C2 O. (d) CH3C==CNa . 0 

39. The gas, which is used for artificial ripening of fruits, is: 
(a) CH4 0 (b).C2H4 . 0 
(c) C2H6 0 (d) none 0 

40. The gas, which is used for welding purposes is: 
(a) CH4 o (b) C2H6 0 
(c) C2 H4 0 (d) C2 H2 0 

41. Propane can be distinguished from propylene with: 
(a) sodium 0 (b) bromine water 0 
(c) ammoniacal AgN03 0 (d) NaHS03 0 

42. Reaction of HBr with propene in the presence of peroxide 
gives: [CBSE .(Med.) 2004) 
(a) isopropyl bromide 0 (b) ally~ bromide 0 
(c) n-propyl bromide 0 (d) 3-bromopropane 0 

43. The compound which is insoluble in cold H2 S04 is: 

(a) n-butane 0 (b) I-butene 0 
( c) 2-tmtene 0 (d) ethyl acetate 0 

4-1. Which one of the following molecules is linear? 
(a) HC==CH 0 (b) H2C=CH2 0 
(c) CH3-CH3 • 0 (d) H-O--H 0 

45. In the laboratory by dehydration of ethyl alcohol, ethylene 
was obtained in 50% yield. The ethylene so obtained reacted 
with bromine to give ethylene dibromide in 80% yield. If the 
amount of ethyl alcohol was 0.5 mole then ethylene dibromide 
produced would be: 
(a) 0.8 mole 0 (b) 0.4 mole 
(c) 0.2 mole 0 (d) 0.1 mole 

46. Conjugated double bond is present in: 
(a) propylt.;,ne 0 (b) isobutylene 
(c) butylene 0 (d) butadiene 

o 
o 
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47. When alcoh~lic solution of ethylene dibromide is heated 
with granulated zinc, the compound formed is: 
(a) ethylene 0 (b) ethyne 0 
(c) cyclobutane 0 (d) butane 0 

48. In the reaction given belo,w, X is: 

H SO 
Neo-pentylalc?hol 2 4) X (DPMT 2009] 

(a) 2-methylpentane 0 (b) Neo-pentane 0 
(c) 2-methylpent-2-ene 0 (d) 2-methylbut-2-ene 0 

. 49. Which of the following will have least hindered rotation 
about carbon-carbon bond? 
(a) Ethylene 0 (b) Acetylene 0 
(c) Ethane 0 (d) 'Hexachloroethane 0 
[Hint: Hexachloroethane has less rotation than ethane because 

of greater size·of chlorine than hydrogen.~ 
50. The olefin which on ozonolysis gives CH3 CH2 CHO and 

CH3CHOis: 
(a) I-butene 0 (b) 2-butene 0 
(c) l-pentene 0 . (d) 2-pentene 0 

51. Dilute aqueous KMn04 at room temperature reacts with 

R-CH=CHR to give: 
(a) R-CHO 0 (b) RCOOH 0 
(c) R-CHOHCHOHR 0 (d) CO2 + H20 0 

52. Lindlar's catalyst is: 
(a) Pt in ethanol 

(c) Ni in. ethanol 

o (b) Pd + BaS04 . 

o (d) Na in liquid NH3 

53. Which of the following molecules is not linear? 

o 
o 

(a) H2C' CH2 0 (b) CO2 0 
(c) BeCl2 0 (d) HC==CH 0 

54. Butyne on reaction with hot alkaline KMn04 gives: 

(a) CH3CH2CH2COOH 0 
(b) CH3CH2COOH 0 
(c) CH3CH2COOH+C02 0 
(d) CH3CH2COOH + HCOOH 0 

55. When C2 H2, CH4 and C2 H4 passes through a test tt,tbe 

which have ammo~iacal Cu 2 C12, find out which gas comes 
out unaffected from test tube? (BCECE (Med.) 2008] 
(a) C2H2 and CH4 0 (b) C2H2 and C2H4 0 
(c) C2H2 q (d) C2H4 and CH4 0 

56. When propene is treated with chlorine at 500°C, allyl 
chloride is formed as the main product. The mechanism of 
the reaction is: 
(a) free radical addition 0 
(b) free radical substitution 0 
(c) electrophilic addition 0 
(d) electrophilic substitution 0 

57. The general formula of the product formed when 
1,1, I-trichloroethane is heated with metallic silver is: 

(a) CnH2n+2 0 (b}CnH2n 0 
(c) CnH 2n- 2 0 (d)Cn H2n+1 0 

58. To prepare 2-butyne from 2,2,3,3-tetrachlorobutane, use is 
made of: 
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(a) zinc 0 (b) sodarni~¥ 0 
(c) alc. KOH 0 (d) aq. KOH 0 

59. Indicate the organic structure for the product expected when 
2-methylpropene is heated with acetyl chloride in presence of 
anhydrous zinc chloride: 
(a) (CH3 )2 CCICH2OCCH3 0 
(b) (CH3 h CHCH2OCCH3 0 
(c) CH3COCH(CH3 h 0 
(d) none of the above 0 

60. Reactions of alkenes with ...... are explosive in nature: 
(a) Cl 2 0 (b) 12 0 

. (c) F2 o (d) Br2 0 
61. Catalyst used in dimerisation of acetylene to prepare 

chloroprene is: 
(a) HgS04 + H2S04 o 0) Cu 2 Cl2 o· 
(c) Cu 2Cl2 +NH40H o (d) Cu 2 C12 + NH4CI o 

62. Ammoniacal silver nitrate forms a white precipitate easily 
with: IUPSEE (Engg.) 2008] 
(a) CH3CH=CH2 0 (b) CH3 --C=:CH 0 
(c) CH3 -C=C-CH3 0 (d) H2C=CH2 0 

63. Structural formula for lewisite is: 
CHCI CHCI 

(a) II 0 (b) II 0 
CHAsel3 CHAsCI 

CHCI CH2 
(c) II 0 (d) II 0 

CHAsel2 CHAsCl2 

64. An olefm may be converted into alcohol by: 
, (a) B2H6 and H20 2 0 (b) LiAlH4 0 

(c) alkaline KMnO 4 0 (d) HOCI 0 
65. Propene is- more reactive than ethene towards HBr because: 

(a) propene can more readily undergo a free radical chain 
reaction 0 

(b) propene gives rise to more stable carbonium ion 0 
(c) the double bond incase of propene is unstable 0 
(d) the' methyl group attached to double bond withdraws 

electrons and facilitates the attack 0 ' 
66. Acetylene when passed through cuprous chloride in 

presence of ammonium chloride forms: 
( a) benzene 0 (b) vinyl acetylene 0 
( c) allyl chloride 0 (d) allene 0 

67. Which of the following alkynes is most acidic? 
(a) CH3-C==CH 0 (b) CH3-C==C-CH3 0 
(c) CH3-CH2-C==CHO (d) HC==CH 0 

68. Acetylenic hydroge~s are acidic because: 
(a) sigma electron density of C-H bond in acetylene is 

nearer to carbon which has 50% s-character 0 
(b) acetylene has only one hydrogen on each carbon 0 
(c) acetylene contains least number of hydrogens among 

the possible hydrocarbons having two carbons 0 
(d) acetylene resembles acetic acid 0 

69. Sample of2,3-dibromo-3-methylpentane is heated with zinc 
dust. The resulting product is isolated and heated with HI in 
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the presence of phosphorus. Indicate which is the structure 
that represents the fmal product in the reaction: 
(a) H2C CH-fH-CH2-CH3 0 

CH3 

(b) CH3-CH2~H-CH2-CH3 0 

CH
3 

. 

(c) CH3-CHI--fH-CH2-CH3 

CH3 

o 

(d) none of the above 0 
70. Which of the following reactions will yield 2,2-dibromo-

propane? [CPMT 2004; AIEEE 2007] 
(a) H2C=CHBr + HBr 0 
(b) CH3C==CCH3 + 2HBr 0 
(c) CH30=CH + 2HBr 

(d) CH3CH=CHBr+ HBr 

o 
o 

71. How many grams of bromine will react with 21 grams of 
C3H6? 

(a) 320 0 (b) 240 0 
(c) 160 0 (d)80 0 

72. Which of the following will be the final product when C2 H2 

reacts with HCl? 
(a) H2C=CHCI 

(c) CH3-CHCI2 

o (b) CH3-CH2CI 

o (d) CHCI-CHCI 

o 
o 

73. The reaction, (CH3)3 C-OH H2S04
) (CH3 h C=CH2 , is 

. Heat . 
an example of: 
(a) sulphonation 0 (b) decomposition 0 
( c) dehydration 0 (d) alkylation 0 

74. Propene CH3-CH=CH2 can be converted into propanol-l 

. by oxidation. Indicate which set of reagents amongst the 
following is ideal to bring the above conversion? 
(a) 03/Zn dust 0 
(b) B2H6 and alkalineH20 2 0 
(c) Alkaline KMn04 0 
(d) 0804 followed by NaHS03/alcohoi 0 

75. H2C=CH2 + HOCI ~ ..... + ..... ~ 

ethylene chlorohydrin. Fill in the blanh in the above reaction 
with: 

- + + 
(a) CH20H-CH2 +CI 0 (b) CH2CI-CH2 +OH 0 

+ - +-, 
(c) CH20H-CH2 + CI 0 (d) CH2CI-GI2 + OH 0 

76. Acetylene is used as an anaesthetic under the name of: 
(a) narcylene 0 (b) pyrene 0 
(c) neopyrene 0 (d) pyroline 0 

77. Which one will form thiophene when heated with sulphur or 
H2 S? 
(a) CH4 o 
(c) C2H4 o 
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78. To which class cyclopentane does belong? 
(a) Aromatic 0 (b) Heterocyclic 0 
(c) Alicyclic 0 (d) Unsaturated aliphatic 0 

79. The compound 1,2-butadiene has: 
(a) only sp-hybridized carbon atoms 0 
(b) only sp2-hybridized carbon atoms 0 
(c) both sp- and sp2-hybridized carbon atoms 0 
(d) Sp_sp2_ and Sp3 -hybridized carbon atoms 0 

80. A compound with molecular formula C4 H6 may contain: 

(a) a double bond 0 
(b) two double bonds or a triple bond 0 
(c) a triple bond 0 
(d) all single bonds 0 

81. Cyclopentene on treatment with alkaline KMn04 gives: 

(a) cyclopentanol 0 
(b) trans-} ,2-cyclopentanediol 0 
(c) cis-I,2-cyclopentanediol 0 
(d) mixture of (b) and (c) 0 

82. A hydrocarbon of formula C6HIO , absorbs only one 

molecule of H2 upon catalytic hydrogenation. Upon 
ozonolysis the hydrocarbon yields, 
OHC-CH2-CH2-CH2-CH2-CHO, the compound 
is: 
(a) cy~lohexene 0 (b) cyclohexane 0 
(c) benzene 0 (d) cyclobutane .0 

83. Diels-Alder reaction is used to synthesise a ring of: 
(a) four carbon atoms 0 (b) five carbon atoms 0 
(c) three carbon atoms 0 (d) six carbon atoms 0 

84. Terminal (ex., ro) dihalides on heating with zinc or sodium 

forms: 
(a) alkenes 0 (b) alkynes 0 
(c) alkanes 0 (d) cycloalkanes 0 

85. The theory of strainless ring was exp"lill~d by:. 
(a) Baeyer 0 (b) Sachse and Mohr 0 
(c) Kekule 0 (d) Erlenmeyer 0 

86. Which of the following reagents will you choose for the 
given reaction? [PET (Rajasthan 2008)] 

H2C=CH2 + H20+ O~ H2C--cH2 . I I 
OHOH 

(a) Oil. KMn04 , 273K 0 
(b) Alkalme KMn04 , high temperature 0 
(c). Acid andK2Cr207 at room temperature 0 
(d) . Acid and KMnO 4 at room temperature 0 . 

87. In the presence of platinum' catalyst, hydrocarbo~ (A) adds 
hydrogen to form n-hexane. When hydrogen bromide is 
added to (A) instead of hydrogen, only a single bromo 
compound is formed. Which of t~e following is (A)? 
(a) H2C=CH-CH2-CH2-CH2-CH3 ; 0 
(b) CH3-CH=CH-CH2-CH2-CH3 0 
lc) CH3-CH2-CH=CH-CH2-CH3 0 
(d) CH3-CH2-CH2-CH CH-CH3 0 



Unsaturated Hydrocarbons 

88. Alkene RCH=CHz reacts readily with Bz H6 . and the 

product on oxidation with alkaline HZ02 produces: 
(a) R-CH-CHz n (b) R-:-CHz-CHO 0 

I I 
OH OH 

o (d) R-C-CH3 
II 

o 

° 
89. The intenitediateduring' the addition of HCI to propene in 

the presence of peroxide is: 

o 
. • . + 

(c) CH3CHzCHz 0 (d) CH3CHzCHz 0 
90. The compound which reacts' with . HBr obeying 

Markownikoff's rule is: 

O H3e) <CH3 
(b) C=C 0 

. H· . H 

(c) H,C)CFC<H 0 (d/,C)C==e<H 0 
H· CH3 . H3 C. . H 

91. The number and type of bonds between two carbon atoms in 
CaCz are: 
(a) one sigma and one pi (1t) bond 0 
(b) one sigma and two pi (1t) bonds' 0 
(c) one sigma and one and a half pi (1t) bonds 0 
(drone sigma bond 0 

92. Cyclohexadiene contains how many degrees ofunsaturation? 
(a) 1 -0 (b) 20 

. (c) 3 0 (d) 6 0 
93. Acetylene contains same degrees of unsaturation as: . 

. 94. 

(aJ 0 
(c) 0 

D(bJO 

o (d) 0 
o 

o 

Four degrees of unsaturati9Jl are present in which of the 
compounds given below? . ~. 
(a) But-I-yne 0 . (b) But-2-yneD 
(c) Buta-l,3-diene 0 (d) Toluene 0 

95. Which one of the following alkenes will react faster with Hz 

under catalytic hydrogenation condition? 

R,,---/R 

(a)~H 

R,,---/R 
(c)r-.... 

R/ . "H 

(lIT 2000; eBSE (Med.) 2005] 
R,,---/H 

o (b). r-.... 
R/ "H 
.R,,---/R 

o (d) r-..... 
R/"R 

o 

o 
96. Propyne and propene can be distinguished by: 

[ItT 2000; DCE 2005) 
(a) conc. HZS04 . 0 (b) Br2 in CCl4 0 
(c) AgN03 in ammonia 0 (d) dil. KMn04 0 

97. All alkyne combines with a conjugated diene to give an 
unconjugatedcycloalkadiene. The most likely title of this 
reaction is: . . (JEE (Orissa) 2008] 
(a) Schotten-BaUmann reaction 0 
(b) Hofmann-bromamide reaction 0 
(c) Diels-Alder reaction. 0 
(d)Pinacol-Pinacolone rearrangement 0 

98. When cyclohexane is poured on water, it floats because 
cyclohexane is: 

. (a) in boat form . 0 (b) in chair form 0 
( c) in croWn form 0 (d)' less dense than water 0 

99. The cylindrical shape of an alkyne is due·to the fact that it 
has: 
(a) three sigma C-:-C bonds 0 
(b) two sigma and one pi C-:-C bond' 0 
(c) three pi C-:-C bonds 0 
(d) one sigma and two pi C-:-C bonds 0 

100. During debromination' of meso-2,3-dibromobutane, the 
major product formed is: 
(a) n-butane 0 (b) I-butene 0 
(c) cis-2-butene 0 (d) trans-2-butene 0 

101. Addition of bromine to buta-I,3-diene gives: 
(a) 1,2-addition product only 0 
(b) l,4-addition product only 0 
(c) both 1,2 and 1,4-addition products 0 
(d) no reaction . 0 

102. The reaction 6f CH3CH=cIi-(. )-?H with ~r 
gives: 

(a) CH3CHBrCHZ-(. )-OH 0 

(b) CH3CH,CHBr-( }-OH 0 

(C)CH3CHBrCI:Iz-( )-Br 0 

(d). CH3CHzCHBr-( .' )-Br .~ Q 

103. The product(s) obtained via oxymercuration (HgS04 + . 

H2S04 ) of l-butyne would be: ° . 
II 

(a) CH3CH2-C-CH3 0 
(b) CH3CH2CHzCHO 0 
(c) CH3CHzCHO+ HCHO 0 
(d) CH3CHzCOOH+HCOOH 0 

10-:'. The reaction of propene with HOCl proceeds via the 
addition of: [lIT (S) 2001] 
(a) H+ in the first step 0 
(b) Cl + in the first step Q 
(c) OH- in the first step . 0 
(d) CI + and - OH in the single step D. 
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105. Which ofthese will not react with acetylene? (AIEEE 2002] 
(a) NaOH Cl (b) Ammoniacal AgN03 0 
(c) Nil. D. (d) HCI 0 

106. Identify the set of reagents/reaction conditions' X' and 'Y' in 

the following set of trans,formations: (lIT (S) 2002] 

. 'X' 'Y' 
CH3CH2CHiBr --7 Product .---7 CH3- rH-CH3 

(a) X = dilute aqueous NaOH, 20°C' 
Y = HBr/ac;:etic acid, 20°C 

(b) X conc. alcoholic NaOH, 80°C 
y' HBr/acetic acid, 20°C 

(c) X == dilute aqueous NaOH, 20°C 
y= Br2/CHC13,O°C 

(d) X = conc. alcoholic NaOH, 80°C 
y = Bt2 /CHCI 3 ,O°C 

Br 

o 

o 

o 

o 
107. In presence of perOXide, hydrogen chloride and hydrogen 

iodide do not give anti-MarkownikotI's addition to alkenes 
because: (lIT (S) 2001] 
(a) both are highly ionic 0 
(b) one is oxidising and other is.reducing 0 
(c) one of the steps is endothermic in both the cases 0 
(d) all the steps are exothermic in both the cases 0 

108. In the preparation of alkene from alcohol using AI 20 3, 

which is etIective factor? (CBSE (Med.) 2001] 
(a) Porosity of AI 203 0 
(b) Temperature 0 
(c) Concentration 0 
(d) Surface area of AI 20 3 0 

109. Consider the following statements; a hydr~)Carbon of 
molecular fOrmula CSHIO is a; 
(I) mono substituted alk€me 
(Ii) disubstituted alkene 
(III) trisubstituted alkene 
Which of the following statements are correct? 

(SCRA 2001] 
(a) I, II and III 0 (b) I and II 0 

'(c) II and III 0 (d) I and I!I 0 
110. Identify a reagent from the following list, which can easily 

distinguish between I-butyne and 2-butyne: (lIT (S) 2002] 
(a) bromine, CCl4 0 
(b) H2, Lindlar's catalyst 

(c) dii. H2S04, HgS04 

o 
o 

(d) ammoniacal Cu 2Cl2 solu!ion , 0 
111. But.;.l-ene may be converted to butane bya reaction with:~ 

(a) Zn-HCI 
(c) Zn-Hg 

• [AIEEE 2003] 
o (b) Sn-HCI 0 
[J (d) PdlH2 0 

112. Correct sta~emeritabout 1,3-dibutene: [UPSEAT 2003] 
, (a) conjugated double bonds are present' 0 

. . (b) reacts with HBr 0 

.' 
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(c) forms polymers 0 
(d) all of the above 0 

113. Acetylene reacts with HeN in the presence of Ba(CN)2 to 

yield: (UPSEAT 2004] 
(a) I,I-dicyanoethane 0 (b) 1,2-dicyaooethane 0 
(c) vinyl cyanide 0 (d) none of these 0 

114. Which one of the following has the minimum boiling point? 
(AIEEE 2004] 

(a) n-Butane 0 .(b) I-Butyne 0 
(c) I-Butene 0 . (d) Isobutene 0 

115. Which of the following alkenes will give an optically active 
alcohol when treated with H20/H2S04? [CPMT 2004] 
(a) I-Butene 0 (b) Ethene 0 
(c) Propene 0 (d) 2-Methyl propene 0 

116. CH3COOH is reacted with HC==CH in presence of Hg2+ , 

the product is: (DPMT 2004; BHU'2005] 

CH2 (OOCCH3 ) 
001 0 

CH2 (00CCH3 ) 

(b) CH3CH2(00C-CH3 ) 

(c) CH3CH(OOC-CH3 )2 

o 
o 

(d) none of the above 0 
117. The product of acid catalysed hydration of 2-phenyl 

propene is: [lIT 2004] 
(a) 3-phenyl-2-propanol 0 (b) l-phenyl-2-propanol 0 
(c) 2-phenyl-2-propanol 0 (d) 2-phenyl-I-propanol 0 

118. Which of the following used for the conversion of2-hexyne 
into trans-2-hexene? ' [lIT 2004] 
(a) H2/Pd/BaS04 0 (b) H2,Pt02 0 
(c) NaBH4 0 (d) Li-NH3/C2HsOH 0 

. 119. Which of the following givespropyne on hydrolysis? . 
. (AIIMS 2005] 

(a) AI 4C3 0 (b) Mg 2C3 0 
(c) B4 C D' (d) La 4 C3 0 

120. When Z-butyne is treated with Pd-BaS04; the product 
formed wilLbe:' (DCE 2005; JEE (Orissa) 2006] 
(a) cis-2-butene 0 (b) trans-2-butene 0 
(c) I-butene • 0 (d) 2-hydroxy butane 0 

12 L In the reaction, 
(i) X 

. CH3C==C-CH~ . ). CH -C-C-CH3 
• ~ (ii) ZnIH20 . 3 11 II 

o 0 
X is : [DCE 2005] 
(a) RN03 0 (b) O2 0 
(c) 0 3 '0 (d) KMn04 0 

122. Reaction of 'one molecide of JIBr with one molecule .of 
1,3-butadiene at 40°C gives predominantly: 

, (AIEEE 2005] 
(a) 3-bromobutene under kinetically controlled conditions 

o 
(b) I-bromo-2-butene under thermodynamically controlled 

,,' conditions 0 
(c) 3-bromobutene under thermodynamically controlled 

conditions 0 
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(d) I-bromo-2-butene under kinetically controlled 
conditions 0 

123. Which of the reagents on reaction'with cyclohexanol gives 
best yield of cyclohexene? [lIT 2005] 
(a) Conc. H3P04 0 
(b) Conc. HCI 0 
(c) Cone. HBr n 
(d) Conc. HCl with ZnCl2 0 

124. Acid catalysed hydration of alkenes except ethene leads to 
the formation of: [AIEEE 2005; JCECE (Med.) 2008] 
(a) primary alcohol[] 
(b) secondary or tertiary alcohol 0 
(c) mixture of primary aDd secondary alcohols [] 
(d) mixture of secondary and tertiary alcohols 0 

125., Elimination of bromine from 2-bromobutane results in the 
formation of: [AIEEE 2005] 
(a) equimolar mixture of 1- and 2-butene 0 
(b) predominantly-2-butene [J 

,(c) predominantly-I-butene 0 
(d) predominantly-2-~utyne 0 

126. The only alcohol, that can be prepared by the indirect 
hydration of alkene is: [AFMC 2005] 
(a) ethyl alcohol 0 (b) propyl alcohol 0 
(c) isobutyl alcohol 0 (d) methyl alcohol 0 

127. 3-phenyl propene on reaction with HBr gives (as a major 
product): [AIIMS 2005] 
(a) C6HsCH2CH(Br)CH3 [] 

(b) C6HsCH(Br)CH2CH3 [] 

(c) C6HsCH2CH2CH2Br 

(d) C6HsCH(Br)CH=CH2 

128. HO=CH HgS04 ) ,(A) CH3MgB~ (B) P/Br2 ) (C) 
H2S04 HOH 

[] 
[] 

, In this reaction, the final prodl1;ct (C) is: [DPMT 2005] 
(a) CH3CH(Br)CH3 0 (b) CH3CH2CH2Br 0 
(c) CH2=CHBr 0 (d) BrHC=CH-CH3 0 

129. One mole of an unsaturated hydrocarbon on ozonolysis 
gives one mole each of CH3 CHO, HCHO and OHC-CHO. 
The hydrocarbon is: , [PMT (Kerala) 2006] 
(a) CH3CH2-C==C-CH3 0 
(b) HC===C-CH2CH2CH3 0 
(c) CH3CH ' CHCH-CH2 
(d) H2C=CH-CH2 -CH CH2 
(e) H2C C=CHCH2CH3 

o 
[] 
[] 

130. Addition ofBr2 to Z-but-2-ene gives: 

[PMT (Kerala) 2006] 
(a)(R, R)-2,3-dibtomobutane only 0 
(bt (S, S)-2,3-dibromobutane only 0 
(c) (R, S)-2,3-dibromobutane only , 0 
(d) (R,SH,2-dibromobutane 0 
(e) a mixture of (R,R) and (S,S)-2,3-dibromo butanes 

,. (50% : 50%) , [] 

131. The Markownikoff's rule is best applicable to the reaction 
between: '[PET (Kerala) 2006] 
(a) C2H4+ HCI 0 (b) C3H6 + Br2 0 
(c) C3H6 + HBr 0 «i) C3Hg + Cl2 ~ 0 
( e) C2 H4 + 12 ' 0 

132. An alkene on reductive ozonolysis giv(!s two molecules of 
CH2(CHOh. The alkene is:' [PET (Kerala) 2006] 
(a) 2,4-hexadiene ' Q 
(b) 1,3-cycloliexadiene 0 
(c) 1,4-cyclohexadiene ' 0 
(d) I-methyl-l,3-cyclopentadiene 0' , 
(e) 1,2-dimethyl cyclopropene, 0 

133. Identify the product (Y) in the following reaction sequence: 

[CET (Karnataka) 2006]' 

, CH2 -CH2-C00) Heat " Zn-Hg, 
I Ca --HX) , ,) (Y) 

, CH2-CH2~00 " " HCI,Heat 

(a) cyclobutane 0 ' (b) cyclopentane 0 
(c) pentane 0 (d) cyclopentanon~ 0 

134. Which cycloalkane has the lowest heat of combustion per 
-CH2 group? [CET(Karriataka) 2006] 
(a) Cyclopropane ,0 (b) Cyclobutane [] 
(c) Cyclopentane 0 (d) Cyclohexane 0 

135. HBr reacts with H2C=CH-OCH3 under anhydrous 

conditions at room temperature to give: [AIEEE' 2006] 
(a) CH3CHOand CH3Br 0 
(b) BrCH2CHOand CH30H . 0 
(c) BrCH2-CH2-OCH3 
(d) H3C-CHBr-OCH3 

o 
[] 

136. Reaction of trans-2-phenyl-l-bromocyclopentaneon 
reaction with alcoholic KOHproduces: 
(a) A-phenyl cyclopentene 

[AIEEE 2006] 

(b) 2-phenyl cyclopentene 
( c) I-phenyl'cyclopentene 

. (d) 3-phenylcyc1opentene 

[] 
o 
0' 
o 

137. Trans-2-butene + Br2 gives: [CET (Gujarat) 2006] 

=t=

CH3 ' "Br=t=CH3 H' . 

(a) HH BBrr 0 (b) ,'0 
H . Br 

CH3 CH3 
CH3 " CH3 ' 

(c) :=t=: .0 (d) :,=t=:. .D 

CH3 CH3 
138. Reaction of acetylen'e and propyl~Qe with HgS04 in' 

presence of H2 SO 4 produces' respectively: [BHU 2006] 
(a) acetone and acetaldehyde [] 
(b) , acetaldehyde and acetone 0 
(c) propanaldehyde, and acefone. 0 
(d) acetone and propailaldehyde £] 
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139. Which of the following reagents, ~hen heated with ethyl 
chloride, forms ethylene? 

[EAMCET (Engg.) 2006; AFMC 2008] 

(a) Aqueous KOH 0 - (b) ZnlHCI 0 
(c) Alcoholic KOH 0 (d) HI 0 

140. Ozonolysis products of an olefm are OHC-CHO and 
OHC-CH2 -CH2 ~HO, the olefin is: 

, [DCE 2006; AMU (Engg.) 2007] 

(·;0 
(e)O 

o (b) 0 
o (d) D 

o 

o 

141. What is fOrnied when calcium c~bide reacts with heavy 
water? [DCE 2006] 
(a) C2D2 0 (b)CaD2 0 ' 
(c) CaD20 0 (d) CD2 0 

142; A molecule (X) has (i) four sigma bonds fonned by the 
overlap of Sp2 and s orbitals; (ii)one sigma bond fonned by 

, sp2, and Sp2 -orbitals and (iii) one x-bond fonned by p z and 

p z orbitals. Which of the following is X? 
(EAMCET (Engg.) 20061 

o (b) C2H3CI 0 
(c) C2H2Cl 2 o (d) C2H4 0 

. Na/NH3(l) 
143. RCH CH2 . ) RCH2CH3 

C2HSOH 
This reaction is called as: 
(a) Fischer-Siper reaction 
(b) Clemmensen reduction 
(c) Birch reduction 
(d) Arndt-Eistert synthesis 

[BVP 2006] 

o 
o 
_0 
o 

144. CH3CH==;CH2 + NOCI ~ P 

" . Identify the adduct: 

~. '. (a) CH3-r~2. 0 

CI NO 

[lIT 2006] 

(b) CH3 -CH-CH2 0 
II 
NO. CI 

145. Identify 'B' in the·following reaction: . 

Anhy.d. Alel3 ) (A)+ 2H Zn-Cu j, . H2C=CH2 + HCI ~---=....---=..~- 7 

~HsOH 

(B) + HCI • .. 
, ,[EAMCET (Engg.) 2007) 

(a) CH4 . 0 .(b) C2H6 0 
(c) C2HsCI o (d) CiHsOH 0 

146. Predict the product' C'obtained in the following reaction of . 
. I-butyne: '. (CBSE (Med.) 20071 
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o 

o 

o 

I 
I 

(d) CH3CH2CH2-C-H 
. I 

o 
CI 

147. CaC2 + H20 ~ (X) 03/
H

20) HCOOH, (X) is: 

[DeE (Engg.) 2007] 
(a) C2H4 0 (b) C2H2 0 
(c) C2H6 0 (d) Ca(OHh 0 

148. In the reactions 

(B) (Lindlarcatalyst R--C==C-R Na/NH3) (A) 
, H2 

(A) and (B) are geometrical isomers. Then.: 
[EAl\:1CET (Med.) 2007; DeE 2008] 

(a) A is cis and B is buns 0 (b) A is trans and B is cis [J 
(e) A and B are cis 0 (d) A and B are trans 0 

149. The reagent(s) for the following conversion, 
is/are: . . [lIT 2007] 

Br~ ..1.- H H 
Br 

(a) alcoholic KOH , 0 
(b) alcoholic KOH followed by NaNH2. 0 
(c) aqueous KOH followed by NaNH2 0 
(d) ZiIlCH30H 0 

150. The compound 
CH . 

H2C=CH-CH2-N< .3, is an: 

CH3 

(DPMT (Med.) 2007J 
(a) alkyne, 3° amine 0 (b) alkene, 2° amine 0 
(c) alkene, 3° amine 0 (d) alkyne, 2° amine 0 

151. Identify the produJ::t/(s) in the following reaction: 

. BH3 H20 2I OH- . 
3CH3 CH=CH2 ~ (X) .) Product(s)+H3B03 

[PET (KeraJa) 2007J 
(a) CH3CH2CH20H 0 (b) CH3CHOHCH3 0 
(c) CH3CH2CHO 0 (d) CH3CH20H+CH30H 0 
(e) CH3CHO+CH30H 0 

152. A hydrocarbon of molecular fonnula, C6HlO re~ts, with 

sodamide and the same on ozonolysis followed by hydrogen 
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. peroxide oxidation gives two molecules of carboxylic acids, 
one being optically active. Then the hydrocarbon may be: 

[PMT (Kerala) 2007; Punjab CET(Engg.) 2008] 
(a) I-hexyne 0 (b) 2-hexyneD 
(c) 3-hexyne 0 (d) 3-methyl-l-pentyne 0 
(e) 3,3-dimethyl-l-butyne 0 

153. The hydrocarbon which does not decolourise alkaline 
KMn04 solution and also does pot give any precipitate with 
ammoniacal silver nitrate is: [AIIMS 2007] 
(a) benzene 0 (b) acetylene 0 
(c) prop~e 0 (d) I-butyne 0 

154. Which of the following is the most stable alkene? 
. [AFMC 2007; Ludhiana CMC (Med.) 2008] 

(a) R2C=CR2 • 0 (b) RC:H. CHR 0 
(c) RCH CH2 · 0 (d) H2C=CH2 D· 

155. 'Which of the following compoundS yields acetone on 
. ozonolysis followed by hydrolysis? [BHU (Mains) 2008] 
(a) 2-Metbyl-2-butene 0 (b) 3-Methyl.!.1-butene 0 

,(c) Cyclopentane 0 (d) 2-Methyl-I-butene 0 
156. The angle strain in cyclobutane is: 

[CET (Karnataka) 2008] 
(a) 19"22' 0 (b) 9"44' 0 
(c) 24°44' 0 (d) 29°16' . 0 

157. A mixtUre of I-chlorobutane and 2-chlorobutane when 
treated with alcoholic KOH gives: [GGSIP (Engg.) 2008] 
(a) I-butene 0 
(b) 2-butene 0 
(c )isobutylene 0 
(d) mixture of I-butene + 2 butene 0 

158. Acetylene and HCHO react in presence of copper acetylide 
catalyst to form: [nCE 2008; PMET (Moo.) 2008] 
(a) I-butyne-I,40diol 0 (b) 2-butyne-I,2-diol 0 
(c) 2-butyne-l,4-diol 0 (d) none ofthese 0 

159. The major product formed when a 3,3-dimethyl butan-2-o1 
is heated with concentrated sulphuric acid is: . 

[lIT 1996; Punjab CET (Engg.) 2008] 
(a) 2,3-dimethyl-2-butene 0 
(b) 2,3-dimethyl-I-butene 0 
(c) 3,3-dimethyl-I~butene 0 
(d) cis- and trans-isomers of 2,3-dimethyl-I-butene 0 

160. ,,(;H3 -CH-CH=CH2 + HBr~ <A' , 
I . 
CH3 

'A' (predominantly) is: 
(a) CH3 -CH -CH-CH3 

I I 
Br CH3 

(b) CH3---YS-F-CH3 

CH3 Br 

(c) CH3 -CH-CH2 -CH2Br I . . 
. CH

3 

[CBSE (Med.) 2008] 
o 

o 

o 
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Br 
I 

(d) 'CH3 -C-CH2CH3 . I o 
CH3 

161. The hydrocarbon which can react with sodium in liquid 
ammonia is: [AIEEE 2008] 
(a) CH3CH2C==C-CH2CH3 0 
(b) CH3CH=CHCH3 0 
(c) CH3CH2C==CH 0 
(d) CHjCH2CH2C==CCH2CH2CH3 0 

162. Oxidation of I-butene with hot KMnO 4 solution produces: 

, [UGET (Med.) 2008] 
(a) CH3CH2COOH+ HCOOH· 0 
(b) CH3 CH2COOH + CO2 0 
(c) CH3COOH+C02 0 
(d) (CH3 )2 C=O + CO2 0 

163. From which one of the following, both ethylene and 
acetylene could be prepared D:t 'a single step reaction? 

[PMT (Kerala) 2008] 
(a) CH3CH20H 0 (b) Br-CH2 -CR2 -Br 0 
(c) CH3CH2Br 0 (d) Br-CH2-CH2':"OHD 

(e) CH]'COOH 0 
164. A compound 'X' on ozonolysis foUowed by reduction gives 

an aldehyde, C2H40and 2-butanone. Compound 'X' is: 
[UPSEE (Engg.) 2008) 

(a) 3-methyl pent-2-ene 0 (b) 3-methyl pent-3-ene 0 
(c) 3-methyl hex-3-ene 0 (d) 3-ethyl pent-3-ene D· 

165. The number of possible alkynes with molecular formula 
CSHg is: . [UPSEE (Engg.) 2008] 
(a) 6 0 (b) 5 ,.0 
(c). 4 0 (d) 3 D 

166. Hydration of which one of the following yields a ketone? 
. [CET (J&K) 2009] 

(a) Propyne 0 (b) Ethene 0 
(c).Propene 0 (d) Ethyne 0 

167. One moiecule of alkene 'X' on ozonolysis gave one mole of 
acetone. The IUPAC name of 'X' is: 

[EAMCET (Engg.) 2009] 
(a) 2-methyl-I-butene 0 (b) 2-methyl-2-butene 0 
(c) 2-butene 0 (d) I-butene 0 . 

168. The order of reactivity of the alkenes, 
(CH3 )2 C=CH2, CH3CH=CH2, H2C CH2 

I II ill , 
when subjected to acid catalyzed hydration is: 

[AMU (P~fT) 2009, 1(1] 
(a) I>II>m 0 '(b) I>m>II 0 
(c) m>II>I 0 (d) D>I>m 0 

169. Identify thealkyne in the following sequence of reactionS: 
H 

Alkyne 2) (A) 
Lindlar'scatalyst 

Ozonolysis) (B) ( Wacker 

Only . Process 

H2C, CH2, 
[EAMCET (Engg.) 2009) 
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(a) H3C-C==C-CH3 
(b)' H3C-:-CHz-C==CH 

(c) HzC=CH--'-C==CH 

(d) HC==C-CHz-C. eH 

o 
o 
o 
-0 

170. In the following reaction, 
RCH;CH=CHz + ICI ~ (A) 

Markownikoff's product (A) is: [AMU (Engg.) 2009] 
(a) RCHzr-,-CH21 0 (b) RCHz-r-CH2CID 

CI I 

(c) RCH2 -CH CH2 0 (d) RCH=CHCH21 0 · . I 
I 

171. The addition of HBr to 2-pentene gives: 
'(JEE (WB) 2009] 

(a) 2-bromopentane only 
. (b) 3-bromopentane only 

(c) 2-bromopentane and 3-bromopentane 
(d) I-bromopentane and 3-brQmopentane 

1 n. Which of the' followmg haS lowest boiling point? 

o 
o 
o 
o 

· (a) CH3c:H2CH=CIlCH3 

(b) CH3CH2CH2CH2CH3 

[AFMC 2009] 
o 

(c) H2C==CH-CH2CH=CHz 

(d) CH,J-C=C-CH3 " I I . 
CH3 CH3 

o 
o 
o 

173. One per cent composition of an organic compound A is 
carbon 85.71% and hydrogen:;: 14.29%. Its vapour 
density is 14. Consider the following reaction sequence: 

. CI2/HzO. > B . (i) KCN/EtOH C Id 'fy C' A 7 ) ; entl • 
(ii) H30+ . 

.(a)CH3 -CH-C02H 
(EAMCET (Engg.) 2009] 

o . I .. ·· . . . 
OH 

(6) Hb-CHi -CHz'-COzH . . 
(c) H~CHz-C02H 

(d) CH3 CHz -C02H 

o 
o 
o 

174. One mole of a symmetrical alkene on ozonolysis gives two 
moles of an aldehyde having a molecular mass of 44u. The 
alkene is : [AIEItE 2010] 
(a) ethene 0 (b) propene 0 
(d) 1 :butene 0 (d) 2-butene 0 

175. The 'deCreasing order of acidic character among ethane (I), 
ethene (II), ethyne (Ill) and propyne (IV) is ~ 

[PET (Kerala) 2010] 
(a) 1>11 > III> N 0 (b) II> III > I > N 0 
(c) III> IV> II> I 0 (d) IV> III > II > I 0 
(e) Ill> N > I > II 0 

176. The alkene that will give the same product with HBr in the 
absence as well ~ in the presence of peroxide is': 

· [PET (Kerala) 2010] 
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(a) 2-butene 0 (b) I-butene [] 
(c) propene 0 (d) l-hexene 0 
(e) 2-methylpropene 0 

177. Among the given· compounds, one which can be 
distinguished by AgN03 is: [AFMC 2010] 
(a) ethane 0 (b).ethylene 0 

. (c) acetylene 0 (d) diethyl ether 0 
118. 'iiitlie following reaction, the product 'R' is : 

CaC2 ~ P hot iron) Q CH3Cl) R 
tube A1CI3 [AFMC 2010] 

(a) benzene 0 (b) ethylbenzene 0 . 
(c) toluene 0 (d) n-propyl benzene 0 

179. Name the reagent used to bring about the following 
transformation; but-2-ene to ethanal: [AMU (Mec:l.) 2010] 
(a) K2Cr207 in acidic medium 0 
(b) Cr02CI2 /H30+ 0 
(c)PCC 0 
(d) 03/H20-Zn dust 0 

180. The major product formed when 2-bromobutane is tr~ated 
with alcoholic KOH is : [PMT (Kerala) 2010] 
(a) 2-butanol 0 (b) trans-2-butene 0 

. (c) I-butanol 0 (d) I-butene 0 
(e) iSO-butyl alcohol 0 

181. Identify the product in the reaction 

Ph-C==C-Me --=---~ ? . [DUMET 2010} 

(a) PhCH2CH2CHO. 0 (b) PhCOCH2CH3 0 
(c) PhCH2COCH3 0 (d) PhCOCOMe 0 

182. The synthesis of 3-octyne is achieved by adding a • 
bromoalkime into a mixture of sodium amide and an alkyne. 
The bromo alkane and alkyne respectively are : 

[lIT 2010] 
(a) BrCH2CF{zCH2CH2CH3 and CH3CH2C==CH 0 

. . 
(b) BrCH2CH2CH3.and CH3CH2CH2C==CH 0 
(c) BrCH2CH2CH2CH2CH3 'and CH3C==CH 0 
(d) BiCH2CH2CH2CH3 and CH3CH2C==CH 0 

set II: This set contains the questions with two or more correct answers. 

183. Which ·Of the following reagents can be used to distin~ish 
between propene 'and propyne? 
(a) Schiff's reagent 0 (b) Lucas reagent 0 
(c) Grignard reagent 0 (d) Ammoniacal AgN03 0 

184. The reaction, 

CH3-CH=CH-C2Hs 
o 

.~ 
CH3-CH-CH-C2Hs is called: 

(a)" hydroxylation 
(b) ozonolysis 
(c) Prileschaiev's reaction 
(d) epoxidation 

G;lisCOOOH 
) 

o 
o 
o 
o 
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185. The reagent used for the following reaction is/are: 

CH3-CH=CH-C2Hs ~ CH3CHO+C2 HsCHO 

(a) 0 3 and Zn/steam 0 (b) Baeyer's reagent 0 
(c) KMn04/H2S04 0 (d) Lemieux reagent 0 

186. Which of the following on reductive ozonolysis give only 
glyoxal? 
(a) Ethylene 0 (b) Benzene 0 
(c) Toluene 0 (d) Acetylene 0 

187. Aqueous solution of which ofthe following compounds is 
electro lysed, when acetylene gas is obtained? 
(a) Sodium fumerate 0 (b) Sodium maleate 0 
(c) Sodium acetate 0 (d) Calcium carbide 0 

188. Anti-Markowniko:tI's addition of HBr is/are observed in : 
(a) propene 0 (b) but-I-ene 0 
(c) but-2-ene 0 (d) pent-3-ene 0 

189. What product(s) results when two moles of hydrogen 
chloride react with 4-methyl-2-pentyrie? 
(a) 3,3-Dichloro-4-methyl pentane 0 
(b) 2-Chloro-4-methyl pentene 0 
(c) 2,2-Dichloro-4~methyl pentane 0 
(d) 3-Chloro-4-methyl pentene 0 

190. Which is/are' correct statements about oxymercuration 
demercuration? 
(a) The rearrangement takes place 0 
(b) In the fIrst step (OAc)zHg and H20 are added to the . 

double bond 0 

375 

(c) In the second step NaB~ reduces--Hg (OAch group 
to hydrogen 0 

(d) Th~ net reaction is addition, of water. according to 
Markowniko:tI's rule q 

191. Hexa~2,4-diene on ozonolysis by using 03/CC14 followed 

by ZnlHz 0 gives : 
(a) acetaldehyde 0 (b) glyoxal 0 
(c) formaldehyde 0 (d) propanaldehyde 0 

192. Alkenes can be prepared by: 
(a) dehydrohalogenation of alkyl halide D 
(b) Sabatier-Sanderen's reduction of alkynes 0 
(c) dehydration of alcohols with conc. H2S04 at 443K 0 
(d) treatment 0:f3° alkyl halide at 573K '0 

193. The compound(s) which will give propylene on 
dehydration with conc. Hz SO 4 at 440 K is/are. : 
(a) isobutyl alcohol 0 (b) n-propyl alcohol 0 
(c) isopropyl alcohol 0 (d) n-butyl alcohol. 0 

194. Which of the following alkynes show acidic charact~r? 
(a) 0 (b) CH3-Cs=C-H; 0 
~C .C-H . 

(c) 0 .0 (d) CH3-C==C-CH3 0 

195. Presence of unsaturation in organic compounds can be 
tested with: . 
(a) Brz water 0 (b). Baeyer's reagent, O' 
(c) Tollens'reagent 0 (d) Grignard reagent 0 

!#ASSERTION-REASON TYPE QUESTIONS 

The questions given below consist Assertion (A) and 
Reason (R). Use the following keys to select the appropriate 
answer: 
(a) If both (A) and (R) are correct and (R) is correct 

explanation of (A) 
(b) If both (A) and (R) are correct but (R) is not correct 

explanation of (A) 
(c) If (A) is correct but (R) is incorrect 
(d) If (A) is incorrect but (R) is correct 
(e) Both (A) and (R) are incorrect. 

1. (A) Addition of HBr to I-butene gives two optical isomers. 
(R) The product contains one asyrn.metric carbon. 

2. (A) Dimethyl sulphide is commonly used for the reduction of 
an ozonide of an alkene to get the carbonyl compounds. 

(R) It reduces the ozonide givmg water soluble dinlethyl 
sulphoxide and excess of it evaporates. [lIT (8) 2001] 

3. (A) Addition of HCI to propene in presence of peroxide 
gives l-chloropropane. 

(R) The reaction occurs by carbonium ion intermediate. 
4. (A) Addition of HBr to I-butene in presence of peroxide 

produces I-bromobutane. 
(R) It involves the fotmation of primary radical. 

[lIT (8) 2000] 
5. (A) Reduction of but-2-yne by Nalliq. NH3 gives 'trans' 

but-2-ene. • 

(R) It is an example of 'anti' addition. 
6. (A) Properie is more rea.ctive, than ethene towards 

ele.ctrophilic addition reactions. . 
(R) Electron density' of double . bond increases due to 

hyperconjugation of methyl group. . 
1. (A) 1,-chlorobutane on heating with alcoholic KOH 

· undergoes dehydrohalogenation to yield but-: I-ene. 
(R) It is elimination reaction involving carbonium ion 

intermediate. 
8. (A) Moist ethylene can be dried by passing it' through 

concentrated HZS04. 
(R) Addition of sulphuric acid takes place on alkene., 

9. (A) Acidity of C-H bOlJd lies in following sequence: . 
· HC=CH> CHz=CHz > CHr -:-CH3 

(R) Perc.en~ge character of ''S- orbital in these compounds 
· lie in following sequence. 

H-CSECH>CH2=CH2 >CH3-CH3 

10. (A) Addition of bromine to' trans-but-2-ene yields 
meso-2,3-dibromo butane .. 

(R) Bromine addition to an alkene is an. electrophilic 
addition. ' [lIT (8) 2001] 

11. {A) 1.3-Butadiene is the monomer for natural rubber. 
(R) Natural rubber is formed through anionic addition 

polymerization. [AIIM8 2006] 
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12. (A) Addition of HBr on 2-butene gives two isomeric 
products. 

(R) Addition of HBr on 2-butene follows Markownikoff's 
rule. [AIIMS 2006] 

G.R.B. Organic Chemistry for Competitions 

13. (A) C-H bond in ethyne is shorter than C-H bonds in 
ethene. 

(R) Carbon atom in eth,ene is sp hybridised while it is Sp2 in 
ethyne. [AIIMS 2007) 

'ANSWERS' 

OBJECTIVE QUESTIONS 
.. 

c 

1. (d) 2. (d) 3. (c) 4. (a) 5. (a) 6. (d) 7. (a) 8. (d) . 9. (a) 10. (c) 
11. (a) 12. (c) 13. (c) }'\t (b) 15. (c) 16. (a) 17. (c) 18. (d) 19. (c) 20. (d) 
21. (b) 22. (b) 23. (b) 24. (e) 25. (c) 26. (b) 27. (a) 28. (a) 29. (a) 30. (a) 
31. (b) 32. (b) 33. (d) 34. (d) 35. (b) 36. (c) 37. (d) 38. (e) 39. (b) 40. (d) 
41. (b) 42. (e) 43. (a) 44. (a) 45. (c) 46. (d) 47. (a) . 48. (d) 49. (c) : 50. (d) 
51. (c) 52. (b) 53. (a) 54. (d) 55. (d) 56 •. (b) 57. (c) 58. (a) 59. (a) 60. (c) 
61. (d) 62. (b) 63. (c) . 64. (a) 65. (b) 66. (b) 67. (d) 68. (a) 69. (b) 70. (c) 
71. (d) 72. (e) 73. (e) 74. (b) 75. (d) 76. (a) 77. (d) 78. (e) 79. (d) 80 •. (b) 

81. (e) 82. (a) 83. (d) 84. (d) ·85. (b) 86. (a) ~7. (c) 88. (e) 89. (b) 90. (d) 
91. (1) 92. (e) 93. (b) 94. (d) 95. (a) 96. (c) 97. (c) 98. (d) .99. (d)' 100. (d) 

101. (c) 102. (b) 103. (a) 104. (b) 105. (a) . 106. (b) 107. (c) 108. (d) 109. (a) 110. (d) 
111. (d) 112. (d) 113. (c) 114. (d) 115. (a) 116. (c) 117. (c) 118. (d) . 119. (b) 120. (a) 
121. (c) 122. (b) 123. (a) 124. (b) 125. (b)- 126. (a) 127. (b) 128. (a) 129. (c) 130. (e) 
131. (c) 132. (c) 133. (b) 134. (d) 135. (d) 136. (d) 137. (a) 138. (b) 139. (c) 140. (e) 
141. (a) 142. (d) 143. (c) 144. (a) 145 •. (b) 146. (b) 147 •. (b) 148. (b) 149. (b) 150. (c) 
151. (a) 152. (d). 153. (a) 154. (a) 155. (a) 156. (b) 157. (d) 158. (c) 159. (a) 160~ (d) 
161. (c) 162. (b) 163. (b) .164. (a)' 165. (d) 166. (a) 167. (b) 168. (c) 169. (a) 170. (a) 
171. (e) 172. (d) 173. (b) 174. (d) 175. (c) 176. (a) 177. (c) 178. (c) 179. (d) 180. (b) 

181." (b) 182. (d) 183. (c;d) 184. (c,d) 185. (a,d) 186. (b,d) 187. (a,d) 188. (a,b,d) 189. (a,c) 190. (b,c,d) 
191. (a,b) 192. (a,c,d) 193. (b,c) 194. (a,b,c) 195. (a,b) 

ASSERTION-REASON TYPE QUESTIONS 
1. (a) 2. (a) 3. (d) 4'. (c) S. (a) 6. (a) 7. (a) 8. (d) 9. (a) 10. (b) 

11. (e) 12. (e) 13. (c) . 
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. 
1: Write down the products when following compounds are dehydrated: 

CHzOH 

. (a)A 

/LJ 
~.H3 OR 

(b)U 

CH3 
I 

H3C-CX H 

(c) V 

Due to 

Hydride shift 

Q-LO 
Cyclohexene . 

~OH """" ",so, 
(b) ~ --H~-4-(~~H-2-m·~ 0+0+6 

Major Minor Rare amount 

H3C'-.,/CH3 CH 

(c) + 6 (These products are according 
to Saytzeff's rule) 

Major Minor 

(d) c5 C;:7:;i c5 + 0 + c5] 
Major 

2. Write down dehydration products of the following compound: 

HoHzOH 

[Hint: 

3° Oubocation 
(More stable) 

-H+· 6CH

,rn, + "'6CH-C
H

3 

~~~'. ..] 
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3. Complete the following reactions: 

(i) 1'r Znlalcohol ? 
L1 ... 

H Br 

[Ans. (i) 0 
4. Complete the following reactions: 

crCH2 
(1')- - CoHsCOOOH 

_ • I> ? 
CHCl3 at 25"C _ 

~ (iii) 0 
[Hint: (i) Fonnation of epoxide takes place. 

U CH

' 
C6HsCOOOH" 
CHCll at 25°C 

(iii) 

C6HsCOOOH 
CHCl3 at 25"CI> ? 

CC=O 
I 
OH 

- ?=O 

OH 

• 

(iv) Since, C;:-":'C bond in ring is more substituted than that in open chain, epoxide will be fonned at the unsaturation of ring. 

~H=CH2 

~] 

5. Give the structures of (A) and (B) in the following reaction: 

According to which rule, above addition takes place? 
[Hint: (A) ~ C2HsCHCH2HgOAc; (8) ~ 

I 
OH 

The reaction is according to Markownikoff's rule and is better acid catalyzed hydration as it avoids rearrangement.] 
6. Give the structures of compounds which give following produc~s on hydroboration-oxidation: 

~ 
.. - CH3 

(i) 
0-·· H 

- o-CH
3 [Hint: (i) _ . 

_ OH 
- I 

,. ~CH'-.CH / CH2'-.CH /CH3 
(n) ~ 2 2 (iii) 

(ii) 

7. An unsaturated compound C6 H12 (A) decolourises Br2 water and on oxidation by -acidified KMn04 gives optically active 

carboxylic acid C4H9COOH (B). Give the structure of (A) and (B), 
[Hint: Compound is unsaturated because it is decolourising Br2 water. On oxidation it gives a carboxylic acid with one carbon atom less than 

alkene; it shows that compound is tenninal alkene. Thus, structure of terminal alkene with chiral carbon can be given as: 
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H 
I 

H 

I 
CH2 =CH-Y--CH3 

[0] 
• HOOC.-:..c-CH3] 

I 
CH2-CH3 

(A) 

CH2CH3 

Optically active 
(B) . 

8. A compound CSH9Br (A) does not decolourise Baeyer's reagent or Br2 water. (A) on treatment with alcoholic KOH forms 

(B)CsHs which reacts with Baeyer's reagent and Br2 water. Ozonolysis of (B) forms (C) CSHS0 2. Identify (A), (B), (e) and 
explain reactions. . 
(Hint: CsH9Br is not deoolourising Baeyer's reagent or Br2 water hence. it should be cyclic compound. Possible structure for (A) can be given as: 

r-vBr 

(i)~ 

Bru Br 
(U) . (iii) A '>, 

CH3 CH3 CH3 
Reactions involved may be given for above compounds as: 

(i)UBr 

(A) 

Alc.KOH .. 

Ale. KOH (ii) Bru 

. CH
3

· 

(A) 

(iii) Alc.KOH 

.. 

.. 

o 
II 

Ozonolysis .. ('HI HC=O 

(B) (C) 

Ozonolysis .. 

d'>. 
/' "'-

CH3 CH3 

Ozonolysis .. 

(B) 

9. Give the structnre of polyisoprene (natural rubber). Write down the ozonolysis of polyisoprene. 
-. CH

3 

I 
[Ans. Monomer of natural rubber is isoprene CHz-C-CH=CH2• General structure of poly isoprene will be: 

10. Limonene (CIOHI6 ) is a naturally occurring hydrocarbon. It absorbs·2 molecules of hydrogen for each molecule during 

hydrogenation. On ozonolysis followed by zinc dust and steam hydrolysis, it gives one mole of fon;naldehyde and one mole of 
tricarbonyl compound of following structure. . . . 

o ° 
CH3 +HCHO 

° 
Give probable structure of limonene if it has a six tnembered ring. 
[Hint: Contpound has a six membered ring. Therefore, its structure will be cyclic unsaturated. There will be two double bonds in the iimonene 
because it absorbs two molecules of Hz. '. 
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. r 2 

H3
C
-CD-' ] # CH3 

(Probable sttucture of 
limonene) 

11. Hydrocarbon (A) (C = 87.2%) on hydrogenation forms (B) (C = 84.1 %). Ozonolysis of (A) fonns acetic acid, acetone and pyruvic 

[ 0 1 " 'II 
acid CH3-C-COOH' What are (A) and (B)? 

• 

{Hint: Percentage composition shows that (A) and (B) has empirical fOIDlula (A) C4H7 and (B) C4Hg. 

Ozonol~s W ~'. ~ ~ 
Compound (A), ) CH3-C-OH + CH3-C-CH3 + CH3-C-C-OH 

Thus, compound (A) should have eight carbons. 

:.Molecular fOIDlula of (A) will be CSHI4 and that of (B) will be CsHls . 

Degr~ ofunsaturation in compound (A) = - + 2 = 2 x 8 -14 + 2= 2 
2 2 

Thus, compound (A) should have two double bonds. On the basis of ozonolysis products structure of (A) can be guessed as, 
CH~-.:oH CH3 \I CH3 CH3-C-H C< 

+ 0 + C< - 1\ II CH3 
W W II CH3 CH~--C-H 

CH~-C-OH 0 Probable sttucture of 
(A) 

. CH3 <CH3 
CH3-C-H C< 82 CH:r-CH2 CH 

Reactions may be summarized as: II II CH3 - I, I CH) 
CH3-C--C-H CH~H--CH2 

(A) (B) 

, ' 1 Ozonolysis , 

[CH3AH

] + [CHjJJ-H) + CHLH3 

'j[O] j[O] 0 0 
" II II 

CH3-COOH CH3-C-C-OH] 
Acetic acid Pyruvic acid 

f~ 12. CII Hl6 (A) reacts with two equivalent ofH2 and on reductive OoZOnolysis gives two equivalents fonnaldebyde and (B) offollowing 
structure: 

Identify structure of (A). 
[Hint: Structure of compound (A) can be guessed as, 
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-

Involved reaction may be given as, 

It 
(i) Ozonolysis (Xc,-

• c,/CH2 ,+ lHC. HO] (ii) ZnlSteam 

13. Complete the following reaction: 

W 
~CCH~Ha 

(B) ~ 

14. Identify the product in the following reaction: 

o{)=o + 2C1H1 CH10Na. (.4) 

HC==:CllC==:CH] . . 

HO OH 

[Hint: (A) 

~ 
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(c) Deduce the structural fonnula of a compound, ClOH10 (A) that gives (~) on oxidation: 

(b) (i) Q-c=c-Q 

HOOC-CH~H-Car-COOH 
(B) I .. 

CHr,:'-eOOH 

y=OONa 
C=C-CH) 

(0) Degr~ ofunsaturation' = 2nl - "2 + 2,= 20-10+ 2._ 6 
,2 2 

Thus, there may be 61t bonds. Presence of three carboxylic acids confirm that there are three triple bonds in . 'A'. 

(A) - HC=C-CH:r-CH-CH:r-C=C-H] 
, I 

. CH:r-C=C-H 

16. Explain why the addition of ill to 3,3-dimethylbut-I-ene gives 2-iodo:-2,3-dimethylbiltane as the major product and not the 
l-iodo-3,3-dimethyl-butane. . [Roorkee 2001] 

CH) CH) CH) CH3 

. I r... (HI) I + 1,2 M~':yl sht'ft I +1- I 
[Htnt: CH)-C-CH:::bCH2 ----to- CH)-C-CH-CH) - CUI • CH~H-CH) ___ CH,-<:-CH-CH3] 

I +H+ I j I. I t 
CH) CH) CH3 I eH3 

3,3-Dimethylbut-I-ene 2° Cll!bocatiOD 3°Cll!bocation 2-Iodo-2.3-di-

17. In which case the product fonned is in accordance of anti 
Markownikoff's rule? 

(a) CH
3
-CH=CHz HCI Peroxide) 

HBr (b) CH3-CH=CH-CH3 ..) . 
PeroXlde 

o 
o 

o 
(d) (CH3 h C=CH2 HBr/Peroxide) 0 

. 18. In which of the following cases, the correct product is not 
written? 

.. CI Br 

. '. BrCI I· I 
(a) CH3-CH=CH2'~ CHr :-CH-CH2 0 

(b) (CH3 )2 CH' CH! ~~~)' (OI3 )2 CH(OH)CH2CI 0 

Hydroboration 
(c) (CH3)3 C-CH=CH2 ) 

(CH~ h e--;CH2CH20H 0 
.. HCl . 

(d) CCl3CH CH2 ~ CCI3-CH2-CH2-Cl 0 
19. Cis-2-butene. on reaction }Vith Baeyer's reagent gives: 

(a) meso-geminal diol 0 (b) racemjc-viCiIial diol 0 
(c) meso-vicinal diol . 0 (d) none of these 0 

(More stable) methylbutane 

20. ( ) • on reaction wub HBr and peroxide gives: 

(a) CXCH2~ D~) or 
.CH2Br 

n-<Br 

(C)W o (d) cb 
o 

o 

. 21. A hydrocarbon has the formula C3 H4 • To find out whether it 

contains two double bond or a triple ~()fid, the following test 
is preferred: 
(a) passed ~ough anunoniacal AgN03 0 
(b) treated witl;t Fehling's solution 0 
(c) treated with Baeyer's reagent . 0 
(d) treated with Br2 water 0 

22. Which among the following alkenes will be, oxidised . by 
se0

2
? . 

(a) CH2=CH2 . 0 

(b) CH3-CH-CH=CH 0 , I . 2 

CH) 
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CH3 
I 

(c) CH3-C-CH=CH2 . . I o 
CH3 

CH3 CH3 
I . I 

(d) CH3-C-CH=CH-C-CH3 
I, I 

o 
CH3 CH) 

[Hint: Only CH3-CH-CH=CH2 has bydrogen ata-carbon.] 
I 
CH3 

23. Match List-I with List-IT and select the correct answer from 
the codes given below the lists: 
List-l 
Reaction 

List-II 
Product 

A. CH3CH=CH2 (i)BH3-THF) '1. n-propylamine 
(ii) HCOOH 

2. n-propylbromide 

4. n-propane 

Codes: 
ABC D 

(a) I 2 3 . 4 ' 
(b) 2 I 4 3 
(c) 3 4 2 I 
(d) 4 3 1 ,2' 

24. A hydrocarbon of formula C6HIO absorbs only one 

molecule of H2 upon catalytic hydrogenation. Upon 
ozonolysis, the hydrocarbon yields a compound of the 
following structure, 

H 0 
I , II 

O-:-C-CH2-CH2-CH2-CH2--:-C-:-H 

The hyilrocarbon is: 
(a)cyclohexane 0 (b) cyclohexyne 0 
(c) cyc1oh~xene 0 (d) cyclobutane P 

25. Match List-I with List-II and select the correct answer using 
the codes' given below the lists: 
List-] , List-II 
Reaction Reagent 
,A. CH3-CH=CH2 ~ 

CH3-CHBr-CH3 ' 1. HBr 
B. CH) -CH-CH2 ~ 

CH3-CH2-CH2Br 2. NBS 
C. CH3-CH==CH2 ~ 

BrCH2-CH==CH2 3. Br2/CCl4 
D. CH3-CH=CH2 .~ 

. CH3"":"'CHBr.:..-CH2Br 4 .. HBr (peroxide) 

.~ 
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o 

o 

27. Alkyne (A) on catalytic hydration gives only one ketone 

while alkyne (B) gives only aldehyde. (A ) and (B ) may be: 
(a) pent-2-yne, acetylene 0 (b) oct-3-yne, propyne 0 
(c) pent-2-yne, 'but-I-yneO (d) but-l-yne, propyne 0 

28. The catalyst used in the manufacture of polythene by 
Zeigler-Natta method is: 
(a) TiCI4 ,(C6Hs )3Al 0 (b) TiCl4,(CH3)3Al 0 
(c) Ti02 0 (d) Titanium metal 0 

29. Intermediate in hydration of alkene is: 
(a)fJ:ee radical 0 .(b) carbene 0 
( c) carbonium ion 0 (d) carbanion 0 

'30. Order of reactivity of given four alkenes for hydrogenation 
, reaction will be: 

, I. CH2=CH2 

CH3) 
III. . C=CH2 

CH) 

(a) III> IV> II > I 0 (b) I> U > IV > ill 0 
(c) I> II > III > IV 0 (d) II> I > III > IV 0 

31. In the given reaction, 

CH' C==£"' CH NaINH3(liq~ X 
3- ~-) . ) 

'Compound (X) will be: 
, (a) ,butane 0 (b) trans~2-butene '0 

(c) cis-2-butene 0 (d) I-butene 0 
32. 3,S-dimethyl cyc1opentene, on ozonolysis, yields: . 

(a) onlyan aldehyde 0 
(b) only a ketone 0 
(c) an aldehyde and a ketone 0 
(d) a dialdehyde 0 

I' 
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33. A compound C4HS decolourizes a KMn04 solution. How 

many structures are possible for this compound? 
(a) 3 0 (b) 4 0 
(c) 2 0 (0)5 0 

34. An organic compound decolourises Br2 in CCl4 and can be 

rednced catalyticaUy. Also, it gives a precipitate with 
ammoniacal cuprous chloride. The compound will be: 
(a) CH3-CH=CH-CH3 0 
(b) CH3CH2C=i=CH 0 
(c) CH3-CH=CH2 · 

(d) CH3-C=CH
2 I . 

CH3 

35. The relative stability of the compounds, 
CH CH CH I 3 I 3 .: I 3 

CH3-C=C-CH3; CH3-C=CH-,-:CH3 . 
(I) (II) 

H3
) .. <Ii c=C ; 

. CH3 
(III) 

. is of the order: 

o 
o 

(a) I>II>III>IV>V>VI 0 
(b) VI> V> IV> III> II> I 0 
(c) I>III>V>II>IV>VI 0 
(d) II> 1;> IV> III> V> VI . O. 

36. Alkenes can be converted to carbo.nyl cOmpound in one step 
by: 
(a) Wacker process 0 
(b) Oxylnercuration;'demercuration .0 
(c) Hydroboration oxidation 0 
(d) Wittig reaction 0 c 

37. Unknown COl'QP9und (A) on oxidation with hot basic . 
KMnb4 'gives only one'compound whose structure is given 
below, 

Compound (A) will be:. 
(a) CH3-C C-(CHz k-=-C=:C-CH3, 

(b) CH3-:-CH=CH~(CHz )4-CH . CHz 
(c) CH3-CH-CH-(CHz )4-CH=CH-CH3 

(d) 0 
38. ~.' ~ [X] NaNH2

• [y] 
CC4 

. " 

o 
o 
o 

o 
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Compounds [X] and [Y] are respectively: 

(a) ~-CH D-e' CH 0 
I I 2 

Br Br 

(b) CLu CH-Br' '; D-c=CH 0 

(c) n =-CH n . 0 LLc LLcHr-CH3 

(d) ~=CH2 D-eH3 0 
;' I 

Br 

39. The number of structural and configurational isomers of a . 
. bromocompound, C~H9Br formed on addition of HBr to 
2-pentyne respectively are: 

. (a) 4 and 3 0 (b) 2 and 4 0 
(c) 4 and2 o (d) 2 and 7 0 

40. H2 C=CH-C==CHon reaction with one mole DBr gives: 

(a) CHz . CH-CBr=CHD 0 
I (b) CHz (Br}-CHDC==CH 0 

(c) DCH2-CHBrC==CH 

(d) CH2=CH-CD=CHBi 

41. Which of the following reactions are expected to give 

CH) 

I 
CH3-C-CH=CH2 

I 
CH

3 
. 

in yields of more tha.J;l50%? 
. CH3 

. I . 
,(a) CH1-C- CH-CH3 

I I 
CH3 0H 

CH3 . I . . 
(b) CH3-C-CH-CH3 

I I 
. CH

3 
Br 

CH3 

I 
(c) CHJ-C-CH-CHj Zn) .. 

I I· Acetone 
CH3 Br 

(d) None of the above 
42. Addition polymerisation can be brought about by: 

(a) free radicals 0 (b) cations 
(c) anions 0 (d) none of these 

o 
o 

o 

o 

o 

o 
o 
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43. Which of the following contains acidic hydrogen? 
(a) Ethene 0 (b) Ethane 0 
(c) Ethyne 0 (d) But-I-yne 0 

44. Which are the possible intennediate8 in the' following 
reaction? 

CH CH CH=CH 1. Br2/CCI4 ) CH CH C==CH 
3 2 2 2. NaNH2 (1l0-1600 C) 3 2 

(a) CH3CH2 CH-CH2Br 0 , I 
Br 

(b) CH3CH2CH-CHBr 0 
, (c) CH3CH20=CH

2 
0 

I ' 
Br 

(d) None of the above 0 
45. Which of the following statements are not correct. for 

alkanes? 
(a) All C~H and C-:-C bonds have a length of 1.112 A and 

1.54 A respectively , 0 
(b) All bond angles are tetrahedral, having a value of, 

109.5° 0 
(c) The C-C chain is linear and not zig-zag 0 
(d) All alkanes exhibit isomerism 0 

46. What are the products obtained by the ozonolysis of 
RCH-CR1R2 ? ' 
(a) RCHO 0 (b) R1R2CO 0 

o 

I ANSWERS: BRAIN STORMING PROB~EMSI 

17. (d) 18. (c) 19. (c) %0. (c) %1. (a) 
%7. (a) %8. (b) %9. (c) 30. (b) 31. (b) 

37. (d) , 38. (a) 39. (b) 40. (a) 41. (b,c) 

47. (a,b) 48~ (a,b,e) 49. (b) SO. (b,e,d) 
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47. Which of the following ~ll reach with sodium metal? 
(a) Ethyne D (b) 'But':'l-yne ' 0 
(c) But-2-yne 0 (d) Ethane 0 

48. Which of the following will give cis,-di(lls'! 

(a) )C=C< ' LKMn04
) 0 

, 2. H20 

(c) 0 
(d)O 35%,H~2 .. 

o 

o 

49. Ionic addition of bromine to clS-2-butene yields: 
(il) meso-:2,3-dibromobutane 0 
(b) racemic-2,3-dibromobutane 0 
(c) d-2,3~bromobutane 0 
(d) 1-2i3-dibromobutane 0 

SO. The exacts representation(s) of molecular formula C6HS 

U. 
3%. 
4%. 

containing sp, Sp2 ,and sp3 -hybrid-states of carbon atoms 

is/are: 
(a) H2C=CH-CH=CH-CH=CH2' 

(b) H2C=CH-O==C--':CH2-CH3 

(c) CH3-CH-:-C=CH-CH CH2 

(d) H();;;;;;C-CH2-CHr ':-CH=CH2 

(b) %3. (d) 24. (c) %5. (c) 

(d) 33. (b) 34. (b) 35. (a) 
(a,b,c) 43. (c,d) 44. (a,b,e) 45. (c,d) 

%6. 
36. 
46. 

(a) 

(a) 
(a,b) 

o 
o 
o 
o 
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Passage 1 

Hydrogenation of alkenes and alkynes takes pla¢e in 
presence of certain catalysts. In Sabatier Senderen's reaction, the . 
addititm ·of·hydrogen takes·· place in presence of Raney nickel· 
catalyst. Platinum and palladiwn can also be used as catalyst in 
these reactions. These are heterogeneous catalyst and used in 

. fmely . divided state. Experimentally, it is observed that less 
. crowded alkenes adsorb H2 with faster rate. Controlled 
hydrogena~ion of alkyne in presence of Lindlar's catalyst yields 
cis product i.e., 'cis' alkene. Thus, in presence of Lindlar's 
catalyst 'syn' addition takes place. The relative rate of 
hydrogenation follows the order: .. 

»c C < > )C 0 > C6H6 

Non-tet:minal alkynes an reduce4 in presence ofNa or Li 
metal dissolved in liquid ammonia. In this reaction, anti-addition 
of hydrogen results into the trans-product. . 

Answer the following questions: 
1. The relative rate of catalytic hydrogenation of following 

. alkenes is: 

I II 

(a) II>III>IV>I 
(c) I1I>IV>I>II 

2. H3C-G-C-CH3 + H2 

III IV 

(b) I>fV>I1I>II 
(d) II>IV>I>I1I 

Pd/CaC03 ----"'--7) (A) 
Boiling Quinoline .r 

H3C> <H (c) C=C·..· 
H . CH3 

(d) CH3-CH2-CH=CH2 
I 3. In which of the following cases, the;:.r~action is most 
. exothermicf ... . ( . ... . 

(a)()~ 

.(C)(Y". 
4. The product of the following r~action is: 

o 

cY PdtCaC03 

I ,./ +H2 ... 
'v" Boiling Quinoline 

G.R.B. Organic Chemistryfor Competitions 

ION TYPE ESTIONS 

o 

(a) (b) 

OH OH 

(c) (d) 

5. ,Powaered nickel is more effective than grantlular nickel 
because: 

. (a) Surface area of powdered nickel is maximum 
(b) Free valencies are large in number 
(c) powdered nickel increases the activation energy of the 

·reaction 
(d). powdered nickel increases the Intermolecular collision 

of reactant molecules. 

Passage 2 

Oxidation without cleavage of sigma bond takes place in 
alkenes. . 

or 
A~O 

. Presence of unsafuration· -in alkenes is detected by using 
Baeyer's reagent. Alkenes decolourise pink colour of Baeyer's 

. reagent.· In presence of Baeyer's reagent, 'syn' addition of-OH 
groups takes place on bOth carbons· of double· bond. The net 
reaction <;an be given as, 

OH OH 

R-CH=CH-R 
I . I KMn04 OW ) R-'---CH-CH-R 

., 
Ozonolysis of· alkenes gives ozonide, which on further 

hydrolysis gives aJdehyde and/or ketone. 
H H 

Rl) I (CH Cl) . RI ·\P, I 
C=C-R3 + 0 3 . 2 i. )c \ "C-R3 

Rz . .. R2 a+o' 
o 0 

Znduststeam. RI-1-R3 +'R3-1-H 

Answer the following questions: 
1. Linear polyenes on . ozonolysis gives two moles of 

acetaldehyde and one mole of propanedial. Linear polyene 
will be: 
(a) alkadiene (b) . alkatriene 
(c) _ alkate.traene . (d) alkapentaene 

2. Ort~o' xylene on reductive ozonolysis will give: 
o 
II 

(a) CHO-,-CHO and CH3-C-CHO 
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o 0 0 
II II . II 

(b) CH3-C-C-CH3 and CH3-C-CHO 

o 0 . 
II II . 

'387 

./CII3 

+O=C~ . 
. , .. , CH3 

Propanone 

(c) CH3-C-C-CH3 and CHO-CHO 

000 
. II II II 

Oxidation ofalkenes with 0804 followed by alcoholic 
NaHS03 or Na2S0J yields glyCols. 

(d) CH3-C-C-CH3' CH3-C-CHOand 

CHO-CHO 
3. Which of the following will give only formaldehyde on 

ozonolysis? ' 

(b) CH03 CH=CH2 

(c) CH3-CH=CH-CH3 (d) ~ 

4. Which of' these cotnpCl1JIlds give glyoxal only on 
ozonolysis? 

0-:7' I' 
(a) "'" V. CH3 

'(b) , I 
. ~.' 

(d) All of these 

5. Product of ozonolysis gives information about: 
(a) configuration (b) conformation 
(c) both of these, (d) none of these 

Passage 3 

Oxidation of alkenes by cleavage with acidic or alkaline 
KMn04 or acidic K2Cr207 at higher temperature yields products 
depending upon the nature ofaIkene. A hot solution ofKMn04 is 
a strong oxidising agent which gives only ketones and carboxylic . 
acids and not aldehydes (as they cannot be isolated). 

o 
. H 3C, ~. / . CH3 [0] II ",-,-c(\ ----4) CH3'~C-OH 

/ . Hot KMn04 Ethan' 'd H CH
3 

OlcaCl 

2-h{ethylbut-2-ene 

.' '.CH2-· ° . 0 
CH 2 +0804 ---1 I. /"'0<' II· CH2-0' ~O 
CHz 

Ethylene 

NaHS03 CHzOH ". 
-_.:.... 4) I +H 0804 

Alcohol CHzOH z 

Glycol 

Answer the following questions: 
1. Which of these compounds on oxidation with hot KMti04 

gives only butanoic acid? 
(a) Oct-3-ene (b)Oct-4-ene 
(c) Oct-2-ene (d) 3-Methyl-hept-3-ene 

2. Which of these compounds. on treatment with 0s0 4.' 

followed by Na2 S03 will give cis-2-methylbutan-2,3-diol? 
(a) 2-Methyl-2-pentene (b) 4-Methyl-2-pentene 
(c) 2,3-Dimethyl-2-butene . Cd) '2,2-Dimettiyl .. 2~butene 

3. An alkene I-methyl cyclohexene on oxidation ,with hot 
basic KMnO 4 gives: 
(a) heptanoic acid 
(b) 2-methyl hexanoic acid 
( c) 6-keto heptanoic acid 
(d) butanoic acid and acetone 

4. Which of the following alkenes on oxidation with hot . 
KMn04 gives .cyclopentanone? . ' . 
(a) 2-Methyl cyclopentene (b) Cyclopentene 
( c) Methylene cyclobutane (d) Methylerie cyclQpentane 

5~ An alkene 1,2-dimethyl cyclobutene on oxidation With. hot 
KMn0

4 
gives: . , 

(a) 4-ketopentanoic acid 
(b) 2,3-diketo cyclohexane 
(c) hexane-2,5-dione .' . . 
(d) ethanoic acid and butanoi(; .acid 

ANSWERS: LINKED COMPREHENSION TYPE QUESTIONS 11-----------------. 

Passage 1 •. 
Passage 2. 
Passage 3. 

1. (a) 

1. (a) 
1. (b) 

2. (b) 
2. (d) 
2. (a) 

3. (b) 
.3. (a) 
3. (c) 

4. (a) 
4. (a) 
4. (d) 

5. (a,b) 

5. (d) 
5. (c) 



8 
HALOGENATED ALIPHATIC 

HVDROCARB.ONS 

Compounds derived from hydrocarbons by the 
replacement of one or more ~ydrogen atoms by the 
corresponding number of halogen atoms are· termed as 
halog~n derivatives. The halogen derivatives of aliphatic 
hydrocarbons are broadly classified into two classes: 

(i) Halogen derivatives of alkanes or halo-alkanes. 
(ii) Halogen derivatives of unsaturated hydrocarbons, 

. i. e., derivatives of alkenes and atkynes. 
; 

'8.1 HALOGEN DERIVATIVES OF ALKANES OR 
HALO-ALKANES 

Compounds derived from alkanes by the replacement of 
one or more hydrogen atoms by the corresponding . 
number of halogen atoms (fluorine, chlorine; bromine or 
iodine)· are termed halogen derivatives of alkanes' or 
halo-alkanes. Depending on the number of halogen atoms. 
present in the halogen derivative, these are termed as mono-, . 
di-, tri-, tetra- andpolyhalogen derivatives. 

CH4 
Methane 

-H 
+x ) 

-H . 
CH-X 3· ) C-X4 

Tri + X Tetra 

1. Monohalogen derivatives: One halogen atom is 
attached to carbon atom. They are commonly represented by 
the formula R-X where R is an alkyl radical and Xis a 
halogen atom. 

/" R_HH) R-X 
Alkane + X Alkyl halide 

These are tertned alkyl haUdes and the homologous series 
has the general formulaCnH2n+IX, 

Examples: 

CH3CI C2H5Br C3H7I . 
Methyl chloride Ethyl bromide Propyl iodide 

Monohalogen derivatives or alkyl halides are classified as 
primary (l0), secon4ary (2°) or tertiary (3°) depending upon 
whether the halogen atom is attached to primary, secondary or 
tertiary «arbon atoms. 

H P' 
I/c: 

R-C-X 
I 
H 

Primary alkyl halide 

R' 
I /

secQndary . 
carbon 

R-C-X 
I 
H. 

Secondary alkyl halide 

R' Tertiary 1/ carbon 
R-C-X 

I 
R" 

Tertiary alkyl halide 

2. Di-balogen derivatives: The dihalogen derivatives 
of alkanes are derived by the replacement of two hydrogen 
atoms by two' halogen atoms. . 

·-2H . 
CnH 2n+2 ) CnH2n X 2 

Alkane +2X Dihalogen derivative 

The dihalogen derivatives are mainly of three types: . 
(i) . Gem-dihalides: In these derivatives both the 

halogen atoms are attached to the' same carbon atom. These 
are also called alkyUdene (di) haUdes. 

Cl 

CH3CH< ; 
.. CI 

. EthyIidene chloride 
(l ,1-DicWoroetbane) 

CH3-:CBr2-CH3 

Isopropylidene broinide 
(2,2'-Dihromopropane ) 
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(ii) Vic-dihalides: Ill' tllese derivatives, the halogen 
atoms are attached to adjacent (vicinal) carbon atoms. These 
are aiso tenned alkylene (di) halides. 

CH2CICH2Cl ;' CH3CHCICH2Cl 
Ethylene chloride ' Propylene chloride 

(l ;2-Dichloroethane) (l,2-Dlchloropropane) 

(iii) a-co halides (terminal dihaUdes) : In these 
derivatives, the halogen atoms are attached to terminal carbon 
,atoms. These are also called polymethylene halides. ' 

CH2BrCH2CH2Br; CICH2CH2CHiCH2Cl 
Trimethylene bromide Tetramethylene chloride 
(l ,3-Dibroinopropane) (l,4-Dichlorobutane) 

3. Tri-balogen 'derivatives: Tri-halogen derivatives 
are derived by the replacement of three hydrogen atoms from 
alkanes by three halogen atoms. They have the general 
fonnula Cn H2n- 1 X 3' The tri-halogen derivatives of first 
alkane (methane) are: 

CHC13 ; CHBr3 ; CHI 3 

, Chloroform Bromoform Iodoform 
These compounds are tenned as halo forms. ' 
4. Tetra-halogen derivatives: The tetra-halogen ,deriva

tives are derived by the replacement of four hydrogen atoms 
from alkanes by four halogen atoms. All the four halogen 
atoms are attached to the same carbon atom in derivatives of 
methane. 

CC14 CBr4 
Carbon tetrachloride Carbon tetrabromide 

In other' derivatives, the four halogen atoms, are attached ' 
to different carbon atoms, e.g., 

fHC12 
Acetylene tetrachloride or 

CHCl
2 

1,1,2,2 - tetrachloroethane 

Similarly, Polyhalogen derivative is: 
C2Cl6 Hexachloroethane 

Classification 

Monoha]ogen compounds inay further be classified' 
according to' the nature of C~X bond in haloalkanes and 
haloalkenes particularly to the hybridizati9n of the carbon, 
atom linked to the halogen. .' , 

(A) Compounds eontaining' C-:-X bond, where carbon 
.is sp 3 -hybridized. ' 

, (i) Alkyl halides or Haloalkanes: InalJ<y1 halides, the, 
, ,halogen atom is bonded to an alkyl group. The homologous 

series is represented by Cn H2n+1 X. They are further classified , 
as primary; (10), secondary (2°) and tertiary (3°) halides 
depending upon whether the halogen atom is attached toa 
primary, secondary or tertiary carbon atom. Examples are:,' 

" ~ , ~ 

CH3~H2-' CH2-Cl " CH3-' CI'~~, H;; 
, I-Chloropropane 
, (pritriary or 1°) I 

2-Iodopropane 
, (secondary or 2") 

CH3' ' 
301 

CH3-,C-CH3 , , I ' 
Br 

, ,2-Bromo-2-n'1ethylpropane 
, (tertiary 9r 3°) , 

389'· 

(ii) Allylic halides:' In these halides, the halogen atom is 
attached to allylic carbon (C=C-C-X)! i.e., carbon atom 
next to C=c. Examples are: ' " . 

sp~ 
H2C-,--CH-CH2-, I 

sp3 • 

3-Iodoprop -I-ene 
(Allyl iodide) . 

'; , H zC=CH-rH-CH3 ; 

Br 
3-Bromobut-l .. ene 

[~4J 

~2 SUI , , 
.. ~ CH-ffi2

C1 

6 , 
3-Chlorocyclohex-l~ene 

CH3-CH=CH-CH2Br 
I-BrQmobut-2-ene 
(Crotyl bromide) 

, 3-Chloro-i -phenylprop-I-ene 
(Cinnamyl cbloride) 

Allylic halide~ may ,be prim'ary, secondary' or tertiary. 
(iii) 8enzylie halides: In these halides, the haloge,n 

• 
atom is attached to a, benzylic carbon (C6HS CHz-, 

, C6HS"CH< orC6HsC~), i.e;, the carbon atoms of the side 

'chain carrying. the aryl grout>. Examples are: 
. , Benzyl chloride ; Benzal chloride; 

Benzottichloride. ; I>-Phenyl ethyl bromide ...... etc.' 
(8lCo~pmlDds containing C-X b~nd, where carbon 

is sp·l-hybridized~' ' 

" ' (i) Arylhaiides: In these halides, the halogen atom is 
directly attached to the carbon atom of an aromatic ring. These 

, halides.are also called haloarenes. Exainples' are: . ' 
ChlorobeflZ€me ; Bromobenzene; 
Iodobenz~ne ' ;'. 2-Chlorotoluene;, 

, 3-Bromotoluene ;, '4-Bromotoluene 
, (Ii) Vinylic halides: In these halides, the, halogen atom 

'. . - .. 
is attached to ,yinyliccarbon (C . C~X), le.,one of the 

.caroon atoms ofC=C Examples are: , . . .' - "-, 

H2C=CH"-c1 ; 
, Cbloroethene 
(Vinyl chlonde) 

(~CI) l-:Bromocyclohex-I-ene 

... 
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(C) Compounds containing C-X bond, where carbon 
is sp-hybridized. . 

Alkynyl halides or Haloalkynes: In these halides, the 
halogen atom is attached to one of the carbon atoms of a C==C 

'. Examples are: 

HC==C-Br H3C-C==C-CI 
I-Chloroprop-I-yne Bromoethyne 

(Bromoacetylene) 

Nomenclature 

CR3Cl 

CH3CHiBr 

.CH3CH1CH1I 

CH3~HBrCH3 

CH3CH2CH2CH2CI 

. CH3 . I· . 
CH3-C-CH3 

I' . 
Br 

Methyl chloride 

Ethyl bromide 

n-Propyl iodide 

Isopropyl bromide 

n-Butyl chloride 

ISobutyl bromide 

Tertiary butyl 
bromide 

Chloromethane 

Bromoethane 

I-Iodopropane 

2-Bromopropane 

I-Chlorobutane 

I-Bromo-2-m~thyl-

propane 

2-Bromo-2-methyl-
propane 

CH3CH2CH1CH1CH2CI n-Pentyl chloride I-Chloropentane 
or . 

. n-Ainyl chloride 

CHr :CH-CH2CH2CH3 Seci-pentyl chloride 2-Chloropentane 
I or 

(:1 . . Sec.-amyl chloride' 

CH3,-(:H - CH2CH2CI Isopentyl cohrloride I-Chloro-3-methyl-
I butane 

CH3 IS0ll:l1lyl chloride 

CH3 Ten. pent)ll chloride 2-Chloro-2-methyl-
1 ' or' butane 

CH3~l-CH1CH3 Ten. amyl chlorilie 

CH; I . 
CH3-C-CH2CI I . 

, eH
3 

CI 

CHi:H< 
• . CI 

CH1CI-CH;CI 

CHCl3 
CHl3 

Neo-pentyl chloride I-Chloro-2,2~ 

, or dimethylpropane 
Neo-amyl chloride' 

Methylene chlo,ride Dichloromethane 

Ethylidene chloride I,I-Dichloroethane 

Ethylene chloride 1,2-Dichloroethane 

Chloroform Trichloromethane 

Iodoform Triiodomethane 
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1,1,2,2-Tetrachloro
ethane 

Usually, the simple and lower members' are called by 
common names and higher members are given IUPAC names. 
HalQgen derivatives of alkanes are highly reactive as the 
halogen atoms are easily replaced. These do not occur in 
nature and are entirely of sYnthetic origin. These derivatives . 
especially the alkYl halides are widely used 'in the synthesis of 
many organic compounds. ' 

8.2 ISOMERISM IN MONOHALOGEN 
DERIVATIVES 

Higher members of alkyl halides show the following types of 
, isomerism: 

(i) Chain isomerism: This is due to different arrange
ments of carbon atoms in the alkyl group. For example, 
C4H9Cl. 

CH3 
1 

CH3CH2CH2CH2Cl CH3-CH-CH2CI 
l-Chlorobutane l-Chloro~2-rnethyl propane 

(ii) Position isomerism : This is due to different 
positions of the halogen atom in the molecule. 

CI 
1 

CH3CH2CH2CH2CI CH3CH2CH-CH3 
I-Chlorobutane 2-Chlorobutane 

(iii) Optical isomerism: This is,due to the presence.of 
asymmetric carbon atom in secondary butyl halide. 

H . 
I. 

CH3-C-CH2CH3 

1 

CI 
2-Chlorobutlme 

The total number of isomers in alkyl halides are: 
Propyl (C3H7-X) has·two isomers, 
Butyl (C4H9-X) has four isomers and 
Pentyl (CsHIl-X) has eight isomers. 
(iv) Conformations: Alkyl halides can also form 

conformers due to the free rotation of C-C botid. 

SOME SOLVED EXAMPLES 

Example 1. Write struc~ral formula and give their 
]UPAC names: 

(a) Sec-butyl chloride 
(c) Tert.-butyl chloride 
(e) Tert-amyl iodide 
(g) Neo-pentyl chloride 
W !so-propylidene bromide 
(k) Crotyl bromide 
(m) 4-Chloro-2-pentene 

(b) Iso-butyl chloride, 
(d) Iso-propyl bromide 
(j) Iso-pentyl bromide 
(h) Neo-hexyl bromide 
(j) Allyl iodide 
(1) Propargyl bromide 
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Solution: 
(a) CH3-CH-CH2CH3 , I 2.Chlorobutap.e 

Cl 

(b) CH) -CH-CH2Cl 
, .' I 

l-Chloro-2-methylpropane 

CH3 

CH3 
I 

(c) CH3-?-CH3 2-Chloro-2-methylpropane 

Cl 

(d) CH3-CH-CH3 I ' 
2-Bromopropane 

Br 

2-Iodo~2-methylbutane . 

I-Bromo-:3-methylbutane 

CH3 
I 

(g) CH3 T CH2Cl·. l-Chlorci-2,2-dimethylpropane 

CH3 

CH3 
I 

(h) CH3-G-CH2CH2Br 
I , . 

C1h 

I-Bromo-3,3-dimethylbutane, 

fr 
(i) CH3 ---'C-CH3 . I 

Br 

(j) H2C=CH-CH21 
(k) CH3CH=CHCH2Br 
(I) HC=C-CH2Br 
(m) CH3CH-':""CH-CH-CH3 

, 1 
Cl 

2,2-Dibromopropane 

3-Iodoprop-l-ene 
I-Bromo-but-2-ene 

3-Bromoprop-I-yne 
4-Chloropent-2-ene 

Example 2. Give the IUPAC names of the following 
compo~nds: . 

(4) (CH3hC-Cl 

(b) CH3-?H-. CH2Cl 

C2H5 . " 

(c) H 2C=CH-CH-' C=CH2 , I I 
CZH5 CI 

f2 H5 f2HS 
(d) CH3 -'C-, CH2 -C-CH3 

I 'I 
Cl ' Br ' 

(e) (CH3hC-. CH2-CH2Cl 
'(f) (CH3hC-CH~CH-CH2CH3 . 

. I I 
. CH)' I, 

C2H 5 C2HS 

I' I 
(g) CH3-, C-CH2 -,' C-' CH3 
, . '. ,. ' . 1 

. p' Cl 
. " . 

(~) HC==C-CH2-CH=CHCl 
(i) BrCH2-CH2-, CH2-' GH2Cl 
(j) CH3-. C==C-CH-' CHJ 
"I . 

Cl .' 

H3
C
'ryCH,.3 (P)' . H 

H Br 
H . 

H~' CH3 · 

(r) ,.,' H; 
H Br . . '. 

CH3 

Solution: (a) 2-Chloro..2-methylpropane 
(b) l-Chl(:)ro:'2-methylbutane ?' 

(c) 2-Chloro-3-ethylpenta-l,4-diene 
(d) 3-Bromo-5-chloro-3 ,5-dimethylheptane 
(e) l-Chloro-3,3-dimethylbutane 
(f) 4.Iodo-2,2,3-triniethYlhexane 
(g) 3-Chloro-5-fluoro-3,5-dimethylheptane 
(bY l-Chloropent-l-en-4-yne 
(i) I-Bromo-4-chlorobutane . 
(j) 4-Chloro-pent-2-yne. ' 
(k) 3~Chloro-3-ethylpentane 
(I) 2,3-Dibrorho-l-chloro-3-methylpentane 
(m) 3-Bromoprop-I-yne .' . 
(n) I-Bromobut-2-ene 
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. (0) 4-Bromopent-2-ene 
(P) ,-Bromo-2-methylbut-2-ene 
(q) 4-11romo-3-methylpent-2-ene 
(r) 3-Bromo-2-methylbut-l-ene 
(s) 3-Bromo-2-methylpropene 
Example 3. Draw the bond Ifne structures of the 

following. compounds whose. IUPAC names are given as 
under: 

(a) 2-Bromobutane . 
(b) l-Chloro-3-Methylbutane 
(c) 2-Qromo-2-methylpropane 
(d) 4-Chlor0-4-methylpent-2-ene 
(e) 2-lodo-3-methylpentane 
(f) 2,3-Dibromobutane 
(g) 3-lodopropene 
(h) BrJJmoethene . 
(i) 1,4-Dibromobut-2-ene 
(j) 4-Tert. butyl-3-iodoheptane 
(k) 2-Chloro-3-methy/pentane 
Solution: 

Br 

(a)~ (b)~Cl 
. Br Cl 

(c)~ (d)~' 
I 

(e)~ 
I 

(g)~. 

. Br 

(t)~' 

(i)Br~Br G) ~ 
I 

Cl 

(k)~ 
Example 4. Write all the possible structures for the 

molecular formula CsHu Br. Give their IUPAC names. Which 
of these are optically active? 

. Solution: 

(i) CH3CH2CH2CH2CH2Br 

• 
(ii) CH3-fH-CH2CH2CH3 

Br 
(iii) CH3CH2CH-CH 2CH3 . . I . . . 

Br 
• 

I-Bromopentaue 
.. (primary) 

2-Bromopentane 
(secondary) 

3-Bromopentane 

(secondary) 

(iv) CH3 CH2CH -.CH2Br I-Bromo-2-methylbutaue 
. I (primary) 

CH3 • 

(v) CH3-CH -. CH2CH2Br I-Bromo-3-methylbutane 
. I . (primary) 

CH3 
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CH3' 
I 

(vi) CH)CH2 -C-CH3 
I 
Br 

• 

2-Bromo-2-methylbutaue 
(tertiary) . 

(vii) CH3 ---'-CH-CH---'-CH3 2-Bromo-3-methylbutane 
I I (secondary) 
CH3 Br 

~H3 
(viii)CH3 -C-CH2Br I-Bromo-2,2-dimethylpropane 

. I (primary) 
CH3 

The optically active isomers; (ii), (iv) and (vii). 

8.3 GENERAL METHODS OF PREPARATION 
OF MON,OHALOGEN DERIVATIVES OR 
ALKYL HALIDES 

The following general methods are used for the preparation of 
alkyl halides. 

. 1. From alkanes: Direct halogenation of alkanes in 
presence of sunlight, heat or suitable catalyst yields alkyl 
halides. Chlorimition is fast, bromination is slow while direct 
iodination is not possible as the reaction is reversible and 
highly endothermic. (However, iodination can be done in 
presence of oxidising agents such as lIN03 or. iodic acid, 
mo3 !· . 

The reactivity of the alkanes follows the following order: 
Tertiary alkane> Secondary alkane> Primary alkane 

. , hv 
R-H+X2 ~ R-X +HX 
Alkane Alkyl halide. 

. . Direct halogenation proceeds through free. radical 
mechanism : Direct .halogenation does not form pure 

monohalogen derivatives but a mixture of poly halogen 
derivatives is always obtained. For example, methane reacts 
with chlonne in presence of diffused sunlight or at 
250-400°C to form a mixture .of methyl chloride, methylene 
chloride, chloroform and carbon tetrachloride. 

CH4 + Cl2 i;Cl) CH3a C12) CH CI ell) CHCI . 
-Hel 2 2 -HCI 3 

Cl2 ) CCI 
HCI 4 

This method is, thus not used in laboratory because it 
Is Dot easy to separate the individual members from the 
mixture. However, it is the most important' comqlercial 
method for obtaining alkyl halides because alkanes are 
available in large amounts from petroleum and natural gas. If 
the conditions are well maintained especially the ratio of 
halogep and alkane, the halogenation may be suppressed 
·beyond monosubstituted product. The displacement ofH from 
hydrocarbon is in the order: 

Allylic >3° >2°)" 1° >CH4 
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C2HsCI +HCl 
Ethyl chloride 

(Major product) 

Light 
CH3CH2CH3 +C12 ) CH3CHCH3 +CH3CH2CH2Cl 

Propane hv I 'l-Chloropropane 
CI (45%) 

2-Chloropropane 
(55%) 

Similarly, bromination takes place, but not so vigorous as 
chlorination. However, iodination can be done by heating with 
iodine in the presence of oxidising agents such as cone. H 1\ ( I, 
or HI03 (to oxidise HI formed during the reaction to iodine). 
and hence, shift the equilibrium in the forward reaction. . 

Heat 
RH+12 ~ RI+HI 

(5HI + HI03 --7 312 + 3H20) 

The reactivity of halogens decreases in the order: 
F2 >C12 > Br2 > 12, 

Bromination of alkanes is less exothermic than 
chlorination and so with fluorination. Iodine is unique as its 

. reaction with alkanes is endothermic. 
Chlorination of n-alkanes (C4 and above) gives a mixture 

of d- and 1- optical isomers, i.e., racemic mixture (optically 
inactive). 

. 
Racemic 

Alkane can react with sulphuryl chloride only in presence 
of light and .traces of organic peroxide. 

by 
RH + S02Cl2 ) R-Cl + HCl + S02 

Alkane Sulphuryl or Peroxide Cbloroalkime • 

chloride 

1. From alkenes: Halogen acids (HCl, HBr, HI) react 
readily with alkenes to form alkyl halides. The order of 
reactivity of haiogen acids is: 

HI> HBr> Rct> HF 

·H2C==CH2 +HBr --7 CH3CH2Br 

The urisymmetrical alkenes follow Markownikoff's rule 
during addition forming secondary or tertiary alkyl halides 
predominantly through the formation of most stable carbo
cation. Addition occurs through electrophilic attack. 
However, in· presence of peroxide (R~R), such as 
benzoyl peroxide (C6HsCO-O-O--COC6Hs), the HBr 
addition follows anti-Matkownikoff's rule (peroxide effect 
or Kharaseb effect) and form primary or normal alkyl 
bromides. Such an addition follows free radical mechanism. 
This method is well suited for the industrial preparation of 
alkyl halides as the lower alkenes are obtained during 
cracking of petroleum products. 
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x 
I 

R-CH=CH-R + HX --7 R-CH2-CH-R 
Symmetrical alkene Alkyl halide 

R-CH=CH2 +HX --7 R-C~H3 
Unsymmetrical alkel:ll:) I 

X 
Alkyl halide 

Br 
I 

CH3-CH=CH2 + HBr --7 CH3-CH-CH3 
Unsymmetrical alkene 2-Bromopropane 

(Isopropyl bromide) 

CH3 CH3 
1 1 

CH3-C-CH=CH2 + HBr --7 CH3-C-CH2CH3 
1 I 
H Br 

3-Metbyl but-I-ene 2-Bromo-2-methyl butane 

This can be explained by t,l-Hydride sbift to attain 
greater stability of carbocation. 

CH3 

I 0. 
CH3-C-CH=CH2 

·1 
H 

3-Methyl but-l-ene 

CH3 

1 
CH3-C-CH2CH3 

1 
Br 

2-Bromo-2-methyl butane 

CH3 

W I + 
~ CH3-C-CH-CH3 

I 
H 

j 
(2° Carboca, tion) 

1,2-Hydride shift . 

CH3 

B-1 + 
~ CH3-C-CH2CH3 

(30 Carbocation) 
More stable than 2° 

CH3-CH=CH2 + HBr Peroxide) CH3-CH2-CH2Br 
Propene (Anti-MR I-BrOioopropane 

addition) (n-Propyl bromide) 

CH3 
. I, (";u CO) 0 

CH
3
-C=CH2 :t- HBr "'6

U

S 2, 2) 

2-Methylpropene 

CH3 

I 
CH3-C-CH2Br I . 

H 
I-Bromo-2-methyl propane . 

It may be noted that the peroxide effect applies to the 
addition of HBr only and not to the addition of HCI or HI. . 

A1lylie substitution 

When alkenes are heated with Cl2 or Br2 at a high 
temperature of about 500°C, the hydrogen atom of the allylic 
carbon (i.e., carbon atom next to the double bonds) is 
substituted with the halogen atom without breaking the double 
bond (allylic substitution) and forms allyl halide. For 
example, 
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CH3CH=CH2 +C12 500°C) CICH2CH=CH2 + HCl 
Propene Allyl chloride 

(3-Chloroprop-I-ene) 

The allylicsubstitution can also be carried out by heating 
the alkene with N-bromo succinimide (NBS) or sulphuryl 
chloride (S02C12) at 200°C in presence of light andtraces of 
organic peroxides such as. benzoyl peroxide. • 

CH2-CO> 
CH3 -CH=CH2 + 1 . N-Br 

Propene CH2 -co 
Heat) 

N -Bromo succinimide 

CH?-CO) 
BrCH2CH=CH2 + 1 - NH 
3-Bromoprop-I-ene CH2-CO 

(Allyl bromide) Succinimide 

CH3 -CH=CH2 +S02CI2 2000C) CICH2CH=CH2 
Propene UV light 3-Chloroprop-l-ene 

(Allyl chloride) 

+S02 + HCI 
3. From alcohols :. Generally alkyl halides are 

prepared from alcohols by replacement· of -OH by an 
halogen atom (S N reaction). 

R-OH+H-X ---7 R-X+H20 

The replacement of -OH group can be done with 
halogen acids, phosphorus halides or thionylchloride. 

(i) By the action of halogen acids : Almost 
quantitative yield of alkyl halides is obtained when alcohols 
react with halogen acids in presence of a dehydrating agent 
such as anhydrous zinc chloride or concentrated sulphuric 
acid. The reactivity of the halogen acids and that of alcohols 
follow the following orders: 

HI> HBr > HCI>HF 
Allyl> 3° alcohol> 2° alcohol> 1° ~cohol 

In this SN reaction, the nuc1eophile (X) attacks the 
protonated alcohol molecule with the elimination of water (a 
good leaving group). 

• ~ + 
R-OH+H+ ---7R-OH2 

• • • • 

/'\(1 
X + R-OH2 ---7 R-X + H20 . . . 

Since, the nucleophilicity (i.e., tendency to donate 
electron pair to the carbon) of halide ions decreases in the. 
order, 1- > Br - :> Cl-, the order of reactivity of the halogen 
acids decreases in the same order, i.e., 

HI> HBr>HCI 
(a) Alkyl chlorides are obtained by passing hydrogen 

chloride (gas) through alcohol in presence of anhydrous zinc 
chloride (Lewis acid): 
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This mixture (1 : 1) of conc. HCI and anhyd. ZnCl2 is called 
Lucas reagent. 

The yield can be improved when the vapours of alcohol 
and HCI are passed over alumina at 350°C. , 

It must be noted that 10 and 2° alkyl chlorides are 
prepared from their respective alcohols by using HCI gas and 
anhydrous ZnCl2 (Groove's process). 

Tertiary alcohols are very reactive and therefore, they 
react readily with conc. HCI even in the absence of ZnCI2 • 

(CH3hC-OH + HCI 
2-Methyl-2-propanol (conc.) 
(Tert. butyl alcohol) 

Room) (CH) C-CI + H ° Te 3 3 2 
mp. 2-Chloro-2-

methyl propane 
(Tert. butyl chloride) 

10 alcohols follow SN2 path while 2° and 30 alcohols 
SN 1 path (proceeds through most stable carbocation inter-
mediate). . • 

(b) Alkyl bromides are obtained in a similar manner by 
refluxing the alcohol with constant boiling HBr (48%) in 
presence of a little concentrated sulphuric acid. These are also 
obtained when the alcohol is heated with potassium bromide in 
presence of conc. H 2S04 in excess (Lab method). 

C2H5Br + H20 
Bromoethane 

Note: The mixture ofKBr and H2S04 is not used in case of secondary 

and tertiary alcohols as their dehydration may occur. 

In case of higher alcohols, there can be 1,2-methyl (CH3) 
or 1,2-hydride (H-) shift to form more stable carbocation. 

CH3 CH3 CH3 

I· I 1 
CH3-T-' yH-CH3 + HCI---7 CH3-

y
-CH-CH3 

CH3 0H CI 
. 3,3-Dimethyl-2-butanol 2-Chloro-2,3-dimethyl putane 

This is due to 1,2;.Methyl shift. 

CH3 
1 . 

CH3-C-CH-CH3 
1 I 

CH3 0H 

CH 
1 3 

CH3-C-CH-CH3 . 

1 1 + 
CH3 0H2 

CH3 .. 

-H20 . 1 + 
----7) CH3-C-CH-CH3 

JHJ 
3 

(2° Carbocation) 

11 ,2-Methyl shift 

CH3 CH3 
1 +1 

CH3-C -CH-CH3 
(3° Carbocation) 

More stable than 2° 
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(c) Alkyl iodides are prepared by refluxing alcohol with 
excess of HI (57%). These are also obtained when the alcohol 
is heated with potassium iodide in presence of phosphoric 
acid. 

. Heat ° CzHsOH + KI + H3P04 ----7 C2HsI + KH2P04 + Hz 
Ethanol. Iodoethane 

[C2HsOH + HI Heat) C2HsI + H20] 
(li) Action of phosphorus halides: Action of 

phosphorus halides on alcohols converts them readily into 
alkyl halides. 

3ROH+PX3 ----73RX+H3P03 

The alkyl chlorides are formed by the action of PCl3 or 
PCIs on alcohols. 

3C2HsOH + PCl3 ;---7 3C2HsCI + H3P03 

CH3CH2CH20H + PCIs ----7 CH3CH2CH2CI + POCl3 
I-Propanol.' I-Chloropropane + HCI 

In the case of preparation of alkyl bromides and iodides, 
PBr 3 or PI 3 required for the reaction is generally produced 
in situ by the action of red phosphorus on bromine or iodine. 
Thus, the overall reaction may be depicted as: 

(2P+312 ----72PI3) or (2P+3Br2 ----7 2PBr3) 

P+I 
R-OH 2) R-I; 

P + Br2 
R-OH ) R-Br 

3C2HsOH + PI 3 ----7 3C2H5I+ H3P03 

The method gives good yield of primary alkyl halides but 
poor yields of secondary and tertiary alkyl halides because 
secondary and tertiary alcohols on heating forms alkenes. The 
method is useful for preparing lower alkyl bromides and 
iodides in the laboratory. 

(iii) Action of thionyl chloride (Darzen's method).: 
Alkyl chlorides are prepared when thionyI chloride and 
alcohols are refluxed in presence of pyridine. 

ROH+SOCI 2 
Pyridine) RCI + S02 i + HCIi 
Retlux 

C2HsOH + SOCl
2 

Pyridine) C
2
H5CI + S02 i + HCli 

Ethanol Thionyl Chloroethane 
chloride 

This method is widely used for the preparation of alkyl 
chlorides only as it has advantage over phosphorus chloride 
because the bypro ducts sulphur dioxide and hydrogen 
chloride are gases which can be easily removed from the 
reaction mixture. Bromides and iodides are not prepared by 
this method, because thionyl bromide is unstable and thionyl 
iodide does not exist. 

4. From silver salts of fatty acids: Alkyl chlorides or 
alkyl bromides are prepared by the action of chlorine or 
bromine in CCl4 on silver salt of the fatty acids. This reaction 
is called Borodine-Hunsdiecker reaction or Hunsdiecker 
reaction. 
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RCOOAg+Br2 
CCI4) R-Br +C02 + AgBr 
Reflux ". 

CCI 4 CH 3CH2COOAg+Br2 ---» CH3CH2Br +C02 +AgBr 
Silver propiouate Ethyl bromide 

This reaction gives the product with one carbon atom less 
than the fatty acid and the yield of halide is 1° > 2° > 3°. 
. But iodine forms ester instead of alkyl halide and is caned 

Binbaum-Simonini reaction. 

2RCOOAg +12 ----7 RCOOR +2C02 +2Agl 
Ester '. 

One useful modification of this reaction is the use ofHgO 
or Pb(OAc)4 in place of silver salt to form alkyl halides. 

XzlHgO 
2RCOOH ) 2R-X +2C02 + Hg:X'2 + H20 

, !l. 

Pb(OAc)4 
RCOOH ) R-I 

12. hv 

5. By halide exchange method: This is a convenient 
method for the preparation of alkyl iodides. The 
correspo~ding alkyl bromides or chlorides are heated with a 
solution of sodium iodide in acetone or methanol. 

RCI + NaI Acetone) RI + NaCI 
!l. 

C?HSBr + NaI Acetone) CHI +NaBr. 
- Heat 2 . 5 _ 

Ethyl bromide Ethyl IOdide 

This reaction is called Finkelstein reaction .. 
Even alkyl fluorides which cannot be prepared by the 

above methods may be obtained from corresponding chlorides 
by the action of mercurous fluoride or antimony trifluoride or 
AsF} or AgF, etc., (Swarts reaction). 

2CH3CI + Hg 2F; ----7 2CH3F + Hg 2Cl2 
Methyl fluoride 

C2HSBr + AgF ----7 C2HSF + AgBr 
Fluoro ethane 

3CH3CCl2CH3 +2SbF3 ----7 3CH3CF2CH3 +2SbC1 3 
6. By Rydons method: An alcohol on heating with 

halogen in presence of triphenyl phosphate (PhOh PO 
produces alkyl halides. 

Heat 
R-CH20H + Br2 + (C6HsOh PO----7 

R-CH2Br +C6HsOH + (C6HsOhPOBr 

8.4 PROPERTIES OF ALKYL HALIDES 

Physical properties: (i) CH3F, CH3CI, CH3Br and 

C2HsCI are gases at room temperature, while CH31 is Ii liquid 
at room temperature. The alkyl halides upto CI8 are colourless 
liquids while higher members are colourless solids. -

(li) Alkyl halides are insoluble in water but soluble in 
organic solvents. 

(iii) They bum on copper wire with green edged flame 
(Beilstein test for halogens). 
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(iv) Alkyl bromides and iodides are he,avier than water. 
Alkyl chlorides and fluorides are lighter than water. 

(v) Alkyl iodides become violet or brown in colour on 
exposure as they decompose in light. 

Light 
2RI ) R-R +12 , 

(vi) For a given alkyl group, the boiling, points of alkyl 
halides are in the order RI > RBr> RCI > RF and for a given 
halogen, the boiling points of alkyl halides increase with the 
increase of the size ofthe alkyl group. fn a group of isomeric 
alkyl halides, the order of boiling point is: 

Primary> Secondary> Tertiary 
(vii) Alkyl halides are in general toxic compounds and 

bring unconsciousness when inhaled in large amounts. 
Cbemical properties : The alkyl halides are highly 

reactive, the order of reactivity is: ' 

is: 

Iodide> Bromide> Chloride (nature of the halogen atom) 

Tertiary> Secondary> Primary (type of halogen atom) 

Amongst the primary alkyl halides the order of reactivity 

CH3X>C2HSX>C3H7X, etc. 
The high reactivity of alkyl halides can be explained in 

tenns of the nature of C-X bond which is highly polarised 
covalent bond due to large difference in the electronegativities 
of carbon and' halogen atoms. The halogen is far more 
electronegative than 'carbon ,and tends to pull the electrons 
away from carbon; i. e., halogen acquires a small negative 
charge and carbon a small positive charge. 

0+ 0-
-C-X 

This polarity gives rise to two types of reactions. 

(i) Nucleophilic substitution : The Co+ site is 
susceptible to attack by nucleophiles (an electron rich 
species). ~ + _ 

:Nu- + R°Fx° ---t Nu-R + X-: 
Nucleophile Halide ion 

-x- N 
R-X ~:--~) R+ U- ), R-Nu (SN I reaction) ". 

Slow Fast ~, 

Slow Fast,' -
Nu- +R-X--~) Nu ... R ... X ---t Nu-R+X 

Transition state 
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inductive effect. When approached by a strongest base (B), it 
tends to lose a proton usually from the j)-carbon atom. Such 

" reactions are termed elimination reactions. They are also EI 
and E2 reactions. 
E 1 reaction : 

B-
•• 

H H H H H 

I I Slow t1 I Fast I 
R-C-C-H---tR-C-C-H ~ R-C=C-H 

I I -X- I + I 
H X H H 

+B-H' 

E'Z reaction : 
'. .. 

B-:H Ii B---H H 'H, 

R~-1_HSID~~R~~-H~R~=h-H 
Al A'i A 

Transition state + B~H + X-

As the above reactions involve leaving of X -, the 
reactivity of alkyl halides (same alkyl group, different 

'halogens) should be limited with C-Xbond strength. 

Type of bond C-I 
Bond strength (kcal/mol) 45.5 

C-:- Br 
54 

G-CI 
66.5 -----------------

Bond strength increases 
The breaking of the bond becomes more and more 

difficult and thus, the reactivity decreases: 
The order of reactivity (tertiary> secondary> primary) is 

due to + I effect of the, alkyl groups which increases the 
polarity of C-X bond. 

;jc~x. : > CH-+-+-X , R-+-CH,-+-X 

The primary alkyl haiides undergo reactions either by 
SN 2 or' E2 mechanisms which involve the forrrmtion of 
transition state. The bulky groups cause steric hindrance in the 
formation of transition state. Therefore, higher honi~logues 
are less reactive than lower homologties. 

CH3X >C2HSX >C3H7X,etc. ' 

Alkyl halides are extremely'nnportant reagents in organic 
synthesis as they Undergo a large variety' of reactions' which (SN2 reaction) 

In SN I reaction', there can be racemization and inversion ' 
and order of reac~ivity is: , ' " 

are listed below. ' 

1. Nucleophilic Substitution Reactions 
SN1 order: Benzyl> allyl> 3° > 2° > 1°> CH3-:X 

SN 2 reactions are concerted reactions and configuration 

of carbon is changed (Walden Inversion). 
SN2 order :Meth~l > 1 ° > 2° > 3 ° > allyl> benzyl ,halides. 

So, tertiary ~lkyl halides are practically inert to 
substitution by SN2 mechanism because of sterie hindrance. 

(ii) ,Elimination reactions: The positive charge' on 
carbon is propagated to the neighbouring carbon atoms by 

(i) Hydrolysis (Formation of aJeobols): Alkyl halides 
'are hydr()lysed to corresponding alcohols by moist silver 
oxide (AgOH) or by boiling with aqueous alkali so~ution 
(NaOH or KOH). The attacking nudeophile is ofi- . 

Heat 
RX ,+ AgOH ~ ROH, +AgX 

Alkyl halide Moist Alcohol 
, silver oxide '" 

, + - Heat' , 
'RX + KOH(aq.) ---t ROH+ KX 

\ 

.. 
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Heat 
C2HSBr + AgOH ~ C2HsOH + AgBr 

Ethyl bromide Ethyl alcohol 

[With the help of this reaction an alkene can be converted 
into alcohol. Alkene is first reacted with HB"to form alkyl 
brOl1lide and then hydrolysis is done. 

H2C=CH2
HBr , CH3CH2Br AgOH) CH3CH20H] 

Ethylene Ethyl bromide Ethyl alcohol 

(ii) Reacdon ~th alkoxides or dry silver oxide 
. (Formadon of ethers) : Ethers are formed by heating alkyl 

halides with sodium or potassium alkoxides or dry silver 
oxide. The attacking nucleophile is OR - (Williamson:s 
synthesis). . 

RX + NaOR' Heat) ROR' + NaX 
Sod. alkoxide Unsym. ether 

2RX' + Agp Hea\ R-O-R +2AgX 
Alkyl halide (Dry) Sym. ether 

Heat 
2C2HSBr + Ag 20 .~ C2H sOC2Hs +2AgBr 

Brotmethane (Dry) . Diethyl ether 

Heat 
C2HSBr + NaOCH3 ~ C2H sOCH3 + NaBr 

Sodium methoxide Ethyl methyl ether 

Heat 
C2HSBr + NaOC2Hs ~ C2HsOC2Hs + NaBr 

. Sodiuin ethoxide Diethyl ether 

. Heat 
CH3-CH-CH-CH3 +C2HsONa ~ 

I I 
Br CH3 

2-Bromo-3-meihyl butane 

CH3 
. I 

CH3CH2-C-CH3 I . 
OC2Hs 

2-Ethoxy-2-methyl butane 
(Major) 

Mechanism: 

(Minor) 

OC2Hs 
I 

1,2-Hydrid: CH CH -C~CH 
shift . 3 2 I .3 

:+ oc2a0 CH CH -C-CH 
.' . . . 3 2 I 3 

CH3 
. CH 

3 
30 Carbocation . 
(Most stable) 

There can also be elimination from 20 and 30 carbocation 
to give an alkene. 

(iii) Reaction with sodium or potassium hydrogen 
sulphide (Formadon of thioalcohols) : Alkyl halides form 
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thioalcohols with aqueous alcoholic sodium hydrogen 
sulphide or potassium hydrogen sulphide. The nucleophile is 
SH-. 

+ -
RX + NaSH C2HsOH/H20 ) RSH + NaX 

Sodium hydrogen 
sulphide 

L\ Thioalcohol 
or Alkanethiol 

C2HsOHlH20 
C2HSBr + NaSH ) C2HsSH + NaBr 

Ethyl bromide L\ Ethyl thioalcohol 
or Ethyl mercaptan 

(iv) Reaction with alcoholic potassium cyanide and 
silver cyanide (Formadon of alkane nitriles and 
isocyanides): Alkyl cyanides are formed as the major 
product when alkyl halides are heated with alcoholic 
potassium cyanide (attack occurs through C). The nucleophile 
isCN-. 

+ -
RX +KCN Alcohol) RCN + KX 

Alkyl halide L\ Alkane nitrile 
(Alkyl cyanide) 

Alcohol 
C2HSBr + KCN L\) C2HsCN + KBr . 

. Ethyl bromide Propane nitrile 
(Ethyl cyanide) 

Alkyl cyanides are used to prepare many other types of 
compounds. 

(a) Carboxylic acids are obtained by hydrolysis of 
cyanides wi~ mineral acids dil. HCI or alkalies. 

H20 H20. 
RC N .) RCONH2 . • . ) RCOOH + NH3 

Alkyl cyanide Conc. HCI Amide Dll. HCI Acid 

CH3C N + 2H20 DiL HC)) CH
3
COOH + NH3 

Ethane nitrile Ethanoic acid 
(Methyl cyanide) . (Acetic acid) 

(b) Amides are obtained· by partial hydrolysis· of 
cyanides with alk. H20 2 or conc. HCI. 

. Alk.H202 
RC N + H20 .) RCONH2 

Alkyl c;:yanide or Conc. HCI . Acidamide 

CH
3
-C N + H

2
0 COlic.HC) CH

3
CONH

2 
Ethane nitrile or (H202-NaOH)· Ethanamide 
(Acetonitrile ) (Acetamide) 

(c) Primary alnines are obtained by the reduction of 
cyanides with nascent hydrogen obtained by action of sodium 
and ethanol or with LiAlH4 or with nickel (Mtmdius 

reaction). 

RC N .+ 4[H] Na/C2HsOH) RCH2NH2 
Alkyl cyanide Primary amine 

CH
3
CH

2
C N + 4[H] Na/C2HsOH) CH

3
CH

2
CH

2
NH2 

Propane nitrile. Propan-l-amine 
(Ethyl cyanide) (n"Propyiamine) 

(d) Aldehydes are obtained by partial reduction of 
. cyanides with SnCl2 and HCI and then steam distilled 

(Stephen's reacdon). 
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R-C N +2H 
Alkyl cyanide 

SnClz HzO 

HC
· I ) R---:CH=NH·HCI -:':........4) 

Imine hydrochloride H+ 

R - ;::;HO + NH4CI 
\Idd:yde 

When .alkyl halides are heated with aqueous dhanolic 
silver cyanide, alkyl isocyanides (carbylamines) are fonned 
as the major product (attack occurs through N). Isomeric alkyl 
cyanides are also fonned in small amounts. 

RX +AgCN 
(Alc.) 

C2HSBr + AgCN 
Bromoethane (Ale.) 

-> R-N=C +AgX 
Alkyl isocyanide 

+ -
C2HSN=C + AgBr 

Ethyl isocyanide 
(Ethylearbylamine) 

Alkyl isocyanides on reduction with sodium and alcohol 
gives secondary amines. . 

CH 3-N-> C +4H 
Methyl isocyanide 
Explanation: The 

isocyanides from. alkyl 

Na/C2HsOH ) CH
3
-NH-CH

3 
Dimethylarnine 

fonnation of cyanides· or 
halides involves nucleopbilic 

substitution reaction. The cyanide ion ( :CN) is a resonance 

hybrid of the following structures: ' 
_ •• _ 1)- 1)-

[:C=N: ~ :C=N: ] C==N· 
Resonating structure Hybrid structure 

As is evident from the hybrid structure in the cyanide ion, 
both the carbon and the nitrogen atoms have a pair of 
electrons. Therefore, either the carbon or the nitrogen atom 
can act as the electron donor to the alkyl halide. Such a 
nucleophilic species which is capable of attacking the 
molecule through two sites is called ambident nucleophiles. 
Thus, CN ion is an ambident nucleophile. 

Now alkali metal cyanides (KCN or NaCN) are 
predominantly ionic. Therefore, both carbon and nitrogen 
atoms are free to donate electron pair. Since C-C bond is 
relatively stronger than C-N bond, therefore, in this case 
attack mostly occurs through the carbon atom of the cyanide 
group and alkyl cyanides are the major product. 

On the other hand, silver cyanide is predominantly 
covalent. Consequently only nitrogen electron pair is 
available for bond fonnation, and the attack mostly occurs 
thrQugh the nitrogen atom of cyanide group giving alkyl 
isocyanides as the major product. 

(v) Reaction with potassium nitrite or silver nitrite 
(Formation of alkyl nitrite· and nitro alkanes): On 
heating an alkyl halide with potassium nitrite in an aqueous 
ethanolic solution, alkyl nitrite is obtained as the main product 
though some nitroalkane is also fonned. It is because the bond 
between K-O is ionic in nature, therefore, negative charge 
on oxygen serves as attacking site.The nucleophile is 

. -ONO-. 

Heat 
RX +K+-O-N=O- ~ R-O-N=O+KX 

Haloalkane. Alkyl nitrite 
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Heat 
C2HsBr + K-O-N -0 ~ C2HS-0-N=0 

Ethyl bromide Ethyl nitrite . 

. . . +KBr 

However, wh~n alkyl halide is heated with silver nitrite in 
an aqueous ethanolic solution, nitro alkane is the main 
product. Some alkyl nitrite is also obtained, It is because the 
bond between Ag-O being covalent.The . lone pair on 
nitrogen acts as attacking site for nucleophilic substitution. 

o 
RX. +AgN02 C2HsOH/H2~ R-N/< +AgX 

Haloalkane Heat . 0 
Nitroalkane 

o .. 
C2HSOHlH20 < C2HSBr + AgN02 ~..:.........!·--':;'4) C2Hs~N + AgBr 

Silver nitrite Heat. 0 

Nitroethane 
(vi)Reaction with ammonia (Formation of 

amines): On heating with aqueous or alcoholic solution of 
ammonia in a sealed tube at lOO°C, alkyl halides yield a 
mixture of amines and quaternary ammonium salt.· The 
nucleophile is NH2" in the first reaction. 

Heat 
C2Hs~r + H-NH2 ~ C2HSNH2 + HBr 

(Alc.) Ethylarnine (10) 

(C2H5 h NH +BrC2HS 
N-Ethyl 

ethanamine (2° ) 

(C2H5 hN + Br C2HS CzHsOH) [(C2Hs)4N+]Br-
N;N-Diethyl Heat Tetraethylammonium 

ethanamine (3°) bromide (Quaternary salt) 
This reaction is called Hofmann ammonolysis of alkyl 

halides. 
(vii) Reaction with silver salts of carboxylic acids 

(Formation of esters): On heating with silver salts of 
carboxylic acids in alcoholic solution, alkyl halides yield 
esters. The nucleophile is R'COO-. 

R'COOAg + XR C2BsOH) R'COOR + AgX 
A Ester. 

CH3COOAg + Br C2HS CzHsOH) CH3COOC2Hs + AgBr 
Silver acetate A Ethyl acetate 

(viii) Reaction with sodium acetylide (Formation of 
higher alkynes): Alkyl halides react with sodium aJkYnide 
(R-C=C-Na) to fonn higher alkynes. The nucleophile is 
CH=C-. 

+ -
RX + Na-C=CH ~ R-C==CH + NaX 

Sod. acetylide Higher alkyne 

CH3CH2Br + NaC=CH ~ CH3CH2C==CH + NaBr 
Brornoethane But-l-yne 
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Note: Sodium alkyirides are prepared when terminal alkynes react 
withsodamide (or sodium in liquid NHi) at 197 K. 

Liq. NH3 . . 
R-C. CH + NaNH2 ) R-C===C-Na + NH3 

Terminal alkyne . 197 K Sod. alkynide 

(ix) Reaction with sodium or potassium sulphide 
(Formation of thioethers): Alkyl halides react with 
sodium or potassium sulphide in alcoholic solution to form 

thioethers. The nucleophilc i-; - SR. 

2RX + Na
2
S .c2HsOH/H2~ R-S-R +2NaX" 

Sod. sulphide Heat Thioether 
C2HsOHlH20 

2C2HSBr +Na2S ) C2HS -S-C2HS +2NaBr 
Bromoethane Heat Ethyl thioethane 

(Diethyl thioether) 

Thioethers can also be obtained by heating alkyl halides 
with alcoholic solution of sodium mercaptide (NaSR'), i.e., 
metallic derivative of a thioaIcohol. 

RX + Na-· SR' C2HsOHlH20) R-S-R' + NaX" 
Sodium Heat Thioether 

mercaptide· 
C2HsOHlH20 

C2HsBr + NaSCH3 ---~) C2HS-S-CH3 
Sodium methyl . Heat Ethyl methyl thioether 

mercaptide (Methyl thioethane) 

. + NaBr 

(x) Reaction wit.. baHdes (Formation of alkyl 
iodides): Alkyl chlorides react with sodium bromide or 
sodium iodide (in acetone or methanol) to form alkyl bromide 
or alkyl iodide. Similarly,· alkyl bromides react with sodium 
iodide (in acetone or methanol) to form alkyl iodides. 

RCI ·+NaBr 
Alkyl 

chloride 

Acetone) RBr 
Alkyl 

bromide 

Nal 
RI 

Alkyl 
iodide 

Acetone 
C2HSBr + NaI ) C2HSI + NaBr 

Ethyl bromide Ethyl iodide 

This is called Finkelstein reaction. 

2. Elimination Reactions 

(xi) Dehydrohalogenation (Formation of .alkenes): 
When alkyl halides are boiled with a concentrated alcoholic 

potassium hydroxide, they undergo dehydrohalogenation 
(-:-HX) and alkenes are formed. 

These reactions are called r>-elimination reactions 
because the hydrogen atom of haloalkane which is eliminated 
comes from a [)-carbon (i.e., the carbon atom next to that 
which carries the halogen). 

~. ·H 
'I~ I ~ _ I 

. R-C --:--Ca-H+ +KOH(alc.) ~ R-C=C-H 

k cl-/ k 
Alkene 

Haloalkane 
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H H H H 
I I +- . 

H-:-C~-C(X-H + K-OH(alc.) 
. _L ___ 1-. 

iH Br: __________ J 

. I I 
Heat) H-C=C-H 

Ethene 

Bromoethane 
+ H 20+ KBr 

In this reaction, ether is a by-product as potassium . 
ethoxide is always present in small quantity. 

C2HSBr + KOC2Hs ~ C2HS-O-C2HS+ KBr 
The reactivity of haloalkanes towards elimination 

reactions is: 
Tertiary (3°) > Secondary (2°) > Primary (l0) 

This is due to +1 effect of the alkyl groups which 
increases the polarity of G-X bond. 

This can also be explained on the basis of the stability of 
the alkene formed after dehydrohalogenation of haloalkanes. 
Tertiary alkyl halides on dehydrohalogenation form more 
substituted alkenes, which being more stable are formed at 
faster rate, while primary alkyl halides yield least substituted 
alkenes, which being less stable are formed at slower rate. 

H2C=CH2 
Ethene 

(Unsubstih1ted alkene, 
least stable) 

CH3-CH-CH3 + KOH(aIc.) Heat) 
I . (-HCI) 

CH3CH=CH.2 
Propene 

(Mono substituted 
alkene more stable) 

CI 
2-Chloropropane (2°) 

CH3 

I 
CH 3 

CH3-C- CH3 
I 

fleat I 
+ KOH(alc.) -~) CH3-C=CH2 

(-HCO 2-Methylpropene 
CI 

i-Chloro-2-methyl propane 
(3") 

(Dimethyl substituted 
alkene, most stable) 

In the dehydrohalogenation of secondary and tertiary 
haloalkanes, when there is a possibility of formation of two 
isomers, the hydrogen atom is preferentially eliminated from 
the adjacent carbon atom with lesser number of hydrogen 
atoms. This generalization is known as Saytzeff's rule, i.e., 
the more substituted alkene is more stable. For example, 

CHr--tH
2
-CH-tH3 KOH (alc.) 

. I Heat 
Br 

2-Bromobutane 

rCH r --CH=CH-CH3 
But-2-ene (80%) 

(Dimethyl ethylene, 
more stable) 

. CH3-CH:r-CH=CH2 
But-l-ene (20%) 
(Ethyl ethylene, 

less stable) 

The ease of dehydrohalogenation is in the order: 
Tertiary alkyl halide> Secondary alkyl halide 

> Primary alkyl halide 
and the ease of formation of alkenes is: 

R2C=CR2 >R2C=CHR >R2C=CH2 > RCH=CHR 
. > RCH=CH2 > H 2C=CH2 
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For different halogens it is in the order: 
Iodide> Bromide> Chloride 

(xii) Action of heat: Alkyl halides when heated above 
300°C, tend to lose a molecule of hydrogen halide fonning 
alkenes. 

and 

RCHzCH2X 300°C) RCH=CHz + HX 
Alkene 

CzHsBr 300°C) HzC=CHz + HBr 
Bromoethane Ethene 

The decomposition follows the following order: 
Iodide> Bromide> Chloride 

(When same alkyl group is present) 
Tertiary> Seconda.rY > Primary 

(When same halogen is present). 

3. Miscellaneous Reactions 

(xiii) Reduction (Formation of alkanes): Alkanes are 
formed when alkyl halides are reduced with nascent hydrogen 
obtained by ZnlHCI or sodium and alcohol or ZnlCu couple 
on alcohol. or LiAlH4 or palladium carbon or Mg-Hglwater or 
tributyl tin hydride (Bu) SoH) etc. 

RX +2H NiorP1 R-H+HX 
200°C 

NiorPd 
CzHsBr +2H ) CZH6 + HBr 

Ethyl bromide Heat Ethane 

The reaction is used for the preparation of pUfe" alkanes. 
Metal catalyst such as Ni, Pd or Pt at 200 ,... 250° ~ or HI 

in presence of red phosphorus at 150°C can also be used for 
the reduction of alkyl halides into corresponding alkanes. 

Bu )SnH is a selective reducing agent because it reduces 
oruy halides (and nitroalkanes) and has no effect on any other 
functional groups. 

Among halides, RI> RBr > RCI. Due to this reason, the 
reagent tributyl tin hydride (Bu 3SnH) shows substantial 
selectivity towards polyhalogenated compounds. 

. ~. O'(~~ili' cb 
Br 

NOz 
I , BU3SnH, , 

[CH3CH2CHCOOCzHs . ) CH3CHzCHzCOOCzHs] 
ReductIon '. . , , 

(xiv) Wurtz reaction: An ether solution of an alkyl 
balide (preferably bromide or iodide) forms s~etrical 
alkanes when heated with metallic sodium. 

2RX +2Na Dry ether,. R-R +2NaX 
Alkyl halide Alkane 

CH3 EC~~~a=~H-CH3 Dry ether) CHr -eH3 + 2NaI 
Methyl iodide Ethane 
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Dry ether ' 
2CH3-CH-I +2Na --~) CH3-CH-CH-CH3 

I I I ' 
CH3 CH) CH3 

2-Iodopropane 2,3-Dimethyl butane 

+2NaI 
Tertiary halides do not undergo this reaction. 
Unsymmetrical alkanes can be conveniently prepared by 

Corey-House reaction. 
(xv) Reaction with magnesium: Alkyl halides form 

Grignard reagents when treated with dry magnesium powder 
in dry ether. 

I 

RX Dry M Dry ether R M X + g ----'--~) - g-
(Powder) Grignard reagent 

Dry ether 
CzHsBr + Mg --~) CzHsMgBr 

Ethyl bromide (Dry) Ethyl magnesiwn' 

bromide 

Grignard reagents are used for making a very large 
number of organic compounds. Reactivity, order is 
RI >RBr >RCL 

(xvi) Reaction with other metals: Organometallic 
compounds are formed. 

(a) When heated with zinc powder in ether, alkyl halides 
form dialkyl zinc compounds. These are called Frankland 
reagents. 

Ether 
2CzHsBr +2Zn Heat) (CzHsh Zn + ZnBrz 

(b) When heated with lead-sodium alloy, ethyl bromide 
gives tetra ethyl lead ,(TEL) which is used as antiknock, 
compound in petrol. 

4CzHsllr + 4Pb(Na) Dry ether) (CZH S )4 Pb + 4NaB~ + 3Pb 
TEL 

(c) Alkyl halides form dialkyl mercury compounds when 
treated with sodium amalgam. . 

2CzHsBr +Na-Hg ~ (CzHs}zHg + NaBr 
Bromoethane Diethyl mercury 

(d) Reaction with Lithium: Alkyl halides'react with 
lithium in. dry ether to form alkyl lithiums. 

RX +2Li Ether) R-Li + LiX 

C2HSBr +2Li ~ CzHs-Li + LiBr 
Ethyl bromide Ethyl lithium 

2R-Li +CuI ~ LiRzCu 
Alkyl lithium Lithium dialkyl copper 

Alkyl lithiums are similar in properties with Grignard 
reagents. These are reactive reagents also and serve as strong 
bases. 

Alkyl halide reacts with lithium dialkyl cuprate (RzCuLi) 
to form unsymmetrical alkanes (Corey-House synthesis). 

RzCuLi + R' X ~ R-R' +R---Cu + LiX 
Alkane 
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(CH3 hCuLi + Br CH2CH3 ~ CH3CH2CH3 
Lithium dimethyl Ethyl bromide Propane. , 

cuprate 
. + CH3Cu + LiBr 

(xvii) Friedel-Crafts reaction Alkyl halides react 
with benzene in presence of anhydrous ~luminium halides to 
fonn a homologue of benzene. 

C
6H6 + RCI AlCI3(anhyd.) ) C6HSR + HCI 

Benzene Alkyl benzene 

AlBr3(anhyd.) 
C6H 6 + CzHsBr, ) C6HsCzHs + HBr 
Benzene Bromoethane Ethyl benzene 

(xviii) Substitution (Halogenation): Alkyl halides 
undergo further halogenation in presence of sunlight, heat 
energy or peroxide. 

C H Br2 C 'H Br2 C ' 
z sBr ~ z 4BrZ ~ 2H 3Br3'" 

(xix) Oxidation reaction: Only primary and· 
secondary alkyl halides undergo oxidation while tertiary alkyl 
halide does not. 

Primary (10) alkyl halides on oxidation with dimethyl 
sulphoxide, (CH3)2S0(DMSO) give aldehydes (Swern 
oxidation). 

R-CH2X 
1° Halide 

o 
DMSO 11-
, >R-C-H 

(CH3hSO Aldehyde 

Oxidation can also be done with hexamethylene 
tetramine, (CH2)6N 4 followed by hydrolysis. 

Secondary (2°) alkyl halides give ketone in this reaction. 
o 

DMSOor II 
R-CH-R ---~)R-C-R 

1 (i) (CH2)6N4 Ketone' 
X (ii) H20/H+ 

, 20 Halide o 
DMSOor II 

C6HsCH2-X ) C6HS-C-H 
Benzyl halid. e (i) (CH2)6N4 Benzaldehyde 

(ii) H20/H+ 
Oxidation of benzyl halides with (CH2)6N 4 is known as 

Sommelet aldehyde synthesis. 
(a) Reactivity for oxidation reaction depends on the 

number of hydrogen atoms on alpha (a.-) carbon of alkyl 
halides: 

Reactivity oe number of a.-hydrogen 
(b) Reactivity of different halides in decreasing order is as 

, follows: 

Benzyl halides> Allyl'halides > Alkyl halides' 
(xx) Isomerisation: Haloalkanes on heating at 300°C or 

in presence of anhydrous AlCl3 at low temperature undergo 
molecular rearrangement to fonn an isomeric haloalkane. For 
example, 

CH3CH2CH2CI 
l-Chloropropane 

300"Cor ) CH
3
-CH-CH

3 Anhyd. AlCl3 1 

CI 
2-Chloropropane 
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CH3CHzCH2CH2Br 
l-Bromobutane 

300"C or ) CH -CH-' CH -CH 
Anhyd. AlCl3 ",3 I' 2 , 3 

"Sr "., 
BrOIoobutane 

Uses: (i) Lower members are used as anaesthetic agent, 
refrigerant and solvents. ' 

(ii) Alkyl halides are used as alkylating agents, i.e., to 
introduce the alkyl group in a molecule. 

(iii) Alkyl halides are starting materials for the 
preparation of many organic compounds. Ethyl chloride is, 
employed for the manufacture of tetr~thyllead, Pb(CzHs )4' 
used as antiknock in gasoline for nirining automobiles, ',' " 

8.5 DI-HALOGEN DERIVATIVES' 

General Methods of Preparation 

(i) Alkylidene halides or gem-dihalidesor 1,1~dihalo
alkanes : The given general methods are used for, the 
preparation of gem-dihalides: 

(a) By the action of 'phosphorus pentahalides' oil 
aldehydes and ketones: Two halogen atoms can be added to 
same carbon atom when aldehydes or ketones are treated with 
phosphorus pentahalide. 

CH3CHO + PCIs ~ 
Acetaldehyde 

CH3CHC12 ,+POCI3 · 
l,l-Dichloroethane 

(Ethylidene chloride) 

CH3COCH + PCIs ~ ,SH3CCI2Cl:I3 + POCl 3 
Acetone ~', ,L-Dichlor ,opane 

(Isopropyl idefl~ 'chloride) 
(b) Fromalkynes:, Additivu of halogen ' acids to alkynes 

fonn getp-dihalides. For each molecule of an alkyne, two 
molecules of halogen acid are required, i.e., triple bond is first 
converted into dbubie bond and then double bond into single. 
bond. . . 

HC==CH + HCI ~ H 2C=CH-Cl + HCI) H3C-' CHCl2 
Acetylene 'Vinyl chloride 'l,l-DichlorOelhane 

HC==CH +2HBr ~ CH3CHBr2 
Acetylene 1,1-Dibromoethane 

(Ethylidenebromide) 

CH3C , CH+2HCI ~ CH3CClzCH3 
Propyne 2,2-Dichloropropane 

(Isopropyliderie chloride) 

:; ,Ie halides, or vic-dihalides or 1,2-dihalo
These may be obtained by following methods: 

'y the addition of halogens to alkenes :, Addition 
occurs on the two carbon atoms linked by a double bond. 

H;C CfIz +Clz ~ CH2CICH2C\ ' 
Ethylene 1,2-Dichloroethane 

(Ethylene chloride) 

CH3CH=CH2 + B:r2 CHjCHBrCHi'Br 
1,2-Dibromopropane 
(propylene bromide) 

(b) By the action of phosphorus halides on 
glytols : Glycols or dihydric alcohols react with phosphorus 
halides or halogen acids or SOCl2 to fonn vic-dihalides. 

" 
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CH20H' CH2CI 
I . . +2PCIs ~ ·.·.1 .' +2POCI 3 +2HCI 
CH20H . .CH2CI 
Ethylene 1,2-Dichloroethllne 
. glycol (Ethylene chloride) 

Not~: Alkylidene or alk:ylene ioqides are prepared by halide exchange. 
. ,: . reactiQn. . 
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Physical properties : (i) Dihalogen derivatives of 
lower alkanes are colourless,' sweet smelling liquids. Higher 
homologues are solids. 

(ii) They are insoluble in wat~r but soluble in organic 
solvents . 

(iii) They are heavier than water. The relative density of 
metl).Ylene iodide (CH2I 2 ) is 3325 which is the heaviest 
liquid known (except mercury) . 

(iv) They have high boiling points. Their boiling and 
melting points show regular gradation . 

. Alkylid~i.ehalides '(Gem-dihalides) Alkyll.lne halides (Vic.;.(Uhalides) . 

. I.. Hydrolysis 

(With aq. KOH) 

. ' Form aldehydes or ketones, 

H H 
·· •. i.~· I OH , I 

(
-H20 

CH3CHCl2 + 2KOH(aq.)~ CM3 C .. --=---7 CH3 C =0 
I,I-Dichloro' . OH Acetaldehyde 

ethane .. Unstable . 

.
H3C)·.C. (' .. , CI H3C) (OH 

. + 2KOH(aq.)~ . . c' 
H3e .' CI 'H3C OH,· 

2,2: Dichloropropime 
(Is9llropylidene' chloride) 

Unstable . 

-H20) H3
C
)C=0 

H3C 
Acetone 

'2. Rtaction with alcoholic Form alk:ynes, 
~". :,' . . 

KOH . (Dehydrohaloge-
nation) CH3CHClz 

1,1-Dichloroethane 

3. Reaction·with Zn dust in Formalkenes, 
methanol 

CH3CHClz + Zn 
Elhylidene (di) 

chloride 

KOH (alc\ HC==CH 
A Acetylene' 

Ethene 
(Ethylene) 

4: . Reaction with alc. KCN 
. followed by hydrolYSIS CH3CHCl~ + 2KCN ~ 

and heating the product 1,I-DichIQro 

CN ' 
CH3CH<: + 2KCI 4H20) 

. 'elhane 
." f" 

COOH 
. CH3CH( Heat) CH3CH2COOH 

CooH - CO2 Propanoic acid 

Form glycols, 

CH2CI 
I 

CH2CI 
+ 2KOH(aq.)~ 

1,2-Dichloroethane 
(Ethylene chloride) 

Form alk:ynes, 

CH2CI 
I 

CH2Cl 
1,2-Dichloro 

ethane 

Form alkenes, 

KOH(alc.) 
) 

yHzOH 

CH20R 
Ethane-I,2-diol' 

(Glycol) 

CH 
III 
CH 

Acetylene 

CHiCl 
I 

CH 
+ Zn CH)OH) ,,2 

A' CHz CH2C}. 

Ethylene (di) 
chloride 

CH2CI 
I 

CHzCI· 
1,2-Dichloroethane 

CHzCooH 
I 

CH2COOH 

Etbene 
(Ethylene) 

CH2CN HO 
KCN) I ~ 

CH2CN 

M,ethyl malonic acid (Monocarboxylic acid) • Succinic acid 
(Dicarboxylic acid) 

Chemical properties: Chemically, alkylidene halides 
are less reactive while alkylene halides have nearly the same 
reactivitY as alkyl halides. The important chemical properties 
are given aheaIJ. in comparative form. . 

·8:6 TRI-HALOGEN DERIVATIVES 

Chloroform or Trichloromethane (CHCI 3) 

It is an iniportant trihalogen delivative of methany. It was 
'. discovered by Liebig in 1831 and its name chloroform was 

proposed by Dumas as it gave formic acid on hydrolysis. In 
the past, it was extensively used as anaesthetic for surgery but 
now it is rarely used as it causes liver damage. 

Preparation : 1. Chloroform is prepared both in the 
laboratory and on large scale .by distilling ethyl alcohol or 
acetone with bleaching powder and water. 'the yield is about 
40%: The available chlorine of bleaching powder serves both 
as oxidising as well as chlorinating agent. 
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CaOCl2 + H20 ---7 Ca(OHh +C12 ;t';" 

Bleaching powder 

From alcohol : (i) Alcohol is first oxidised to 
acetaldehyde by chlorine. 

[C12 + Hp ---7 '2HCI+0] 

CH
3
CH20H+CI2 Oxidation) CH

3
CHO +2HCI 

Ethyl alcohol Acetaldehyde 

(ii) Acetaldehyde then reacts with chlorine to form 
chloral (trichloro acetaldehyde). 

CH
3
CHO + 3Cl

2 
Chlorination) CCl3CHO ' + 3HCl 

Acetaldehyde ' Trichloroacetaldehyde 
(Chloral) 

[So, Cl2 acts both as an oxidising (i) and chlorinating,agent 
(ii)] 

(iii) Chloral thus fonned, is hydrolysed by calcium hydroxide. 

CCI3 : CHO OHC i CCl) 
Hydrolysis 

or 

+ I 
I 

HI -O-Ca-O-! H 
I I . . 

~ 2CHCl3 
Chlorofonn 

+ (HCOO)2Ca 
Calcium fonnate 

[2CCI3CHO+Ca(OHh Hydrolysis) 2CHCl3 + (HCOOhCa] 

From acetone: (i) Acetone first reacts with chlorine to 
form trichloroacetone. 

Chlorination 
CH3COCH3 + 3Cl2 ) CCl3COCH3 + 3HCI 

Acetone Trichloroacetone 

: (ii) Trichloroacetone is then hydrolysed by calcium hydroxide. 

.CCI3: COCH3 H3CCOl CCl3 ' , 
: + : Hydrolysis 
I I ~ 2CHCl3 

H! --O-----Ca-O----j H Chlorofonn 
, . 

+ (CH3COOhCa 
Calcium acetate 

2. From carbon tetrachloride: Now-a-days, chloro
form is obtained on a large scale by the reduction of carbon 
tetrachloride with iron fillings and water. This method is used 
in countries like USA. 

CCl4 +2H Fe/H20) CHCI + HCI 
Heat 3 

This chloroform is not pure and used mainly as a solvent. 
3. Pure chloroform: It is obtained by distilling chloral 

hydrate with concentrated sodium hydroxide solution. 

CCI3CH(OHh + NaOH ---7 CHCl3 + HCOONa+ H20 
Chloral hydrate 

Note: Chloral hydrate IS a stable compound , 
inspite of the fact that two -OH groups I __ --~H~ 
are linked to the same carbon atom. This C 0 
is due to the fact that intramolecular q" C-C H 
hydrogen bonding exists in the Cl7 0 
molecule between chlorine and ----H 
hydrogen atom of -OH group. 
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Physical properties: (i) It is a sweet smelling 
colourless liquld. 

(ii) It is heavy liquid. Its density is 1.485. It boils at 61°C. 
(iii) It is practically insoluble in water but dissolves in 

organic solvents such as alcohol; ether, etc. 
(iv) It is non-inflammable but its vapours may burn with 

green flame. 
(v) It brings temporary unconsciousness when vapours 

are inhaled for sufficient time. 

Chemicallroperties: (i)Oxidatlon: When exposed 
to sunlight an air, it slowly decomposesjnto phosgene and 
hydrogen, chloride. ' 

or 

or 

CI) <CI Light CI) <CI 
C +[0] ) C l 

a H ~. a, ,'COIH , Chloroform 

HCI+ ,)C=O 

CI 
Phosgene 

Light . 1 
d .) COCl2 + HCl 

an au 

Phosgene is extremely poisonous gas: To use chloroform 
as an anaesthetic agent, it is necessary to prevent the abdve 
reaction. The following two precautions are taken when 
chloroform is stored. ' 

(a) It is stored in dark blue or brown coloured bottles 
which are filled upto the brim. , 

(b) '1% ethyl alcohol is added. This retards the, oxidation 
. and converts the phosgene formed into hannless ethyl carbonate. 

", <OC2H$ . ' 
COCl2 +2C2H50H ---7 O=C . +2HCI 

OC2H 5 
(Di) Ethyl carboIUlte 

(ii) Reduction: When reduced with zinc and 
hydrochloric acid in presence of ethyl alcohol, it forms 
methylene chloride. 

CHCI + 2H Zn/HCI) CH CI' + HCI 
Chlorof;nn (Ale.) Met~yle;e' 

chloride 
When reduced with zinc dust and water, methane is the 

main product. ' 

CHCl
3 

+6H Zn/H20) CH
4 

+3HCl ' 
, , Methane 

(iii) Chl~rinatio .. : Chloroform reacts with chlorine in 
presenc~ of diffused sunlight or UV light to form carbon 
tetrachloride. 
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CHCI3 + CI
2 

UV light) CCI
4 

+ HCI ' 
Chloroform Carbon 

tetrachloride 
(iv) Hydrolysis: Chloroform i~ hydroJysed when 

, treated with hot aqueous solution of sodium hydroxide or 
potassium' hydroxide. The final product is sodium or 
potassium salt of formi~ acid. r--------, 

/CL-t.NaDH(aq.) 
H-C~§:t~~?H(aq.) -3NaC\ 

CL-t.NaDH(aq.) 
Chloroform 

I:I_C<O 

OH 
F omnc acid 

[ 

OH] H~: 
, Unstable 

(artha-furmic acid) 

<0 
NaOH) H-Cf', 
-H20 

. ONa 
Sodium formate 

. Hydrolysis 
[So, CHCl3 + 4KOH(aq.) ' ) HCOOK + 3KCI + 2H20] 

(v) Nitration': The hydrogen of the chioroforrrl is 
replaced by nitro gr~up when it is trea~ed with concentrated 
nitric acid. The product formed is chloropicrin or trichloro 
nitro methane or nitro chloroform. It is a liquid, poisonous and 
used as an insecticide and a war gas (tear gas). 

CHC13 + HON02 ~ CN02Cl3 + H20 
Nitric acid Chloropicrin 

(vi) Heating with silver powder: Acetylene is formed 
when chloroform is heated at high temperature;with silver 
powder. . 

, r--------------~-------: d 

H-C~h-·:I::Ji.~g_tJl~+C-H ~ HC=CH + 6AgCI 
ACetylene Chloroform 

(vii) Condensation with acetone: Chloroform 
condenses with acetone on heating in presence of caustic 
alkalies. The prqduct formed is a colourless crystalline solid 
called chloretone and is used as a hypnotic (drug) in 
medicine ... 

<'CH3 HO>~/CH3 
C13CH +O=C (NaOH$ L~ 

. . CH3 . Cl3C CH3 . 

Acetone ' 1,1 , I-Trichloro-2-methyl propan-2-o1 
(Chloretone) 

Mechanism: 

(i) CHC13 +OH- ~ :CCl3" + H20 

(:CCI3" ~ :CCl2 +CI-) 

CH3) A 
(ii) C .. LO 

CH3 
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(viii) Reaction with sodium ethoxide: When heated 
with sodium ethoxide, ethyl artha-formate is formed. 

r--------I 

/CLt_Na_OC2Hs .... /OC 2Hs 
H-C~S~~~~~?C2Hs -3NaC\ H-~OC2Hs 

CL+-Na_OC2Hs OC2H S 
, Ethyl artha-formate 

(ix) Reimer-Tiemann reaction: Chloroform reacts with 
phenol when heated in presence of sodium hydroxide or 
potassium hydroxide. The product formed is salicylaldehyde. 

~OOH we ~OOH CHO 

~ + CHCl3 + 3NaOH ---+ ~ 

Phenol a-Hydroxy benzaldehyde 
(Salicylaldehyde) 

+ 3NaCI + 2H20 

(x) C~rbylamine reaction (isocyanide test): This 

reaction is actually a test of primaryamines. Chloroform, 
\\h~n . heated with primary amine in presence of alcoholic 
potassium hydroxide forms a derivative called isocyanide 
(carbylamine) which has a very offensive smell. 

C6H SNH2 +CHC13 +3KOH (Warm) C6HsNC+3KCI 
Aniline Phenyl 

RNH2 +CHCI3" +3KOH(alc.) 
1° Amine 

isocyanide 

RNC +3KCI 
Carbylaminoalkane 
(Alkyl isonitrile) 

+3H20 
. This reaction is also used for the test of chloroform. 

(xi) a-Elimination reaction: Chloroform undergoes 
a-elimination reaction to give dichlorocarbene (singlet) which 
is a reaction intermediate; 

CHCl
3 

Ale. KOH) :CCl
2 

+CI + HOH 
" ~ Dichloro-

carbene 
Uses: (i) It is used as a solvent for fats~ waxes, rubber, 

resins, iodine, etc. 
(ii) It is used for the preparation of chloretone (a drug) 

and chloropicrin (insecticide). 
(iii). It is used in laboratory for the test of primary amines, 

iodides and broIT).ides. 
(iv) . It can be used as anaesthetic but due to harmful 

effects it is not used these days for this purpose. It causes liver 
damage when inhaled in excess (SO is CC14). 

. (v) It may be used to prevent putrefaction of organic 
materials, i.e., in the preservation of anatomical species. 

"Tests of chloroform : (i) It gives isocyanide test 
, (carbylamihe test). 

(ii) It forms silver mirror with Tollens' reagent. 
(iii) Pure chloroform does not give white precipitate with 

silver nitrate. 
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8.7 IODOFORM OR TRI-IODOMETHANE (CHI 3 ) 

Iodoform resembies chloroform'in the methods of preparation , 
and properties, 

Laboratory preparation: Iodoform is prepared in the 
laboratory by heating ethanol or acetone with iodine and 
alkali, 

(a) With ethanol: The reactions taking place are: 

2NaOH + 12----:---7 NaOI + Nal + H20 
. Sodium 

hypoiodite 

(i) Oxidation 

CH3CH20H + NaOI ----7 CH3CHO + NaI + H20 
Ethanol Acetaldehyde 

(ii) Iodination 

CH3CHO + 3NaOI -----7 CI3CHO + 3NaOH 
Iodal 

(iii) Hydrolysis 

CI3CHO + NaOH ~ 
Tri -iodoacetaldehyde 

CHI 3 + HCOONa 
Iodofonn Sodium fonnate 

(b) With acetone: (i) Iodination 
CH3COCH3 +3NaOI -----7 CI 3COCH3 + NaOH 

Acetone' Tri-iodoacetone 

(ii) Hydrolysis 

CI3COCH3 + NaOH -----7 CHI3 +CH3COONa 
Iodofonn Sodium acetate 

The complete reaction may be written as: . 
Ll 

CH3CH20H + 412 + 6NaOH -----7 
Ethanol 

CHI3.!, +HCOONa 
Iodofonn 

. +SNaI +SH20 
Sodium carbonate can be used in place oIKOH or NaOH. 

Ll 
CH3COCH3 +312 +2Na2C03 -----7 CHI3.!, +3Nal 

Acetone Iodofonn 

+CH3COONa +2C02 
These reactions are called iodoform reactions. 
The iodoform test c. is exhibited by ethyl alcohol: 

acetaldehyde, acetone, those alcohols which possess 
-CHOH-CH3 group (2-01s) and methyt ketones etc. 

.c7"==' Ll 
CH3-CH-CH3+41 2 +6NaOH-----7 CHI3 +CH3COO~a 6H b Iodofo~: =." -. 

Propan-2-ol 

H 

I Ll 
R-C-CH3 + NaOI -----7 R-C-CH3 + Nal + H20 

I II ' 
OHO 

R-C-CH3 +3NaOI-----7R-C-CI3 +3NaOH 
II II 
o 0 
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R-C-CI3 + NaOH ~ R-C-ONa + CHI3 II ,II (Yellow ppt.) 
o 0 

Industrial preparation: . lodofo~ .is prepared on l~rge 
scale by electrolysis o( a solutIOn contammg ethanol, sodlUm 
carbonate and potassium iodide. The iodine set free, combine 
with ethanol in presence of alkali to form iodoform. The 
electrolysis carried out in presence of CO2 and the 
temperature is maintained at 60-70°C. 

.. KI ~ K+ +r 

. c~~ode 
K+ +e- -----7 K 21- -----7 12 +2e-

1 . 
K + H20 -----7 KOH + '2 H2 

KOH is neutralised by CO2 
C2HsOH +412 +3Na'2C03 -----7 CHI3 + HCOONa 

Ethyl alcohol + SNal + 3C02 + 2H20 

Properties: (i) It is a yellow crystalline solid. 
(ii) It has a pungent characteristic odour .. 

(iii) It is insoluble in water but soluble in prganic 
solvents such as alcohol, ether, etc. 

(iv) It has melting point 119°C. It is steam volatile. 

Reactions of Iodoform 
KOH 

Hydrolysis 

Reduction 

Red P/HI 

Heating 

Agpowder 

CHI
3 

Carbylamine reaction 

(Iodoform) CJIsNH2+KOH(a/c.) 

Heating alone 

HCOOK 
Potassium formate 

CH2I2 

Methylene iodide 

HC=CH 
Acetylene 

C6HSNC 
Phenyl isocyanide 

Iodine vapours, 
4CHh+302 - 4CO+6I2 +2H20 

(Less stilble thanCHCl3) 

with AgN03 L-~=~~.L-_ Yellow precipitate of AgI 
(This reaction is not given by chlorot'· . n. ) 

Uses: Iodoform is extensively used as anantiseptil for 
dressing of wounds; but the antiseptic action is due to the 
liberation of free iodine and not due to iodoform itself. When 
it comes in contact with organic matter, iodine is liberated 
which is responsible for antiseptic properties. 

Tes'ts of Iodoform' 
" 

". 1. With AgN0 3 : 

Agl. 
CHI3 gives a yellow precipitate of 

2. Carbylamine reaction :CHI3 on heating with 
primary amine and alcoholic KOH solution, gives an 
offensive smell of isocyanide (carbylamine). 
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3. Iodoform reactio~: With I~;and NaOH or 12 and 

Na2C03 , the iodoform test is mainly given by ethyl alcohol, 

° II 
(CH3CH20H), acetaldehyde (CH3-C-H), a-methyl 

° II 
ketone or 2:-one (-C-CH3), secondary alcohols or 2-01 

OH 
I 'I' 

(-CH-CH3 ) arid secondary alkyl halide at C2 
CI 
I 

(-CH-CH3 ). Also lactic acid (CH3-CHOH-COOH),. 

° II 
pyruvic acid (CH3'-:""C-COOH), methyl phenyl ketone 

° II 
(C6HS-C-CH3) and 2-amino alkanes (R-CH-R) give 

I 
NH2 

this test. 

8.8 CARBON TETRACHLORIDE OR 
TETRACHLOROMETHANE, (CCI 4) 

It is the most important tetrahalogen derivative of methane. 
Manufacture: (i) From methane: Chlorination of 

methane. with excess of chlorine at 400°C yields impure' 
carbon tetrachloride, 

CH4 + 4Cl2 400°C) CCl4 +4HCI 
(Excess) 

Metliane used in this process is obtained from natural gas, 
(il) From carbon disulphide: Chlorine reacts with 

carbon disulphide in presence of catalysts like iron, iodine, 
aluminium chloride or antimony pentachloride. 

AlClj or SbCIs 
CS2 + 3Cl2 ) CCl4 + S2C12' 

(Catalyst) Sulphur 
monochloride 

S2Cl2 further reacts with CS2 to form more of carbon 
tetrachloride, . 

AlCl3 
. . ) CCl4 +6S 

Carbon tetrachloride is obtained by fractional distillation. 
It is washed with sodium hydroxide and then distilled to get a 
pure sample, 

(ill) From propane: Propane is reacted with chlorine 
at about 400°C and at a pressure of 70 -100 atmosphere, 

Heat 
C3Hg +9C12 -Pr-es-~ur-e~) 
Propane 

CCl4 
Carbon 

tetrachloride 
(Liquid) 

+ C2Cl6 
Hexachloro

ethane 
(Solid) 

+8HCI 
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Physical properties: (i) It is a colourless liquid having 
characteristic· smell. 

(ii) It is non-inflammable and poisonous, It has boiling 
point 77°C, 

(iii) It is insoluble in water but soluble in organic 
solvents. 

(iv) It is an excellent solvent for oils, fats, waxes and greases. 
Chemioal properties: Carbon tetrachloride is less 

reactive and inert to most organic reagents. However, the 
following reactions are observed, 

(i) Reaction with steam (oxidation): Carbon 
tetrachloride vapOurs react with steam above 500°C to form 
phosgene, a poisonous ,gas, 

Superheated' 
CCl4 + H20 .) COCl2 + 2HCI 

Steam, 500°C Phosgene 

• (il) Reduction: It is reduced by moist iron filling into 
chloroform. 

CCl
4 

+2H Fe/H20) CHCl
3 

+ HCI 

,(iii) Hydrolysis: On heating with aqueous potassium 
hydroxide it forms carbon dioxide which combines with 
potassium hydroxide to give KCI and potassiulll carbonate 
(inorganic salts), 

CCl
4 

+4KOH -4KCI) [C(OH)4] -2H20) CO2 
Unstable 

2KOH) K2C03 + H20 

(iv) Reaction with phenol . (Reimer-Tiemann 
reaction): It combfues with phenol in presence of sodium 
hydroxide .to form salicylic acid, 

OH 

© +4NaOH 
+CC4 ) 

Phenol 

OH 

@,COOH 
o-Hydroxy benzoic acid 

(Salicylic acid) 

+ 4NaCI + 2H20 

(v) Friedel-Crafts reaction: Benzene on treatment 
with CCl4 in presence of anhydrous AICl3 gives dichloro

diphenyl methane which on hydrolysis forms diphenyl 
ketone (benzophenone), 

Anhyd. AlCb 2HOH 
2C6H6 +CCI4 ) (C6HshCCI2 ) 
Benzene ~,(-2HCl) Dichloro- (-2HCl) 

diphenyl methane 

Unstable 
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Uses: (i). It is used as a fire extinguisher under the name 
pyrene. The dense vapours form a protective layer on the 
burning objects and prevent the oxygen or air to come in 
contact with the burning objects, hence the room or windows 
should be well ventilated. . 

(ii) It is used as a solvent for fats, oils, waxes and greases, 
resins, iodine, etc. and also in drycleaning. 

(iii) It finds use in medicine as helminthicide for 
elimination of hook worms. 

8.9 UNSATURATED HALIDES 
The most common and important members of alkenyl halides 
are vinyl chloride and allyl iodide. 

1. Vinyl chloride or chloroethene (H2C=CHCI) 

Vinyl chloride can be synthesised by a number of methods 
described below: 

(i) From ethylene chloride: It is easily prepared in the 
laboratory by the action of dilute alcoholic solution of 
potassium hydroxide on ethylene chloride. . 

CHCI CH2CI 
I + (Alc. ) KOH --:--7 II +KCI+H20 
CH2CI CH2 

Ethylene chloride Vinyl chloride 

Vinyl chloride can also be obtained from ethylene 
chloride by thermal decomposition at 600-650°C. 

CH2CI CHCI 
I ~ II +HCI 
CH2CI CH2 

(ii) From ethylene: Free radical chlorination of 
--ethylene at 500°C yields vinyl chloride. 

H2C=CH2 +C1 2 500°C) H 2C=CHCI 
Ethylene Vinyl chloride 

(iii) From acetylene: Vinyl chloride is obtained by 
controlled addition of HCI on acetylene. Acetylene is passed 
through dilute hydrochloric acid at about 70°C in presence of 
HgCl2 as a catalyst to form vinyl chloride. This method is also 
used for its manufacture. 

HC==CH + HCI H~12) H2C CHCI 
Acetylene 70 C Vinyl chloride 

It is a colourless gas at room temperature. Its boiling point 
is -13 0 C The halogen atom in vinyl chloride is not reactive as' 
in other alkyl halides. However, C=C bond of vinyl chloride 
gives the usual addition reactions. 

The non-reactivity of chlorine atom is due to resonance 
stabilization. The lone pair on chlorine can participate in 
delocalization (resonance) to give two structures. 

(\ n· - + 
H2C=CH-CI ~ H2C-CH .CI 

(i) (ii) 

The following two effects are observed due to resonance 
stabilization. 

." ··~/:f~:':;' 
'40(' 

(i) Carbon-chlorine bond in vinyl chloride -has some 
double bond character and is, therefore, strongerthallacpure-
single bond... _. ,_ -

(ii) Carbon atom is sJl-hybridized an<;l ,C-.:.-.clbono 
length is shorter ( 1.69 A) and stronger than in alkyl halides,_ 
0.80 A) due to sp3 -hybridization of the carbon atom. -

Addition Reactions 

CC4 

HEr 

H2C=CHCl- . 
(Vinyl cbloride) Polymerisation 

peroxide 

NaOI;I 

CH2Br-CHBrCl 
1,2-Dibromo-l-chloroethane 

CHr--CHBrCl , 
-l-Bromo-l :chlo~oetliane 

f 
CI: . CF

t
···· 

.. ". I ..... ,. 
.- H2--CH-CH2-CH 
. Polyvinyl chloride (PVC) n 

No reaction . . 
. . . . 

The main use of vinyl chloride is in the manufacture of 
polyvinyl chloride plastic which is employed these days for 
making synthetic leather goods, rain coats, pipes" floor tiles,_ 
gramophone records, packaging materials, etc. 

2. Allyl Iodide or 3-Iodoprop-l-ene (lCH 2CH=CH2) 

It is obtained: 
(i) by heating allyl chloride with sodium· iodide :in 

acetone. Allyl chloride required in, the reaction is' prepared 
. either by chlorination of propene at 500°C or by action of 
PCl 3 on allyl alcohol. 

CH3C:ij=CH2 +C12 
Propene 

'All)'l chloride 
or 

Allyl alcohol 

CH2-CH=CH2 + NaI 
I ' 

Acetone) CH
2
-CH=CH

2 Heat I .. '. " 
CI I 

Allyl chloride Allyl iOdide· 

+ NaCI 
This is haIogen-exchru;tge reaction and is called Finkelstebl 

reaction. . -
(ii) by heating glycerol with HI. 

_CH20H CH2I 
I I .'. 

CHOH + 3- HI CHI I -3H20 I 
Heat· --12 

CH20H CHiI 
Glycerol 1,2,3-Tri-iodo-propane 



It is a colourless liquid .. It boils at 103.1 DC. The halogen 
atom in' allyl iodide is quite reactive. The p-orbital· of the 
halogen atom does not interact with x-molecular orbital of the 
double bond because these are separated by a saturated 

. . sp3 -hybridized carbon atom. Thus, the halogen atom in allyl 

halides can be easily replaced and the reactions of allyl halides 
are similar to the reaction of alkyl halides. 

In terms of valence bond approach, the reactivity of 
halogen atom is due' to ionisation' to yield a carbonium ion 
which can stabilize by resonance as shown below. 

H 2C=CH-CH21 ~ 
+ + 

[H2C=CH-CH2 f---,) H2C-CH=CH2 ] + r 
Substitution Reactions: Nucleophilic substitution 

reacti ons occur. 
NaOH 

KCN 

H 2C=CH-,:-CH20H 
Allyl alcohol 

H2C=CH-CH2CN 
Allyl cyanide 

NH3 
H2C=CHCH2I--+~---"~ H2C=CH-CH2NH2 
. (Allyl iodide) . Allyl amine 

H 2C=CH-CH20CH3 
Allyl methyl ether 

H2C=CH-CH2N02 
3-Nitroprop-l-ene ' 

Addition Reactions: Electrophilic addition reactions 
take 'place in accordance to Markownikoff's rule. 

H 2C=CH-CH2I + Br2 ~ CH2BrCHBrCH21 
. 1,2-Dibromo-3-iodopropane 

H2C=;=CH-CH2I + HBr ~ CH3CHBrCH21 
2-Bromo-l-iodopropane 

Allyl iodide is widely used in organic synthesis. 
; 

8.10 SOME MORE IMPORTANT HALOGEN 
DERIVATIVES 

. 1. Freons: The chloro fluoro derivatives of methane 
and ethane. are called jreons. Some of the. derivatives are: 
CHF2CI (monochlorodifluoromethane), CF2Cl2 (dichloro
difluoromethane), H CF 2CHCI2 (1; I-dichloro-2,2-difluoro
ethane) and CF3CI (chlorotrifluoromethane or freon-H). 

These derivatives are non-inflammable, colourless, non-toxic, 
low boiling liquids. These are stable upto 550°C. The most 
important and useful derivative is CF2Cl2 which is commonly 
known as freon and freon-12. 

Freonorfreon-12 (CF2CI2 ) is prepared by treating carbon 
tetrachloride with antimony trifluoride in the presence of 
antimony pentachloride as a catalyst. 
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3CCI + 2SbF' SbCIs' A) 3CCl
2
F2 + 2SbCl

3 '. 4 .3 Catalyst 

Or it can be obtained by reacting caroon tetrachloride . 
with hydrofluoric acid in presence of antimony pentafluoride . 

CCl4 +2HF SbFs) CCl2F2 +2HCI 

Under ordinary conditions freon is a gas. Its boiling point 
is -29.S°C. It can easily be liquefied. It is chemically inert. It 
is used in air-conditioning and in domestic refrigerators for 
cooling purposes (as refrigerant). Halothane (CF3CHBrCI) 

and methoxy.flurane (CH30CF2CHCI2}are used as inhalation 
anaesthetic. 

2. Teflon: It is a plastic like substance produced by the 
polymerisation of tetrafluoroethylene (F2C=CF2). 

Tetrafluoroethylene is fonned when chloroform is treated 
with antimony trifluoride and hydrofluoric acid. 

CHCl
3 

SbF3) CHF2CI 800°C) F
2
C=CF2 

HF - HCI (b.pt. _ 760C) 

On polymerisation tetrafluoroethylene forms a 
plastic-like material which is called teflon. 

nCF2=CF2 ~ -f-CF2 - CF2-1n 

Tetrafluoroethylene Teflon 

Teflon is chemically inert substance. It is not affected by 
strong acids and even by boiling aqua-regia. It is stable at high 
temperatures. It is, thus, used for electrical insulation and 
preparation of gasket materials. . 

3. Acetylene tetrachloride (westron)(CHCI 2-CHCI 2): 

Acetylene tetrachloride is also known as sym. tetrachloro
ethane. It is prepared by the action of chlorine on acetylene in 
presence of.a catalyst such as ferric chloride, aluminium 
chloride, iron, quartz or kieselguhr. 

FeCl3 or AlCl3 
HC==CH +2CI2 ' ) CHCI2-CHCI2 

Catalyst (1,1,2,2-Tetrachloroethane) 

In absence of catalyst, the reaction between· chlorine and 
acetylene is highly explosive producing carbon and HCl. The 
reaction is less violent in presence of a catalyst. 

It is a heavy, non-inflammable liquid. It boils at 146°C. If 
is highly toxic in nature. Its smell is similar to chloroform. It is 
insoluble in water but soluble in organic solvents. 

On further chlorination, it forms penta and 
hexa-chloroethane. On heating with lime (calcium hydroxide), 
it is converted to a useful product westrosol (CCI2=CHCI). 

CHCI2-CHC12 +Ca(OHh ~ 2CHCl=CCI2 
Westron Westrosol 

".' (frichloroethene) 

+CaCI2 +2H 20 

Both westron and westrosol are used as solvents for oils, 
fats, waxes, resins, varnishes and paints, etc. 
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ILLUSTRATIONS OF OBJECTIVE QUESTIONS 
1. 'On monochlorination of 2-methyl butane, the total number 

of chiral compounds is: (lIT 2004] 
(a) 2 (b) 4 
(c) 6 (d) 8 
[Ans.(b)] 
[Hint: The number of monohalogenation products obtained 

" from any alkane depends upon the number of different 
types of hydrogen it contains. The possible 
monochlorinated products of2-m:ethyl butane are: 

~ Clz I ~CI 
,-;;;+~+ * 

2-Metbyl ~utane CI (+) and (-) forms 

+Cl~+~l 
CI 

(+) and (-) forms 

2. Which of the following will not give iodoform test? 

(a) Ethanol 
(c) Ethanal 
[Ans. (d)] 

(UPSEAT 2004] 
(b) Isopropyl alcohol 
(d) Benzyl alcohol 

3. Which one of the following is excellent substrate for SN I 

reaction? 
(a) (CH3)3 C-CI 
(c) (CH3)2N-CH2Cl 
[ADS. (c)] 

(b) (CH3hCH-CI 
(d) (CH3 hC-Br 

[Hint: Carbocation of the substrate (c) is stabilized by 
delocalisation. ] 

4. Which of the following will have a meso-isomer also? 
[AIEEE 2004] 

(a) 2-Chlorobutane 
(b) 2,3-Dichlorobutane 
(c) 2,3-Dichloropentane 
(d) 2-Hydroxy propanoic acid 

409. ' 

[Ans. (b)] 
[Hint: 2,3-Dichlorobutane have meso-isomer due to the 

presence of the plane of symmetry.] 

5. The compound added to prevent chloroform to form' 
phosgene gas (poisonous gas) is: (PMT (MP) 2004] 
(a) CH3COOH (b) CH30H 
(c) CH3COCH3 (d) C2HsOH 
fADS. (d)] 

6. Among the halogens, the one which is oxidised by nitric 
,acid is: 
(a) iodine 
(c) bromine 
[Ans. (a)] 
[Hint: 12 + IOHN03 ----+ 

(b) chlorine 
(d) fluorine 

2HI03 + lON02 + 4HzO] 
lodic acid 

7. Which one of the following is excellent substrate for S N 2 

reaction? 
(a). CH3-Br 

(c) CH3-O-CH2Br 

fAns. (d)] 
[Hint: Strong -1 group present on the a.-carbon stabilises 

transition state ofthe SN2 reaction.] . 
8. On treating a· mixture of two alkyl halides with sodium 

metal in dry ether, 2-methyl propane was obtained. The 
alkyl halides are: 
(a) l-chloropropane and chloroethane 
(b) 2-chloropropane 'and chloroethane 
(c) 2-chloropropane and chloromethane 
(d) l-chloropropane and chloromethane 
[Ans. (c)] 

Dry ether 
[Hint: CH3-CH-CH3 + 2Na + CICH3 ---=---~) I Wurtz reaction 

CI 

CHr-CH-CH3 + 2NaCl] 
I 

CH3 

SOME SOLVED PROBLEMS 

Problem 1. How do alkyl, allyl and vinyl halides differ 
in structure? 

Solution: The X in an alkyl halide is bonded to sp3_ 
hybridized carbon of an alkyl group. 

CH 3X; CH3CH2X 

sp3 -hYbridiid sp3 -hY~diZed 
In an allyl halide, there is a C-C bonded to the carbon 

bearing the X. 

H2C=CHCH2X Allyl halide 

. In vinyl halides, X is bonded to an sp2 -hybridized carbon' 

of an alkene. 

H2C=CHX or CH3CH=CXCH3 

! ! . 
sl-hybridized sl-hybridized 

Problem 2. Give the common and IUPAC names for 
C 4H9Br isomers and classify them as to whether they are 1 ° ,2° 
or3°. 

Solution: The isomers of C4H9Br are the following 

with common and IUPAC names: 

CH3CH2CH2CH2Br 

(1-Bromobutane) 
n-Butyl bromide 

WBromide) 

CH3 
I 

CH3-CH-CH2Br 

(1-Brorno-2-methyl propane) 
Isobutyl bromide 

(10 Bromide) 

CH3CH2CHBrCH3 

(2-Bromobutane) 
Sec. butyl bromide 

(2° Bromide) 

,~ CH3 
. • I 

CH3-C-Br 
r 

CH3 

(2-Bromo-2-methyl propane) 
Terl. butyl bromide 

(3° Bromide) 
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Problem 3.· (a) Give simple test to distinguish among 
hexane andCH3-CH=CHC1. 

(b) Give simple test to distinguish among 
CH3-CH=CHCI, CH3CH2CH2CI and CH2=CH-CH2Cl. 

Solution: (a) Hexane and methyl vinyl chloride are 
distinguished by adding bromine in CC14 to each. The red 
brown bromine colour persists in alkane but disappears in 
methyl vinyl chloride. 

(b) H2C=CH---:CH2Cl is an allylic chloride (The Cl is 
very reactive). This reacts rapidly with AgN03 in the cold to 
give a white ppt. of AgCl. CH3CH2CH2CI gives white ppt. 
when warmed with AgN03 as it is comparatively less 
reactive. CH3-CH=CHCI is inert and does not form wp.ite 
ppt. with AgN03' . 

Problem 4. Give reasons for the following: 
(a) Potassium cyanide reacts with R-X to give alkyl 

cyanide, while silver cyanide forms an isocyanide as a major 
product. 

(b) Silver nftrite reacts with R-X to give a mixture of 
nitroalkane and alkyl nitrite. 

( c) : ROH does not react with NaQr but on adding H2S04, 

it forms RBr. 
(d) Alcohols do not undergo substitution in neutral Dr 

alkaline solution.' 
Solution: (a) Potassium cyanide is an lomc 

compound, K+[:C==N:r and provide cyanide ions in 
solution, in which each of carbon and nitrogen carry a lone 
pair of electrons [CN is an ambident nucleophile (ligand)]. 

As lone pair on carbon is more reactive, the carbocation, 
R + , preferentially attacks the carbon atom and thereby forms 
an alkyl cyanide predominantly. 

R+ +[:C==N:r ---t R-CN: 
Alkyl cyanide 

On the other hand, AgCN (being insoluble) is a covalent 
compound and only nitrogen has the lone pair of electrons. 
Thus, carbocation attacks through nitrogen and thereby forms 
an alkyl isocyanide as a major product. 

Ag-C==N: +RX ---t RNC: +AgX· 

(b) The rutrite ion [:N<: r has two nucleophilic 

sites, i.e., N and either of the oxygen atoms. The carbocation 
can attack either N or 0, thereby forming a mixture of 
nitroalkane, R-N02 and alkyl nitrite, R-ONO. 

(c) Br - ion is a very weak Bronsted base and thus, it can 
not· displace the strong base -OH-. When H2S04 acid is 

+ 
added, H+ are available which form ROH2 • Under this 

condition, Br - displaces H20 which is a very weak base. 

+ 
ROH2 +Br- ---t R+ +H20+Br- ---t RBr+H20 
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(d) A leaving group must be a weak base: The leaving 
-OH group of alcohols in neutral or alkaline solution would 
be stronger base, hence cannot be.removed by weaker bas~s 
like cr, Br-,r. 

Problem 5. A halide, CsHu X, on treating with ale. 

KOH gives only pent-2-ene. What is halide? . 
Solution: Two possible halides which on elimination 

ofHX can form pent-2-ene are: 

CH3CH2CH2CHXCH3; CH3CH2CHXCH2CH3 
(I) (II) 

The (II) structure being symmetrical gives only 
pent-2-ene on elimination of HX 

CH3CH2CHXCH2CH3 Ale. KOH) CH3CH=CHCH2CH3 
Pent-2-ene 

Thus, the halide is 3-halopentane. 

Note: Tbe structure (I) forms a mixture, 
CH3CH2CH=CHCH3 and CH3CHiCH2CH=CH2' 

(Major product) (Minor product) 

Problem 6. A ·white preCipitate was formed slowly when 
AgN03 is added to a compound (A) with molecular formula 
C6H13C1. Compound (A) on treatment with hot alcoholic KOH 
gave a mixture of two isomeric alkenes (B) and (C) having 
formula,C 6H12• The mixture of (B) and (C) on ozonolysis 
fornished four compounds. 

(i) CH3CHO, 
(iii) CH3COCH3• 

. (ii)C 2HsCHO, 
(iv) (CH3hCHCHo. 

What are (A), (B) and (C)? 

Solution: Alc.KOH) (B) + (C) 
HCl 

The molecular formula of (B) and (C) isC6H12 • Thus, on 
ozonolysis of each alkene, the tWo products must have six 
carbon atoms. 

One alkene gives CH3CHO and (CH3 hCHCHO. Thus, 
the hydrocarbon should have the structure, 

CH3CH=CHCH(CH3h ... (B) , 

Other alkene gives C2HsCHOand CH3COCH3 • Thus, the 
hydrocarbon should have the structure, .. 

C2HsCH=C(CH3h ... (C) 

Since (B) and (C) are formed from (A) by dehydro
halogenation, the structure of (A) is: 

CH3CH
2T

HCH(CH3 )2 

CI 
3-Chloro-2-metbyl pentane 

Alc.KOH 
CH3CH2CHCH(CH3h ) CH3CH=CHCH(CH3 h 

I (B) 
CI 

+CH3CH2CH=C(CH3h 
(C) 

As it is 2° halide, it slowly reacts with the AgN03 to form 
white ppt. . 
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Problem 7. How many isomers are possible forC 4H gF2 . 

and give their IUPAC names?· 
Solution: n-Butane can have· two possible gem

difluoro isomers: 
F2 CHCH2CH2CH3 CH3 CF2CH2CH3· 

l,l-Difluorobutane 2,2-Difluorobutane 

There are four isomers with two fluorine on different 
carbon atoms: 

FCH
2
CHFCH2CH3 CH3CHFCHFCH3 

1,2-Difluorobutane (vic) 2,3-Difluorobutane (vic) 

F'"':H2CH2CHFCH3 FCH2CH2CH2CH2F 
1,3-Difluorobutane 1,4-Difluorobutane 

The; ~obutane can have three possible difluoro isomers: 
FCH2-CF-CH3 F2CH-CH-CH3 FCHz-CH-CH2F 

I . 1 I 
CH3 CH3 CH3 

1,2-Difluoro-2-methyl l,l-Difluoro-2-methyl 1,3-Difluoro-2-methyl 
propane (vic) propane (gem) propane 

Problem 8. Give the structures of two different alkyl 
bromides both of which yield the indicated alkene as the 
exclusive product of E2 elimination: 

(a) CH3CH=CH2 (b) (CH3hC=CH2 
(c) BrCH=CBr2 

Br 
I 

Solution: (a) CH3CH2CHzBr and CH3-CHCH3 . 

CH3 
I 

and CH3- r-CH3 

Br 

I SUPPLEMENTARY READING ·1 

8.11 ORGANOMETALLIC COMPOUNDS 

Organic compounds in which a metal atom is directly 
linked to carbon or organic compounds which contain at least 
one carbon-metal bond are called organometallic compounds. 
Some common examples are: 

CH3Li (CH3hZn 
Methyl lithium Dimethyl zinc 

(C2HS)4Sn (CzHs)zHg 
Tetraethyl tin Diethyl mercury 

R-Mg-X CH3MgBr 
Alkyl magnesium Methyl magnesium 

halide bromide 

(C2Hsh Pb 
Te~aethyt lead 

CH3Na 
Methyl sodium 

R-C=C-Ag 
Silver alkynide 

C6HsHgCI R2CuLi 
Phenyl mercuric Lithium dialkyl 

chloride cuprate 

Most widely studied and synthetically most useful 
. organometallic compounds are those of magnesium and lithium. 
Alkyl magnesium halides are termed as Grignard reagents as 
these were discovered by Grignard in 1900. The Grignard 
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reagents are very reactive and used as synthetic reagents for the 
synthesis of alkanes, alcohols, aldehydes, ketones, acids, etc. 

Organometallic compounds are prepared from the 
respective alkyl or aryl halides in solvents like ether. These 
compounds are mostly colourless, mobile liquids having low 
boiling points and are generally very unstable. A number of 
these compounds bum violently in air and are readily 
decomposed by water and alcohol. 

Grignard reagents are prepared by. the action of alkyl 
halides on dry magnesium turnings in presence of dry 
alcohol-free diethyl ether. The ether solution of the Grignard 
reagent is used immediately in the apparatus in which it has been 
prepared. Dry ether dissolves the Grignard reagent through 
solvolysis. 

C2HS R C2H5 

1 1 I :0: ' ~Mg ~ :0: 
1 1 I 
C2H5 X C2H5 

Grignard reagents are. never isolated in free state on 
account of their explosive nature. 

Note: (i) For a given alkyl radical, the ease offonnation of a Grignard 
. reagent is, 

. Iodide >' Bromide > Chloride 
Usually alkyl bromides are used. 

(ii)For a given halogen, the ease of formation of a Grignard 
reagent is, . . . . 

C;H3X >C2HsX >C3H7X ..... 

(iii) Since, tertiary alkyl iodides eliminate HI to fonn an alkene, 
tertiary alkyl chlorides are used in their place. 

(iv) Grignl!l'dreagent cannot be prepared from a' compound 
which consists in addition to halogen, .some reactive group 
such as -OH because it will react rapidly with the GR. 

The C-Mg bond in Grignard reagent is somewhat 
covalent but highly polar. Carbon being more electronegative 
than magnesium acquires partial negative charge and the 
magnesium has a partial positive charge. 

1
6
- 0+ 6- 6+ -f -+- MgX or R~MgX 

The alkyl group thus acts as a carbanion or nucleophile. 
The majority of reactions of Grignard reagent fall into two 
groups: 

(i) Double decomposition with compounds containing 
active hydrogen atom or reactive halogen atom. 

RMgX + HOH ----7 RH + Mg(OH)X 

RMgX + D20 ~ RD + Mg(OD)X 

RMgX . + R 'OH ----7 RH + Mg(OR ')X 

RMgX + R I NH2 ----7 RH + Mg(R I NH)X 

RMgX + R 'I ----7 R-R' + MgIX 

RMgX + CICH20R I ----7. RCH20R I + MgClX 
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(ii) Addition reactions with compounds con,taining the 
following groups. . 

)C=O, -C N, )C=S 

In each case, alkyl group attaches to carbon atom and 
MgX part to the oxygen, nitrogen or sulphur atom. 

> 

'HLOH' 
c=o+ RMgX --+ )f-oj MgX --+ >f~OH 

R R 

OH 

+Mg< 
X 

1 Hi OH 
RMgX --+ -C=: Ni MgX --+ -c=o 

I O:H: . I 
I 2' R . . R 

OH 

+NH3 +Mg< 
X 

The addition products decompose with water or dilute 
acid. These type of reactions are given by molecules such as 
02' CO2, etc. 

Alkyl Iithiums: Organo-lithium compounds are 
prepared by the action of alkyl halides with lithium metal in 
dry ether at low temperature in the presence of an inert· 
atmosphere of nitrogen. 

CH3I + 2Li Et~er) CH3Li + Lil 
Methyl iodide -10 C Methyl lithium 

Alkyl iodides and alkyl bromides usually undergo Wurtz 
reaction. Alkyl chlorides are usually used and they give good 
yields. . 

The high reactivity of organo-lithillm compounds over 
Grignafd reagent is due to the greater polar character of C-Li 
bond in comparison to C-Mg bond. 

Genemlly, alkyl lithiums behave like Grignard reagents 
but are more reactive. They react with compounds containing 
active hydrogens, aldehydes, ketones, carbon dioxide, 
ethylene oxide, etc. . 

• 
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CH3 - Li + HOH --+ CH4 + LiOH 

CH3-Li + CH2"':""CH2 --+ CH3CH2CH20Li 

"'cI· 

o 
II H20 

CH3-Li+ CO2 --+ CH3-C-O-Li ---=-t CH3COOH 

+LiOH 

CH3-Li+H-f=O --+ CH3CH2-O-Li 

H 

H20) CH3CH20H + LiOH 

Unlike Grignard reagents, alkyl lithium can add to an 
alkenic double bond. 

R-Li + CH2=CH2 --+ R-CH2-CH2-Li 

Dialkyl zincs: These were the first organometallic 
compounds discovered by Frankland. 

These can be prepared by heating alkyl iodide with zinc in 
an atmosphere of CO2 , 

lIeat lIeat· 2RI+2Zn ~ 2R-Zn-I ~ R2Zn +ZnI2 
CO2 Alkyl zinc iodide CO2 Dialkyl zinc 

Owing to the difficulty in handling and better synthetic 
reagents are known, their use is restricted to the following 
preparations: 

(i) Prepamtion of quaternary hydrocarbon such ~s . 
neopentane. 

(CH3 h Cel + (CH3 )2 Zn --+ (CH3)4 C + CH3ZnCI 
Tert. butyl Neopentane 

chloride 

. .. 

(ii) Preparation of ketones: Acid chlorides reacts 
with dialkyl.zinc to fonn ketones; 

R'COCI + R2Zn --+ R'COR + R-Zn-CI 
Acid chloride . Ketone 
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IMPORTANT POINTS TO REMEMBER 

IJ Compounds derived from alkanes by the replacement of 
one or more H atoms by corresponding number of halogen 
atoms are termed halogen .derivatives of alkanes or 
haloalkanes. They do not occur in nature. 

D Haloalkanes are divided into mono, di, tri, tetra, etc. 
according to the number of halogen atoms in the molecule. 

D Monohalogen derivatives are called alkyl halides (R-X) 
and represented by the general formula Cn H2n + I X. They 
are further classified as primary (1°), secondary (2°) or 
tertiary (3°) depending upon whether the halogen atom is 
attached to 1°,2° or 3° carbon atoms. 

R"" R-CH2-X /CH-X 
(10) R 

(20) (30) 

.IJ Dihaloalkanes (Cn H2n X 2) are mainly of three types: 
IJ Gem-dihalides: In these derivatives, both the halogen 

atoms are attached to the same carbon atom. Their 
common name is alkylidene (di)halides, e.g., 

CH3CHCI2, 
Ethylidene 
( di)chloride 

CH3CH2CHBr2' 
n-Propylidene 
( di)bromide 

Sr 
.. I 

CH3-C-CH3 
I 
Br 

IsopropyJidene 
( di)bromide 

D Vicinal-dihalides: Both the halogen atoms are attached 
to adjacent (vicinal) carbon atoms. Their common name is 
alkylene (di)halides, e.g., 

CICH2-CH2CI, CH3CH(Br)CH2Br, 
Ethylene (di)ctiloride . Propylene (di)bromide 

CH3 CH(Br)CH(Br)CH3 

Butylene (di)bromide 

D Terminal-dihalides (a, CO): In them the two halogen 
atoms. are attached to terminal carbon atoms. Their 
common name is polymethylene (di)haJides, e.g., 

F2-CH2~Z , CH2 -CHz -CH2 -CH2 I . I 
Br Br CI Cl 

Trimethylene (di)bromide Tetramethylene (di)chloride 

D Trihaloalkanes (Haloforms): Examples are, 

CHCI3 , CHBr3' CHI3 , CHF3 
Fluoroform Chloroform Bromoform Iodoform 

D Tetrahaloalkanes: Examples are, 

CCl4 CBr4 
Carbon Carbon 

tetrachloride tetrabromide 

CClzF2 
Dichlorodifluoro 

methane 

General methods of preparation of alkyl halides 

D By direct halogenation of alkanes: In presence of 
sunlight, heat or catalyst (Free radical halogenation) gives 
a mixture of mono, di, tri halogen derivatives, etc. 

IJ. Replacement of H atom from hydrocarbons follows the 
order: 

allylic H> 3° H> 2° H> 1° H> CH4 
D Relative reactivity of 1°,2°,3° H atoms for chlorination is 

in the ratio 1:3.8 :5. 
D Chlorination of n-butane gives a mixture of d- and 1-

optical isomers, i.e., racemic mixture. 
D From alkenes: By the addition of HX (HI > HBr > HCI 

> HF). The unsymmetrical alkenes follow 
Markownikoff's rule during addition forming 2° or 3° 
alkyl halides predominantly through the formation of the 
most stable carbocation. 

. D The less stable intermediate carbocation changes into 
more stable carbocation by 1,2~hydride or 1,2-methyl or 
phenyl shift. . . 

D Addition occurs. through electrophilic attack. However, in 
presence of peroxide (R-O--O-R) the addition of HBr 
to unsymmetrical alkenes follows anti-Markownikoff's 
rule (peroxide effect or Kharasch effect). 

D From alcohols: By nucleophilic substitution (S N ) 

reactions. . 
D Action of halogen acids, HX(HI> HBr> HCI>HF) on 

alcohols' in presence of anhydrous ZnC12 yields alkyl 
halides. The increasing reactivity of alcohols towards HX 
is: 

CH30H <to <2° <3° <benzylic and allylic. 

D The mixture(l: 1) of concentrated HCI and anhydrous 
ZnCl2 is called Lucas reagent. ' 

. D Action of P X 5 or P X 3 on alcohols converts them readily 
. into alkyl halides. . 

D Action of SOCl2/pyridine or SOCl2/ether on alcohols 
gives alkyl chloride. 

D I ° Alcohol follows SN2 path while 2° and 3° alcohols SN 1 

path, i.e.', proceeds through the most stable carbocation 
intermediate. 

D From silver salts of carboxylic acids: By the action of 
Cl2 or Br2 (in CCI4). This reaction is called 
Borodine-.Hunsdiecker reaction or Hunsdiecker 
.reaction and the yield of halide is 1°>2°>3,°. 

D Iodine forms ester (instead of alkyl halide) with silver salt 
.and is called Birobaum-Simonini reaction. 

D By halide exchange method: R-CI or R-Br on 
heating with NaI in acetone or methanol solution forms 
R-I (This reaction is called Finkelstein reacti~n~ 

I:l Alkyl fluorides can be prepared from corresponding 
chlorides by the action of mercurous fluoride (Hg 2F2) or 
SbF3 (Swarts reaction). 
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Cl Physical properties: Lower members (CH3F,CH3CI, 
CH3Br,C2HsCI) are gases at room temperature while 
CH3I and others are pleasant liquids and higher members 
are solid. R-ar and R-I are heavier than water while 
R-F and R-CI are lighter than water. 

Cl These are slightly soluble in water but completely soluble 
in organic solvents. 

Cl They burn on copper wire with green edged flame 
(Beilstein test for halogens). 

Cl Boiling points are in the order RI > RBr > RCI > RF, while 
in a group of isomeric. halides, the order is 10 > 2° > 3 ° . 

Cl ' Boiling points. of organo halogen compounds are 
comparatively higher than the corresponding 
hydrocarbons because of strong dipole-dipole and van der 
Waals' forces of attraction. 

Cl Chemical properties: The high reactivity of R-X can 
be explained in terms of the nature ofC-:-Xbond which is 
highly polarised because the halogen is more electro
negative than carbon and the dipole moment decreases as 
the electronegativity decreases from F to I. 

Cl The polarity ofC-Xbond in alkyl halides is responsible 
for their nucleophilic substitution reactions, elimination 
reactions and the reaction with metal atoms to form 
organo metallic compounds. 

Cl Chirality has a profound role in understanding the 
reaction mechanisms of S N I and S N 2 reactions. SN 1 

. reactions of chiral alkyl halides are characterised by the. 
inversion of configuration while S Nt reactions by 
racemisation. 

,Cl Nucleophilic substitution (S N) reactions of R-X 

R-X + :Nu ----t R-Nu + X-

Cl Hydrolysis [action of moist silver oxide (AgOH), or 
. 'boiling with aqueous alkali (NaOH or KOH) solution]: 

Formation of alcohols. 
Cl Action with sodium alkoxide (R-ONa) or dry Ag20 : 

Formation of ethers with RONa is known as Williamson's 
synthesis. 

Cl Action with aqueous alcoholic NaSH or KSH: 
Formation ofthioa1cohols (alkane thiol). 

Cl Action with aqueous alcoholic KCN: Formation of 
alkyl cyanides (alkane nitrile) as the major product. 

Cl Action with aqueous alcoholic AgCN: Formation of 
, alkyl isocyanides (carbylamines or isonitriles) as the major 

product. 
Cl Action of aqueous alcoholic KN0 2 : Formation of 

alkyl nitrite as the major product. 
Cl Action of aqueous alcoholic AgN0 2: Formation of 

nitroalkanes as the major product. 
Cl Action of aqueous alcoholic NH3: Formation of a 

mixture of pri-. sec-, tert- amines along with quaternary 
ammonium salts. 

Cl Action with silver salt of carboxylic acids: Formation 
of esters. 

Cl Action with sodium alkynide (Na-C=C-H): For
mation of higher alkynes. 

G.R.B. Organic Chemistry for Competitions 

Cl Action of alcoholic Na2S or K 2S or NaSR: Formation 
of thioethers (alkyl thioalkane). 

Cl Action of NaI in acetone or methanol: Formation of 
alkyl iodides. 

Cl Action of alcoholic Na 2S03: Formation of sodium 
alkyl sulphonate (R-S03Na). 

Cl Action of sodium diethyl malonate 
NaCH(COOC2H sh: Formation of alkyl malonic ester 
RCH(COOC2Hsh· . 

Cl Action of sodium ethyl acetoacetate, 
+ _ /COCH3 

NaCH~ 
COOC2Hs 

acetoacetic 
/COCH3 

ester,RCH~ 

COOC2HS 

Formation of alkyl 

Cl Action of sodium azide NaN3: Formation of alkyl 
azide, RN 3' 

Elimination reactions 

Cl Dehydrohalogenation of alkyl halides: On heating 
with alcoholic KOH, alkenes are formed. This elimination 
proceeds by E 1 or E 2 process. 

Cl Unimolecular elimination (E 1): The R-X dissociates 
first to form carbocation and halide ion. 

Slow + .:.. 
CH3 -CH-CH3 ~ CH3 -CH-CH3 + CI 

C b EI Carbocation 

The 'strong nucleophile (which is also a strong base) 
attacks the carbocation to give alkene. 

+ Fast . 
CH3 -CH + yH2 ) CH3 -CH CH2 + H-OH 

" '-1 OH- (Base) Alkene 
H-.J 

Cl El involves the formation of most stable carbocation 
intermediate due to 1,2-hydride or methyl or phenyl shift 

. giving unexpected products. 
o The order of reactivity of alkyl group is 30 > 2° > 10 and the 

most substituted alkene is the Saytzeffproduct and the less 
substituted alkene is the Hornann product. 

I:] Bimolecular elimination (E2): It involves the 
formation of intermediate TS. 

~H H B---H H . 
~ I I Slow : I 

[

S- l 
Base (OH) + H-C"1.-c-H ~ H-C-«-H 

I rl I :~-
H "':CI: H :CI:

u 

•• •• 
TS 

Fast . 
~ BH + H2C=CH2 + CI 

CI E2 elimination is stereospecific and follows trans
elimination. 
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o Action oCheat: Alkyl halides ori heating above 300°C 
loses a molecule of HX tofonn an alkene. The 
decomposition follows the order: I> Br >CL 

Miscellaneous (some other) Reactions 

o Reduction: R-X on reduction with nascent [H] 
obtained by ZnlHCI or Nalalcohol or ZnCwCiH50H or 
LiAlH4 etc. gives alkanes. 

CJ Wurtz reaction: An etheral solution of RX (preferably 
bromides and iodides) fonns symmetrical alkanes when 
heated,.with metallic sodium. ' 

o 'Tertiary halides do not undergo this reaction. 

, Reaction with metals 

o Alkyl halides fonn Grignard reagents when treated with 
Mg powder in dry ether. 

Dry ether 
RX + Mg powder ) R-Mg-X 

(Reactivity order is RI > RBr > RCI} 

o The C-Mg bond is considered to be covaltlll:t but highly 
+ -

polar, the Mg-X bond is ionic (R-Mg-X). The 
. Mg-metal is bonded in between X and carbon, hence' 

nature of~arbon chain does not alter. 
o Grignard· reagents find wide applications as the starting 

material for the preparation of a very large number of 
organic compounds. , ' 

o R-X on heating with zinc powder in ether fonns dialkyl 
zinc. These are called Frankland reagents. 

Eth .. 
2C2HsBr+2Zn~ (C2HS )2Zn + ZnBr2 

o Ethyl bromide when heated with sodium-lead alloy gives 
tetraethyl lead (TEL) which is used as anti-knock 
compound in petroleum products. 

Ether 
4C2HSBr + 4Na(Pb)~ (C2HS )4Pb + 4NaBr+ 3Pb 

o R-X forms dialkyl mercury compounds when treated 
with Na-Hg. 

o R-X forms alkyl lithiums when treated with lithium in 
dry ether. ' 

o R-Xreacts with lithium dialkyl cuprate (R2 CuLi) to fonn 
alkanes (Corey-House synthesis). . 

o R-X and aryl halide can react with sodium in presence of 
ether to fonn substituted (alkylated) benzene 
(Wum-Fittig reaction). 

o Friedel-Crafts reaction: R-X reacts with benzene in 
prese~ce of anhydrous AICl3 to fonn alkyl benzenes. 

R 

© '"nhYd .. AIC13 ~o 
1 I< .. \ .,. --- lS::dJ + HX 

This reaction is named as Friedel-Cra Ils reaction. 
o This reaction proceeds through the formation of an inter

mediate called a-complex (a resonance stabilized 
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carbocation). Anhydrous AlCl3 (a Lewis acid) generates. 
electrophile.from the reactant. It is thus SE reactio~. 

o Halogenation (Substitution) : Alkyl halides undergo 
further substitution (halogenation) in presence of sUnlight, 
heat, etc. 

Bf2 Br2 
C2HSBr ~h C2H4Br2 ~ C2H3Br3 .•• 

v hv 

o Oxidation reaction: Primary alkyl halides (1°) on oxid
ation with dimethyl sulphoxide, (CH3 h SO (DMSO) gives 
an aldehyde (Swern oxidation) while 2° halides give 
ketone. 

0' 

R-CH
2
X DMSO) R-~-H, R

2
CHX DMSO) R

2
CO 

00) (CH3hSO Aldehyde (2°) (CH3hSO Ketone 

Oxidation can also be done with (CH2)6N41H0H, H+ 

~xidising agent. Benzyl halide on oxidation with 
(CH2)6N41H0H, H+· gives benzaldehyde (Sommelet 

aldehyde synthesis). 

Methods of preparation'of gem-dihalides (Alkylidene 
halides) 

o From aldehydes and ketones: By the action of PC Is. 
o From alkynes: By addition of two moles ofHX (HBr or 

HCI). 

Methods of preparation of vic-dihalides (Alkylene 
halides) , 

o From alkenes:· ay the addition of halogens (C12 or Br2)' 
o From glycols: By the action of PCIs or HCI or SOCI2. 

Chemical properties of gem- and vic-dihalides 

o Chemically alkylidene (gem-) dihalides are less reactive 
while alkylene (vic-) dihalides have nearly the same 
reactivity as alkyl halides. 

o Hydrolysis with aqueous KOH:· Gem-dihalides give 
aldehyde or ketones while vic-dihalides give glycols. 

o Action of ale. KCN followed by hydrolysis and 
heat: Gem-dihalicies give monocarboxylic acid while, 
vic-dihalides give cyclic anhydride. 
These reactions are distinction tests between gem- and 
vic-dihalides. 

o Reaction with Zn dust in methanol: Both gem- and 
vic-dihalides give alkenes. 

o Reaction with ale. KOH (Dehydrohalogenation): Both 
.. give alkynes. 
0' Reaction with sodamide (NaNH2) on heating: Both 

give alkynes. • 

Trichloromethane, CHCI l (Chloroform) 

o Preparation: Lab method and large scale preparation. 
o From ethanol: By distilling a mixture ofalcohtJI with a 

suspension of bleaching, powder (CaOCI2). The Cl2 
obtained from bleaching powder serves both as oxidising 
as well as chlorinating agent. Alcohol is frrst oxidised to 
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aldehyde by chlorine. The aldehyde then reacts with 
chlorine to formtrichloro acetaldehyde (chloral) which on 
hydrolysis with Ca(OHh yields chloroform. 

D From acetone: Acetone first reacts with chlorine to 
form trichloro acetone which is then hydrolysed by 
Ca(OHh to give chloroform. 

D From carbon tetrachloride: By the partial reduction 
with FeIH20. 

D From chloral hydrate: Pure CHCl3 is obtained by 
distilling chloral hydrate with concentrated NaOH 
solution. . 

D Properties: Chloroform is a sweet smelling liquid, b.pt. 
61°C, non-inflammable but its vapour causes 
unconsciousness. 

D Oxidation: When exposed to sunlight and air, it slowly 
decomposes into phosgene (COCI2), a poisonous gas. 
Such chloroform cannot be used for anaesthetic purpose, 
so it is stored in dark blue or brown coloured bottles filled 
up to the neck. 

. D It is mixed with 1 % C2HsOH which retards the oxidation 
and converts the phosgene into harmless ethyl carbonate. 

COC12 +2C2HsOH~ (C2HsO)2CO +2HCl 
Phosgene Diethyl carbonate 

D Reduction: On reduction with ZnlHCl in presence of 
alcohol, chloroform forms methylene chloride (dichloro
methane). 
But on reduction with Zn dustiH20, methane is the main 
product. 

D Chlorination: Chloroform reacts with Cl2 in presence 
of diffused sunlight or UV light to form CCI4 • 

D Hydrolysis with aqueous alkali: It gives NaIK salt of 
formic acid. 

DNitration: With concentrated HN03, chloroform forms 
chloropicrin (nitro chloroform) :which is a liquid, poison
ous and used as an insecticide and a war gas (tear gas). 

D Heating with silver powder: Acetylene is formed when 
chloroform is heated at high temperature. with silver 
powder. 

D Condensation with acetone: Chloroform condenses 
with acetone on heating in presence of alkali to form 
chloretone (1,1, I-trichloro-2-methyl propan-2-01) which is 
used as a hypnotic (drug). 

o Reaction with sodium ~thoxide: On heating 
chloroform with C2HsONa, it gives ethyl ortho-formate, 
HC(OC2Hsh· 

D Reimer-Tiemann reaction: Chloroform reacts with 
. phenol when heated at 65°C in presence of alkali gives 

salicylaldehyde (o-hydroxy benzaldehyde) as major 
product. 

. D Carbylamine reaction (isocyanide test): Chloroform 
on heating with primary (10) amine in presence of 
alcoholic KOH forms isocyanide (carbylamine) having 
very offensive odour (a test ofCHCl3 and also of primary 
amine). 
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D Tests of chloroform: It gives isocyanide test (pungent 
smell). Pure CHCl3 does not give white precipitate with 
AgN03' but with Tollens' reagent, it gives a grey 
precipitate of silver. On heating with Fehling's solution, it 
gives brown precipitate. 

Tri-iodomethane, CHI3 (Iodoform) 

D Iodoform resembles chloroform in methods of preparation 
and properties. 

D It is prepared by heating compounds like ethanol, 
2-alkanols and methyl ketones with iodine and alkali 
solution or Na 2C03. 

Heat 
CH3CH20H + 412 + 6NaOH~ CHl3 + 5NaI + HCOONa 

+5H20 

Heat 
CH3COCH3 + 312 + 2Na2C03 ~ CHI3 + 3NaI 

+ CH3 COONa + 2C02 
The reactions producing iodoform are called Iodoform 
reactions. 

D Properties: It is a yellow crystalline solid, pungent 
characteristic odour, m.pt. 119°C and is steam volatile. It is 
used as an antiseptic for dressing wounds. 

D Hydrolysis with KOH: Iodoform gives HCOOK. 
D Reduction with red PIHI: It gives methylene iodide, 

CH212 · 

D Heating with Ag powder: Acetylene is formed. 
D Carbylamine reaction: With aniline and KOH gives phenyl 

isocyanide, C6HSNC (an offensive smell). 
D Heating alone: It gives 12 vapours. 
D With AgN03: It gives a yellow precipitate of AgI 

(difference from CHCI3). 
D Tests of CHI ~: Iodoform reaction is mainly given by 

o 
II 

CH3CH20H, CH3CHO, -C-CH3 group (methyl 

ketones), -2-01s (-b:CH3)' secondary alkyl halides 

(-b~-CH3 )' 
etc. Lactic acid 

[(CH3CH(OH)COOH)] and pyruvic acid 

( CH3-[-COOHl also gives iodoform reaction. 

Tet~achloromethane, CCl 4 (Carbon tetrachloride): 

D Preparations-From methane: By chlorination 
(excess ofCl2) at 400°C. Methane used in this method is 
obtained from natural gas. 
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[J From CSz: Chlorine reacts witbCS2 in presence of 
catalyst AlCl3 or SbCls to form sulphur monochloride 
(S2CI2) and then CCI4• 

[J From propane: By reacting excess of Cl2 at 400°C 
under atmospheric pressure forms liquid CCI4 • 

[J froperties: It is a liquid, b.pt. 77°C, non-inflammable, 
hence used as a solvent for fats, oils, waxes and resins, etc. 
It is used as a fire extinguisher under the name pyrene. 
Reaction with steam (oxidation): CCl4 reacts with 
superheated steam at 500°C to form pliosgene, a poisonous 
gas. 
Reduction: It is reduced by iron filling into chloroform. 
Hydrolysis with aqueous KOH: It gives CO2 and then 
KCI and K2C03 • 

Reimer-Tiemann reaction: Phenol combines with 
CCl4 in presence of alkali to form o-hydroxy benzoic acid 
(salicylic acid). , 
Friedel-Crafts reaction: Benzene on treatment with 
CCl4 in presence of anhydrous AlCl3 gives dichloro
diphenyl methane which on hydrolysis forms diphenyl 
ketone (benzophenone). 

Some important halogen derivatives 

[J Chlorofluoro carbons: Freons (CFC's) 
Freons are small organic molecules containing C, q andF. 
The most common freons are CF2CI2, dichlorodifluoro
methane (freon-12) and CF3CI, chlorotrifluoromethane 
(freon-Il). 
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[J Preparation: Action ofHF on CC1 4 forms freon-12.' 

CC1
4 

+ 2HF SbCIs or SbF3' )CCI
2
F
2 

+'2HCL 
or SbFs, Catalyst Freon-12 

[J Freon-12 is widely used as refrigerant and propellant in 
aerosol sprays of all kinds. Halothane (CF3CHBrCI) is 
used as inhalation anaesthetic. 

[J Action ofSbF3 0n CCI4 : 

SbCIs " 
3CC14 + 2SbF3 ~ 3CCl2F2 + 2SbCl3 

6HF+ 2SbCl
3 

Heat) 2SbF3 + 6HCl 

[J Freon is a gas under ordinary condition. Its b.pt is -29.8°C 
and can easily be liquefied. It is chemically inert. 

[J Westron (CHCI2 -CHCI2) or acetylene tetrachloride: 

FeCh or 
HC== CH + 2Cl2 ) CHCl2 -CHCI2 
Acetylene AlCI3,Catalyst' 1,1,2,2-Tetrachloroethane 

It is non-:inflammable liquid, b.pt. 'is 146°C and highly 
toxic in nature. 

[J Westrosol (CHCl ' CCl2) or Trichloroethene: 
, Heat . , 

CHCl2 -CHCI2 + Ca(OH)2 ~ 2CHCI=CCI2 + CaCl2 
Westron Westrosol 

+2HzO 

[J Both westron and westrosol are used as solvents for oils, 
fats, waxes, resins, paints and varnishes, etc .. 
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L O'lESTlONS _ .. 
VetY?Short,Jthswer Type 

1. Fill.in the blanks: 
(a). The compound prepared by the action of magnesium on 

dry ethyl bromide in ether is known as ...... . 
(b) The interaction of elemental sulphur with Grignard 

reagent gives ...... . 

[

H' t ',. "H20, 1 
" 

m : S + RMgX~ RSMgX ~ .RSH + Mg(OH)XJ 
. Tnoalcohol 

(c) Pure chloroform is obtained by heating ...... with 
aqueous solution of sodium hydroxide .. 

(d) Grignard's reagent has.the general formula: .. , .. . 
(e) When acetone is heated with bleaching powder ..... . 

is oI;otained. " ' . 
(f) A sensitive test of chloroform is based on the formation 

of ...... . 
(g) The yellow precipitate in the r~action of acetone with 

iodine in the presence of alkali is ...... . 
(h) An alkyl halide may be .converted into alcohol 

by. .. . . . reaction: 
(i) The most reactive alkyl halides are ...... . 
(j) Another name ofl,I,2,2-tetrachloroethane is ...... . 
(k) The well known refrigerant freon has the 

structure ...... . 
(9 Chloropicrin is formed by . the action of...... on 

chloroform. 
(m) Carbon tetrachloride is used as fire extinguisher under 

the name....... . 
(n) ~ie~hyl ether is obtained from ethy}.bromide by treating 

1t WIth ...... and the name ofthe reaction is . ~ .... . 
(0) Chloroform when exposed to light and air forms a 

poisonous·.gas known as ...... . 
(p) , Chloroform forms ahypnotic when reacts with ...... . 
(q) Allyl chloride is a .•.... compound while vinyl 

chloride is inert towards nucleophilic substitution. 
(r) The dihalides in which halogen atoms are attached to 

adjacent carbon atoms are termed ~s . . . . . . . . 
(s) Alkyl halides are formed when thionyl chloride 

and , : .... are refluxed in presence of pyridine. 
(t) !he order of reactivity (tertiary> secondary> primary) 

1S due to + I effectofthe alkyl groups which ... , .. the 
. polarity of C~X bond. ' 
(u) The hydrolysis of trialkyl chlorosilane, R3 SiC!, yields 

J 

(v) Ethylene chloride on hydrolysis with aq. KOH 
forms....... . ,. 

(w) When chloroform is heated with primary amine and 
alcoholic KOB, it forms a. very offensive smelling 
compound, the name of the compound is ...... and 
the reaction is known as ',~ ., . '. reaction. 

(x) Gem dihalides on hydrolysis yield ...... . 
(y) Vinyl chloride on reaction with dimethyl copper 

gives ...... . 
(z) Both westron and westrosol are used as ...... for oils, 

fats and varnishes. . 

2. State, whether the following statements are True or False: 
(a) Alkyl halides follow the reactivity sequence, 

R-I > R-:-Br > R-CI > R-F 

(b) Alkyl halides when treated with dry silver oxide form 
alcohols. " 

(c) Carbon tetrachloride is inflammable. 
(d) Alkyl halides are soluble in water. 
(e) Chloroform gives carbylarnine reaction with primary 

arnines. 
(t) Westrosol is a very good solvent for fats, oils, waxes, 

resins, etc. 
(g)' Ethy~ bromide when heated with silver acetate forms 

ethyl alcohol. 
(h) Polytetrafluoroethylene is commercially known as 

teflon. . 
(i~ Iodoform is a yellow coloured antiseptic compound. 
(J) Pure chloroform gives precipitate with silver nitrate. 
(k) Iodoform when heated with silver nitrate gives yellow 

precipitate. 
(1) Gem-dihalides on hydrolysis yield aldehydes or ketones. 
(m) The reaction of methyl magnesium iodide with acetone 

followed by hydrolysis, gives secondary alcohol. 
(n) Chloroform is stored in dark colopred bottles. 
(0) Vinyl chloride reacts with dihi~'~NaOH to form vinyl 

alcohol. 
(p) Allyl chloride is more reactive than vinyl chloride. 
(q) CCl4 is more reactive than CHCI3. 
(r) Alcohol is added to chloroform to prevent its oxidation. 
(s) Alkyl iodides are less stable and thus, 'darken on 

standing. 
(t) -Acetaldehyde and all methyl ketones undergo \laloform 

test. 
(u) Alkyl halides react with benzene in presence of 

. anhydrous aluminium chloride to form homologues 
of benzene. This reaction is called, Wurtz-Fittig 
reaction. 

(v) (CH3 h CCI is a 3° halide. 
(w) Alkyl halides being polar compounds are soluble in 

water. 
(x) Tertiary butyl bromide undergoes S 1 reactions. 
(y) Bo~ vic- and gem-dihalides on hea~ng with zinc dust 

in presence of alcohol form same alkene. 
(z) Pyruvic acid and lactic acid do not give i~doform test. 
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3. Match the following: 
(i) (A) Carbon tetrachloride 1. Antiseptic 

(B) Chloretone 2. Refrigerant 
(C) Westrosol 3. Chloroform 
(D) Freon 4. Polymer 
(E) Iodoform 5. Hypnotic 
(F) Teflon '6. Pyrene ' 
(0) Carbylaminereaction 7. Solvent 

(ii) (A) Acetone ' ,I. Plastk,' 
(B) Chloropicrin 2. Oem-dihalide 
(C) PVC 3. Vic-dihalide 
(D) RCHCl2 4. Iodoform test 
(E) CH2CI-CH2CL 5. ,Orignard reagent 
(F) RMgX 6. CHC13 + HN03 ' 

4. What is the final product in each reaction? 

(i) C2~50H Na~H) ? 

, Ag 
(ii) CHCl3 ----; ? 

Heat 

(iii) CHC1
3 

HN03)? 

(iv) CCl
4 

Fe/H20)? 

CHCl3 
(v) C6H SNH2 KOH)? 

(vi) CH3MgBr NH3)? 

(vii) H2C=CH-CH2CI Aq. KOH ) ? 

(viii) H2C=CHCI Aq. KOH) ? 

(ix) CH3Li CH2=CH2 ) ? 

(x) (CH3 h CCI (CH3hZn )? 

CH3 

(xi) H2c=b::"'-'CH2CH3 ~ ?' 

(xii) CH3-CH=CH2 NBS)? 

(xiii) H2C=CH-CH2Br lIBr)? 

(xiv) R3MgX (CH3hCOIH20)? 

(xv) CHr -:-fH-fH-CH3 

Br CH3 

(xvi) CH3 -CH-CH-CH3 + HBr ---.-? ? 
1 I 

CH3 OH 

OH 

(xvii) ~ + HBr - ? 

(xviii) ~ + NBS - ? 

~CH2-CH=CH2 ' . 

(ix) 0 ' +HBr-? 

CH3 
I, , 

(xx) CH3,-C-CH~CH3 + KOH(alc.) ---.-? ? 
,I I ' , ' , 

CH3 Cl 

(xxi) (CH3 h c:-CH2Br + KOH (alc.) ---.-? ? 

(xxii) 

CH3 

I Heat' " 
CH3-C-CH2Br+C2HsOH ~? 

I , 
CH3 , lIlT 1000] 

(xxiiD a CH3 
+ HBr P"""",,. i 

(xxiv) O><CI 

Br 
? ' II . 

IRoorkee 1000] 

5. What happens when? Give equations only: 
(i) Chlorine reacts witli CS2 in presence of anhydrous 

aluminium chloride. 
(ii) Chloroform is heated with alcoholic KOH and 

aniline. 
(iiI) Ethyl alcohol is heated with iodine and sodium 

hydroxide. 
(iv) Ethyl alcohol reacts with bleaching powder. 
(v) Chlorine is passed through ethyl alcohol. 

(vi) Ethyl bromide reacts with sodium ethoxide. 
(vii) Ethyl bromide reacts With silver cyanide. 

(viii) Chloral is treated with aqueous sodium hydroxide. 
(ix) Carbon tetrachloride is treated with hydrogen 

fluoride in presence of antimony fluoride. , ' 
(x) Ethyl amine is heated with chloroform and alcoholic 

KOH. , 
(xi) Chloroform is boiled with aqueous potassium hydroxide. 

(xii) Ethyl bromide is treated with alcoholic caustic soda. 
(xiii) Ethyl bromide is heated with zinc. 
(xiv) Methyl magnesium bromide is treated with formalde

hyde followed by hydrolysis. 
(xv) 2-Bromopentane is heated with alcoholic KOH. 

(xvi) 2-Chloro-2-methylpropane is treated with potassium 
tert-butoxide in dimethyl sulphoxide. 

(xvii) Tertiary butyl chloride reacts with' ethylene in 
, presel1ce of Ale13 • ' 

(xviii) BenZene rt)acts ~ith n-propyl chloride in pr~sence of 
anhydrous AlCI 3 • 

IIp.ft:~n.i!r''yPe , • 
6. How will you obtain the following compounds from ethyl 

bromide? 
(a) Ethene, (b) n-Butane, (c) Ethanol, 
(d) Diethyl ether, (e) Ethyl acetate, (f) Ethane. 
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7. Describe the acti.on of KOH(aq.) on: 
(a) CH3CI, (b) CH2CI 2 , (c) CHCI 3 , (d) CCl4 

8. How will you synthesise? 
(a) Isopropyl bromide from n-propyl bromide. 
(b) n-Propyl bromide from isopropyl bromide. 
(c) Propionic acid from ethyl bromide. 
(d) 1-Bromopropane from l-chloropropane. 
(e) Ethylene glycol from ethyl chloride. 
(f) Chloroform from ethyl alcohol. 
(g) Iodoform from acetylene. 

. (h) Vinyl bromide from ethyl alcohol. 
(i) Allyl chloride from propane. 
(j) Methyl iodide from methane. 

9. Complete the following by providing (A), (B), (C) and (D): 

(B) ~ (e) 

( .. ) C CH C Ale. KOH (A) H* IH20 n H3 2 H2I ) ) 

(B) SOCI2 ) (e) --~ 

Ale. KOH) (A) _H_B_r~) 
Peroxide 

(D) 

(D) 

(B) Nal ) (e).~ (D) 
Acetone Ether 

(iv) CH3CH2CH=CH2 ~:) (A) Alc.KOH) (B) 

~ (e) 

(v) CH3CH
2
MgBr CH3CHO/H20) (A) (B) 

Ale. KOH) (e) 

(vi) (A) NH3) (B) CHCl3 + KOH(alc.~ (e) Na) 
C2H50H 
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(b) NaOH(aq.), (c) NH3, (d) H2S, (e) C6H6 + AlCI 3, 

(f) C2HsONa. 
11. How will you distinguish between the following? 

(a) Chloroform and carbon tetrachloride. 
[lIi~t : ChlQroform gives carbylamine reaction, i. e., when 

heated with aniline and alcoholic KOH, offensive smell 
. of isocyanide is produced. CCl4 does not give this test.] 
(b) Ethyl.ch·loride and vinyl chloride. 
[lIint: Ethyl chloride reacts with alcoholic silver nitrate to give 

a white precipitate of AgCl. Vinyl chloride does not give 
this test.] 

(c) Alkyl halIde and an alkane. 
[Hint: Alkyl halide gives a positive Beilstein test. Alkane does 

not give this test. Alkyl halide gives a ppt. of AgXwhen 
warmed with alcoholic silver nitrate solution. Alkane 
does not give this test.] 

(d) Ethylene bromide and ethylidene bromide. 
(e) Chloroform and iodoform. 
[lIint : Chloroform is a sweet smelling colourless liquid while 

iodoform is a yellow crystalline solid having a pungent 
characteristic smelL Iodoform gives yellow ppt. with 
AgN03 solution. This reaction is not shown by 
chloroform.] 

12.' (a) Identify the product (A), (B) and (C). 

C
2
H

4 
. HBr) (A) Hydrolysis) (B) N:a2C03 ) (e) 

12 

(b) Write the structural formulae of the isomers of the alkyl 
halide, Cs Hil Br. 
(w) Which one undergoes El elimination at the fastest 

rate? 
(x) Which one can give only a single alkene on E2 

elimination? 
(y) Which one gives the most complex mixture of 

alkenes on E2 elimination? 
(z) Which one is incapable of reacting by the E2 

elimination? 
(c) A compound is formed by substitution of two chlorine 

atoms for two H-atoms in propane. What is the number 
of structural isomers possible? 

13. Write down the IUPAC names and structures of all the 
possible isomers having the molecular formula C2H4 C1 2 . 

How are these prepared and distinguished? . 
14. (i) State which compound has a faster rate of reaction with 

HCl. 

(a) >= or (b) 

(c) 6 or 

N02 

(ii) In the following pairs of halogen compounds, which 
compound undergoes faster S N 1 reaction? 
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CI CI 

(d)~ and ~ 
CI 

(e)~and ~CI 
", .~.~) 

(iii) In the following pairs of halogen compounds, which 
compound undergoes faster S N 2 reaction with - Oll ? 

(f)CH3Br or CH3I (g) (CH3 h C-Cl or CH3CI 
15. (a) Arrange alkyl halides, water and alkane in order of 

decreasing density. 
(b) Arrange chloromethanes and water in order of 

decreasing density. 
(c) Arrange MeX in order of decreasing bond length. 
(d) Arrange MeX in order of decreaSing bond strength. 
(e) Arrange MeX in order of activity. 

(f) Arrange alkyl halides (1°,2°,3°) in order of 
decreasing S 2 reactivity. 

(g) Arrange the o~er of reactivity of alcohols towards HX. 
(h) Arrange the decreasing order of reactivity in haloforms. 
(i) Aqange the following isomeric bromides in order of 

(a) 
decreasing reactivity in S N 2 displacement: 

Br 

(I) ~Br (II) ~ 

Br 

(III) ~ '(N) 

(b) 2-Bromo-2-methylbutane, I-Brorriopentane, 
(I) (II) , 

2-Bromopentane' 
(III) 

(c) I-Bromo-3-methylbutane,2-Bromo-2-methylbutane, 
(I) (II) 

2-Bromo-3-methylbutane 
(III) 

(d) I-Bromobutane, I-Bromo-2-methylbutane 
(I) (II) 

1-Bromo-3-methylbutane, 
(III) 

1 ~Bromo-2,2-dimethylpropane 
(IV) 

16. Explain the following: 
(a) Carbon tetrachloride is used as fire extinguisher. 

[Solution: The dense vapours fonn. a protective layer 'on 
the burning objects and prevent the oxygen or air to come in 
contact with the burning objects.] 

(b) Use of chloroform as anaesthetic is decreasing. 
[Solution: Due to side effects, as it causes liver damage, 
etc., it is rarely used as anaesthetic these days.] 

(c) Chloroform is kept with a little ethyl alcohol in a dark 
brown coloured bottle. 

• 
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[Solution: When exposed to sunlight and air, chloroform 
slowly decomposes into ,phosgene and hydrogen chloride. 
Phosgene is extremely poisonous gas. As topre,vent the 
decomposition, it is stored in "dark browocoloured bottle and 
I % ethyl alcohol is added. This retards' the decomposition 
and cO!lverts phosgene into hannless ethyl carbonate: 

CHC1 3 + [0] ---7 COCI2 + HCl; 

COCI2 + 2C2HsOH ---7 (C2HshC03 + 2HCI] 

(d) Iodofonn gives precipitate with AgN03 on heating 
while chloroform does not. . 
[Solution: C-I bond being less stable than C-CI bond 
and thus undergoes fission on heating.giving r ions which 
combine with Ag+ ions to fonn a yellowppt.j 

(e) Alkyl iodides become darken onstanding in presence 
of light. ' 

[Solution: Alkyl iodides are 'less stable and lose free 
iodine. This iodine makes the remaining iodide darken.] 

(f) A small amount ofNaI,or KI catalyses the hydrolysis of 
RCI or the reaction, 

RCI + R 'ONa----7 ROR' +NaCI 

[Solution: NaI or KI reacts with RCI to fonn Rl. The alkyl 
iodide is comparatively more reactive than alkyl chloride, it 
undergoes hydrolysis readily or 'reacts with R 'aNa to fonn 
ether. 

RI + HOH ---7 ROB. + HI; 
RI + R' ONa ~ ROR' + Nal J 

(g) While preparing alkyl halides from alkanes, dry 
gaseous hydrohalogen acids arcllsed instead of their 
aqueous solutions. ' 

[Solution: Dry· hydrohalogen aClds_ are . stronger 
acids and better electrophiles than H)O+ formed in the 

aqueous solutions. Furthermore, H20 is a nuc1eophile 
and can easily react with R-X to fonn alcohol.] 

(h) Hydrogen atom of ~hloroform is definitely acidic in 
nature. 
[Solution: Chlorine is more electronegative than carbon. 
Due to three chlorine' atoms, the carbon acquires partial 
positive charge on account of -1 effect. The earbon atom, 
thus, attracts the electron pair of C-H bond towards itself 
making the hydrogen atom removal as proton easier 

Clo-

CI/}--+-~-+-+-+-HO+] 
t /l-
CI 

(i) Vinyl halide is less reactive while allyl halide is more 
reactive than alkyl halides. or . 
Vinyl chloride does' not give S N reaction but allyl 
chloriae gives. 
[Solution: In vinyl 'chloride C-CI bcond is stable due to 
resonance (as in chloro benzene) 

1\ n· - + 
H2C=CH-CI f---7 H2C-CH=CI 

Hence. CI at01n cannot be replaced. Further si -hybridized 

carbon is more acidic than sl-carbon. 

In allyl chloride, SN rea<;tion is easier since allyl carbonium 
ion fonned after removal of Cl- is stabilized by resonance. 
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+ 

H2C=CH-CH2Cl ,---+ cr + H2C=CH-CHz 
+ 

+---7 H2 C-CH =CHz] 

(j) .• Why is free radical halogenation. of alkanes is seldom 
'/il~ed for laboratory preparation of alkyl halides? Under 

what condition good yields. of ' monosubstituted 
chlorides can be obtained? 
[ Solution: Several isomeric monosubstituted halides are 
formed because alkanes have different types of hydrogen 
atoms. Their separation is difficult. Thus, free radical 
halogenation method' is not used unless the parent 
hydrocarbon possesses equivalent hydrogen atoms. Good 
yields are obtained - in hydrocarbons such as 
CH3 CH3, (CH3)4C, cyclopropane, etc.] 

(k) What effect should the following resonance of vinyl 
chloride have on its dipole moment? 

3+ 3- 3- 3+ 
HzC=CHCl ~ H2C-CH=Cl 

[ Solution: The dipole moment increases because the 
distance between positive and negative partial charges 
increases,] 

(1) 2-Chloro-3-methylbutane on treatment with alcoholic 
potash gives 2-methylbut-2-ene as the major product. 
[ Solution: Elimination occurs in accordance to Saytzeff's 
rule, i. e., elimination of hydrogen from the carbon which is 
attached with least number of hydrogen atoms. ' 

CH3-CJf-'>~CH-CH3 ---+ CH3 -C=CH-CH3 ] 
1\ '1-, , I 
CH3".CI" CH3 ' ... _' 

Major 'product 

(m) Compare the rates of (i) S N I and (ii) S N 2 reactions of 

allyl chloride and n-propyl chloride. 
[ Solution: (i) Allyl chloride' is, much, more reactive than 
n-propyl chloride and the +charge of its' intermediate R+ is 

. + +. 
stabilized by resonance (HzC=CH-CH2 ~ Hz C ' CH-CHz) 
(ii) Allyl chloride is again more reactive but not to the extent of 

S I reaction and stabilizes the transition state.] 
(n) When CH3CH=CHCHzCI reacts with alcoholic 

potassium, cyanide, a mixture of isomeric products is 
obtained. 

[ Solution: It can undergo SN1 and SN 2 reactions. 

By SN 2 reaction only one product (A) is folmed. 

(Slow) 
CH3CH=CHCH2CI + CW --'----'+ 'CH3CH=CH-~H2···CI 

I-Chlorobut-2-ene SN 2 : • 

CN 

(Fast») CH}CH =CHCH2CN 
tA) 

By S I reaction, the intermediate is carbocation (resonance stabilized) 
and ~ give a mixture of two isomeric products (A) and (B~ 

(Slow) , 
CH3CH =CHCH2Cl ) 

~I 

+ + 
CH)CH=CHCH2 ~, CH)CHCH=CHz 

~Fast) 1 cwo (Fast) 1 cw 

CH3CH=CHCHzCN CH3 CHCH=CHz] 
, (A) dN 

(8) 
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(0) The fonnation of the products giving the structures of 
the intennediates. 

(i) 

(ii) 

H H2 
CC 
AA 

'H2C C OH 
Hz H2 

CHZ) " 
+ I - " CH-'-CH2Cl + etc. 
"CHz • 

CH3 
H I 

.1!9... AA (only) 
HzC C CI 

H2 

[ Solution: 
+ 

(i) H2C =CHCH2CH20H 
But-3-im-l-ol 

H2C=CHCH2CH20H2 

I-HzO 
CI- + 

H2C=CH-CH2CH2CI ~ H2C-'-GHCH2CH2 
4-Chlorobut -l-ene 

and- for the cyclic prol\luct: 

+ .---CH2 Cl--; 
H2C--'CH ,I ---+ 

--:-"CH2 

. , ___ CH
2 

CIH2C-CH I 
-, --CH2 

In this reaction, the major product (4-chlorobut-l-ene). is formed by 
S 2 mechanism. Now the second product is formed by the initial 
fgrmationof carbocation and attacked by the double bond on the 
+ve carbon atom to form a second (cyclic) carbocation, which 
twentually gives the product.] 

H2C=CHCH2CHCI 
I 

CH3 
4-Chloropent-l-ene 

In this reaction, the +I effect of CH3 - group avoids cyclisation.] 

(P) Anisole ~H3 can be prepared by either 

of the following two reactions: 

(i) @-oNa + CB3 Cl or 

(ii) @-ol + CH30N~ 
Which one (i) or (ii) is preferred? 

[ Solutlon.(O ~Na + CICH3 ~ @-o-cH3 
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because in equation (ii) C--Cl bond is stable due. to resonance 
hence nucleophilic attack is not preferred.] . 

17. Write the structural formulae of the isomers for the 
compound with molecular formula, C2 BrCIFl [liT 2001] . 

18. Give structures/configurations of the products in the 
following reactions: (Roorkee 2001] 
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D 

(i) r- +CH3CH2CH7--1-1 ~ [A] 
. H 

(ii) Br CH2-CH3 ,. -@-O" (i) Mg, ether 

, ,(ii) D20 , 
[B] 

CH3 . . CH 

I' Br ' [C]) Ho_-+1_3_'-'--_H (iii) H 

(CH2 h CH3 (CH2 )5 CH3 

. ANSWERS 

1. (a) Grignard reagent; (b) thioalcohol; (c) chloral; (d) R-'-Mg-X; 
(e) chloroform; (f) phenyl isocyanide; (g) iodoform; (h) 
nucleophilic substitution; (i) alkyl iodides; U)westron; (k) CFzClz; 
(I) nitric acid; ,em) pyrene; (n) sodium ethoxide, Williamson's 
synthesis; (0) phosgene; (p) acetone; (q) reactive; (r) vic-dihalides 
or alkylene halides; (s) alcohols; (t) increases; 
(u) R3Si - 0 - SiR3; (v) glycol; (w) isocyanide, carbylamine; 
(x) aldehydes or ketones; (y) polyvinyl chloride; (z) solvent. 

2. (a) True; (b) False-form ethers;' (c) False-non-inflammable; 
(d) False-insoluble; (e) True; (f)'rrue; (g) False-ethyl acetate; 

f(h) True; (i) True; (j) False-does not form precipitate; (k) True; 
(I) True; (m) False-tertiary butyl alcohol; (n) True; 
(0) False-does not react; (P) True; (q) False-less reactive; 
(r) True; (s) True; (t) True; (u) False-Friedel-Craft reaction; 
(v) True; (w) False- insoluble; (x) True; (y) True; 
(z) False-undergo iodoform test. 

3. (i) (A~··6); (B-S); (C-7); (0-2); (E-I); (F-4); (G-3). 
(ii) (A-4); (8--6); (C-I); (0-2); (E-'-3); (F-S). 

4. (i) cm3; (ii) HC=CH, (iii) 'CCI3NOz, (iv) CHCI3; (v) C6HSNC, 
(vi) CH4, (vii) HzC=CHCHPH.(viii) No reaction, 

CH:l 
I 

(ix) CH3CH2CHzLi, (x) (CH3)4C, (xi) ICH2~C-CH2CH3' 
. I 

Br 

, (xii) BrCH2HC=CHz, (xiii) BrCHz-CHz-CHzBr, 
(xiv) R3-C(CH3)z, (xv) CH3CH2~C(CHj)2 (Major), 

. 1 I 
OH OCzHs 

CH1 
1 . 

(xvi) CH3-C-CHz-CH3 + CH3-CH-CH-CH3, 

I I I 
Br CH3 Br 

(Major) (Minor) 

Br 

(xvii) ~Br+~ 
{MlYor) (Minor) 

(xviii) Br~ , 

cgrCH-CHZCHJ 
(xix) 0 I (Due to 1,2-hydride' shift), 

Br 

CH3 CH3 
1 'I 

(xx) CH3-C=C-CH3 (Due to 1,2-methyl shift), 

CH3 

1 
(xxi) 'CH~C=CHCH3 (Major), 

. CH3 

1 ' 
(xxii) CH3~C-CH2CH3 (Major), 
, I . 

OCzHs . 

(xxiii) (XCH
3 (xxiv) ~H 

. Br ~Cl 
5. (i) CSz + 3Clz AlCI 3

) CCl4 + SzClz 

(ii) ~H5NHz + CHCI3 + 3KOH ~ CJfsNC + 3KCl + 3HP 
(iii) C2HsOH + 41z+ 6KOH ~ CHI3+ HCOOK + SKI + SHP 
. . . Cl 2 (IV) CaOCl2 + H20 ~ Ca(OH)z + Clz ; C2HsOH ~ 

, . [0] 

CH3CHO CCl3CHO . Ca(OHh) CHCl3 +(HCOO)2Ca 

Cl z CI 
(v) C2HsOH '[0]) CH3CHO ---4 CCl3CHQ 

(Chloral) 

(vi) C2HSBr + NaOC2HS ~. CZHSOC2Hs + NaBr 

(vii) CzHsBr + AgCN ~ C2HSNC + AgEr 
(viii) CCl3CHO + NaOH ~ CHCl3 + HCOONa 

SbF3 (ix) CCl4 + HzF2 ----'-7 CC12Fz + 2HCl 
(Freon) 

, (x) CzHsNH2 + CHCl 3 + 3KOH ~ CzHsNC + 3KCl + 3H20 
(xi) CHCl3 + 4KOH ~ HCOOK + 3KCl + 2H20 
(xii) C2HSBr + Alc. KOH ~ CZH4 + KBr + H20 

• (xiii) 2C2HSBr + 2Zn ~(C2Hs)2Zn + ZnBrz 

H H • 
. I I H10H H 20 

(XIV) H-C=O+CH3MgBr ~ H-C-O.MgBr ~ I . 

(xv) CH3CH2CH2yHCfh 

Br 

CH] 

CH3CHzOH + Mg(OH)Br 

Ale. KOH) CH3CH2CHzCH=CHi 
. Pent-I-ene 

CH3 

(xvi) CH3~~-CH3 

+CH3CH2CH=CHCH3 
Pent -2 -ene (cis and trims) 

[Pent-2-ene (trans-) predominates] 

CH3 

Tert.-BuOK' I 
DMSO ) CH3-C=CH2 

I 2-Methyl propene 

Cl 

AlCI 3 (xvii) (CH3)3C-'-Cl + H2C=CHz ~ 

(CH3)3C-CH2CI:ilCI 
I-Chloro-3,3-dimethylbutane 
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6. (a) C2HSBr + Alc.KOH, 

(b) C2HsBr + Na, 
(c) CzHsBr + (Aq.)NaOH or C2HSBr + AgOH, 
(d) C2HSBr + NapC2Hs, 
(e) C:zHsBr + CH3COOAg, 
(f) CzHsBr + H2(LiAlH4)· 

7. (a) CHP + KOH ~ CH30H + KCI 

<OH 
. -2KCi) CH

2 
- H20) HCHO (b) CH2Cl2 + 2KOH 

(c) CHCl3 + 3KOH 

OH 
Unstable 

OH 
HC~: -H20) HCOOH 

. OH 

, -4v 'Ci /OH -2H 0 ' 
" (d) CCl4 + 4KOH ~ C~OH ~ CO2 

OH 

Ale. KOH) CH3CH=CH2 HB:d ) 
peroXl e 

.CH3CH2CH2Br 

Ale . .KOH) CH3CH=CH2 HB:d ; 
peroXI e 

CH3CH2CH2Br 

(e) CH
3
CH

2
CI Ale. KOH) CH2 ' CH2 

Alkaline) CH20HCH20H 
'KMn04 

(f) C2H50H + CaOCl2 (Bleaching powder) 
[CaOCI2 + HOH ---'--j Cl2 + Ca(OHh J 

C H flH C1 2) CH,3CHO 
2 5'; [0] 

CCl
3
CHO Ca(OHh) 

CHCl3 + (HCOO)2Ca 

CH2S04) CH3CHO ~ CHI3 + HCOONa (IS) HC==' H HgS0
4 

NaOH 

Ale. KO!) CH2=CHBr 

(i)CH3CHzCH3 ~) CH3CH2CH2CI + CH3CHCICH3 

Ale. KOH Cl2 
--~) CH3CH=CH2 ~ CICH2CH=CH2 

, 'Cl Nal 
G) CH4 UV

2
) CH3Cl ) CH I 

Acetone 3 

9. (i) (A) CH3CH2CH2Br; (B) CH3CH=CH2; (C) CH3CHBrCH3; 

(D) CH3CHNH2CH3 . 
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(ii) (A) CH3CH=CH2; (B) CH3CHOHCH3; (C) CH3CHCICH3; 
(D) CH3CH2CH3 ' ' 

(iii) (A) CH3CH=CH2; (B) CH3CH2CH2Br; (C) CH3CH2CH2I; 
(D) CH3CH2CH2MgL, 

(iv) (A) CH3CH(Br)CH=CH2; (B) CH2=CH-CH=CH2; 

(C) CH3CH(Br)CH=CH2 and CH3CH=CH-;-CH2Br 
(v) (A) CH3CH2CH(OH)CH3; (B) CH3CH2CH(Br)CH3; 

(C) CH3CH=CHCH3. 

(vi) (A) CH3-CH-Cl; (B) CH3-CH-NH2; . 

I I 
CH3 ' CH3 

(C) CH,-CH-NC 
. I ' 

CH3 

CX
Br

., (vii) (A) 

Br 
(B) 0; (C) a OH 

(Trans-) 

(viii) (A) CH3CHO; (B) CH3CH=CHCHO 
(C) OHC-CHO ; (D) HOCH2-COONa 

10. (a) CH3CH2CH=CH2 (But-l-ene); , 

(b) CH3CH2CH2CH20H (Butan-I-ol); 
(c) CH3CH2CH2CH2NH2 (Butanamine); 
(d) CH3CH2CH2CH2SCH2CH2CH2CH3 (l-Butylthiobutane); 
(e) ~Hs - C4H9 (Butylbenzene;); 
(f) C4H90C2H5 (l-Ethoxybutane). 

12. (a) (A) C2HSBr (Ethylbromide); (B) C2HsOH (Ethylalcohol); 
(C) CHI3 (Iodoform) 

(b) Eight isomers: 

(i) ~Br 

I-Bromopentane 

""'(iii) 

~ 
Br 

3-Bromopentane 

Br 

(v) ~ 
2-Bromo-2-methylbutane 

Br 

(vii) ~ 
2-Bromo-3-methylbutane 

Br 

(ii) ~ 
2-Bromopentane 

(iv) 
~Br 

I-Bromo-2-methyl 
butane 

(vi) I' 
~Br 

I-Bromo-3-methylbutane 

(viii) ~Br 
1 ~Bromo-2,2-dimethyl 

propane 

(w) (v) and (viii), (x) (i), (y)(ii) Pent-I-ene, Pent-2-ene (cis and 
trans), (z) (iv) 

(c) Four isomers: CICH2CH2CH2CI; CH3CHCICH2CI; 
CH3CH2CHCI2; CH3CCI;CH3· 

13. C2H4CI2-Two structural isomers CH3CHCl2 (l,l-dichloroethane) 
and CH2CICH2CI (l,2-dichloroethane). ' 

14. (i) (a) >= (b) r ! (c) 0 
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CI 

(ii) (d) +, Because tertiary halide reacts faster 
than secondary halide due to greater 
stability of tertiary carbocation. 

. 11 Because of greater stability of 
(e) ~, secondary carbocation than primary. 

(iii) (f) CH3 I, Because r ion is a better leaving group 
than Br- ion due to its large size. 

(g) CH3 CI, Because of stearic . hindrance in 
(CH3 h C- Cl. 

15. (a) RI > RBr '> H20> RCI > RF > RH 

(b) CCl4 ' CHCl3 > CH2Cl2 > H20> CH3CI 
(c) Mel/ MeBr > MeCl > MeF 
(d) MeF > MeCI > MeBr > Mel 
(e) Mel> MeBr > MeCl > MeF 
(t) MeX > RCH2-X > R2CH-X >R3C-X 
(g) Allyl, benzyl> 3° > 2° > ]0 

(h) CHI) > CHBr3 > CHCI) > CH3F 
(i) (a) I >.JV> III > II (b) II > III > I 

(c) I > III> II (d) I > III > II > IV 

16. C2BrCIFl It has six isomers: 

Bt) <I (i) C=C 
CI F 

Br> <F (ii) C=C. 
CI I 

Br> <I (iii) C=C 
F CI 

B> <CI (iv) . C=C I 

Br ""'''' <F . (v) /=C ; 
I Cl 

D 

17. (i) [AJ=I+CH2CH2CH3 

H 

(ii) [8] n-@-cH2CH3 

Br ""'''' <CI (vi) /=C 
I F 

(iii) [C] KOH or OW or NaOHlCCl 4 
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PROBLEMS BASED ON STRUCTURE AND PROPERTIES 

1. An organic compound (A) C7H1s CI on treatment with 

alcoholic caustic potash gives a hydrocarbon (B) C7 H14 • (B) 
on treatment with ozone and subsequent hydrolysis gives 
acetone and butyraldehyde. What are (A) and (B)? 
[Hint: (A) (CH3hCCICH2CH2CH2CH3 

or 
. (CH3hCHCHClCH2CH2CH3 

(i) 03 
(8) (CH3)2C=CHCH2CH2CH3.. ) 

(II) Zn/H20 

(CH3)2CO + OHCCH2CH2CH3] 
2. A chloro compound (A) showed the following properties: 

(a}decolourised bromine water, (b) absorbed hydrogen 
catalytically, (c) gives precipitate with ammonical cuprous 
chloride, (d) when vaporized 1.49 g of (A) gave 448 mL of 
vapours at STP. Identify (A) and write down the reactions 
involved. 

[ Hint: First two properties indicate, the compound is 
unsaturated. The third property shows that the com
pound has ~CH grouping. 

22400 x L49 
Molecular mass = = 74.5 

448 
Let the formula of the compound be RCIC==CH, i. e., 

R + 35.5 + 25 = 74.5 ' 
R = 14(CHz) 

The compound is CH2 C==CH (3-Chloropropyne)] 
I 
CI 

3. An alkyl halide (X) offormula C6 H13 CI on treatment with 

potassium tertiary butoxide gives two isomeric alkenes (Y) 
and (Z) of formula q,H12 • Both alkenes on hydrogenation 
give 2,3-dimethylbutane. Predict (X), (Y) and (Z). 

L
r Ans. (X) (CH3)2CH· C(CH3)2' (y) CH3 -C=C-CH3, 

I I I 
Cl CH3 CH3 

(Z) CH3- yH-f=CH2] 

CH3 CH3 

4. An organic compound (A), CsH9Br which readily 

decolourises bromine water and KMn04 solution gives (B), 
CsHlIBr on treatment with SnlHCl. The reaction of (If) 
with NaNH2 produces (C) with evolution bf ammonia. (C) 
. neither reacts with sodium nor forms any metal acetylide 
but reacts with Lindlar catalyst to give (D) and on reaction 
with Na/liq. NH3 produces (E). Both the com~ounds (D) 
and (E) are isomeric. Give structures of (A) to (E) with 
proper reasoning. 

[ Hint: Compound (A) is an unsaturated compound consisting a 
double bond as it decolourises bromine water and 
KMn04 solution. 

CH3-CH=CBrC2Hs Sn/HCI) CH3-CH2-CHBr-C2Hs 
(A) (B)~~ltBr I NaNH, 

Lindlar's catalyst J 
CHr -C==C-C2Hs 1VJ. .. II CH3CH=CHCzHs J 

(C) ~i9 (D) Both are 
Is does not have acidic . Jv~ Cis-form geometrical 

hydrogen, so it does not CH
3
CH=CHC

2
Hs isomers. 

react with Na or fonns Trans-form 
metal acetylide (E) 

S. An organic compound (A), C4 H9CI on reacting with 

aqueous KOH gives (B) and on reaction with alcoholic 
KOH gives (C) which is also formed by passing vapours of 
(B) over heated copper. The compound (C) readily 



decolourises bromine water. Ozonolysis of (C) . gives two 
compounds (D) and (E). Compound (D) reacts with NH2 OH 
to give (F) and the compound (E) reacts with NaOH to give 
an alcohol (G) and sodium s~lt (ll) of an acid. (D) can also 
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be prepared from propyne on treatment with water in 
presence Of Hg2+ and H2S04 , Identify (A) to (ll) with 

proper reasoning. 

CH3 CH:i 

[Hint: CH3-6-Cl Aq. KOH.. CH3-6-OH ~ . (CH3hC=O + HCHO 

tH tH (} ~~ ~~~.. (D) (E) 
3 3 ~~ t;.0'" I (AI) (8) ~ O~ NH20H 

NaOH 
--_.. CH)OH + HCOONa 

(0) (H) 

. Ale. KOH' 
'----'----'-:.;..;..----_lI' (CH3)2C=CH2 (CH)zC-;--NOH 

(C) (F) 

6. A 109 mixture of isobutane and isobutene requires 20 g of 
. Br2 (in CC14 ) for complete addition. If 10 g of the mixture 
is catalytically hydrogenated and the entire alkane is 
monobrominated in the presence of light at 120°C, which 
exclusive product and how much of it would be formed? 
(Atomic weight of bromine =80) 
[ Hint: Let isobutane be a g and isobutene b g. Thus 

a+b==lOg 

fT 
CH3-C=CHz + Brz ---4 

I (80 x 2) 
CH3-C-CH2Br 

I 
CH3 CH3 

lsobutene 
(56) 

CH3-CH-CH3 + Br2 ---4 No addition reaction 
I 
CH3 

lsobutane 

Nowi 60 g of Br2 reacts with 56 g of isobutene 

. :.20 g of Br2 reacts with 56 x 20 :;:: 7 g of isobutene (b) 
160 . 

Thus, amount of isobutane (a) is (10 7) :;:: 3 g 

CH3-?=CH2 + Hz ---4 CH3-

y
H-CH3 

CH3 CH) 

(56) (58) 

Now 56 g of isobutene gives 58 g of isobutane 

7 f · b . 58 x 7 725 f·' b' :. g 0 ISO utene gIves -- '. g 0 ISO utane 
56 

Total amount of isobutane available for 10 g mixture 

== (7.25 + 3) g:;:: 10.25 g 

Br 
I 

<::H3-?-CH3 

CH3 

Ten.-butyl bromide (137) 

Now 58 g of.isobutane gives 137 g of tert-butyl bromide 

:.10.25 g of isobutane gives 13.7 X 10.25 == 24.21 g of tert-butyl 
58 . 

bromide.] 

7. Compounds (A) and (B) on reaction in ether medium and 

subsequent acidification and oxidation give 2,5-dimethyl
hexan~3-one. What are (A ) and (B)? 

[Hint: CH
3
CHMgBr + CH

3
CHCH2CHO . ether) 

I I 
CH3 CH3 

(A) and (8) 

CH3CHCH2MgBr + CH3CHCHO 
I . I ' 

CH3 CH) 
(A) and (8) 

CH3 yHCH
2y
H-

y
HCH3 

. CH3 OMgBr CH3 

or j {i)HOH 

(ii) Oxidation 

(i) ether 
(ii) HOH" CH3CHCHzCCHCfI3] 

I III 
(iii) Oxidn. CH

3 
OCH3 

2.5-Dimethylhexan-3-one 

8. (W)and (X ) are optically active isomers ofCs H9CI. (W)ori. 

treatment with 1 mol of H2 is converted to an optically 
inactive compound (Y) but (X) gives an optically active 
compound (Z)under the same conditions. Give structure of 
(Y) and configurations of (W), (X) and (Z) in Fischer 
projections. [Roorkee 2000] 

CH2CH3 

[Hint: H I CI 

or H 

CH=CHi 
(W) 

CH=CH2 

I CI ~ H 
CH2CH3 

(W) 

CHzCH3 

H I CI 
CH2CH3 

(Y) 

CH2CH) 

I ·CI 
CH2CH3 

(Y) 



Halogenated Aliphatic Hydrocarbons 

H 

C

1

H3 

~ HI--t---CH2Cl 

CHZCH3 
(Z) 

CH3 

or ClCHz---1---=--H ~ CICHz 
- tH=CHz 

CH3 

I II 
CH2CH3 
(Z) 

orR 

(X) 

CH] 

I CI ~ H 
r T T=CHCH3 

(X) 

CH3 I CI] 
CHzCHzCH3 

(Z) 

9. On e\f'::;trolysis, an alcoholic solution of sodium chloride 
gives a sweet smelling liquid (A) which gives carbylamine 
reaction and condenses with acetone to fonn hypnotic. 
What is (A)? Give reactions of its fonnation. 
[ Hint: NaCI ~ Na + + CL At anode Clz is discharged and 

electrolytic solution contains NaOH on electrolysis. Clz 
oxidises alcohol to acetaldehyde which is chlorinated to 
chloral. Chloral on hydrolysis yields chlorofonn. 

r H OH C12) CH CHO C12) CCI CHO NaOH). 
'-'2 S [0] 3 3 

CHCl3 + HCOONa 
(A) . 

CHCll gives carbylamine reaction and condenses with 
acetone .to fonn bypnotic.] 

10. RGl is treated with Li in ether to fonn R-Li. R-Li reacts 
with water to fonn isopentane. R--CI also reacts with. 
sodium to fonn 2,7-dimethyloctane. What i~ the structure of 
R--CI? 

[~int:R-:-Li + HzO~ . CH3-rH-CHz-CH3 + LiOH 

CH3 

lsopentane 

R-CI + Na + CI-R ~ CH3CHCHzCHzCH2CHzCHCH3 
I. I 
CH) CH3 

2,7 -dimethyloctane 

CH3 -'-CH-CHz-CH2CI]· 
- I 

CH) 

The structure of RCI is, 

ll. Which hydrocarbon is consistent with the following 
fonnation? Molecular mass = 72 gives a single 
monochloride and two dichlorides on photochlorination. 
[Hint: Let the hydrocarbon be CnH2n+Z, i.e., 

12n + 2n + 2 = 72 or n = 5. The hydrocarbon is 
CsH lZ' As it fonns a single monochloride, aU the hydro
gen atoms are equivalent. The compound is (CH3)4C, 
i.e., neopentane. Single chloro derivative is 
(CH3)3CCHzCI and the two dichlorides are 
(CH3)3CCHClz and (CH3)zC(CHzCI}z] 

12. With alkali C3H6C1 2 (A) gives C3H60(B) orC3H4 (C). (C) 

reacts with dilute H2 SO 4 containing mercuric sulphate to 
give C3H60 (D) which gives iodofonn test. 

[Ans. (A) is CH3CHzCHClz (l,I-Dichloropropane) 

(B) is CH3CH2CHO (Propanal) 
(C) is CH3-C==CH (Propyne) 
(D) is CH3COCH3 ~Acetorie)] 

.. 
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OBJECTIVE OUESTIONS 
SET I: This set contains the questions with single correct answer. 

1. The derivatives not found in nature are: 
(a) alkanes 0 (b) carbohydrates 0 
(c) fats 0 (d) alkyl halides 0 

2. C2HSBr can be obtained in the laboratory by the action of 

ethyl alcohol with: 
(a) KBr 0' 

'(b)NH4Br 0 
(c) Br2 

Cd) KBr and conc. H2S04 
3. The reaction, 

o 
o 

Alcohol + HCI ~ Alkyl halide + H20 

is reversible. For the completion of the reaction ...... is 
used. 
(a) anhydrous zinc chloride .0 
(b) concentrated H2 SO 4 0 
(c) excess of water 0 
(d) calcium chloride 0 

4. Which one is an organometallic compound? 
(a) C2HsONa 0 (b) C2HsSNa 0 
(c) C2HSMgI 0 (d) All of these 0 

'5. A Grignard reagent is prepared by the action of magnesium in 
dry ether on: (EAMCET (Med.) 2006; CPMT 2008] 
(a) C2HsOH 0 (b) C2H6 0 
(c) C2HsCI 0 (d) C2HsCN 0 

6. Iodoform is formed' on warming iodine and sodium 
hydrqxide with: 
(a) CH30H 

(c) HCOOH 

o , (b) C2HsOH 

o (d) C2H6 

7. Ozone in stratosphere is depleted by: 
(a) C6F6 0 (b) CF2Cl2 
(c) C7FI6 0 (d) C6H6Cl6 

8. Chloral is: 
(a) CC13CHO o (b) CCl 3CH3 

o 
o 

[AIIMS 2004] 

o 
o 

o Cd) CCl3CH20H 

o 
o 

9. The poisonous gas obtained by exposing chloroform to air 
and sunlight is: [CPMT 2004) 
Ca) CH2Cl2 0 (b) COCl 2 0 
(c) CH20 0 (d) CH3CI 0 

10. Which is the correct formula of bleaching powder? 

(a) Ca(OCI)Cl o (b) CaO(OCI) 

(c) Ca(OCI)2 o (d) Ca(OClhCI 

[BHU 2005) 

o 
o 

n. When chloroform is treated with aniline and potassium 
hydroxide we get: 
(a) sweet odour 0 
(b) bitter almond odour 0 

(c) very repulsive characteristic odour 0 
(d) none of the above 0 

12. When the reaction between methyl iodide and sodium 
ethoxide occurs, we get: 
(a) methyl acetate 0 (b) ethyl methyl ketone 0 
(c) ethyl acetate 0 (d) ethyl methyl ether ' 0 

13. The bad smelling subs~ce formed by the action of 
alcoholic caustic potash on chloroform and aniline is: 
(a) phenyl isocyanide 0 (b) nitrobenzene 0 
(c) chloropicrin 0 (d) acetylene 0 

14 •..... would be obtained'by boiling CHCl3 with caustic 

soda. 
(a) Sodium acetate 0 (b) Sodium formate 0 
(c) Sodium oxalate 0 (d) Methyl alcohol 0 

15. Heating together of sodium ethoxide and ethyl iodide will 
give: 
(a) ethyl alcohol 0 (b) acetaldehyde 0 
(c) diethyl ether 0 (d) acetic acid 0 

16. Chloropicrin is: 
(a) picric derivative 0 (b) nitrochloroform 0 
(c) :1itromethane 0 (d) nitroethyl chloride D 

17. CH
3
0H PI3 ) (A) ~ (B) Hydrolysis) (C) 

The compound (C) is: 
(a) CH30H o (b)HCOOH 

o (d) CH3COOH 

18. C
2HSBr KeN) (A) Hydrolysis) (B) 

, Hel 

The compound (B) in above reaction is: 

D 
D 

(a) ethylene chloride 0 (b) acetic acid D 
(c) propionic acid '0 (d) ethyl cyanide D 

19. Which of the following reactions is an example of 
nucleophilic substitution reaction? [CBSE (Med.) 2009) 
(a) RX+ Mg ~ RMgX D 
(b)RX+KOH~ROH+KX 

(c) 2RX +2Na ~R-R+2NaX 

(d)RX+H2 ~RH+HX 

20. Chloroform can be obtained from: 

CJ 
D 
D 

(a) methanol 0 (b) methanal D 
(c)propan-I-ol 0 (d)propan-2-o1 0 

21. When iodoform is heated with Ag powder it forms: 
(a) acetylene 0 (b) ethylene 0 
(c) methane 0 (d) ethane 0 

22. Which one of the following is'gem-dihalide? 
(a) CH)CH2Br2 0 (b) CH2Br·CH2Br 0 
(c) CH3 CHBrCH2Br 0 (d) CH3CHBrCH2CH2 BrD 

23. Ethylene dichloride and ethylidene chloride are isomeric 
compounds. Identify the statement which is not applicable 
to both of them: 
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(a) they react with alcoholic KOH 0 
(b) they are dihalides 0 
(c) they react with aq.KOH and give the same product 0 
(d) they respond to Beilstein's test 0 

24. A sample. of chloroform before using as an anaesthetic, is 
tested by: [JIPMER 2003) 
(a) Fehling's solution 0 
(b) ammoniacal cuprous chloride 0 
(c) ammoniacal silver nitrate solution 0 
(d) silver nitrate solution after boiling with alcoholic KOH 

o 
25. Ethyl alcohol is obtained when ethyl chloride is boiled with: 

26. 

(a) alcoholic KOH 0 (b) aqueous KOH 0 
(c) water 0 (d) H20 2 0 
Which one of the following statements is wrong? 
(a) Lower alkyl halides are either colourless gases or 

volatile liquids 
(b) Alkyl halides are very soluble in water 
(c) Alkyl halides burn easily with green edged flame 
(d) The higher alkyl halides are colourless solids 

o 
o 
o 
o 

27. Alkyl halides are used for the preparation of: 
(a) alkanes 0 (b) alkenes 0 
(c) alcohols 0 (d) all of these 0 

28. A silver salt of fatty acid on heating with alkyl halide gives: 
(a) ether 0 (b) alcohol 0 
(c) ester 0 (d) aldehyde 0 

29. The product obtained when ethyl alcohol is distilled with 
bleaching powder is: 

30. 

31. 

(a) chloroform 0 (b) ethyl chloride 
(c) acetaldehyde 0 (d) chloral 
Chlorination of CS2 gives: 

o 
o 

(a) carbon tetrachloride O. (b) chloroform 0 
(c) both of these 0 (d) none of these 0 
Which will be obtained by boiling CH2Cl2 with caustic 

soda? 
(a) Sodium oxalate 0 (b) Sodium acetate 0 
(c) Sodium formate 0 (d) Ethyl alcohol 0 
[Hint: Formaldehyde is the fiFst product which undergoes 

Cimnizzaro's reaction to form methyl alcohol and 
sodium formate] 

32. When CCl4 is boiled with hot ethanolic KOH, the product 
formed is KCI and: . 
(a) formic acid 0 (b) methyl alcohol 0 
(c) formaldehyde 0 (d) potassium carbonate 0 

33. Which one of the following statement is wrong? 
(a) Iodoform is used as an antiseptic 0 
(b) Chloroform can be used as an anaesthetic 0 
(c) Chloropicrin is used as an insecticide . 0 
(d) Chloretone is used as an antiseptic 0 

34. In the reaction, CH=CH + 2Cl 2 ~ CHCI 2-CHCI2 , 

the product is: 
(a) called westrosol 
(b) used as a solvent 
(c) used as a fire-extinguisher 
(d) used as an anaesthetic 

o 
o 
o 
o 
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35. The compound CCl2 =CHCI is known as westrosol. Which 

one of the following statements is wrong regarding this 
compound? 
(a) It is obtained by treating westron with Ca(OHh 0 
(b) It is used as a solvent 0 
(c) It is used in refrigerators 0 
(d) It is used as a degreasing agent 0 

36. Alcoholic solution of KOH is used for: .. 
(a) dehalogenation 0 (b) dehydrohalogenation 0 
(c) dehydration 0 (d) dehydrogenation ~ 0 

37. The reaction, 
R-Br + NaCN ~ R-CN+ NaBr, is an example of: 

(a) elimination reaction IJ 
(b) nucleop~ilic substitution 0 
(c) electrophilic substitution 0 . 
(d) oxidation reduction 0 

38. . ..... is usually added to chloroform to retard its 
decomposition. 
(a) Ethanol 0 (b) Sodium carbonate 0 
(c) Ethyl chloride 0 (d) Ethyl borate 0 

39. AgN03 does not give precipitate with CHCl 3 because: 

[BCECE (Med.) 2008) 
(a) AgN03is chemically inert 0 
(b) CHCl3 is chemically inert 0 
(c) CHCl3 does not ionise in water O· 
(d) none of the above 0 

40. Teflon is a polymer of: 
(a) ethylene 0 (b) vinyl chloride 0 
(c) acetonitrile 0 (d) tetrafluoro ethene 0 

41. Which alkyl halide has maximum reactivity? 
(a) CH3CH2Br 0 (b) CH3Br 0 
(c) CH3CH2 CH2Br 0 (d) CH3CH2CH2CH2Br 0 

42. Decreasing order of reactivity of alkyl halide is: 
(a)RI>RCI>RBr 0 (b)RBr>RCI>RI 0 
(c) RI > RBr > RCI 0 (d) RCI > RBr > RI 0 

43. n-Propyl bromide reacts with ethanolic KOH to form: 
[CET (Karnataka) 2008) 

(a) propane 0 (b) propene 0 
(c) propyne 0 (d) propanol 0 

44. The. bond angle in carbon tetrachloride is approximately: 
0018~ 0 0012~ 0 
(c) 109° 0 (d) 90° 0 

45. Ethylidene chloride on hydrolysis with aq. KOH gives: 
. [JIPMER 2004) 

(a) CH3CHO 0 (b) CH3COOH 0 
(c) CHCl3 0 (d) CH3CH20H 0 

46. Chloroform on reaction with acetone yields: 
(a) insecticide 0 (b) analgesic 0 
(c) isocyanide 0 (d).hypnotic 0 

47. The chloro compound which is used as a fire extinguisher is: 
(a) CCl 4 0 (b) CHCl3 0 
(c) CH3CI 0 (d) COCl2 0-. 



48. I-Chlorobutane when treated with alcoholic potash gives: 
(a) I-butene 0 (b) I-butanol 0 
(c) 2-butene 0 (d) 2-butanol 0 

49. Which of the following is obtained when chloral is boiled 
with NaOH? 
(a) CH3Cl 0 (b) CHCl 3 0 
(c) CCl4 0 (d) None of these 0 

50. Which of the following will not give iodofonn test? 
[CPMT 2004; UGET (Med.) 2007] 

(a) HCHO 0 (b) C2HsOH 0 
(c) CH3CHO 0 (d) CH3COCH3 0 

51. Butanenitrile may be prepared by heating: 
(a) propyl alcohol with.KCN 0 
(b) butyl alcohol with KeN 0 
(c) butyl chloride with KCN 0 
(d) propyl chloride with KCN 0 

52. A mixture of l-chlorobutane and 2-chlorobutane when 
treated with alcoholic KOH, gives: [UGET (Med.) 2008] 
(a) I-butene 0 
(b) 2-butene 0 
( c) isobutylene 0 
(d) a mixture of I-butene and 2-butene 0 

53. The reagent used in the conversion of I-butanol to 
l-bromobutane is: 
(a) CHBr3 . 0 (b) Br2 

o (d) PBr3 

o 
o 

54. Which reagent cannot be used to prepare an alkyl halide 
from an alcohol? 
(a) NaCI 0 (b) PCls 0 
(c) SOCl2 0 (d) ZnCl2 + HCI 0 

55. 'Ethyl bromide reacts with lead-sodium alloy to fonn: 
(a) tetraethyllead 0 
(b) tetraethyl lead bromide 0 
(c) both (a) and (b) . 0 
(d) none of the above ' 0 

56. The nature of hydrogen atom in chlorofonn molecule 'is: 
(a) neutral 0 (b) acidic 0 
(c) basic 0 (dj cannot be predicted 0 

57. How many structural isomers are possible for C2H4Br2? 

(a) 1 0 (b) 2 0 
(c) 3 0 (d) 4 0 . 

58. In the preparation of CHCl 3 from ethanol and bleaching 

powder, the latter provides: 
(a) Cl2 0 (b) Ca(OHh' 0 
(c) both (a) and (b) 0 (d) none of these 0 

59. Which of the following processes does not occur during 
formation of CH~13. from ethyl·alcohol and bleaching 
powder? 
(a) Oxidation 0 (b) Chlorination 0 
(c) Hydrolysis 0 (d) Reduction 0 

60.. Which of the following is' 2° chloride? 
(a) Isopropyl chloride . 0 (b) Isobutyl chloride 0 
(c) n-Pr9Pyl chloride 0 (d) n-Butyl chloride 0 
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61. Which one of the following will produce a primary alcohol 
by reacting with CH3 MgI? 
(a) Acetone 0 (b) Methyl cyanide 0 
( c) Ethylene oxide D· (d) Ethyl acetate [] 

62. Grignard reagent adds to: 

(a) )C=O 0 (b) -C==N 0 

(c) )c S 0 (d) all of these 0 

63. For the reaction, 

znX2 C2 HsOH+HX ~ C2 HSX 

The decreasing order of reactivity of halogen acids is: 
(a) HI>HCl>HBr 0 (b) HI>HBr>HCI 0 
(c) HCI > HBr > HI 0 (d) HBr > Ill> HCI 0 

64. Which of the following alkyl halide is hydrolysed by S N I 

mechanism? 
(a) (CH3 hCHX 

(c) CH3CH2CH2 X 

o (b) CH3CH2X 

o (d)(CH3 hCX 

65. SN1 reaction is favoured by: 

o 
o 

(a) non-polar solvents 0 
(b) bulky groups on the carbon atom attached to halogen 

atom 0 
(c) small groupson the carbon atom attached to halogen. 

mom 0 
(d) none of the above 0 

66. Only two isomeric monochloro derivatives are possible 
from: 
(a) ethane 0 (b) 2,2-dimethylpentane 0 
(c) neopentane 0 (d) 2-methylpropane 0 

. 67. An organic halide with fonnula C6H\3Br on heating with 

alc. KOH gives two isomeric alkenes (A) and (B) with 
fonnula C6 'H12 . On reductive ozonolysis of mixture (A) and 
(B), the following compounds are obtained: 

CH3COCH3 , CH3CHO, CH3CH2CHO and (CH3 )2 CHCHO 

The organic halide is: 
(a) 2-bromohexane 0 
(b) 3-bromo-2-methylpentane 0 
(c) l-bromo-2,2-dimethylhexane 0 
(d) none of the above' 0 

68. (CH3 h CHCI + NaI ~ (CH3 h CHI + NaCI 

The above reaction is known as: 
(a) Finkelstein reaction 0 (b) Stephen's reaction 0 
(c) Kolbe's reaction 0 (d) Wurtz reaction 0 

69. In elimination reactions, the reactivity of alkyl halides is in' 
decreasing order: 
(a) T>S> P 0 (b) P>S>T 0 
( c) S > P > T 0 (d) none of these 0 

70. Which of the following alkyl halides is hydrolysed by S N 2 

mechanism? . 

(a)H2C=CHCH2Br 0 (b)(CH3)3CBr 0 

(c) CH3Br 0 (d) None of these 0 
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71. Ethene on treatment with bromine in presence of NaCI 
solution gives: 
(a) 1,2-dibromoethane 0 
(b) 1,2-dichloroethane 0 
(c) a mixture of 1,2-dibromo and 2-bromo-I-chloroethanes 

o 
(d) no reaction occurs 0 

72. The non-reactivity of chlorine atom in H2 C=CH-Cl is 

due to: 
(a) inductive effect [] (b) resonance stabilization 0 
(c) electromeric effect 0 (d) electronegativity . 0 

. 73.· Ethyl orthoformate is formed by heating ...... with sodium 
ethoxide. [DCE 2008] 

(a) HCOOH 0 (b) C2HsOH 0 
(c) CHCl 3 0 (4) CH3CHO 0 

74. Whathappens when CCl 4 is treated with AgN03 solution? 

(a) N02 will be evolved 0 
(b) ~ white ppt. will be formed 
(c) CCl 4 will dissolve in AgN03 solution 

o 
o 

(d) No reaction takes place 0 
75. Iodoform can be prepared in the laboratory by the action of 

iodine on sodium carbonate solution having: 
(a) ethanol 0 (b) ether 0 
( c) acetone 0 (d) acetic acid 0 

76. Haloform reaction is used for preparing: 
(a) halogens 0 (b) alkyl halides 0 
(c) CCl 4 0 (d) ·CHCI 3 0 

77. Upon reduction, iod9form yields as the first product: 
(a) methane 0 (b) methylene iodide 0 
(c) ethane 0 (d) mono-iodorflethane 0 

78. Chloroform on reduction with zinc and water gives: 
(a) acetylene 0 (b) ethylene 0 
(c) ethane 0 (d) methane 0 

79 .. When carbon tetrachloride is reduced with Zn and H2S04 

in alcoholic solution, it forms: 
(a) CH3CI 0 (b) CHCI 3. 

(c) C2HsCI 0 (d) Cl 2 
80. Pure chloroform may be prepared by: 

(a) chlorination of methane 
(b) partial reduction of CCl 4 

o 
o 

o 
o 

( c) the action of bleaching powder and alkali on ethanol 0 
(d) distilling chloral hydrate with conc. aqueous alkali 

solution 0 
81. When iodoform is heated with silver nitrate solution, we 

get: 
(a) a yellow ppt. of AgI 0 (b) a white ppt. of Agel d 
(c) silver mirror 0 . (d) no precipitate 0 

82. When pure chloroform is shaken with silver nitrate solution, 
we get: 
(a) no precipitate 0 (b) a yellow ppt. of AgI 0 
(c) a white ppt. of AgCI 0 (d) acetylene is liberated 0 

83. When alkyl halide is heated with an aqueous ethanolic 
solution of silver nitrite, it gives: 

(a) nitroalkane only 0 
(b) alkylnitrite only 0 
(c) a mixture of nitro alkane and alkylnitrite 0 
(d) acetylene 0 

84. When ethyl chloride is heated with AgCN, the main product 
is: 
(a) ethyl cyanide 0 (b) ethyl isocyanide 0 
(c) ethyl amine 0 (d) ethyl nitrate 0 

85. When a solution of sodium chloride containing ethyl 
alcohol is electrolysed, it forms: 
(a) ethyl chloride 0 (b) chloral 0 
(c) chloroform 0 (d) acetaldehyde [J 

86. When ethyl alcohol is heated· with a paste of bleaching 
powder, we get a compound in which the function of 
bleaching powder is: 
(a) as an oxidising agent 0 
(b) as a chlorinating agent 0 
(c) as a hydrolysing agent 0 
(d) as chlorinating, oxidising and hydrolysing agent 0 

87. Which of the following will not give iodoform test? 
[UPSEAT 2004] 

(a) Isopropyl alcohol 0 (b) Ethanol 0 
(c) Ethanal 0 (d) Benzyl alcohol 0 

88. Which is detected by carbylamine test? 

89. 

90. 

91. 

92. 

93. 

94. 

95. 

(a) H2NCONH2 0 (b) CH3CONH2 0 
(c) C2HSNH2 0 (d) All of these 0 
Terminal dihalides on heating with zinc and methanol, we get: 
(a) alkenes 0 (b) cycloalkanes 0 
(c) alkynes 0 (d) alkanes 0 
When an alkyl halide reacts with alcoholic potassium 
hydroxide to form an alkene, the reaction is called as: 
(a) dehydrohalogenation reaction 0 
(b) elimination reaction 0 
(c) increase in unsaturation 0 
~d~~~~ 0 
Tert. butyl chloride preferably undergoes hydrolysis by: 

[DCE 2008] 

(a) S ~ I mechanism 0 (b) S N 2 mechanism 0 

(c) any of (a) and (b) 0 (d) none of these 0 
Alkyl halide reacts with· alcoholic potassium hydrogen 
sulphide to form: 
(a) alkanethiol 0 (b) thioether 0 
( c) thioacid 0 (d) alkane 0 
Alkyl halide when heated with alcoholic solution of 
potassium sulphide, it forms: 
(a) thioalcohol 0 (b) thioether 0 
( c) thioacid 0 (d) alkane 0 
The aliphatic halide which is used for the preparation of 
synthetic rubber, plastics and resins is: 
(a) chloroform 0 (b) carbon tetrachloride 0 
(c) allyl iodide 0 (d) vinyl chloride 0 
The antiseptic action of CHI3 is due to: . 

(a) iodoform itself 0 
(b) liberation of free iodine 0 
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(c) partially due to iodme and partially due to CHI3 itself 
o 

(d) none of the above o 
96. Which of the following is not an industrial solvent? 

(a) CHCl3 0 (b) CHI3 

(c) CCl4 . 0 (d) (C2HS h ° 
o 
o 

97. The reaction conditions leading to the best yield ofC2HsCI 

are: 

Dark, Room temp. 

. 'UVlight 
(c) C2H6 +CI2(excess) ) 

(d) C
2
H

6 
+C12 UVligbt) 

) 

o 
o 
o 
o 

9S. Arrange the following in order of their decreasing acid 
strength: 
(a) HCIO> HCI02 > HCI03 > HCI04 0 
(b) HCI04 > HCI03 > HCI02 > HCIO 0 
(c) HCIO > HCIO 4> HCI03 > HCI02 0 
(d) HCI04 > HCIO> HCI02 > HCI03 0 

99. With conc. nitric acid, the chloroform forms a compound 
which is used as an: 
(a) anaesthetic 0 (b) antiseptic 0 
( c) insecticide 0 (d) antiknock compound 0 

100. The order of reactivity of alkyl halides depends upon: 
(a) nature of alkyl group 0 
(b) nature of halogen atom 0 
(c) nature of both alkyl group and halogen atom 0 
(d) none of the above 0 

101. I-Bromopropane and 2-bromopropane on treatment with 
sodium in presence of ether gives: . 
(a) n-hexane 0 
(b) 2,3-dimethylbutane 0 
(c) 2-methylpentane 0 
(d) a mixture of all these different alkanes ' 0 

102. Compound C4 HsCl2 (A)on hydrolysis gives a compound 

C4 HsO(B) which reacts with hydroxylamine and does not 
give any test with Tollens' reagent. What are (A ) and (By? 
(a) 1,I-Dichlorobutane and butanal 0 
(b) 2,2-Dichlorobutane and butanal 0 
(c) l,l-Dichlorobutane and butan-2-one 0 
(d) 2,2-Dichlorobutane and butan-2-one 0 

103. Seqondary butyl chloride on boiling with alcoholic potash gives: 
(a}'-only I-butene . 0 
(b) only 2-butene 0 
(c) isobutylene 0 
(d) a mixture of I-butene and 2-butene 0 

104. Which one of the following compounds is stable? 
(a) CH3CH(OHh 0 (b) (CH3 h CH(OH)2 0 
(c) CCI3CH(OHh 0 '(d) None of these 0 

105. Chloroform on treatment with phenol in presence of caustic 
alkali forms salicylaldehyde. This reaction is known as: 

. . 
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(a) Carbylamine reaction 0 
(b) Cannizzaro's reaction 0 
(c) Wurtz-Fittig reaction D 
(d) Reimer-Tiemann reaction 0 

106. Which of the following compounds will give a yellow 
precipitate with 12 and alkali? IUPSEAT 2003] 
(a) Acetophenone 0 (b) Benzophenone 0 
(c) Methyl acetate 0 (d) Propionaldehyde 0 

+ Cl2 ) (B) 
Sun light 

The product (B) can be used as a: 
(a) fire extinguisher 0 (b) solvent 
(c) insecticide 0 (d) all of these 

lOS. CH
3
C=CH Dil. H2S04 ) (B) CHCI3) (C) 

, (HgS04) (NaOH) 

Compound (C) can be used as: 

o 
o 

(a) an anaesthetic 0 (b) an insecticide 0 
(c) a solvent 0 (d) a hypnotic 0 

109. Treatment ofNH3. with excess of ethyl chloride gives: 

(a) diethylamine 0 
(b) ethane 0 
(c) tetraethylammonium chloride 0 
(d) methylamine 0 

110. Chloropicrin is obtained by the reaction of: 
[eBSE (Moo.) 2004; UGET (Med.) 2007] 

(a) steam on carbon tetrachloride 0 
(b) nitric acid on chlorobenzene 0 
(c) chlorine on picric acid 0 
(d) nitric acid on chloroform 0 

111. Isobutyl magnesium bromide with dry ether and absolute 
alcohol gives: 
(a) (CH3 hCHCH20Hand CH3CH2MgBr 0 
(b) (CH3 h CHCH2CH2CH3 and Mg(OH)Br 0 
(c) (CH3 hCHand CH3CH20MgBr 0 
(d) (CH3 h CH, H2C=CH2 and Mg(OH)Br 0 

112. Which of the following is an organometallic compound? 
(a) Lithium methoxide 0 
(b) Lithium acetate 0 
(c) Lithium dimethylamide 0 
(d) Methyl lithium 0 

113. Which of the following will give a yellow precipitate with 
12 /NaOH? 
(a) ICH2COCH2CH3 0 
(b) CH3COOCOCH3 0 
(c) CH3CONH2 0 
(d) CH3CH(OH)CH2CH3 0 

114. Which of the following will react with water? 
(a) CHCl 3 D (b) Cl3CCHO 0 . 
(c) CCl 4 0 (d) CICH2 CH2 CI 0 
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115. CH3-CHz-CH-CH
3 

obtained. by chlorination of I . . 
CI 

n-butane will be: [CBSE (Med.) 2001] 
(a) meso fonn 0 (b) racemic mixture 0 
(c) d-fonn 0 (d) I-fonn . D· 

116. Isopropyl chloride undergoes hydrolysis by: 
\. (CBSE (Med.) 2001] 

(a) SN 1 mechanism 0 

(b) S N 2 mechanism 

(c) SN 1 and SN 2 mechanism 

(d) Neither S N 1 nor S N 2 mechanism 

o 
o 
o 

117. The number of isomers for the compound with molecular 
fonnula CzBrCIFI is:' (lIT 2001) 
(a) 3 0 (b) 4 . 0 
(c) 5 0 (d) 6 0 

118. Which one of the following is most reactive towards 
nucleophilic substitution? (SCRA 2001) 
(a) H2C=CH-Cr 0 (b) C6H5CI 0 
(c) CH3-CH, CH-CID (d)CICH2-CH=CHz 0 

119. Match List I (Compound) with List II (Use) and select the 
correct answer using the codes given below in the lists:' . 

(SCRA 2001) 
List I (Compound) List II (Use) 

I. Acetyl salicylic acid A. Insecticide 
II. DDT B. Drug 
Ill. Naphthalene C. Moth repellent 
IV. Carbon tetrachloride D. Fire extinguisher 

E. Refrigerant 

Codes: 
(a) I-B, II-,-A, III-C, IV-D 0 
(b) I-E, II-C, III-D, IV-A 0 
(c) I-B, II-C, III-D, IV-A 0 
(d) I-E, II-A, III-C, IV-,.-D 0 

120. The order of reactivities of the following alkyl halides for a 

SN2 reaction is: . . [lIT 2000] 

(a) RF>RCI>RBr>RI 0 (b) RF>RBr>RCl>RI 0 
(c) RCI>RBr>RF>RI 0 (d) RI>RBr>RCl>RF 0 

121. The reactivity order of halides for dehydrohalogenation is: 
[CBSE (Med.) 2002] 

(a)R-F> R-Cl> R-Br> R-I D. 

(b) R-I> R-Br:> R-CI>R-F 0 
(c) R-I> R-Cl> R-Br> R-F 

(d) R-F> R-I> R-Br>R-CI 

o 
o 

'1'22~ Among the following the molecule with highest dipole 
moment is: (lIT (S) 2003] 
(a) CH3CI 0 (b) CH2Cl2 0 .. 
(c) CHCl 3 0 (d) CCI,j 0 

123. Identify the set of reagent and reaction conditions 'X' and 

, Y' in the following set of transfonnations, 

43~ 

.. X· Y 
CH3-CH2:-CH2Br ~ Product ~ CH3-fH-CH3 

Br 

(liT (S) 2002] 
(a) X = Dilute aqueous NaOH, 20° C 

Y = HBr/acetic acid,20°C 

(b) X = Concentrated alcoholic NaOH, 80° C -, 
Y = HBr/acetic acid, 20°C 

(c) X = Dilute aqueous NaOH, 20° C 

Y = Br2/CHCI3' O°C' 
(d) X = Concentrated alcoholic NaOH, 800 C 

.Y= Br2/CHCI3' O°C 

o 

o 

o 
124. Which. chlorine 

following? 
(a) CH3CI ' 

atom is more electronegative, in the 
[UPSEAT 200.41 

CI 
(b) CH3CH2CI 
(c) (CH3)2 CRCI 

(d) CH3CH2-C-,,-'-(CH3 h 
I 
Cl 

o 
o 
o 

125. The reaction of chlorofonn with alcoholic KOH and 
p-toluidine forms: [AIE~E 2003] . 

o 

o 

o 

,0 

, 126. When an alkyl halide is heated with dry Ag 20' it produces: 

'(BHU ~4i" 
(a) ester 0 (b) ether D.· 
(c) ketone 0 (d) alcohol 0 

127. The fonnulaof freon-12 is: (PMT (MP) 2004i 

Ca) CClF3 0 (b) CHzCl2 0 

(c) CClzF2 ' 0 (d) CHzF
2 

• ,. , 0 

128. Which one of the following win not fonn a yellow 
. ,predpitate~n heating with an alkaline solution of iodine? 

(CBSE (Med.) 2004; UGET (Med.) 20071" 
(a) CH3 CH(0H)CH3 . 0 
(b) CH3CH2CH(0H)CHl'~! i". . 0 
(c) CH30H 0 
(d) CH3CH20H 0 

129. Among the following the most reactive tow~ds alcoholic 
'KOH is: (AIIMS 2004] 
(a) CH3CH2Br 0 (b) (CH3 )2CHBr D.' 
(c) CH3CH2CH2Br 0 (d) CH3COCH2CH2Br D 
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130. Acetone is mixed with bleaching powder to give: 
[AFMC 2004] 

(a) chlor,oform D (b) acetaldehyde D . 
(c) ethanol . D (d) phosgene D 

131. Debromination ofmesodibromobutane will give the product 
as: . [MGIMS (Wardba) 2003] 
(a) n-butane D (b) 2-butyne ' D 
(c) cis-2-butene D (d) trans-2-butene D 

132. At higher temperature, iodOforin reaction is given by: 
[AIIMS 2003] 

(a) CH3COOCH3 D (b) CH3COOC2Hs D 
(c) C6HsCOOCH3 . D (d) CH3COOC6Hs D 

133. Alkyl halides react with dialkyl copper reagents to give: 
. [AIEEE 2005; iCECE (Me d.) 2008] 

(a) alkenes . D (b) alkyl copper halides D 
(c) alkanes D (d) alkenyl halides D 

134. Tertiary alkyl halides are practically inert to substitution by 
SN 2 mechanism because of: [AIEEE 2005] 
(a) insolubility' D (b) instability D 
(c) inductive effect D (d) steric hindrance D 

135. Which of the following is liquid at room .temperature? 

D (b) CH~Br 
D (d) CH3F 

[AFMC 2005] 
D 
D 

136. The 'product obtained on reaction of C2 Hs Cl with hydrogen 

over palladium carbon is: [AFMC 2005] 
. (a) C3Hg D (b) C4 HlO D 

(c) C2H6 q (d) C2H4 D 
137. The major product obtained on treatment of 

CH3CH2CH(F)CH3 with CH30- /CH30His: 

[AFMC 2005] 
(a) CH3CH2CH(OCI:I3 )CH3 D 
(b) CH3CH=CHCH3 
(c) CH3CH2CH=CH2 

;" (d) CH3CH2CH2CH20CH3 

o 
D 
D 

138. Which of the following gives iodoform test? [nCE 2005] 
(a) CH3CH20H D (b) C2HsCHO / D 

" - (c) (CH20Hh D (d) None of these D 
'139. Which among the following is a catalyst for the preparation 

, , of Grignard reagent? [UPSEE (Engg.) 2010] 
(a) Iodine powder D (b) Iron powder D 
(c)· Activated charcoal D (d) Manganese dioxide D 

140. Consider the following reaction: 

C2HsOK + C2HsI ~ X (Pleasant smelling liquid) 

Which of the following reagents converts ethyl bromide 
to X? [EAMCET (Med.) 2005] 
(a) Sodium D (b) Dry silver oxide D 
(c) Ethyl chloride D (d) Dry silver powder D 

141. the major product formed in the following reaction, 
[AIIMS 2005] 
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CH3 

I 
CH3-C-CHiBr 

I 
H 

CH3 

I 
(a) CH3-C-CH20CH3 

I 
D 

H 

(b) CH3-CH-CH2CH3 I . D 

OCH3 

CH3 

I 
(c) CH3-C=CH2 D 

CH3 I . 
(d) CH3-C-CH3 

I 
D 

OCH3 

P
Br 

142. , when treated with two equivalents of 

CI 
sodium in dry ether gives: [lIT 2005] 

,-(. Br 
(a) U 

(c) D 

,-(CI 

D (b) U 
D (d) [S] 

143. CH3Br + Nu --;. CH3 -Nu + Bf 

D 

D 

The decreasing order of the rate of the above reaction with 
nucleophile (Nu- ) A to Dis: 

[Nu - = (A) PhO-, (B) AcO-, (C) HO-, (D) CH30-] 

[AIEEE 2006] 
(a) D>C>A>B D (b) D>C>B>A D 
(c) A >B >C>D D (d) B >D>C>A D 

144. Among the following the one that gives positive iodoform 
test upol} reaction with 12 and NaOH is: [AIEEE 2006] 
(a) CH3CH2CH(OH)CH2CH3 D 
(b) C6HsCH2CH20H D 

J CH
3 

(c) H3 C ~H D 

(d) PhCHOHCH3 D 
145. Which of the following compounds has the highest boiling 

point? [AIIMS 2006; BCECE (Med.) 2007] 
(a) CH3CH2CH2Cl 0 (b) CH3CH2CH2CH2CI D 
Jc) CH3CH(CH3 )CH2CHJ (d) (CH3)3C-CI D 

146. "Ie catalyst used in the preparation of an alkyl chloride by 
,le action of dry HCI on an alcohol is: . 

[KCET 2006; AFMC 2008] 
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(a) anhyd. AICl3 
(c) anhyd. ZnCl2 

o (b) FeCl3 
o (d) Cu 

o 
o 

147. The major product in the following reaction is: 

. Aq.KOH 
CH3CH(CI)CH2CH20H ) 

(a) CH3CH=CHCH20H 

(b) H2C CHCH2CH20H 

(c) CH3 CH-CH2 . I I 
O--CH2 

(d) CH3CH(0H)CH2CH20H 

(AIIMS 2006] 
o 
o 
o 

o 
148. Which can \mdergo halo~orm reaction? (DCE 2006) 

(a) (CH3)~C-OH 0 (b) (C2HshC=0 0 

(c) Acetophenone 0 (d) Benzophenone 0 
149. Which of the following is a primary halide? 

[PMT (Haryana) 2006; AIIMS 2008] 
(a) Is~propyl iodide 0 
(b) Secondary butyl iodide 0 
(c) Tertiary butyl bromide 0 
(d) Neo hexyl chloride 0 

150. Among the halogens, the one which is oxidised by nitric 
acid is: [AMU (Engg.) 2006] 
( a) fluorine 0 (b) iodine 0 
(c) chlorine 0 (d) bromine 0 

151. Freon used as refrigerant is: 
[BHU (Screening) 2006; AFMC 2006] 

(a) F2C CF2 0 (b) CH2F2 0 

(c) CCl2F2 [J (d) CF4 0 

152. Which of the following is formed· when. the product of 
oxidation of chloroform is treated with ethyl alcohol? 

(EAMCET (Merl.) 2006] 
(a) Ethyl chloride .0 (b) Ethyl carbonate 0 
(c) Chloral hydrate 0 (d) Chloral 0 

153. Which of the following is added to chloroform to slow 
down its aerial oxidation in presence of light?' 

[EAMCET (Engg.) 2006; AFMC .2008] 
(a) Carbonyl chloride 0 (b) Ethyl alcohol 0 
(c) Sodium hydroxide O· (d) Nitric acid 0 

154; Ethyl chloride reacts with sodium ethoxide to form a 
compound 'A'. Which of the following reactions also yields 

'A'? (EAMCET (Engg.) 2006; AFMC 2008] 
(a) C2HsCI,KOH(alc.), A ·0 

(b) 2C2 Hs OH, conc. H2 SO 4' 1400 C 

(c) C2HsCI, Mg (dry ether) 
p 

• 0 
o 

155. Maximum number of molecules of CH3 I that can react with 

a molecule of CH3 NH2 is: (MGIMS (Med.) 2008] 
(a) 3 0 (b) 4 0 
(c) 2 0 (d) 1 n 

HgS04 CH3MgBr P/Br2 
156. He==CH ) ) ---? (X); (X) is: 

H2S04 .HOH . 

[MGIMS (Wardha) 2006] 

435. 

(a) CH3~H(Br)CH3 

(c) H2C=CH-Br 

o (b) CH3CH2CH2Br 0 

o (d) BrCH=CH-CH3 0 
157; A compound (A) CSHlOCl2 on hydrolysis gives CSHIOO 

which reacts with NH20H, forms iodoform, Qut does not 
give Fehling test; (A) k . ! .. , 

[DPMT 2005; MGIMS (Wardha) 2006] 

o 

o 

o. 
158. Match List I with List II and pick the correct matching from 

the codes given below: (PMT (Kerala) 2006] . 
List I . List II 

(Haloalkane/arene) (Applications) 

. A. Iodofolm 1. CF4 

B. BHC 2. Antiseptic 

C. Freon~14 3. Moth repellent 
D. Halothanes . 4. Inhalative anaesth~tic 

E. p-Dichlorobenzene 5. Termite pesticide 

(a) A-2,:8-4, C-5, 0-3, E-I0 
(b) A-2, B-5, C-I, 0-4, E-3 0 
(c) A-3,:8-4, C-2, D-I, E-5 0 
(d) A-I, B-3, C-5, 0-2~E-4 0 
(e) A-5,:8-4, C-3, D-2, E-l 0 

Ale. KCN Dil. HCI . 
159. In the reaction, RX ) {A)---? (B); 

the product (B) is: (KCET 2006] 
(a) alkyl chloride 0 (b) aldehyde 0 
(c) carboxylic acid 0 (d) ketone 0 

160. A compound called chloral whose formula is C2Cl30H is 
alan: [BHD (S) 2006] . 
(a) aldehyde 0 (b) alcohol 0 
(c) ketone 0 (d) alkanoyl chloride [] 

161. Which of the following haloalkanes is most reactive? 
. [GGS Indraprastha Univ. (Engg.) 2006] 
(a) I-Chloropropane 0 (b) I-Bromopropane 0 
(e) 2':Chloropropane 0 (d) 2-:Biomopropane. 0 

162. In the ch~mical reaction, . 

CH3CH2NH2 + CHC13 + 3KOH---4 (A)+ (B)+3H20 

the 'compounds (A). and (B) are respectivelY: 
(AIEEE 2007) 
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. (a) CZH5NCand 3KCI 

.(6) CZH5CN and 3KCI 

/ (<;) CH3CHzCONHz and 3KCI 

Cd) CzHsNCand K ZC03 

, o 
o 
o 
o 

.,., 2Hz/Ni . 
163. (X)+ KCN ----7 CH3CN ) CH3CHzNHz 

. what is (X)? [nCE (Engg.) 2007] 
(a) CH3CHzCI' o (b) CH3 CI 0 
(c) CH3CHzCHzCI 0 (d) (CH3 )z CHCI 0 

164. C H CI MQist) (A) Ai Z0 3) eB) (C)· 
2 5 AgzO 360.C . 

In the above sequence ofreactions, identify (C): 
[EAMCET (Med.) 20071 

(a) chloretone 0 (b) chloropicrin 0 
(c) mustard gas 0 (d) lewisite gas 0 

165. CaOClz + HzO----7 Ca(OH)z + X 

X +CH3CH0----7Y 
Y + Ca(OH)z ----7 CHCl 3 

what is 'Y'? . [EAMCET (Engg.) 2007] 
(a) CH3CH(OIpz /' 0 (b) CHzClz 0 
(c)CCl3CHO' 0 (d) CCl 3COCH3 0 

166. Ethyl chloride on reduction with LiAlH4 gives compound 

, X' as an important product. 'X' on chlorination with one 
mole of Clz in the presence of light at ordinary temperature 
gives' Y'. What is 'Y' ? [EAMCET (Med.) 2007] 
Cal. CzHsOH 0 (b) CzHsCI 0 
(c) CZH6 0 (d) CZH4 0 

167. Chloroform. gives a trlchloro derivative of an alcohol on 
reaction. with: 

. . [pMT(Kerala) 2007; Punjab CET (Engg.) 2008] 
(a) conc. HN03 ; 0 (b) aq. alkali 0 

. (c) acetoti~ and alkali 0 (d) sodium ethoxide 0 
.' (e) a primary amine and an alkali 0 

·168 •. In a group of isomeric alkyl halides, the order of boiling 
. point is: [CET (J&K) 2007] 

(a) P<S<T ~ 0 (b) P>S<T 0 
(c) P<S>T .0 (d) P>S>T 0 

; 169. Which one of the following is not the correct .order of 
boiling points of alkyl/aryl halides? (PMT (Kerala) 2007] 
~(a) CHCl 3 >CHzClz 0 

. '(b )CH3 (CHZ)3 CI > CH3 (CH2 )z Cl 0 
(c) {CH3 h CCI >(CH3 hCHCHzCI 0 
(d) .CH3(CHz)3tl >CH3CHzCHCICH3 0 
(e) C6HSBr >C6HsCI 0 

. 170. What is the product obtained when chlorine reacts with 
. ethyl alcohol in the presence ·of NaOH? [AIIMS 2007] 

(a) CH3CI 0 (b) CzH5Cl 0 
(c) CCl3CHO 0 '(d) CHCl3 0 

f 
I 

G.R.B. Organic Chemistry for Competitions 

171. H3C-CH-CH=CHz + HBr ----7 (A), 
I 

CH3 

(A) predominantly is: [CBSE (Med.) 2008] 

(a) CH3 -CHz-fH-CHzBr 0 

CH3 

(b) CH3-ra-fH-CH3 0 

CH3 Br 

(c) CH3 -YH-CHzCHzBr 0 

.CH3 

Br 
·1 

(d) CH3 -C-CHzCH3 0 

. bH3 
172. A dihalogen derivative 'X' of a hydrocarbon with three 

carbon atoms reacts with alcoholic KOH and produces 
another hydrocarbon which forms a red precipitate with 
ammoniacal CUzClz. 'X' gives an aldehyde on reaction 
with aqueous KOH. The compound ' X' is: 

(PET (Kerala) 2008] 
(a) 1,3-dichloropropane 0 (b) 1,2-dichloropropane 0 
(c) 2,2-dichloropropane 0 (d) I, I-dichloropropane 0 
(e) 1,3-dichloropropene 0 

173. The TIJpAC name ofWestron is: (BHU (Mains) 2008) 
(a) 1,1,2,2-tetrachloroethane . D' 
(b) 1,1 ,2,2-tetrachloroethene 0 
(c) 1,2-dichloroethyne 0 
(d) 1,3,3,3-tetrachloroprop-l-yne 0 

174. CCl4 is a well known fire extinguisher. However after using 

it to extinguish fire, the room should be well ventilated. This 
is because: (PMT (Kerala) 2008] 
(a) it is inflammable at higher temperatures 0 
OOh~~~ 0 
(c) it produces phosgene by reaction with water vapours at 

higher temperatures 0 
(d) it is corrosive 0 
( e) it is an' anaesthetic 0 

175. Which of the following will be least reactive in nucleophilic 
substitution? [PMT (Kerala) 2008] 
(a) CH3CHzCHzCI 0 (b) (CH3 hC--C1 0 
(c) CH3-CHCICH3 0 (d) HzC=CHCHzCI 0 
(e) HzC=CHCI 0 

176. The chemical formula oftear gas is: (AIIMS 20081 
(a) COCl z 0 (b) COz 0 
(c) Cl z 0 (d) CCl3NOz 0 

177. When 2-chloro-2-methylbutane is heated with alcoholic 
KOH,the possible product/s is/are: (PMT (Kerala) 2008] 
(i) (CH3 h C=CHCH3 (ii) Hz C=C(CH3 )CH2 CH3 
(iii) (CH3 h CHCH-CHz 
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(a) (i), (ii) and (iii) 0 (bY (i) and (iii) 0 
(c) (ii) and (iii) 0 (d) (i) only 0 
(e) (i) and (ii) 0 

178. The best method for the conversion of an alcohol into an 
alkyl chloride is by treating the alcohol with: 

[CET (Karnataka) 2009] 
(a) PCls 0 
(b) SOCl2 in presence of pyridine 0 
(c) PCl3 0 
(d) dry HCl in presence of anhydrous ZnCl2 0 

179. Which of the following on heating with aqueous KOH 
produces acetaldehyde? IAIEEE 2009] 
(a) CH3COCI 0 (b) CH3CH2 CI 0 
(c) CH2CICHzCI 0 (d) CH3CHClz 0 

180. Consider the follow~ng reaction: 
. .' EtOH/H20·. 
C2HsCI + AgCN ) X (major) 

which one of the following statements is true for X ? 
IEAMCET (Engg.) 2009] 

(a) It gives propionic acid on hydrolysis 0 
(b) It has an ester function 0 
(c) It has a nitrogen linked to ethyl carbon 0 
(d) It has a cyanide group 0 

181. An organic compound on heating with CuO produces CO2 

but no water. The organic compound may be: 
ICET (Karnataka) 2009] . 

(a) chlorofonn 0 (b) ethyl chloride 0 
(c) methane 0 (d) carbon tetrachloride 0 

182. Which one of the following does not undergo iodofonn 
reaction? ICET (J&K) 2009] 
(~) Secondary butyl alcohol 0 

. (b) Iso propyl alcohol 0 
(c) Diethyl ketone 0 
(d) Ethyl alcohol' 0 

183. An ethereal solution of alkyl halide is heated with sodium 
metal. The reaction is l\nown as: IPMT (AMU) 2009] 
(a) Frankland's reaction 0 (b) Sandmeyer's reaction 0 
(c) Wurtz-Fittig reaction 0 (d) Wurtz reaction 0 

184. For the following reaction, 
I'--.... (i) Mg, Et20 
V-Br >[A], 

(ii) co2, (iii) H30+ 

product [A] is: /pMT (AMU) 2009] 

(a) [>-cOOH 0 (b) ([>-c00)2Mg [J 

o 
~ ~./"1 (c)~ o (d) [> o 

185. Which of the following IS the least reactive towards 
nucleophile? [PMT (Kerala) 2010] 
(a) CH3CH2CI 0 (b) CH3CI 0 
(c) H2C=CH-CH2CI 0 (d) C6HsCI 0 
(e) CH3CH(Cl)CH3 0 

• 
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186. Methyl bromide reacts with AgF to give methyl fluoride and 
AgBr. This reaction is called: IPMT (Kerala) 2010] 
(a) Finkelstein reaction 0 (b) Fittig reaCtion '0 
(c) Swarts reaction D· (d) Wurtz reaction 0 
(e) Wurtz-Fittig reaction 0 . 

187. Chemical fonnula of phosgene is : [AFMC 2010) 
(a) COCl2 0 (b) CaOCI2 · 0 
(c) CaC03 0 (d) COCI 0 

188. In the following reaction, . " 

c5 
The major product obtained is : [AMU (Med.) 2010] 

CH2Br 

(a) 6 o (blaBr 

o 

(c)8B
! 0 (d)&. 
r Br 

o 
189. If 1,3-dib~opropane reacts with zinc and NaI, the product. 

obtained IS : . [AFMC 2010] 
(a) propene .0 (b) propane 0 
(c) cyclopropane 0 (d) hexane 0 

190. Chronic chloroform exposure may cause damage to liver, 
and kidney, due to the formation of : 

(a) phosgene 0 
(c) methyl chloride 0 
(e) phosphoryl chloride 0 

[PMT (Kerala) 2010) 
(b) methylene chloride 0 
(d) carbon tetrachloride 0 

191. The correct order of reactivity of the halides, ethyl chloride 
(I), iso-propyl chloride (II) and benzyl chloride (III) in S N 1 

reactions is: [PMT (Kerala) 2010) 
(a) III> II > I 0 (b) I> II> III 0 
(c) II > I > III 0 (d) I > III > II 0 
(e) III> I> II 0 

192. The order of rate of hydrolysis of alkyl halides 1°,2°,3° and 
CH3X by the S N 2 pathway is.: [DUMET 2010) 

(a) 1°> 2° > 3° > CH3X 0 (b) CH3X > 3° > 2° > 1° 0 
(cl CH3X > 1° > 2° > 3° 0 (d) 3°> 2° > 1° > CH3X 0 

Set II. This set contains questions with two or more. correct answers. 

193. The compounds used as refrigerant are: 
(a) NH3 O. (b) CCl4 0 
(c) CF4 0 (d) CF2Cl2 0 
(e) CH2F2 0 

194. Which of the following chemicals are used as moth repellents? 

;§rCI 
(a) 0 

Cl 

o (b) Perch,oroethane o 



(c)CHCI3 OO····I~ o (d) . 
~ # 

o 

195. Which of the following compounds will give iodoform test 
wit~I2/NaOH? , 

o 
II 

(a) CH3-C-H 

o 
II 

(c) C2HS-C-H 

o 

o 
196. Select the correct addition products among the following: 

(a) H2C=CHCH3 + HCI(aq. ) ~ CH3CHCICH3 0 
(b) 'H2C CHCH3 + HBr(aq.) ~ CH3CHBrCH3 0 

(d) H2CCHCH3 + HI CH3CHICH3 0 
, ~.', 

197. What are the intermediate products involved in the 
following reaction? 

CHCl3 

(a) CCI)" 

(c) CH(OHh 

40H-) HCOO- + 3Cr + 2H
2
0 

o (b) Cel2 

o (d) COCl2 

tJ 
o 

198. Ethyl alcohol, on treatment ,with bleaching powder gives 
chloroform. Which of the following is/are the function of 
bleaching pOWder? 

Following questions consist of an Assertion (A) and Reason 
(R). Use the following keys to select appropriate answer: 
(a) Ifboth (A) and (R) are correct and (R) is the correct 

explanation of (A). 
(b) Ifboth (A)and (R)are correct but (R)is not the correct 

explanation of (A). 
(c) If (A) is correct but (R)is incorrect. 
(d) If (A) is incorrect but (R) is correct. 
( e) If both (A) and (R) are incorrect, 

1. (A) The dipole moment of CH3F is greater than CH3Cl. 
(R) C-F bond is more polar than C-CI bond. 

2. (A) The dipole moment of CH3CI is greater than CH3F. 
(R) Bond length C-CI bond is greater than C-F bond. 

3. (a) S N 2 reaction takes place in single step. 

(R) s 2 reactIon involves the reactivity order of alkyl 
·N 

halides as 1° > 2° > 3° halides. 
4. (A) Nucleophilic substitution of iodoethane, is easier than 

chloroethane. 
(R) Bond energy of C-I bond is less than that of C-CI 

bond. 
5. (A) Optically active 2-iodobutane on treatment with NaI in 

~cetone undergoes racemization. 
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(a) Chlorinating agent 0 (b) Oxidising agent 0 
(c) Hydrolysing agent 0 (d) None of these 0 

199. Select the correct statement among the following: 
(a) S N 1 reactions involve two steps 0 

(b) S N 2 reactions involve single step 0 

(c) S N; reaction involves transition state intermediate 0 

(d) S N 2 reaction involves carbonium ion intermediate 0 

200. Which of the following reaction products are correct? 
(a) CH3-Cl + Ag-CN ~ CH3-CN + Agel 0 
(b) CH3-CI+Na+CN- ~ CH3-NC+NaCI 0 
(c) CH3-CI + Ag-N02 ~ CH3-N02 + AgCI 0 
(d) CH3-CI + NaN02 ~ CH3-O-N=O+ NaCI 0 

201. Isobutene will be obtained on treatment of which of the 
following compounds, by alcoholic KOH ? 
(a) (CH3 h C-CI . 0 
(b) (CH3 hCH-CH2CI 0 
(c) CH3-(CH2 h-CH2CI 

CI 
I 

(d) CH3-CH....:...CH2-CH3 

o 

o 
202. Which compounds among the following gives a positive 

iodoform test? [PET (KeraJa) 2010] 
(a) Ethanol 0 (b) EthanaJ 0 
(c) I-Butanol 0 (d) 2-Butanol 0 
(e) . Phenylethanal 0 ' 

(R) Reaction involves multiple Walden· inversion and the 
product contains mixture of dextro and laevo isomer. 

, 6. (A) Nucleophilic substitution' reaction on an optically 
active halide gives a mixture of enantiomers. 

(R) Reaction should be in accordance with S N 1 

mechanism. . 
7. (A) Ethyl chloride is more reactive than vinyl chloride 

towards nucleophilic substitution reactions. 
(R) In vinyl chloride, the -!.(;l is bonded to sp-hybridized 

carbon of an alkene. 
8. (A) CH3 CH2 Br+ AgCN~ CH

3
CH2NC+ CH3CH2CN 

. (Major) (Minor) 

(R)-CN is an ambident nucleophile, therefore, reaction 
gives both cyanide and isocyanide. 

Cl 
I 

9. (A) CH3 CHCH2CH3 Ale. KOH) CH~CH=CHCH3 

+KCI+H2 0 

Dehydrohalogenation reaction of 2-chlorobutane gives 
2-butene. . 

(R) Elimination reaction takes' place according to 
Saytzeff's rule. 
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10. (A) Addition of HBr to alkene in preseg.ce of peroxide 
gives anti-Markownikoff product. 

(R) This addition follows ionic mechanism. 
, 11. (A) 2-Bromobutane, on reaction with sodium ethoxide in' 

ethanol gives I-butene as a major product. 
(R) I-Butene is less stable than' 2-butene. 

12. (A) Isobutanal does not give iodoform test. , 
(R) It does not have a-hydrogen. [AllMS 2004] 

13. (A) Styrene on reaction with HBr, gives 2-bromo-2-phenyl 
ethane. 
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(R) .Benzyl radical is more stable than alkyl radical. 
. [AIIMS 2004] 

14. (A). Tert; butyl methyl ether is not prepared by the reaction ' 
of tert.' butyl bromide with'sodium methoxide. 

(R) SOdium methoxide is a strong nucleophile. 
[AUMS 2005] 

15. (A) Addition of HBr on but-2-ene gives two isomeric 
products. 

(R) Addition ofHBr on bilt-2-ene follows Markownikoff's 
rule. [AUMS 2006] , 

: ANSWERS I 
OBJECTIVE QUESTIONS 

1. (d) 2. (d) 3. (a) 4. (c) 5. (c) 6. (b) 7. (b) 8. (a) 9. (b) 10. (a) 

11. (c) 12. (d) 13. (a) 14. (b) 15. (c) 16. (b) 17. (d) 18. (c) 19. (b) , 20. (d) 

21. (a) 22. (a) 23. (c) 24. (c) 25. (b) 26. (b) 27. (d) 28. (c) 29. (a) 30. (a) 

31. (c) 32. (d) 33. (d) 34. (b) 35. (c) 36. (b) 37. (b) 38. (a) 39. (c) , 40; (d) 

41. (b) 42. (c) 43. (b) 44. (c) 45. (a) 46. (d) 47. (a) 4~. (a) 49. (h) 50. (a) 

51. (d) 52. (d) 53. (d) 54. (a) 55. (a) 56. (b) 57.· (b) 58. (e) 59. (d) , 60. (a) 

61. (c) 62. (d) 63. (b) 64. (d) 65. (b) 66. (d) 67. (b) 68. (a) 69. (a) 70. (c) 

71. (c) 72. (b) 73. (c) 74. (d) 75. '(a,c) 76. (d) 77. ,(b) 78. (d) 79. (b) 80. (d) 

81. (a) 82. (a) 83. (c) 84. (b) 85. (c) 86. (d) 87. (d) 88. (c) 89. (b) 90. (d) 

91. (a) 92. (a) 93., (b) 94. (d) 95. (b) 96. (b) 97. (a) 98. (b) 99. (c) 100. (c) 

101. (d) 102. (d) 103. (d) 104. (c) 105. (d) 106. (a) 107. (d) 108. (d) 109. ' (c) 110. (d) 

111. (c) ,112. (d) 113. (a,d) 114. (b) .115. (b) 116. (c) 117. (d) 118. (d) 119. (a) 120. (d) 

121. (b) 122. (a) 123. (b) 124. (d) 125. (b). 126. (b) 127. (c) 128. (c) 129. (d) 130. (a) 

131. (c) 132. (b) 133. (c) 134. (4) 135. (a) 136. (c) 137. (b) 138. (a) 139. (a) 140. (b) 
141. (d) 142. (d) 143. (a) 144. (d) 145. (b) 146. (c) 147. (d) 148. (c) 149. (d) 150. (b) 
151. (c) 152. (b) 153. (b) 154. (b) 155. (a) 156. (a) '157. (a) 158. (b) 159. (c) 160. (a) . 
161. (d) 162. (a) 163. (b) 164. (c). 165. (c) 166. (b) 167. (c) 168. (d) 169. ' (c) . 170. (d) 

171. (d) 172. (d) 173. (a) 174. (c) 175. (e) 176. (d) 177. (e) 178. (b) 179. (d) 180. (c) 

181. (d) 182 .. (c) 183. (d) 184. (a) 185. (d) . 186. (c) 187. (a) 188. (c) ,,189. (c) 190. (a) 

191. (a) 192. (e) 193. (a,d) 194. (a,b,d) 195. (a,b,d) 196. (a,b,c,d) 197. (a,b) 198. (a,b,c) 199. (a,b) 200. (c,d) 

201. (a,b) 202. (a,b,d) 

ASSERTION-REASON TYPE QUESTIONS 

1. (d) .2. (a) 3. (a) 4. (a) 5. (a) 6. (a) 7. (c) 8. (a) 9. (a) 10. (e) 
11. (d) 12. (c) 13. (e) 14. (b) 15. (e) 
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BRAIN STORMING PROBLEMS 

1. An alkyl bromide (A) on treatment with Na and ether gives a 
. hydrocarbon (E). (E) on treatment with HBr and peroxide 

gives Br-{CH2 )6 -Br. Compound (A) is: 
(a) CH3CH2CH2Br 0 
(b) H2C=CH-CH2Br 0 
(e) CH3 -CH CHBr 

(d) CH3-CH2 -CH2-CH2Br 

o 
o 

2. The number of monochloro product obtained during the 
reaction of 2,3-dimethyl butane with CJ2 in presence of 
sunlight is (do not consider optical isomers): 
(a) 2 0 '(b) 3 0 
(c) 4 0 (d) 5 0 

3. In which of the following pairs, the bromination of first 
member is easier than the second member? 
(a) Isobutane, butane 0 (b) n-Butane, isobutane 0 
(c) Methane, ethane 0 (d) Noneofthese 0 

4. Tert.-alkyl halide is obtained as major product in: 
Br2 

(a) (CH3 )3 CH ~ 0 
hv 

HBr 
(b) (CH3)2CH-CH=CH2) 0 

Peroxide 
HBr' 

(c) (CH3 h CH-CH=CH2 ,----7 0 

(d) both Ca) and (c) 0 
S. Which of the following is ,fast de-brominated? 

(a)~ 0 (b) 0 ' 0 
~Br ~Br 

'('--fBr 
. (c) V (YBr 

o (d) V o 

6. In . which of the following pairs both members on heating 
with ale. KOH result in the formation of same alkene as 
major product? 
(a) (CH3 )3 C-Br, (CH3 )z CHCH2Br 0 
(b) n-Propyl iodide, isopropyl iodide 0 

fr fr 
(c) (CH3 hCH--'-C-CH2 CH3 , (CH3 )z.C-CH-C2HS 

~:. I I 
CH3 CH3 

o 
(d) All of the above 0 

7. Detection of chlorine is possible without preparing sodium 
extract in: 

o (d) CHCl 3 o 

[Hin't: In 
02N r N02 

*
CI . 

~ I three nitro groups weaken 

N02 

, the C-Cl bond, hence, it gives test without preparing sodium 
extract]. 

8. Dehydrohalogenation by strong base is slowest in: 

CI 

~
Cl., CI CI 

Ca) , MI CICI 

o (b) CI 
CI 

Cl Cl Cl . 

, CI' Cl 

(C)Ci~CID 
CI f.Sr

C~1 
(d) Cl 

, CI 
CI CI 

o 

o 

[Hint: Compound (c) has all equitorial substituent, hence, it is 
most stable and undergo elimination with slowest state.] 

9. Consider the structures of the following two molecules: 
X: 
Y: 

In which of these two, it is impossible for all the four 
F-atoms to lie in the same plane? 
(a) X 0 (b) Y 0 
(c) Both X and Y 0 (d) None of these 0 

10. Which of the following is least reactive towards nucleo
philicsubstitution with aqueous KOH? 

CI 

o (b) 9 
OH 

Br 

o (d) 9 
OH 

o 

o 
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. CH3 

. 11. When Br--l-I---H reacts with KpH in presence of 

CH2CH3 

water (through SN2reaction mechanism) then stereo~ 
. chemistry of product so formed will be: 

OOR 0 
008 0 
(c) mixture of Rand 8 0 
(d) Partial 8 + racemic mixture 0 
[ Hint: Original compound is (R). hence, the product fonned 

wi\' ::e (S) due to inversion of configuration.] 
12. Which o{ t!1e following molecules represents freon~1,14? 

F F Cl Cl 
. I I I I 
(a) C1-r-f-H D (b) F4--rF o 

Ct CI CI CI 

Cl F F Cl F 
I I 

(c) F-C-C-Cl 
I I I 0 

o (d) F-r-r-r-F I I 
F. F Cl H ; F 

13. In which of the following reactions, an optically. active 
single product is formed? 

OCH3 
I 

(a) CH30Na +. C~Br ) 0 
/"-

H D 
CH3 
I . 

(b) NaI + C-Br) 0 
/"

CH3H 

Ph Ph 
I I 

(c) HUII""'C-MgI + q-Br ) 0 , ,"""9 
CH3 CH3 H 

~H5 Ph 
I I 

(d) /C,,- MgBr+ /C,,- Br ) 0 

CH3HCH3H 

14. Which of the following will give acetoJlhenone a~ a 
product? 

(a)O 
CH3COCI 

AICl3 

) 0 

(b)0 
(CH3COhO 

0 ) 

AICI) 

CI 

(c) Oil :-CH3 Aq.KOH) 

~. CI 

(d)' All ofthe above o 

15. Most reactive alkyl halide towards E2 mechanism is: 

(a) (CH3 h C-CH2Br 

/Br 
(b) (CH3 )2 CH-CH", 

CH3 

(c) (CH3 h C-CH2CH2Br 

(d) (CH3hC-CH-CH2Br 
I 

C(CH3 )3. 
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o 

o 

o 
[J 

t 6. Which of the following compounds is the most likely to 
undergo a bimolecular nucleophilic substitution reaction 
with aqueous NaOH? 

~Br 
(a) 0 

02N'(XBr 
[ Hint: In I is activated for nucleophilic 

::::.... N02 
substitution by electron withdrawing group present at 
ortho- position.] . 

17. The major product obtained in the reaction, 

is: 

o 

o 

18. The reaction, 
. . . 400°C 

H2C CH-CH3 + Cli ~ H2C CH-CH2CI 

proceeds through.the intermediate formation of a: 
( a) carbene 0 (b) carbocation 0 
( c) free radical 0 (d) earbanion 0 

19. Iodoform is used as an: 
( a) anaesthetic 
(c) antiseptic 

o (b) analgesic 
o (d) antifebrin 



'\~'/. 

20. The trade name of trichloroethylene is: 
( a) freon 0 (b) westron 
(c) westrosol 0 (d) DDT 

21. In the reaction, 
R-Br + cr ----+ R-CI + Br-

o 
o 

the rates of reaction of ethyl bromide (I), n-propyl bromide 
(II), isobutyl bromide (III) and neopentyl bromide (IV) 
follow the order: 
(a) IV> III> II> I 0 (b) I> II > III> IV 0 
(c) I> III> II > IV 0 (d) III> II > IV> I 0 

22. Arrange the following compounds in the decreasing order 
of the boiling point: 
CH3Br CH3CH2Br CH3CH2CH2Br 

I II III 

CH3CH2CH2CH2Br 
rv 

(a) I> II > III> IV 
(c) I> III> II > IV 

23. In the reaction, 

o (b) IV> IiI> II > I 
o (d) III> IV >1 > II 

o 
o 

Alc.KOH 
CH3-CH-CH3 --~) (A) 
. I . 

HBr ) (8) NaI) (e) 
Peroxide .. Acetone 

Br 

the compound (C) is: 
(a) CH3 -CH2CH2 I o (b) CH3-TH-CH3 

I 

(d) CH3 -CH CHI 

24. CCl4 is used as ftre extinguisher because: 

o 

o 

(a) of its covalent bond 0 
(b) of its low b.pt. 0 
(c) of its high m.pt. 0 
(d) it gives incombustible vapours 0 

25. The correct order of reactivity of alkyl halides for SNI 

reaction is: 
(a) RI> RBr>RCl> RF 0 (b) 3°>2°>1° 0 
(c) 3°<2°<1° 0 (d) RF<RCl<RBr<RI 0 

26. Match List I with List II and select the.correct answer using 
the codes given below the lists: 

List I List II 
Compound Use 

(A) Chloretone (i) Monomer 

(B) Chloropicrin (ii) In war and as insecticide' 

(C) Lindane (iii) Insecticide 

(D) Teflon (iv) Hypnotic 

Codes: 

A B C D 

(a) (iii) (i) (iv) (ii) 0 
(b) (i) (ii) (iii) (iv) 0 
(c) (iv) (iii) (ii) (i) 0 
(d) (ii) (iv) (i) (iii) 0 
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27. Match List I with List II and select the correct answer using 
the codes given below the lists: 

List I List II 
Compound Action 

(A) Teflon (i) Ozone layer depletion 

(B) Pyrene (ii) Non-biodegradable 
insecticide 

. (C) DDT' (iii) Non-stick cookwares and 
.insulator 

(D) Freon (iv) Fire extinguisher 

Codes: 

A B C D 
(a) (i) (ii) (iii) (iv) 0 
(b) (iv) (iii) (i) (ii) 0 
(c) (iii) (iv) (ii) (i) 0 
(d) (ii) (i) (iv) (iii) . D. 

28. 11te intermediate compound fOJ1:ned in Frankland's reaction 
is: 
(a) RZnI2 0 (b) R2Zn 
(c) RZnI 0 (d)R2ZnI 

29. The reaction given 

CSHll OW 
CsHII 

HIIIII:t-c1 .. HO-Cc'III1H 
-CI- \ 

CH3 CH3 

is: 
(a) SN 1 0 (b) SN2 

(c) El 0 (d) E2 

30. The major product of the reaction, , 

CH3-CH=CH~OH with HBr is: 

Br 

(a) CH3-1H-CH2-@ 
Br 

(b) CH3-CH2-1H-@-OH 

Br 

(c) CH3-1H-cH2-@-Br 

Br 

(d) CH3-CH2-J:H-@-Br 

o 
o 

o 
o 

o 

o 

o 

o 
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[Hint: CH3-CH-QH-Q--oH ~ 

, CH3--CH-CH2-Q--oH 

I (Less stable) , 
lsomerisation 

Br 

, [CH3-CH2JH-Q--oH ~CH3-CHr--CH-Q--oH 
(More stable) 

31. Which :'"ong the following on dehalogenation will give 
trans-alkene? 

Br Br 
I 1 

CH3-C-H 
(a) I 

CH3-C-H 
o (b) 1 o 

CH3-C-H 
I 

H-C-CH3 
I 

Br Br 

Br CI 
I I 

CH3-C-CH3 
(c) I . 

CH3 -C--CH3 
1 

, CH3-C-CH3 
o (d) 1 

CH3 -C-CH3 
I 

o 

Br I 

32. Which of the following combinations is correctly matched? 
Compound Reaction Stereochemistry 

H 
I 

(a) CH3-C--CI SN2 Walden inversion 0 
I' 
D 

H 
I 

(b) CH3-y-CI Walden inversion o 
D 

S N 1 Retention in configuration 

o 

S N I Inversion in configuration 

o 
33. For the given reaction, 

R~l + NaI Acetone) R-I + NaCI 

Which of the following alkyl halides will give the maximum 
yield? 

CH3 

1 
(a) CH3-C-CI 

I 
CH3 

(b) CH3 -CHz -CHz-C1 

(C)'C6H5~-CI 

CH3 , 

CH3 I ' 
(d) C6H5-y-CI 

CH3 
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o 

o 
o 

o 

34. Which among the following compounds will be most 
reactive for S N I reaction? 

(a) o-CI 0 (b) VCI 0 

o (d)f\vCI 
~CH3 

35. Ullmann reaction is given by: 

o 

(a) C6Hs--C1 0 (b) CH3--Q-CI 0 

(c) ~ )-CI 
N02 

36. In the following comp,ounds, nucleophile and the leaving 
groups are in the same molecule: 

Br~.-. 
I. 0: II. Br~fi: .. 
JII.Br~3: IV.Br~Q: .. 
These dual nature species can undergo intramolecular and 
intermolecular nucleophilic substitution. Intramolecular 
substitution reaction is possible in: 
(a) I, II 0 (b) II, III 0 
(c) III, IV 0 (d) IV 0 
[Hint: In I and II, intramolecular reaction will not be possible 
because they will give strained ring.] 

37. Compound Br~o- undergoes intramole-

cular nucleophilic substitution of the type .... giving ..... 

(,) SN'; 0 [J 

(b) SN'; 0 [J 

(c) both of the above are correct 

(d) intramolecular reaction is not possible 

o 
o 
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38. Which is the most stable carbo cation formed as intermediate 
in nucleophilic substitution reaction? 

o 

e 

CJ (d) 0 o 

39. Transition state is accompanied by the formation of which 
of the following species in SN2 reaction? 

ANSWERS: BRAIN STORMING PROBLEMS I 
1. (b) 2. (a) 3. (a) 4. (d) 5. (b) 

11. (a) 12. (c) 13. (d) 14. (d) 15. (b) 

21. (b) 22. (b) 23. (a) 24. (d) 25. (b) 
31. (a) 32. (a) 33. (b) 34. (d) 35. (d) 
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(a) Carbocation 0 (b) Carbanion 0 
(c) Free radical 0 (d) A dianion 0 

40. Only one of the following alkyl halides can be prepared as 
the major product of the addition of HBr to an alkene: 

Br 

(a) ~Br 0 (b) ~ o 

(c)~ o (d) 4 o 

6. (d) 7. (a) 8. (c) 9. (a) 10. (b) 
16. (d) 17. (c) IS. (c) 19. (c) 20. (c) 
26. (c) 27. (c) 28. (c) "29. (a) 30. (b) 
36. (c) 37. (a) 3S. (b) 39. (a) 40. (d) 
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LINKED COMPREHENSION TYPE QUESTIONS 

Passage 1 

The high reactivity of alkyl halides can be explained in terms 
of nature of C-Xbond which is highly polarised covalent bond 
due to large difference in the electronegativities of carbon and 
halogen .atom. This polarity is responsible for the nucleophilic 
substitUtion reactions of alky~ halides which mostly occur by 

S N 1 and S N 2 mechanisms. S N I reaction is a two step process 
. and in the first step, R-X ionises to give carbocation (slow 

process). In the second step, the nucleophile attacks the 
carbocation from either side to form the product (fast process). In 
S N 1 reaction, there can be racemization and inversion. S N I 

reaction is favoured by heavy (bulky) groups on the carbon atom 
attached to halogens. i.e., 
R3C-X>R2CH-X>R-CH2X>CH3X, In SN 2 reaction, 

the strong nucleophile OH- attacks from the opposite side of the 

chlorine atom to give an intermediate (transition state). which 

breaks to yield the product (alcohol) and leavj.ng (X-) group. 

The alcohol has a configuration opposite to drat 'of the bromide 
and is said to proceed with inversion of configuration. S N 2 

reaction is favoured by small groups on the carbon atom attached 
to halogen i.e., CH3-X>R-CH2X> R2CHX> R3C- X , 

Answer the following questions: 
1. Which among the following will not give SN 1 reaction? 

(a) CH3 -CH-Br (b) (CH3 h G-Br 
I 

C6HS 

(d) (C6HS h-y-CI 
. CH

3 

2. SN I reaction of optically active alkyl halide leads to: 

(a) retention of configuration (b) racemisation 
(c) inversion of configuration (d) none of these 

3. An SN 2 reaction at an asymmetric carbon of a compound 

always gives: lIlT 2001 ] 
(a) an enantiomer of the substrate 
(b) a product with opposite optical rotation 
(c) a mixture of diastereomers . 

(d) a single stereoisomer 
4. . The main product formed in the following reaction is: 

SN 1 
CH3-CH-CH2Br + CH3CH20-~ 

I 
CH3 

(a) CH3~-CH20CH2CH3 

CH3 

CH3 

I 
(b) CH3--r-oCH2CH3 

CH3 

(c) CH3 ~-CH20H 

CH3 

CH3 
I 

(d) CH3 --C--OH 
. I 

CH3 

5. Which of the following is an example ofSN2 reaction? 

(a) CH3Br+OK' ~ CH30H+Br-

(b) CH3CH20H -H;P) CH2=CH2 

(c) (CH3 hCHBr+ OIr ~ (CH3 )2CHOH+Br

(d) (CH3 )3 C-Br -I' OH-~ (CH3 )3 G-OH + Br-:-

Passage 2 

Karl Ziegler reported that alkenes react with 
N-bromosuccinirnide (NBS) in presence of light to give products 
resulting from substitution of hydrogen by bromjne at the allylic 
position, i.e., the position next to the double bond. 

Let us consider the halogenation of cyclohexene. . 

Br 

o :.·6 + B'D + (JBr 
Energy level diagram for allylic, vinylic and alkyUc free 

radicals is .given below: 

E 1l-' -----'Jl> ) c)c* (Vinylic free radical) 

N R 
I 

E 1-----;.. R-C* (Alkyl free radical) . 
I R 

G 
R 

I 
y ) -:?C ........... .................... :» . C C* (.Allylic free radical) 

/"--. 

Answer the following questions: 
1. In the treatment of cyclohexene with NBS, which of the 

following products will be least stable? 
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Br 

(8)6 
(yBr 

(c) 0 

BrY"ll 
(b) 0 
(d) Cannot be predicted 

2. Consider the three types of C-H bonds in cyclohexene. 

H 

H~H' LJA 
Which of the following is/are correctly matched? 
(a) A-Vinylic C-H bond (b) B-Allylic C-H bond 
(c) C-Alkylic C-H bond (d) All of these 

3. Which of the following sequences is correct about C-H 
bond energy? 
(a) (C-H) Vinylic > (C-H) Alkylic > (C-H) Allylic 
(b) (C-H) Vinylic < (C-H)Alkylic < (C-H) Allylic 
(c) (C-H)Alkylic < (C-H) Vinylic < (C-H) Allylic 
(d) (C-H)Vinylic = (C"':""H) Alkylic (C-H) Allylic 

·4. Select the correct statement(s) among the' following: 
(a) Allylic free radical is stabilised by delocalisation 
(b) Vinylic free radical is stabilised by hyperconjugation 
(c) Alkyl free radicals are stabilised by hyperconjugation 
(d) Allylic free radical is stabilised by hyperconjugation 

CH3~ 
5. CH3 0 

(4,4-Dimethyl cyclohexene) 

Above compound on treatment with NBS gives allylic 
bromides. How many product(s) will be obtained in this 
reaction? 
(a) One (b) Two 
(c) Three (d) Four 
[Hint: Three products will be obtained, whose structures are: 

CH3~r CH3~ CH3~Br 
CH3~ U ; CH3 ~~; CH3 V H] 

Passage 3 

The removal of two atoms or groups, one generally hydrogen 
(H+)and the other a leaving group (L-) resulting in the formation 
of unsaturated compound is known as elimination reaction. 

I I . 1 1 
-iJ-cx-~-c=C- + H+ + L~ 

1 I' (Leaving group) 

H L 

G.R.B. Organic Chemistry for. Competitions 

In El (elimination) reactions,the C-L bond is broken 
heterolytic ally (in step 1) to form a carbocation (as in S N I 

reaction) in which (L-) is lost (rate determining step). The 
carbocation (in step 2) loses a proton from the J3-carbon atom by a 
base (nucleophile) to form an alkene. El reaction is favoured in 
compounds in which the leaving group is at· secondary (2°)'or 
tertiary (3°) position. 

In E 2 (elimination) reactions, two sigma bonds are broken 
and a1t-b()nd is formed simultaneously. E2 reactions occur in one 
step through a transition state. 

)S~C< Base<r» )c=c< + H-base+L-· 
1 (I 
H L 

E2 reactions are most common in haloalkanes (particularly, 
1°) and better the leaving group higher is the E2 reaction. In E2 
reactions, both the leaving groups should be antiplanar. 

El cb (Elimination unimolecular conjugate base) reaction 

involves the removal of proton by. a conjugate base (step 1) to 
produce carbanion which loses a leaving group to form an alkene 
(step 2) and is a slow step. 

Answer the following questions: 
1. Isopropyl chloride on heating with concentrated solution of 

ethanolic KOH gives mainly: 
(a) propan-l-ol (b) propan-2-01 
(c) propene (d) isopropyl ethyl ether 

2. 2-Bromobutane on heating with concentrated solution of 
alcoholic KOH gives'major product as: 
(a) but-l-ene (b) but-2-ene 
(c) bUtlln-2-01 (d) 2-methylpropene 

3. R2CH-f-R; + :B-(base)~R2C=CR; 

X 

+H-B+X-

This reaction is an example of: 
(a) E) reaction (b) E2 reaction 

(c) E. cb reaction (d) first order reaction 

4. 2-Br-omopentane is heated with potassium ethoxide in 
ethanol. The major product obtained is: 
(a) pent-l-ene (b) 2-Ethoxy pentane 

(c) cis-pent-2-ene (d) trans-pent-2-ene 
5. Neopentyl bromide undergoes dehydrohalogenation to give 

alkene even though it has no ~-hydrogen. This is due to: . 
[PMT (Kerala) 2006] 

(a) E2 mechanism 
(b) E. mechanism 
(c) due to rearrangement of carbocation by E] mechanism 
(d) E. cb mechanism 
(e) Hofmann elimination 
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Passage 4· 

SN1 reaction is a first order nucleophilic substitution, e.g., 

CH3 CH3 
I I 

CH3-f-Br + H20~CH3-f-OH + HBr 

CH3 CH3 

The concentration of nucleophile does not appear in the rate 
law expression: 

Reaction rate = k[ RX] 
In a multistep organic reaction, the mte-limiting step is the . 

slowest step. Rate determining step is represented by the 
following energy level diagram: 

Grapb 1 

Reaction progress ~ 

A reaction energy level diagram for an SN1 reaction. Therate 
limiting step is spontaneous dissociation of an alkyl halide to give 
a carbocation intermediate. 

l-----
i ~G 

Grapb3 
B 

C 
R++X-

Carbocation 
intefI!1ediate E 

RNu+X" 

Reaction progress ~ 

Answer the following questions: 
1. In SNi reaction, the hybridization changes in mte 

determination step. Select the correct change among the 
following: 
(a) from Sp3 to sp2 

(c) fromsp2 tosp 

(b) fromsp2 tosp3 

(d) from sp to sp 2 

2. Select the correct statement(s) about the gmph I: 
(a) first step is mte determining and it is endothermic 
(b) first step is mte determining and it is exothermic 
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(c) second step is rate determining and it is exothermic 
(d) second step is rate determining and it is endothermic 

3. Select the correct statement(s) about the graph 2: 
(a) first step is mte determining and it is endothermic 
(b) first step is rate determining and it is exothermic 
( c) second step is rate determining and it is exothermic 
(d) second step is rate determining and it is endothermic 

4. In the gmph 3 for SN1 reaction, the mte limiting step is the 

spontaneous dissociation of alkyl halide and is given by: 
(a) AD (b) AC 
(c) AD (d) DE 

5. SNi reaction is: 

(a) single step reaction 
(b) two step reaction 
(c) a reaction involving free radical intermediate 
(d) a reaction involving carbocation intermediate 

Passage 5 

Free radical halogenation takes place in the presence oflight 
or at high temperature (above 773K). Formation of halogen free 
radical intermediate takes place in first step called chain initiation 
step. 

Cl2 ~2CI' 

This reaction is mainly given by those compounds which 

have atleast one hydrogen atom pres~t at sp3 -hybrid carbon. 

Reactivity of sp3 -hybrid carbon depends on the reactivity of 

reaction intertnediate. 
The relative rate of formation of alkyl radicals by a chlorine 

radical is : 

Tertiary> Secondary> Primary 
(5) (3.8) (1) 

. Relative amount x 100 
Percentage YIeld of the product = -------

Sum of relative amounts 

Relative amount = Number of hydrogen atoms on the 
respective carbon x relative reactivity. 

NBS (N-bromo succinimide) is used for bromination at 
allylic and benzylic carbon, whereas Br2/hv gives bromination at 

. benzylic, allylic and alkyl carbon. 
Answer the following questions: 

1. Select most reactive. compound for chlorination in presence 
of light: 

CH3 

(a) 6 (b) 
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2. Chlorination of butane takes place as: 

I hv 
CH)CH2CH2CH3 +C 2 ~ 

yl 
CH3CHCH2CH3+CH3CH2CH1CH2CI 

2.Chlorobutane l·Chlorobutane 

Percentage yield of 2..chlorobutane will be: 

(a) 15 x100 (b) 21 x100 
21 21 
6 3 

~) xl00 00 xl00 
21 21 

3. Which one of the following compounds will react with 
NBS? 

G.R.B. Organic Chemistry for Competitions 

yH
3 

(b) C6Hs-r-CH2-CH3 

CH3 

(c) C6Hs-CH2-CH=CH2 
(d) CH3 -y"-CH3 

CH3 

4. Arrange decreasing order of reactivity of given compounds 
with NBS: (N-bromo sucCinimide) 

I. C6Hs-CH3 
II. C6HS -CH2 -CH2 -CH) 
·111. C6HS -CH2 -CH=CH2 

IV. C6HS -CH-CH=CH2 
I . 

CH) 

Select the correct answer from the codes given below: 
Codes: 
(a) IV, III, I, II (b) IV, III, II, I 

. (c) I, II, III, IV (d) I, III, II, IV 

S. Chlorinating agent for free radical chlorination may be 
taken as: 
(a) Cl2 

(c) (CH3 )3 C-O-CI 
(b) S02CIl 
(d) PCIs 

ANSWERS: LINKED COMPREHENSION TYPE QUESnONs11-------'------------, 

Passage 1. 
Passage 2. 
Passage 3. 
Passage 4. 
Passage S. 

1. (c) 
1. (c) . 
1. (a) 
1. (a) 
1. (c) 

2. (b) 
2. (d) 
2. (b) 
2. (a) 
2. (a) 

3 •. (d) 
3. (a) 
3. (b) 
3. (c) 
3. (c) 

4. (b) 
4. (a,c) 
4. (d) 
4. (a) 
4. (b) 

S. (a) 
S. (c) 
S. (c) 
S. (d) 
5. (a,b,c) 
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'ALCOHOLS ORALKANOLS 

9.1 INTRODUCTION 
Alcohols are regarded as hydroxy derivatives of alkanes. These 
are formed by the replacement of one, two or more hydrogen 
atoms of a hydrocarbon by a corresponding number of 
hydroxyl groups (-Oli). 

R.....-H. -H) R-0H 
Hydrocarbon +OH Alcohol 

Note: In alcohols. the valencies of the carbon atoms linked to the 

hydroxyl group are either satisfied by hydrogen atoms only or by 
other carbon atoms only or by both hydrogen and carbon atoms 
only and not by any other atom or group. For example, the 
compounds 0), (ii) and (iii) are alcohols but (iv) and (v) are not 
alcohols although they contain a hydroxyl group. 

" H H CH3 
I I I 

H-C.....,..OH H3C-C-OH H3C-C-OH 
" I I·· I 

H H CH3 
(i) Methyl alcohol 

?! 
CH3-C-OH 

(iv) Acetic acid 

(ii) Ethyl alcohol . (iii) Tertiary butyl alcohol 

H 

I 
CH3-C-OH 

I . 
NH2· 

(v) Acetaldehyde ammOnia 

These are not alcohols as carhonbearing -oH group is 
attached to =0 in compound (iv) and to ~NH2· . 

in compound(v). 

Classification 
Alcohols are classified according to the number of 

hydroxyl groups present in their molecules. Monobydric 
alcohols contain one hydroxyl group, dibydric two and 
tribydric three, respectively. However, if an alcohol contains 
two or more hydroxyl groups, it is generallycaUed as a 
polybydric alcobol. 

Monohydric Alcohols 
CH30H CH3CH20H CH3CH2CH20H 

Methyl alcohol Ethyl alcohol n-Propyl alcohol 

(CH3hCHOH CH3CHCH2CH3 (CH3hCOH 
Isopropyl alcohol I . . . Tert. butyl alcohol 

OH 
Sec. butyl alcohol 

Polyhydric Alcohols 
CH20H 
I 

CH20H 

(bHOH) 4 

I 
CH20H 
I 

CH20H 
Glycol 

(Dihydric) 

CHOH 
I 

CH20H 
"Glycerol 
(Trihydric) 

CH20H 
Sorbitol or 

Mannitol (Hexahydric) 

Note: When two or more hydroxyl groups are attached to the same·· 

carbon atom, the compound is usually unstable. The compound 
loses a water molecule and is converted into a stable compound. 

. ~)."~Hl -H20) ""-C=O 

/ ""-O:H: / 
Unstabl~- ~ Carbonyl compOund (Stable) 

-00' /..,()'; 
-C -tOl~ -H20 C' -. ~oa" ..) -:- ""-OH 

Unstable Acid (Stable) 

[However. chloral hydrate is a stable compound although two 
hydroxyl groups are attached to the same carbon atom. This is 
due to intramolecular hydrogen bonding.] . 

9:2 MONOHYDRIC ALCOHOLS 
Alcohols containing one hydroxyl group are known as 
monohydric alcohols. These alcohols" may be saturated or 
unsaturated depending on the nature of hydrocarbon groups. 
Saturated monohydric alcohols form a homologous series· of· 

, ). 
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the general fonnula CnH2n+ IOH. They are also represented as 
R-OH where R represents an alkYl group. They may be 
regarded as derivatives of water, i. e., one hydrogen atom of the 
water moiecule is replaced by ali alkyl group. 

lIOH -H) ROH 
Water + R Alcohol 

Monohydric alcohols are further classified according to 
the hybridisation of carbon atom to which the hydroxyl group 
is attached. . 

(a) Compounds ,containing Csp3-0H bond: In these 

',' alcohols, the -OH group is attached to a sp3 -hybridized 

carbon atom of an alkyl group. These are further subdivided as 
follows: 

(i) Primary alcohols (1 0) .: In, these alcohols, the 
hydroxyl group is attached with primary (10) carbon atom. 
They possess a characteristic group -CH20H and their 
general fortnula is RCH20H.R may beH in the first member 
and alkyl group in the rest of the members. 

Examples: , 

HCH20H 
Methyl alcohol 

.. CH3CH2CH20H 
n-Propyl alcohol 

CH3CH20H; 
Ethyl alcohol 

Isobutyl alcohol 

(ii) Sec()~dary alcohols (2°): In these monohydric 
alcohols, ,the hydroxyl group is attached with secondary (2°) 

carbon atom. They possess a characteristic group >CHOH 

, ,. R"",,-
and the general formula :/CHOH (R and R' may be same or 

., R,':/ 

different). 
Examples: 

CH3 -CH-CH3 ; CH3 -CH-CH2CH3 
, 1 1 . 

OH OH 
. Isopropyl alcohol ' Sec. butyl alcohol 

(iii) Tertiary alcohols (3°) ,:, In these monohydric 
alcohols, the hydroxyl group is attached with tertiary (3°) 

"carbon atom: They contain .~ ~hafacteristic group )COHand 
. .. R", / 
'have the 'generai fonnula R' ~C-OH (R, R' and R" may be .. R/ 

same ordiffere~t). 
CH3 

. 1 

~xamples: CH3-C-OH ; 
< . 1 

CH3 
Tert. butyl alcobol 

.' 

CH 
1 3 

C2HS-C-OH 
1 

CH3 
Tert, amyl alcohol 

. G.R,B. OrlJpnic Chemistry for Competitions 

(iv) Allylic alcohols: In these alcohols, the -OH group 
is attached to a sp3 -hybridized carbon next to the carbon

. carbon double bond, i.e., to an allylic carbon. For example, 
10 20 

H2C=CH-CH20H 
Prop-2-en-I-ol 
(Allyl alcohol) 
Primary (l" ) 

H2C=CH-CH-CH3 . 
. 4 3 21 I ' 

OH 
But-3-en-2-ol 
Secondary (2° ) 

CH3 
30

1 . 

H2C=CH-C-CH3 
1 

OH 
2 ~ Methyl but-3-en-2-ol 

Tertiary (3°) 

(v) Benzylic alco~ols: In these alcohols, the -Oil 
group is attached to a sp3 -hybridized carbon atom next to an 

aromatic ring. For example, 
CH3 CH3 

20 1 30 1 

I I . I 1 
()

C-OH ()C-OH 

~ H '~, CH3 

Primary Secondary Tertiary 

So, allylic and benzylic alcohols may be. primary, 
secondary or tertiary. 

• (b) Compounds containing C sp2 -OH bond: In these 

alcohols, the -OH group is attached to a carbon atom of the 
double bond, i.e., vinylic carbon or to an aryl carbon. For 
example, 

Vinylic . alcohol: H2C=CH-OH, vinyl alcohol 

(unstable) 
Phenols: 

.. CH3 OH 

~OH ;J)-OH ; 0-., OH 

V U ~ ex
· OR 'OH 

, I 
~ OH 

Phenol o-Cresol Catechol Pyrogallol 

9.3 NOMENCLATURE 

There are three systems for naming the alcohols. 
1. Common system: In this system, alcohols (R-OH) 

are named as'alkyl alcohols, i.e., the word alcohol is added to 
the name of alkyl group. In higher members, it is always 
indicated whether the -OH group is attached to primary, 
se.condary or tertiary carbon atom by prefixing n for primary, 
sec. for secondary and tert. for tertiary. 

CH30H CH3CH20H ; 
Methyl alcohol Ethyl alcohol 
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CH3CH2CH20H 
n-Propyl alcohol 

CH3CH2CH2CH20H ; 
n-Butyl alcohol 

OH 
, I 

CH3-CH-CH3 
Isopropyl alcohol 

. OH 

I 
CH3CH2CH-CH3 

Sec. butyl alcohol 
Oll 
I 

CH3 -' CH-CH20H CH3 -C-CH3 
I ' I , 
CH3 CH3 

Isobutyl alcohol Tert. butyl alcohol 

2. Carbinol system: The simplest monohydric alcohol, 
CH30H, is called carbinol. All other members are considered 
its alkyl derivatives. The alkyl groups attached to the carbon 
atom canying -OH group are named in alphabetical order. 

H3C, ' 
CH3CH20H ; 
Methyl carbinol 

'CHOH' 
H3C/ ' 
Dimethyl carbinol 

Ethyl methyl carbinol 

H3C, . C2Hs" 
H3C7-=-'C-OH C2Hs7C-OH 
H3C . " C2HS 
Trimethyl carbinol Triethyl carbinol 

3. ,IUPAC system According to this system, the, 
alcohols are called alkanols, i. e., by replacing -e from the name 
of alkane by -01, i.e., 

Alkane (- e) + 01= Alkanol 
Examples: 

CH30H 
Methanol 

CH3 

3 12 I 
CH3 -CHCH20H 
2-Methyl propan-I-ol 

OH 
3 Iz I 
CH3-CH-CH3 

Propan-2-ol , 

4 3 2 I 
CH3CH2CH2CH20H 

Butan-l-ol 

CH3CH2CH20H; 
Propan-I-ol 

3 
CH3 
21 

CH3-C-OH, 
II ' 
CH3 

, 2-Methyl propan-2-01 

CH3 
4 3 12 I 

CICH2CH2CH-C1I20H; 
4-Chioro-2-methyl butan-l-ol 

OH 
4 • 3 12 I 
CH3 -CH2 -CH-CH3; 

, Butan-2-ol 

'. Cyclohexanol 

9.4 ISOMERISM 

Phenylmethanol 
(Benzyl alcohol) 
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Monohydric saturated alcohols show following three types of 
isomerism: 

1. Chain isomerism : 'Chain isomerism exists due to 
difference in the ,structure of the chain containing four or more 
carbon atoms attached to the hydroxyl group. 

Examples: 

CH3CH2CH2CH20H 
Butan-l-ol 

(n-Butyl alcohol) 

are chain isomers. 

atld CH3 -CH-CH20H " ,I 
CH3 

2 - Methyl propan -1- 01 
(Isobutyl alcohol) 

2. Position isomerism: This isomerism is due to the 
difference in the position of the hydroxyl group when the 
carbon chain of three or more carbon atoms is the same. 

Examples: 

CH3CH2CH20H 
Propan-l-ol 

(n-Propyl alcohol) 
are position isomers. 

, CH3CH2CH2CH20H 
, Butan-l~ol 

(n-Butyl alcohol) 
are position isomers. 

and 

and 

CH3CHOHCH3 
Propan-2-01 

(Isopropyl alcohol) 

CH3CH2CHOHCH3 
'Butan-2-ol ' 

'(Sec. butyl alcohol) 

3. Functional isomerism ,Saturated monohydric 
alcohols containing two or more carbon atoms show functional 
isomerism with ethers. Both have the general formula 
CnH 2n+20. The alcohols contain a hydroxyl group whereas 
ethers have ethereal oxygen (-0-). ' 

Examples :' 

C2 HSOH 
Ethyl alcohol 

are functional isomers. 
CH3CH2CH20H 

Propan-I-ol 

are functional isomers. 

and 

and 

CH30CH3 
DImethyl ether 

C2HsOCH3 
Ethyl methyl ether 
(Methoxy ethane) 

Besides the structural isomerism, alcohols having' asym-, 
metric 'carbon atom exhibit optical isomerism (enantio
merism) also. 

Examples: 

Butan -2-01 
,(Sec. butyl alcohol) 

" H, /AS,ymmetric, 
I /. _. carbon atom 

CH3-C-OH' 
, I ' ' 

C2HS 



H /AsymmetriC 
. I /" carbon at.om 

Pentan -2 ~ 01 
(Sec. amyl alcoh.ol) 

CH3-C-OH 

I 
C3H 7 

SOME SOLVED PROBLEMS 

Probl~m 1. 'Write the structural formulae and give 
!UP AC names for all isomeric alcohols of the molecular 
formula C4H lOo. . 

Solution : C4H lOO is a monohydric alcohol, i.e., . 

C4H 90H It can have four isomeric alcohols. 
CH3 

3 12 1 432 1 
CH3CH2<;H2CH20H 

Butan-l-.o1 
and CH3 -CH-CH20H 

2-Methyl pr.opan-l-.o1 

are primary alcohols. 

OH 
4 3 12 1 
CH3CH2 CH-CH3 

Butan-2-.oI 
(Sec.ondary alc.oh.ol) 

and 

3. 
CH3 

.21 
CH3-C-OH 

11 
CH3 

2-Methyl pr.opan-2-.oI 
(Tertiary alc.oh.ol) 

Problem 2. (a) Write the structural formulae and give 
!UP AC names for all the isomeric alcohols of the molecular 
formula CSH12o. Indicate any chirality. 

(b) Write the structures and name all the cyclic C4H70H , 
isomers. 

Solution: (a) Cs H120 is a monohydric alcohol,i.e, 

Cs HllOH. It can have the following eight isomers: 
Oli 

s .43 2 1 s 4 3 12 1 
(1) CH3CH2CH2CH2CH20H 

Pentan -1-.01 (10) 
(2) CHyCH2CH2*CHCH3 

Pentan -2-.01 (2°) 

OH CH3 
S 4 13 2 1 4 13 2 1 

{3) CH3CH2CHCHzCH3 (4) CH3CHCH2CH20H 
, Pentan-3-.oI (2") 3-Methyl butan-I-.oI (10) 

CH3 ,· CH3 
1 12,3 4 3 21 1 

t (5) H3C":"-C-CH2CH3 (6) CH3 -C-CH20H 
I· , I 
OH CH3 

2-Methyl butan-2-.oI PO) 2,2-Dimethyl pr.opan-I-.oI (10) 

CH3 OH CH3 
4 ,13 12 1 4 3 12 1 

(7) CH3CH-*CH-CH3 (8) CH3CH2*CHCH20H 
3-Methyl butan-2-.oI (20) 2-MethyJ butan-l-.o1 00) 

.. ~ *Isomers (2), (7) and (8) containing chiral centr~s can 
. , exhibit enantiomerism. . 
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(b) (1) 

Cycl.obutan.oI 

~CH3 

(3) 'V' OH 

I-Methyl cycl.oPropan.oI 

H OH 

(5) H3C>y<H 

2-Methyl cycl.opr.opan.oI 
(Trans-) chiral 

Cycl.opr.oPyl methan.oI 

2-Methyl cycl.opr.opan.oI 
(Cis-) chiral 

Electronic structures of the functional groups (Alcohols 
and Phenols) 

The general fonnula of alcohols is R-OH, where R is 
some alkyl or substituted alkyl group and the -OH group in 

alcohols is attached to sp3 -hybridized carbon of-CH3 by a 

sigma (0') bond fonned by the overlap of sp3 -hybrid orbital of 

oxygen. The sttucture of the simplest alcohol is: 

~)c ~ 0,: ; IQ\-o: or (C6Hs-~-H) 
H 108.so~H \~::::~/lO~H 

Methan.oI Phenol 

The oxygen atom of the hydroxyl group has two bond pairs 
and two lone pairs of electrons, so the' C-O--H bonds in 
alcohols (as well as in phenols) are not linear and the bond 

angle -C~H in alcohols is 108S which is slightly less 

than tetrahedral angle (109.5°) due to the repulsion between the 
unshared electron pairS of oxygen. 

Since, the oxygen atom is more electronegative than both 
carbon and hydrogen, the electrons of c-o and the O-H 
. bonds are a little more displaced towards the oxygen atom. As a 
result, the oxygen has partial negative charge (0 -) and carbon 
and hydrogen each have a partial positive chai:ge (0 +) and so 
alcohols (and phenols) possess a net dipole moment. Methanol 
has a dipole moment of 1.7lD. 

[H3 Co+ _Oo-_Ho+] 

Phenol on the other hand has a dipole moment 1.54 D. The 
smaller dipole moment of phenol is due to the electron 
attracting effect of phenyl group in contrast to the electron 
releasing effect of methyl (or alkyl) group in alcohols. 

Due to this dipolar nature, alcohols and phenols fonn 
'intennolecular hydrogen bonding . 
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In phenols, the -OH group is attached to sp2 -hybrid 

carbon of an aromatic ring and oxygen atom of the hydroxyl 
group has two lone pairs of electrons and the bond angle in 
phenol is 109°. The C-O bond length in phenol (136 pm) is 
slightly less than in methanol (142 pm) due to resonance in 
aromatic ring of phenol. 

9.5 GENERAL METHODS OF PREPARATION 
OF MONOHYDRIC ALCOHOLS 

1. By the hydrolysis of alkyl halides with aqueous 
alkali or moist silver oxide : Alkyl halides undergo 
hydrolysis when heated with aqueous NaOH or KOH or moist 

. silver oxide. The hydrolysis occurs by'. a nucleophilic 
substitution reaction. 

RX +KOH(aq.)~ ROH +KX 
Alkyl halide Alcohol 

C2HSBr +KOH(aq.)~ C2HSOH +KBr 
Ethyl bromide Ethyl alcohol 

This method is not satisfactory as olefins (alkenes) are 
formed as side products. H~wever, satisfactory results are 
obtained by using moist silver hydroxide (AgOH) or aqueous 
potassium carbonate (K2C03). 

RI + AgOH ~ ROH + AgI 
Alkyl iodide Moist sirver oxide Alkyl alcohol 

The methodis applicable for the preparation of primary, 
secondary or tertiary alCohols, but primary alkyl halides give 
good yield of alcohols, while tertiary butyl halides mainly give 
alkenes due to dehydrohalogenation. 

CH3 CH3 
I I 

CH3 -C-CH3 + NaOH~ CH3 -C=CH2 +NaBr +H20 
I (aq.) lsobutylene 
Br (Major product) 

Tert. butyl bromide (3°) 

Secondary alkyl halides give a mixture of alcohol and 
alkene. 

CH3-CH-CH3 + KOH(aq.) 
I 
Br 

Isopropyl bromide (2°) 

Heat) CH3 -CH---.CH3 

I 
OH 

Propan-2-ol 

+CH3CH=CH2 
Propene 

Hydrolysis of 1 ° halides proceeds by S N 2 mechanism 
while those on° halides. by S N I mechanism. The hydrolysis of 
2° alkyl halides may proceed by S N I or S N 2 ~eaction. 

2. Hydration of alkenes : Alkenes are absorbed in cold 
concentrated sulphuric acid forming alkyl hydrogen sulphates. 
These undergo hydrolysis with boiling water or steam and form 
alcohols (Indirect method of hydration). 

HO . 
2 ) R-CHOH R- CH + H2S04 ~ R-' CH- HS04 

II I' Boil . I 
CH2 CH3 

Alkene Alkyl hydrogen sulphate 
CH3 

Alcohol 

+H2S04 

CH2 - CH 3 H 0 CH 3 
II- +H2S04 ~ I 2.) -I + H2S04 
CH2 CH2HS04 BoIl CH20H' . 
Ethene' Ethyl ~ydrogen sulphate Ethyl alcohol 

The' overall process is the addition of water to double 
bond. 

This is an Industrial method for obtaining alcohols as 
alkenes are obtained in large amount during the cracking of 
petroleum. Except ethyl alcohol, no other primary alcoholcan 
be prepared by this method as the addition of H2S04 follows 
Markownikoff's rule (MR). Generally secondary and tertiary 
alcohols are obtained. 

Alkenes may also be catalytically hydrated in presence of 
dilute acids directly. 

Dil. H2S04 CH3CH-:-CH2 + H20 ----'=--"'7) CH3 -CH-CH3 
Propene MR I' _ 

Mechanism: See section. 7.6. 

OH 
Propan-2,ol 

In hydration, H2S04 (aM not HBr) is used as a catalyst, 
because the sulphuric>ester which is also formed, can easily be 
hydrolysed. 

OH 

H+. I 
CH3 -C=CH2 + H20 ) CH3 -C-CH3 

I I 
CH3 CH3 . 

2-Methyl propene 2-Methyl propan-2-ol 

CH3 ~H3 
I iI+ I' 

CH3-CH-CH=CH2+H20~CH3-. C-' CH2CH3 
3-Methyl but-I-ene . I 

OH 
2-Methyl butan-2~ol 

Intermediate is 2° carbocation that can chang~ to more 
stable 3° carbocation by 1 ,2-hy~ride shift. 

CH3 CH3 
I H+ I + 

CH3-CH-CH=CH2 ~CH3-CH-CH-. CH3 
3-Methyl but-l-ene .. 2° Carbocation 

11,2 - Hydride shift 

CH3 CH3 
I' OW 1+ -

CH3-C-CH2CH3 ~( ~-CH3-' C -CH2-CH3 
I 3° Carbocation 

OH (more stable) 
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Other examples are: 

. D+ . 
CH3-. CH2-' CH=CH2.IUjCH3-CH2-CIH-. CH2D 

. 2 

OH 
, H+ 

CH3.-CH2-CH=CH2 ~ CH3 -CH2 -C
1 

H-CH;3 
. 2 

OH 

D+ 
CH3-CH2-CH=CH2~CH3-CH2-CH-CH2D 

.. D20 1 

OD 
There are two indirect methods for the addition of water to 

alkenes: 
(i) Oxymercuration-demercuration method: . Mercuric 

acetate (CH3COOhHg or Hg(OAch, in presence of 
water-tetrahydrofuran solution reacts with alkene to form an 
adduct alkylmercury compound. 

Hg(OAc)2 . 
R-cH=CH2 ) R-CH-CH2 

Alkene THF-HzO 1 1 
OH HgOAc 

Hydroxy alkylmercury 
compound 

The mercury compound is reduced with NaBH4 in basic 
medium when alcohol is formed. Addition of water occurs 
according to Markownikoff's rule. 

NaBH4 . 
--~)' RCHOHCH3 

OW Alcohol 
R-CH-CH2 

I . I 
OH HgOAc 

(i) Hg(OAch/THF-H20 
CH3CH2CH=CH2 ) CH3CH2CHCH3 

But-I-ene (ii) NaBH4, OH- I 
OH 

.J3utan -2-01 

(i) H20 
CH3 -C

1

-CH=CH2 + Hg(OAch ---~) 
(U) NaBH4 

CH3 
3-Methyl but-l-ene 

(yCH2 
V + Hg(OAch 

OH 
I 

CH) -C-CH2 -CH3 
I 

CH3 
2-Methyl butan-2-01 

_--'-'--_ .~ .. H CH3 
(ii)NaBH4 V 

This two step process is called oxymercuration 
reduction or oxymercuration-demercuration and forms 
alcohol. 
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(it) Hydroboration-oxidation method: Alkenes undergo 
addition reaction (caned hydroboration) with diborane 
(B2H6)' The addition compounds (trialkyl boranes) on 
subsequent oxidation with alkaline H202 yield alcohols. 

(B2H6 --4 2BH3) 
6H2C-:-CH2 + B2H6 ~ 2(CH3CH2h B 

Triethyl boron 

[ 

BH . , 
H2C=CH2 ~ (H3C- CH2)BH2 ----~ 

Ethene Ethyl borane 

+H2C=CHz ] 
(H3C-CH2h BH ) (H3C-CH2h B 

Diethyl'borane Triethyl borane 
OH-

(CH3CH2h B+3H20 2 ) 3CH3CH20H + H3B03 

BH3 in THF 3H20 2 3CH3CH=CH2 ----~) (CH3CH2CH2h B ) 
Propene' '. Tripropyl borane OH 

CH3CH2CH20H + H3B03 
Propan-I-ol Boric acid 

(i) BH3 in THF . 
. CH3 CHi.. _ ) CH3 -CH-CH20H 

(1I) H20 2, OH I 
CH3 CR3 

2-Methyl propene 2-Methyl propan-I-ol 

In Hydroboration~oxidation (liBO).process, the carboca
tions are not the intermediate and hence no rearrangement 
takes place. 

CH) 
I 

CH3 -C-CH=CH2 

I 
CH3 

3,3-Dimethyl but-l-ene 

CH3 
(i) BH3 in THF I 
r---~CH3-C-CH2CH20H 

(ii) H20 2, OW I 
CH3 

3,3-Dimethyl butan-I-ol 

CH3CH3 

+H20,H+ I I 
'----'---~CH3 -G-CH-CH3 

. . I 
OH 

2,3-Dimethyl butan-2-o1 

The overall (HBO) process occurs with the addition of 
water by anti-Markownikoff's rule. [Borane is an electron 
deficient compound and therefore, behaves as an electrophile 
and attacks at a point of highest electron density. However, the 
addition ofborane follows Markownikoff's rule.] 

Hydroboration method has entirely replaced peroxide 
initiated addition of HBr reaction for anti-Markownikoff's 
addition. 

3. Hydrolysis of ester: Esters on hydrolysis by mineral 
acids or alkalies form alcohols and carboxylic acids; 
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RCOOR' + H20 H+ or OW,) RCOOH+ R'OH 
Ester Acid Alcohol 

Alcohols are generally prepared from naturally occurring esters by hydrolysis with aql:leousalkalies (~"nonification). 

RCOOR' + HONa ~ RCOONa + R'OH' 
Ester (aq.) Sod. salt of an acid Alcohol 

CH3COOC2Hs +NaOH~CH3COONa+C2HsOH 
Ethyl acetate Sod. acetate Ethanol 

Alcohols being more volatile than acids can be easily separated by distillation. The hydrolysis 6f esters takes place by the 

o 0 
II : II : " 

cleavage of acyl oxygen bond (R-C-: OR) and not by alkyl oxygen bond (R-C-O-t-:R). 
I I 

0, 0 
II :. II 

CH3C70-C2Hs +HOH~CH3-C-OH+ C2HSOH 
Ethyl acetate Acetic acid Ethyl alcohol 

This method provides industrial preparation of those alcoholswhich naturally occur as esters. 

Note: Tertiary halides do not give a satisfactory yield of alcohols on hydrolysis. These are first converted into esters and then by doing hydrolysis, 

tertiary alcohols are obtained in good yields .. 
R3CX + CH3COOAg -----;, CH3COOCR) + AgX . 
Tertiary Silver acetate ' Ester 

halide 
CH3COOCR3 + H20 ---7 CH3COOH + R1COH 

alcohol 

4. Hydrolysis of ethers: Ethers when heated with dilute sulphuric acid under pressure are hydrolysed to the corresponding 
alcohols. 

ROR' + HOH_H_2S_O_4_(d_il_.)-;) ROH + R'OH 
8 . 

HzS04(dil.) 
C2HsOC2HS + HOH ----~) 2C2HsOH 

Diethyl ether 8 Ethyl alcohol 

H2S04 (dil.) 
CH30C2Hs + HOH-----;) CH30H + C2HSOH 

Ethyl methyl ether 8 Methyl alcohol Ethyl alcohol 

5. Action of nitrous acid on primary amines: Primary alco~ols are formed when primary amines are treated with nitroQs 
acid (NaN02 + HCI dil. ). 

I I 

C2HSNH2 +HN02~ C2HSOH +N 2+H20 
Ethylamine Ethyl alcohol 

RCH2NH2 + HOND ~R-CH20H+N2+H20 
10 Amine Nitrous acid 10 Alcohol 

Note : (a) Under similar conditions, methylamine does not yield methyl alcohol only, but the other product formed is methyl nitrite or dimethyl ether 

in excess of nitrous acid. 

CH3NH2 + 2HN02---7 CH3-0-N=O + 2H20 + N2 
Methyl nitrite 

"or ,2CH3NH2 + 2HN02---7 CH3-0-CH3 + 3HzO + 2N2 
(b) Secondary and tertiary alcohols cannot be obtained by this method. 
( c) This method is especially used for the preparation of lower alcohols from the corresponding fatty acids. 

RCOOH NH) RCOONH4 ~ RCONHz ~ RNH2 ROH 
Fatty acid Ammonium Amide KOH Primary Alcohol' 

salt amine 

The alcohol obtained consists of one carbon atom less than the acid. 
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6. Reduction of carbonyl compounds including carboxylic acids and esters: Aldehydes, ketones, acids and acid 
derivatives on reduction yield alcohols. A number of reducing agents like ZnlHCI, Na1.C2HsOH, LiAlH4 or NaBH4 can be used 
for this purpose. Aldehydes and ketones are also reduced to corresponding alcohols by catalytic hydrogenation (addition ofH2) 

with finely divided platinum, palladium, nickel or ruthenium, etc. 
(i) Bouveault-Blanc reduction: The reducing agent used is sodium and ethanol. The aldehyde, ketones and esters etc., are 

reduced by nascent hydrogen into corresponding alcohols. 

RCHO +2H 
Aldehyde 

Ni or Pt RCH OH ) . 2 
or Pd Catalyst· Pri. alcohol' 

. H2/Nior Nal alcohol 
CH3CHO+2H " . ) CH3CH20H 

Ethanal or LiAlH4 or NaBH4 Ethanol 

R, . R 

" Ni """ 
R"

" /' CO +2H ). CHOH 
/' ,orPt RV 

Ketone Sec. alcohol 

H2/Ni or Na/alcohol H3C"",, . 

or LiAlH4 or NaBH4 ) /' CHOH 
H3C 

. Propan-2-o1· 

LiAlH4 . . . 
RCOOH + 4H --,.....,...:..;;. .. ----7) RCH20H + H20 

, 'Acid or B2H6/ether 

(i) LiAlH4 . 
CH3COOH + 4H . ) CH3CHZOH+ H20 
Ethanoic acid (ii) H30 + Ethanol 

RCOOR'+4H 
Ester 

CH3COOC2 :Hs + 4H 
Ethyl acetate 

Na/~H50H ) RCH
2
0H + R 'OH 

.. orLiAlH" . 

NalCiH50H 
, . . ..) 2CH3CH20H 

or LiAlH4 . Ethanol 

RCOCI + 4H ----7 RCH20H + HCI . 
Acid chloride' . 

LiAlH' . 
(CH3COhO + 4H ," , 4) CH3CH20H + CH3COOH 

Ethanoic anhydride . ether Ethanol' 

(ii) Reduction with lithium aluminium hydride, LAH (LiAlH4): It is a better reducing agent for the conversion of 

carbonyl compounds, carboxylic acids and their derivatives into alcohols. LiAlH4 is soluble in ether, THF or dichloromethane, the 
common solvent and it does not reduce the olefinic linkage ifpresent in the carbonyl compound. The yields of alcohols are very 
good. 

Tertiary alcohols cannot be obtained by reduction of carbonyl compounds. 
NaBH4 also does not reduce olefinic linkage. 

NaBH4 
CH3CH=CHCHO + 4H' . ) CH3CH=CHCH20H 
Unsaturated aldehyde . or LiAlH4 Unsaturated alcohol 

O. 
II' LiAlH . 

R-C-OH+4H---,4~) RCH20H+H20 

LiAlH4 
" CH3CH=CHCOOH + 4H------7) CH3CH=CHCH20H + H20 

o 
II LiAlH 

. CH3-C-OCH3 __ ....:.4~) CH3CH20H+CH30H. 
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LiAlH 
(CH3COhO-_...;.4~) 2CH3CH20H 

° II LiAlH -
CH3 -C-CI __ ...:.4~) CH3CH20H + LiCI + AlC13 . 

Catalytic hydrogenation reduces carbon-carbon double bond as well as carbonyl group. 

N' H2C==CHCHO + 4H I) CH3CH2CH20H 
Acrolein Catalyst n-Propyl alcohol 

Reducing agents for carbonyl compounds at a glance: 

.... 

-CHO 

)c=o 
-COOH 

-COCl 

(RCOhO 

)c=>c( 
.-COOR 

-CH20H 

-CH20H· 

'" /CH-OH 

-CH20H 

- CH20H 

R-CH20H. 

-CH2-CH2-

-CH20H 

-CH3 

LiAlH4, NaBH4, B2H6/THF; Ni/H2 

-'-iio-. 

LiAlH4. B2H6/THF 

LiAl~. NaBH4, B2H6/THF 

LiAlH4• B2H6/THF, H2/Ni 

H2/Ni. B2H6/THF 

LiAlH4, B2H6/THF, H2/Ni 

RedPII2 

7. Addition of Grignard reagents to aldehydes and ketones: All the three types of monohydric alcohols can be prepared 
by the use of Grignard reagents. Grignard reagents fonn addition compounds by nucleophile attack with aldehydes and ketones 
which on hydrolysis with dilute acid yields an alcohol. 

10 . l/oMgX H20/H+ l/oH' ./OH 
-C=O+R--MgX+ Dry) -C . ) -C, +Mg, 
Aldeh~gnard ether . "-.....R Hydrolysis .. 'R . 'X 
or ketone reagent . Addition compound Alcohol 

(i) Primary alcohols: Primary alcohols are obtained when Grignard reagent is reacted with oxygen or fonnaldehyde or 
ethylene oxide. 

(a) 
, H O/H+ /OH 

RMgX+-2102 ---7Rn:,MgX' 2 ) ROH. +M~ . 
Hydrolysis 1" Alcohol , X . H:OH' 

" 

HO /OH 
2 ) C2HSOH + Mg"-..... 

Ethyl alcohol Br 

1 . 
C2HSMgBr +'2°2---7 C2HsOMgBr 

Ethyl magnesimn Addition product 
'bromide 

The alcohol has same number of carbon atoms as present in the alkyl group of the Grignard reagent. 

H" . Dry H" /OMgX H20 . /OH 
/C=O + RMgX ) /C, ) RCH20H + Mg, . 

H/ ether H/ 'R H+ I" Alcohol 'X 
(b) 

Formaldehyde 

H" H" /OMgBr H ° /OH 
/"C=O +CH3CH2MgBr ---7 /C"-.....' 2 ) CH3CH2CH20H + Mg"-..... 

H Ethyl magnesimn H CH2CH3 Propan-l-01 Br 
Formaldehyde bromide Addition product (n-Propyl alcohol) 

The alcohol has one carbon atom more than the alkyl group of the Grignard reagent. 

CH
2
"" I /0 +RMgX 

CH2 

(c) 

Ethylene oxide 
(oxirane) 
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~, ~ . /00 
I /0 + C2HsMgBr ~ C2HsCH2CH20MgBr-~) C2HsCH2CH20H + Mg" 
CH2/ Ethyl magnesium Addition product Butyl alcohol Br 

Ethylene oxide bromide 

The alcohol has two carbon atoms more than the alkyl group of the Grignard reagent. 
(ii) Secondary alcohols: Secondary alcohols are obtained when Grignard reagent is reacted with an aldehyde other than 

formaldehyde. 

(a) 

(b) 

R, R, OMgK H ° R, /OH OH 
'C=O+R'MgK Dry) )C/. 2) "c +Mg/ 

H/ . ether H/ "R' W H/ ':--..R' "X 
Aldehyde 

H3C",,
/C---:-O 

H . 
Acetaldehyde 

I 
o 

+ CH3MgI 
Methyl magnesium 

iodide 

o H3C, /OMgI 
ry ) 'C/ 

ether . H/ ""-CH3 
Addition product 

Sec. alcohol (2°) . 

HO H3C,,- /OH 
2) /CHOH +Mg" 

H+ H3C/ . I 
Propan-2-01 

(Isopropyl alcohol) . 

CH3 CH3 
I H

2
0 I . /OH 

+RMgK ~ RCH2 -'CH-OMgK ---"~) RCH2 -C-OH + Mg" 
Addition product W I X 

~. 
H 

3 2 
2-Alkyloxirane 

2° Alcohol 
(The ring is opened from least hindered site to form addition product). 
The alcohol has three carbon atoms more than the alkyl group of the Grignard reagent. 
(iii) Tertiary alcohols: Tertiary alcohols are obtained when Grignard reagent is reacted with ketones. 

(a) 

(b) 

R, . R, H ° R '- /OH 
"C=O + R" MgK Dry) R' "C-OMgK 2) R'-"C-OH + Mg 

R'/ ether R,7 . H+ R"/ "X 
Ketone 

2,2-Dialkyl oxirane 

H20 
+ ) 

H 

Tert. alcohol (30) 

H3C" /OH 
H3C /C-OH + Mg" 
H3C/ I 

2-Methylpropap. -2-01 
(Tert, butyl alcohol) 

Rl Rl 
. I H

2
0 I /OH 

+RMgK ~RCH2-C-OMgK ) RCH2-C-OH+Mg,. 
I W I ...... x 
R2 R2 

Addition product 3° Alcohol 

(c) Esters (RCOOR,) on treatment with Grignard reagent first forms ketone which then reacts with second molecule of 
Grignard reagent and forms tertiary alcohol. 

o 0 
II ~------------- Dry II /OC2Hs 

CH3-C--f-OC2Hs + BrMg :C2HS --'-~) CH3-C-C2Hs +Mg" 
Ethyl·acetate- - - - - - - - - - - ether Ethyl methyl ketone Br 

C2HS, 
/C=O + C2HSMgBr 

CH3/ Ethyl magnesium 

CH3 
H20lW ,I 
. )C2HS-C-C2HS 

I 
Ethyl methyl ketone bromide OH 

3-Methyl pentan-3-01 

Altemative reactants can be selected for the same product using Grignard reagent: 

.. 
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. 0 OMgBr 

. (yMgBr II I 
(a) I + CH3 -C-C2H S ~ CH3 -C-C2H S 

~ Ethylmethyl ketone 6 
Phenyl magnesium !? . I 

bromide . ~ . 

OH 
I /Br 

HOH/HCI ) CH3 -C-C2 Hs +Mg/ 6···· 'OH 

Adduct 2~Phenylbutan-2-o1 

or 

o 
. II 

VI C-C2Hs~ CH3MgBr + . , 
HOH/HCI) 

Ethyl phenyl ketone 

0 

IMgCl+~H HOHlHCl 'Y( (b) 

OH 
4-Methyl hexan-2-o1 

or 
0 
II HOHlHCI 'Y( IG-H+ CH3MgCI II 

3-Methyl pentanal OH 

Exceptional behaviour of Grignard reagent 

Methyl magnesium bromide does not react with di-tert butyl ketone due to sterlc hindrance. Similarly isopropyl magnesium 
bromide does not add to di-tert. butyl ketone. However, isopropyl magnesium bromide reduces di-isopropyl ketone to secondary 
alcohol. 

o OH 
II (CH3)2 CH-MgBr . I,· 

(CH3hCH-C-CH(CH3h ) (CH3hCH-CH-. CH(CH3h +CH3CH=CH2 
, Di~isopropyl ketone . 2° Alcohol 

However, isopropyl lithium adds to di-isopropyl ketone despite t~ere is sterle hindrance. This, is attributed due to high 

electronegative character of R in RLi. • 
H 0 . 

ipr-CO-ipr+ipr-Li+ .....,.--t (iprhCOLi 2) (iprhC-OH 

8. Fermentation of carbohydrates: Alcohols can be prepared by the fermentation of carbohydrates under the influence of 
suitable enzymes, The source of enzymes are yeast and malt extract (germinated barley), The various reactions taking place are: 

. C12H22011 + H20 , . I~vertase ) C6 H 120 6 +C6 H120 6 
Molasses '1m yeast) GlUcose Fructose 
(Sucrose) 

D'astase 2(C6H IOOS)n + n H20. 1 . ) nC12H 220 11 
~ Starch (m malt extract) Maltose 

C12H22011 + H 20 ~altase) 2C6H1206 
Maltose (m yeast) Glucose 

(Malt sugar) 

C6 H120 6 
Glucose 

or Fructose 

Zymase 
, ) 2C2HsOH + 2C02 

(in yeast) 30°C Ethyl alcohol 
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The fermentation of sugar is completed in about three days and the optimum temperature is 27°C. The carbon dioxide is 
recovered and sold as a byproduct. 

B. maceranus ' ' H OH 
(C6 HlOOS)n 0) CH3COCH3 +CH3CH2CH2C 2 

Starch 3()""'35 C Acetone (30%) n-Butyl alcohol (60%) 

9. Oxo-process(lndustrial method) : This reaction is also called as carbonylation or hydroformylation. In this reaction, 
alkene is converted to alcohol with one carbon atom more. Catalyst used in this process is cobalt carbonyl or cobalt carbonyl 
hydride [COH(CO)4]' In this process first of all aldehyde is formed, which is reduced to obtain alcohol, e.g., 

[CoH(CO)4 ] ), CH
3
CH

2
CHO H2C=CH2 +CO + H2 -------'---7. 

Ethene High temp. and pressure Propanal 

CHO 
I 

[CoH(CO)4] ) CH3 -CH-CH3 +CH3CH2CH2CHO H2 ~ CH3CH2CH2CH20H 
Zn-Cu Butan-l-ol' 

2CH3 -CH=CH2 +2CO +2H2 
Propene 

CH20H 

I H2 
CH3-CH-CH3~-=~ 

, . 2-Methyl propan-l-ol Zn-Cu 

CH3' , I 
[CoH(CO)4] ) CH3_C_CH2_CH_CH2_CHO-,--H.;;;;.2_/Zn-_C_u--?) 

CH3 
I 

CH3 -C-CH2-C=CH2 +CO + H2 
, I I . 

CH3 CH3 
2,4,4-Trimethyl pent-l-ene 

,9.6 GENERAL CHARACTERISTICS OF 
ALCOHOLS 

Physical properties : (i) The lower members upto CII 

are colourless mobile liquids. Higher members are wax like 
solids. 

(ii) The lower members have a characteristic smell 
(alcop.olic) and a burning taste while solid members are almost 
colourless and tasteless. 

(iii) Alcohols are toxic substances. Methyl alcohol is 
highly t~xic in nature while ethyl alcohol is less toxic. 

(iv) Alcohols are neutral substances. Theyare lighter than 
water. 

(v) The first three members are highly miscible with 
water. However, the solubilitY in water decreases with rise of 
molecular mass. The solubility in water is due to hydrogen 
bonding as -OHgroups present both in alcohol and water are 
highly polarised. 

I I -' 
CH3 CH3 

(Major) 

CH3 
I 

CH3 -C-CH2 -CH-CH2 -CH20H 
I I . 

CH3 CH3 
3,5,5-Trimethyl hexan-I-ol 

a+ a- a+ a- a+ a- a+ a- a+ a
H-O---H-O--- H-O--- H-O---H-O 

I I' I I l 
H R H R H 

Fig. 9.1 Hydrogen bonding between water and alcohol 

The solubility of higher members in water is less. This can 
be explained in the following manner. The alcohols possess 

,both hydrophilic (waterioving or waterlike, -OH group) and 
hydrophobic (water hating, alkane like due to carbon chains) 
moieties. Thus, with increase in molecular mass the 
hydrophobic part of the alcohols increases. This reduces their 
water solubility. Another interesting feature in this connection 
is that among the isomeric alcohols, the solubility increases 
with increase in branching. This can be attributed to decrease 
hi relative volume of hydrophobic portion. 

(vi) Boiling points of alcohols increase gradually with 
increase of carbon chain. The difference between boiling 
points of two consecutive members is about IS-20°C. 
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r .. ·l5.l,:;""~3G', 

Methanol 

Ethanol 

Propan-loOl 

Butan-IoOl 

Pentan-I-ol 

I~~::li;':c,'s;;,- i:';.::~:.': 
~~ -.,'1: 

CH3OH' 

C2HsOH 

C3H, OH 

'C4HejOH 

CsH1l0H 

64.5 

78.3 

97.0 

118.0 

138.0 

Among isomeric alcohqls, the boiling points are in the 
following order: " 

Primary > Secondary > Tertiary 
Butan-I-ol > 2-Methyl propan-l.,ol 

(CH3CH2CH2CH20H) (CH3 -CHI -CH20H) 
b.pt. 118GC 

CH3 

> Butan-2-01 

[CH3CH2CH(0H)·CH3 ] 
, b.pt. 9~C 

b.pt. 108GC 

> 2-Methyl propan-2-01 

[
CH3-rOHl' 

CH3 
b.pt. 83°C 

The boiling point decreases with branching. 
The boiling points of alcohols are much higher as com

pared to the corresponding alkanes, etQers and alkyl halides. 
The reason for the higher boiling points than expected is due to 
intermolecular association of a large number of molecules due 
to hydrogen b9nding as -OH group is highly polarised. 

R R R R 
I I I I 

- - -O-H - - - O-H - - - O-H - - -0-

~ 
Hydrogen bonding 

No hydrogen bonding is present in alkanes, ethers and 
alkyl halides. 

(vii) Lower alcohols form solid derivatives with certain 
metallic salts. 
CuS04·2CH30H CaC12,4CH30H MgCI2·6CH30H 

CuS04,2C2HsOH CaCI2·4C2HsOH MgCl2'6C2HSOH 

For this reason, alcohols cannot be dried over anhydrous 
calcium chloride. 

Chemical properties: The hydroxyl group present in 
alcohols, is a very reactive group and the. characteristic 
reactions ofa1cohols are the reactions of the -' OHgroup. The 
reactions of the hydroxyl group consists of either cleavage 
(breaking) of c-o bond or the cleavage of 0-H bond as 
both are highly polarised with negative end of both the dipoles 
at oxygen. Moreover oxygen has two unshared lone pairs of 
electrons and has partial negative charge so alcohols (or 
phenols) possess a net dipole moment. Methanol has a dipole 
moment of 1.71 D. Due to this dipolar nature, alcohols (or 
phenols) form intermolecular hydrogen bonding. 
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I 5-~H5+ 
_C

a
+ ~ t 

I •. I 
Polar bonds 

c-o bond is weaker in the case of tertiary alcohols due to 
+[ effect of alkyl groups while o-H bond is weaker in 
primary alcohols as electron density increases between O-H 
bond and hydrogelltends to separate as a proton, 

H Weaker Weaker 
I 'bond R . R bond 

R+-C-O _.1-_ H; "CH--a--:H; R ~C -, .1-_ O-H 
1 R? R7 
H Secondary Tertiary 

, Primary 

Thus, primary alcohols are most reactive when there is 
cleavage of 0-H bond while tertiary alcohols are most 
reactive when there is cleavage ofC-O bond. 
. Hence, in O-H cleavage, the order of reactivity is, 

Primary> Secondary> Tertiary, 

and in C-O cleavage, the order of reactivity is, 

Tertiary> Secondary> Primary. 

During 0-H cleavage, proton is given out showing that 
alcohols are acidic in nature. However, alcohols are weaker 
acids than water. This is because the alkyl groups in alcohols 
have a +I effect. The negative charge on oxygen makes the 
release of proton bit difficult. Tertiary alcohols are least acidic 
due to maximum +[ effect of three alkyl groups. Acidic nature 
increases from tertiary to secondary and from secondary to 
primary as +I effect decreases. Thus, the following order is 
followed in the acidic nature of alcohols. ' 

CH30H> Primary alcohol> Sec. alcohol> Tert. alcohol 

In general, the reactions of alcohols may be divided into 
the following three categories: 

(a) Reactions involving the cleavage of oxygen-hydrogen 
I 

bond [C-O-+--H] with substitution or removal of hydrogen as 
I 
I 

proton (i,e., alcohols act as nucleopbiles). 

H 
.~ ·r-I+ I 

R-O-H+/ "C-~ R..LC-C- ~ •• •• I 
Nucleophile Electrophile 

I 
R-O-C- + H+ 

I 
(b) Reactions involving the cleavage of carbon-oxygen 

I 

bond [C-: OH] with substitution or removal of -OH group 
I , 

(i.e., alcohols act as electropbiles). 
The protonated alcohols react as follows: 
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~. n- Protonated alcohol 

Br- + CH2-OH2 ~ Br-CH2 +H20 
Nucleophile ·1 • • I 

R R 
Electrophile Substitution product 

Thus, alcohols act both as nucleophiles as well as 
electrophiles (while phenols usually act as nucleophiles only). 

(c) Reactions involving both the cleavage of alkyl and 
the bydroxyl groups of the alcohol molecules. 

Reactions Involving the Cleavage of O-H Bond 

The general order of reactivity in this type of reactions is: 

CH3 > Primary> Secondary> Tertiary 

1. Reaction with active metals (Acidic nature) : 
Alcohols react with active metals like sodium, potassium, 
calcium, magnesium, aluminium, etc., to liberate hydrogen. 
The metallic compounds formed are called alkoxides (or 
alcoholates ). 

2ROH +2Na~ 2RONa + H2 
Alcohol Sodium alkoxide 

2C2HsOH+2Na~2C2HsONa + H2 
Ethanol Sodium ethoxide 

2C2HsOH+Ca~ (C2BSOhCa+H2 
Calcium ethoxide 

CCl4 3 
3(CH3hCHOH+Al .) [(CH3hCHOhAl +'2H2 

2° Alcohol Aluminium isopropoxide 

CCI 
3(CH3hC-0H+Al 4) [(CH3h COh Al +!H2 

3° Alcohol Al. tert. 

Note: Al. isopropoxide is a specific reducing agent,for aldehydes and 

ketones (without affecting > C=C< , -C-C:-,-, -N02 

and ether etc). 
~L tert. butoxide is used as a catalyst in oppenauer oxidation. It 
oxidises 1° and ~ alcohols into aldehydes and ketones. 

Metal hydride (M+ H-) or metal amides (M+NH2") are 
strong bases and on reaction with alcohol also forms alkoxides. 

R-:.....OH+ Na+H- ~ R-ONa +112 
Sodium hydride Sodium alkoxide 

+ -
CH3CH20H + NaNH2 ~ CH3CHiONa + NH3 

Sodamide . Sod. ethoxide 

Alkoxides are extensively employed for the preparation of 
ethers on treatment with alkyl halide (Williamson synthesis). 

R-0Na+ XR' ·~R-O-R·'+NaX 
Alkyl halide Ether . 

C H 0- + B "Heat 
2 S Na + rC2Hs ~C2Hs-0-C2Hs+NaBr 

Sodium ethoxide Bromo ethane Ethoxyefuane 
(Diethyl ether) 
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Also alkoxides react with CS 2to form xanthates. 
. OR 

R-" ONa+s=C=s~s=c( 
"SNa+ 

The alkoxides are electrovalent compounds and are 
written as RO - M + (M = monovalent, sodium or potassium). 
These are readily hydrolysed by water. 
Note: Alcohols are not acidic enough to react with aqueous NaOH or 

KOH. 
The acidic nature of alcohols is also reflected in their 

reactivity towards Grignard reagent. 
6- 6+ 6- 6+ 

R-O-H+R'MgX ~ R'-H+ROMgX 
+ -

ROH + Na-C==CH~ R-0Na + HC==CH 
Sod. alkynide Ethyne 

Alcohols are stronger acids than terminal acetylenes and 
acidic nature is in the order: 

HOH>ROH>HC==CH> NH3>RH 

Acidic character of alcohols and water 
Water is a better proton donar than alcohol, so alcohols 

are weaker acids than water. Alternatively alkoxide ion is a· 
better proton acceptor than hydroxide ion. In other words, 
alkoxides are stronger bases than the hydroxide ion. Further 
electron releasing inductive effect (+1) of the alkyl group 
makes the alcohols weaker acids than water. 

. In fact, alcohols (and phenols) are Bronsted acids, i.e., 
they can donate a proton to a strong base <= B - ). 

-~r· 'B:+H-O-R~ B-H + :O-R 
•• 

•• C··d·· Base A 'd on Jugate acl C· te b 
. Cl . onJuga ase 

On tre~iting an alkoxide ion with water, the starting alcohol 
is obtained . .. ~ n· ... ..-
R-O: + H-O-H~ R-O-H + :O-H ..... .. .. .. 

Base Acid Conjugated acid CoI\iugate base 
(Alkoxide ion) (Water) (Alcohol) 

Comparison of acidic character of primary, secondary " 
and tertiary alcohols 

. The acidic character of alcohols is due to the polar nature 
of Q-H bond. An electron releasing group (R) increases 
electron density on oxygen tending to decrease the polarity of 
Q-H bond. This decreases the acid strength, and so, the acid 
strength of alcohols decreases in the following order: 

H R R 
Itt 

R -+-C-0H > R -+---C-OH > R -+-C-OH 
1 I . ~ 
H H R 

1° Alcohol 2° Alcohol 
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The +1 effect of alkyl group would be maximum in tertiary 
(3°) alcohol and ·minimum in primary (10) alcohol. In other 
words, primary alcohols are the strongest acids and tertiary the 
weakest. 

2. Reaction with mono carboxylic acids: Alcohols 
react with organic acids to form esters. The process is known as 
. esterification. It is a reversible reaction and hence it is carried 
out in presence of a dehydrating agent like cone. H 2S0 4 or dry 
HCI gas which catalysis the forward reaction and also act as a 
protonating agent. 

RCOOH + HOR' H2S04 (conc.) ) RCOOR' + H20 
. Acid Alcohol Heat Ester 

When HCI gas is used as a catalyst, the reaction is usually 
referred to as Fischer-Speier esterification. 

Water is removed as soon as it is formed to drive the 
equilibrium in the forward direction. 

H2S04 (conc.) 
CH3CooH + HOC2Hs ) CH3COOC2Hs + H20 

Acetic acid Ethyl alcohol Heat Ethyl acetate 

FQr alcohols (CH30H> 1° > 2° > 3°) 
and the acids are in the order: 
HCooH > CH3COOH > RCH2COOH> R2CHCOOH 

>R3CCooH 
Reversible esterification may be achieved by the following 

scheme of reaction .. 

o 0 
II PCls or II C2HsOH 

CH3 -C-QH ---'-~) CH3 -C-CI ~----'--~) 
SOCl2 . 

o 
II 

CH3-C-QC2HS +HCI 

Mechanism of esterification was contlrmed by isotopic 
labelling. 

I I 

. In esterification, it is the ~OH group of acid and not that. 
of alcohol that cleaves. 

3. Reaction with inorganic acids: Alcohols react with 
inorganic acids (except halogen acids) to form inorganic esters. 

C2HsOH+HOS020H(conc.)----> C2HsOS020H + H20 
Sulphuric acid Ethyl hydrogen sulphate 

C2HsOH + HQ-N02 (conc.) ----> C2HsO-N02 + H20 
Nitric acid Ethyl nitrate 

4. Acylation or reaction with acid chlorides and acid 
anhydrides: When alcohols react with acid chlorides or. 
acid anhydrides in presence of a base catalyst, (such as pyridine 
or dimethylaniline) the hydrogen ofthe hydroxyl group is 
replaced by an acyl group (RCQ-), resulting in the formation 
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of esters. The process is known as acylation. When the 
hydrogen of -OH group is replaced by CH3CQ- (acetyl) 
group, the process is termed acetylation. 

o 0 

R-OH + CI~R' Base) RJR' + HCI 

CzHsOH + CIOCCH3 Pyridine) C2HsOOCCH3 + HCI 
Ethyl alcohol Acetyl chloride Ethyl acetate 

With 3° alcahols, the reaction is usually accompanied by 
dehydration of alcohols to alkenes or by the formation of 3° 
alkyl chloride. 

o 0 . 

II Hcl 11 : 
CH3-C-CI + HO-C(CH3h-~ CH3-C-Q-i-C(CH3)3 

I 

o 
HCI' II 
~ (CH3)3 C-CI + CH3 -C-QH 

ROH + (R'CO)zO 
Alcohol Acetic anhydride 

Base) RooCR' + R'COOH 
Ester Acid 

C2HSOH + (CH3CO)z0 Pyridine) C2HsOOCCH3 
. Ethyl alcohol Acetic anhydride Reflux Ethyl acetate 

+CH3COOH 
Acetic acid 

The process of acetylation is used to protect the hydroxyl. 
groups in various reactions. The acetyl derivatives of alcohols 
readily hydrolysed to regenerate the alcohols. 

. 5. Alkylation : When alcohols react with dialkyl 
sulphates, the hydrogen of the hydroxyl group is replaced by ail 
alkyl group resulting in the formation of ethers. 

ROH+R2S04 ----) ROR' +R'HS04 

C2HsOH + (CH3 h SO 4----> C2HSOCH3 + CH3HS04 
Dimethyl Ethyl methyl Methyl hydrogen 
sulphate ether sulphate 

Note: Ethers can also be obtained when alkoxides are heated with 'alkyl 

. halides. 
/1. 

C2HsONa + BrC2HS -=-+ C2H50~H5 + NaBr 
Sod .. ethoxide Ethyl bromide Diethyl ether 

This reaction is tenned WillialJ}.!iOn·s synthesis. 

6. Reaction with Grignard reagents : Hydrogen 
(acidic) is provided by alcohols which combines with-alkyl 
group of the Grignard reagent to form alkane. 
.. OR . 

Ror~.:E~~lMgX----> M< + R'H 
Alcohol Grignard X Alkane 

reagent 
. /OC2Hs 

C2HSOH +. CH3MgI ---->Mg""" + CH4 
Ethanol Methyl magnesium I· Methane 

iodide 



Reactions Involving the Cleavage ofC-· OH Bond 
The order of reactivity in this type of reactions is: 

Tertiary alcohol> Secondary alcohol> Primary alcohol. 

7. Reaction with hydrogen halides: Halogen acids 
react with' alcohols to form alkyl halides. The reactivity of 
halogen acids is in the order of HI .; HBr > HCI > HF and the 
reactivity of ROH is in the order of allyl, benzyl> 3° > 2° > 1°. 
The reaction follows a nucleophilic substitution mechanism. 

ZnCI2 ROH + HX ----.,;;;...;... ---+) R-X + H20 
Anhydrous 

znCI2 C2HsOH + HCI ) C2HsCI + H20 
Ethyl alcohol Anhydrous, heat Ethyl chloride 

. ZnCI2 CH3 -CH-CH3 + HCI ) CH3 -CH-CH3 + H20 I Anhydrous I 
OH CI 

Propan-2-o1 
(2° Alcohol) 

2-Chloropropane 

. In case of higher alcohols, i.e., the intermediate is 2° 
carbocation that can change to more stable 3° carbocation by 
1,2-hydride shift. . 

CH3 CH3 
I I 

CH3-. CH-· CH-· CH3 +HCI----tCH3-C-CH2CH3 
I ·1 

. OH CI 
3-Methyl butan-2-o1 (Major product) 

CH3 

I 
+ CH3-CH-CH-CH3 

I 
CI 

(Minor) 
There can be 1,2 hydride shift to get more stable (30) 

carbocation. 
CH3 CH3 CH3 
I . H+ I -H20 I + 
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In 3° (and 2°) alcohols, the SN1 mechanism operates. 
however, with tertiary alcohols, no such catalyst is required. 

(CH3hC-OH + HCI Room temp. ) (CH3hC-C1 + H20 
2-Chloro-2-2-Methyl 

propan-2-ol (3") methyl propane 

.~Hr -H20 
R3C-OH •• =~~ R3 C- OH;. .. 

•• . Slow 
3" Alcohol 

0-· 
R3C+ ---4 R3C- X 

Fast 3" Haloalkane 

While in primary (l0) alcohols, the rearrangement does not 
take place as they follow SN2 mechanism. 

+ a- a+ R-OH2 + X- -H X ---R ---OH2 ]~ R-X +H20 
(Protonated Transition state I" Alkyl halide 
I" alcohol) 

H2S04{conc.) 
C2HSOH + HBr ) C2HSBr + H20 

Ethyl alcohol Heat Ethyl bromide 

C2HSOH + HI Heat) C2HsI + H20 
Ethyl iodide 

In case of branched primary alcohol, SN1 mechanism is 
involved, e.g., . 

CH3 CH3 

I HrX- I + 
CH3-C-CH20H.. ' CH3-C-CH20H2 

I I· 
CH3. CH3 

2,2-Dimethyl propan-I-ol 
CH3 

-H20 I + 

)CtH3-<[-CH2 

CH3 
Methyl shift 

CH3CHCHCH3 ~CH3CHCHCH3--=----+) CH3CHCHCH3 

6H COl H+2 12" C~cation· • 
(less stable) 

3-Methyl butan-2-o1 1,2-Hydriqe shift 

CH3 CH3 
I x- I 

CH3-· C-.· CH2-CH3 f----CH3-C-CH2-CH3 I . + 

X 
CH3 .. CH3 ::-::N:-"ot:-e-: --:I;;;f,-'-h-ow"":-e-v-er-, -:al-co-'-h--:ol;-:is"""'h:-e-ate-d""'w--"':ith:-c""o-"-nc-.-;;OHI::::--an--:d:-red--=-p""'h-os-p"::""ho-rus-

I . Cl-·· .. I it is converted into alkane. 
CH3CCH2CH3 ~CH3C+CH2CH3 RedP 

I 3" Carbocation C2HSOH + 2HI . ) C2H6 + 12 + H20 
Heat 

CI (more stable) 
2-Cbloro-2-methyl 8. Readion with phosphorus halides : react 

butane with phosphorus pentahalides (P X 5) and phosphorus trihalides 

The reaction of 1 ° and 2° alcohols with HCI gas in presence (P X 3) to yield alkyl halides. 
of anhydrous ZnCl2 is called Groove's method. 3ROH + PX 3 ----t 3RX + H3P03 

. Alcohol Phosphorus Alkyl Phosphorus 
trihalide halide acid 
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ROH + PXs ---t RX + POX3 + HX 
3C2HsOH + PC13 ~ 3C2HsCl + H3P03 

Generally, in place of PBr3, red phosphorus and bromine 
can be used. Similarly in place of PI3, red phosphorus and 
iodine can be used. Primary and secondary alcohols react with 
PX 3 below room temperature by SN2 mechanism, hence no 
rearrangement product is formed. Tertiary alcohol gives S N 1 

reaction. 

6C2HsOH +2P +3Br2 ---t 6C2HSBr + 2H3P03 
Ethanol '--:---.--' Ethyl bromide 

6C2H50H +21' +312 ---t 6C2H51+2H3P03 
10 Alcohol '---v--' Ethyl iodide '. 

3CH3CH2CH-CH3 + PBr3 -7 3CH3CH2 CHCH3 +H3P03 I· . . I .' . 
OH Br . 

Butan-2-o1 (2°) 2-Bromobutane 

3(CH3hC-OH+ PI3 -7 3(CH3hC-I + H3P03 
.30 Alcohol Te;'t, butyl iodide 

Phosphorus halides form intermediate: inorganic esters. 
. The resulting ester group is a very goo.d leaving group that can 
be displaced by halide ions. 

Stereochemistry of the reaction is essential to discuss here: 
Me Me. 

H ~. OH PCls or ) H~ (;1 + POC13 + HCl . T SOCI2 ' T or' 
Et . Et S02+ Hcr . 

In this reaction, configuration around chiral carbon does 
not change. 

Me Me Me 

H+H~H+OTS N'Cl)Cl4-H+TsONa+ 

ill ill ill 

R3C-OH+SOCI2 Pyridine) R3C-CI+S02+HCI 
3°Aleohol 

. Actually thionyl chloride first converts an -OH gr()up 
into a chloro sulphite group in the presence as well as absence 
of pyridine as catalyst. . . 

.0 
S0Cl2 II CI-

R-CH20H--. ~)R-CH20-S-CI~ 
Pyridine. . 

R-CH2-Cl +S02 +CI-

The most important of these leaving groups are those 
based on sulphonate esters. Primary and secondary alcohols 
form stable crystalline sulphonate esters with p-toluelie 
sulphonyl chloride (TsCl). 

o 

R--,-OH 
TsCI . . CH3COO- II 

'. ) R-O-Ts --=---~) CH3 -C-OR 
Pyridine S~ 

This tosylate group can be replaced by any nucleophilic 
group (even weak nucleophile as acetate) and is an example of 
S N2 reaction with inversion of configuration .. 

It.. Reactio.. with ammonia: Alcohols react with 
'. alcoholic solution of ammonia when their vapours are passed 

over heated alumina or thoria catalyst at 360-500°C to form a· 
. mixture of primary, secondary and tertiary amines. 

ROH + NH3 Al20 3) RNH2 ROH) R2NH ROH) R3N 
(Ale.) 360°C Primary Al20 3 Secondary Al20 3 Tertiary 

amine amine amine 

Al20 3 . 
CH3CH20H+NH3 . ) CH3CH2NH2+H20 
Ethyl alcohol 360"C Ethylamine (1°) 

CH3CH2NH2 +CH3CH20H Al
203> (CH3CH2hNH+H20 

I" Amine Ethyl alCohol' 360°C' Diethylamine (2") 
, 

. Al20 3 . 

Here,Tsstandsfortosylgroup,i.e.,CH3 _( )-SO-3 (CH3CH2hNH+ CH3CH20H 0) (CH3CH2hN + H20 
2° Amine . 360 C Triethylamine (3°) 

In this reaction, inversion of configuration around chiral . Re3ctions involving botb tbe cle3vage of alkyl and 
carbon takes place. . . bydroxyl groups: 

9. Readion witb tbionyl chloride: Alkyl chlorides of Miscellaneous Reactions 

high purity are formed [because the other products of the . It. Dehydration: The elimination of water froth a 
reaction (i.e., S02 and HCI) are gases] when an alcohol reacts 

compound is known as dehydration. The alcohols on with thionyl chloride in presence of pyridine. 
dehydration yield alkenes $-elimination of alcohol). The order 

ROH + SOCl2 Pyridine) RCi + SO l' + HCII of ease of dehydration is: . . . 2 
Thionyl chloride Tertiary alcohols> Secondary alcohols> Primary alcohols' 

P 'd' The process of dehydration is do. ne either by heating the 
C2 H50H + SOCl2 yn me) C2 H5C1. + S02 + Hrl ., alcohol with concentrated sulphuric or phosphoric acid at 

Ethylaleohol Ethyl chloride 
higher temperature viz., upto 200°C or by passing the vapours 

R
2
CHOH + SOCl2 Pyridine) R2CHCI + S02 + HCI of alcohol over ~ilumina at 350-400°C. Other dehydrating 

20Alcohol agents used for alcohols may be KHS04 /L1, BF3/A, anhyd. 



ZnCI2/~ P20S/.£l, dry HC1,boric acid at 443K and p-toluene 
sulphonic acid, etc. 

. Al20 3 CH3CH20H ) H2C=CH2 + H20 
. Ethyl alcohol 350°C Ethene • 

.' H2S04 (conc;) , 
CH3CH2CH20H , ) CH3CH=CH2 

Propan~l-ol 170"C Propene 

Al20 3 
CH3CH2CH(OH)C~3 ' '.) CH3CH:-CHCH3 

Butan-2-ol 250"C "IM-2-ene (Major) 

" In the case of secondarY and tertiary alcohols, Saytzeff's 

rule is followed. 
Primary alcohols are dehydrated by conc. H2S0 4 at 170°C 

whereas dilute H2S04 is used in the case of secondary and 
tertiary alcohols: 

H2S04 (conc.) 
CH3CH20H ) H2C=CH2 + H20 
Ethyl alcohoi 170°C Etl'lene 

H2S04(l : 1) , 
CH3CH2CHOHCH3 ' ) CH3CH=CHCH3 + H20 

Butan-2~ol Heat But-2-ene 

CH3 
I 

CH3-C-CH3 
I 

OH . 
2-Methyl propan-2-o1 

CH3 
Conc. H2SO4 I 

, , ) CH3 -C=CH2 + H20 
Heat 2-Methyl propene 

80% H3P04 

170·C o 
Cyclohexanol Cyclohexene 

S~condary and tertiary alcohols always give El 
elimination reaction. Primary alcohols whose ~carbon atom is 
3° or 4° also give El reaction. " 

Primary alcohols whose ~carbon is 1° o~ 2° give E2 . 
reaction. '. 

The reaction between ethyl alcohol and conc. sulphuric 
acid is interesting as different products are obtained at different 
temperatures. At 110°C ethyl alcohol combines with H2S04 to 
form ethyl hydrogen sulphate. . 

C2HSOH + H2S04 ; 10°C) C2 HSHS04 + H20 
Ethyl wdrogen sulphate 

(i) When ethyl hydrogen sulphate is heated alone at 170°C, 
it forms diethyl sulphate. 

2C2HsHS04 170"~) (C2 HShS04 + H2S04 
. i Diethyl sulphate 

(ii) When ethyl hydrogen sulphate is heated with excess of 
conc. H2S04,ethene"is formed. 
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. . 170°C 
C2HSHS04 ) C2H4 + H2S04 

" Conc. H2S04 Ethene 

. (iii) When ethyl hydrogen sulphate is heated with excess 
of alcohol at 140°C, ether is formed. 

. " 140°C 
C2HSHS04 + HOC2 HS ' ) C2HsOC2HS + H2S04 

Diethyl ether 

Note: Methanol gives reactions with conc. H2S04 similar to ethanol 

~cept the reactiOD (ii) hilt methene is not formed 

Mechanism: Dehydration invol~es: 
(i) formation of the protonated alcohol, ROH; , 
(ii) its slow dissociation into a carbocation, and 
(iii) fast expulsion of a hydrogen ion from the 

carbocation to form an alkene. (See settion 7.5) 
Acid is required to convert the alcohol into the protonated 

alcohol, which dissociate by loss of weakly basic water 
molecule much more easily than the alcohol itself. 

I I " I I· -H20 I I H+ I I 
-C-C- -C-C-~-C~-~-C=C-

I I I I I + Alkene 
H OH H +OH2 H 
Alcohol Protonated (Carbocation) 

alcohol 

.0 
(CH3CH20H 

•• 
+ -H20 + H 

CH3CH20H2 ) CH3CH2 - ) 
•• (Slow) (Fast) 

H2C=CH2) 
Similarly, propanol'gives propene, but butan-I-ot· 

, produces but-2-ene as the major product and but-I-ene as the 
minor product. 

H+ + -H20. 
, CH3CH2CH2CH20H--=---7CH3CH2CH2CH20H2 ) 

Butan-I-ol Protonated alcohol 

1,2-Hydride shift) CH3CH2 CHCH3 
2° Carbocation 
(More stable) 

-H) CH3CH=CHCH3 +CH3CH2CH=CH2 
But-2-ene But-l.:ene 
(Major) (Minor) 

In all cases, intermediate is carbocation and there may be 
1,2-hydrlde . or 1,2-methyl shift to form more stable 
carbOcation. e.g., 

(CH3hCCH20H ---.:.:w~) (CH3hC=CHCH3 
2,2-Dimethyl propan-l-ol -H20 2-Methyl but-2-ene . 

(Major) 



Alcohols or Alkanols 

CH3 CH3CH3 ' 

1 . Cone. H2S04 1 1 
CH3 -C-CH-CH3 ----~)CH3 -C=C--CH3 

1 1 Heat 2,3-Dimethyl but-2-ene 
CH30H (Major) 80,% 

'3,3-Dimethyl butan-2-o1 

'(This is due to 1 ,2-methyl shift. See problem 10 (c) on page 
487). 

Further greater the conjugation, greater the stability (due 
to resollance)' and hence' easier the dehydration. The 

r dehydration is in the order: 

CH3-CH-CH=CH2 >CHj-' CH-, CI:IzCH3 
1 ,I,. 

OH 'OH 

6>6>6 
11. Dehydrogenation (Action of hot copper) : Primary, 

secondary and tertiary alcohols differ in their behaviour when 
the vapours are passed over hot reduced copper at 3000C. 

(i) A primary alcohol loses hydrogen and fonnsan 
aldehyde., 

RCH20H Cu) RCHO + H2 (Dehydrogenation) 
(1°) Alcohol 3000C Aldehyde 

CH3CH20H . Cu ) CH3CHO+ Il2 
Ethyl alcohol 300"C Acetald~hyde 

(ii) A secondary alcohol loses hydrogen and forms a 
ketone. 

R", 
R/

CHOH Cu ) R"",C=O + H2 (Dehydrogenation) 
300°C R/ ' 

(2°) Alcohol Ketone 

H3C"" H3C"", 
CHOH > Cu) _ /C=O +H2 

H 3C/ 3000C H3 C" '. 
Isopropyl alcohol Acetone 

(iii) A tertiary alcohol however, undergoes, dehydration to 
form alkene. 

H3C"",- /OH 
C 

H3C/ "CH3 
Ten. butyl alcohol 

OO)Alcohol 

H3
C

" Cu) /C=CH2 + H20 
3000C H3Cth, (Dehydration) 

2·Me yl prop-I-ene 
(lsobutylene) 

This property is utilized to distinguish between primary, 
Secondary and tertiary alcohols. 

13. Oxidation: The nature of the oxidation products 
depends on whether the, alcohol is primary, secondary or 
tertiary. The oxidising agents usually employed' are acidified 
potassium dichromate (K2Cr2071H2S04), acidified, or 

alkaline potassium permanganate (KMn041H+or OH-) or 

dilute nitric aCid. 
(i) A primary alcohol is easily, oxidised to an aldehyde 

and then to an acid both containing the same number of carbon 
atoms as the original alcohol, i.e., -CH20H group is first 
converted into -CHO (aldehydic group) group, which in tum 
is converted into -' COOH (carboxyl group) group, 

CH3CH20H [0]) CH3CHO [0]) CH~CObl{ 
~thyl alcohol Acetaldehyde Acetic acid 
, (2C-atoms) (2C-atoms) (2C-atoms) 

(ii) A secondary alcohol when oxidised gives a ketone 
containing the same number of carbon atoms as the alcohol. 

H 3C, .' H3C.,. 
"CHOH [0]) . "C=O 

H3C/ '.H3C/· 
Isopropyl alcohol . Acetone 

(3C-atoms) (3C-atoms) 

Other reagents for oxidation are: 
Jones reagent (cr03 , aqueous H2S04 and acetone as 

solvent) oxidises alcohol without affecting carbon-carbon 
multiple bonds, aUylic or benzylic C-H bonds and other acid 
sensitive groups. This reaction is carried out at O°C. 

cr03, acetone, aq. H2S04 
HC==C-CH=CH-CH20H ,) , onc 

HC=C-, cH=CH-CHO 

At higher temperature (~bove 25°C), aldehydes convert 
into carboxylic acids. 

Aluminium tert. butoxide, [(CH 3 h COh AI in acetone 

oxidises I ° and 2° alcohols (particularly) into aldehydes and 
ketones (Opplmauer oxidation).' N-Bromosuccinimide 
(NBS) also oxidises primary and secondary alcOhols to 
aldehydes and ketones. 

Pyridinium chlorochromate (PCC) in CH2C12 (Sarret 

reagent) oxidises primary alcohols t-o aldehydes;· [pcC is an 
equimolar . mixture of cr03, HCI and pyridine i. e., 
Cr03 ·CsHsN·HCI or (CsHsNH)+CICrOi or Corey's 

reagent]. 

Pyridinium dichromate (PDC) is (CsHs NH+h Cr20;-

and it oxidises primary alcohols to aldehyde and secondary 
alcohol to ketone (in excellent yield) without affecting 
carbon-carbon mUltiple bonds. . 

PDC/CH CI ' 
C6HsCH=CHCH20H ___ 2--,-;Z~) C6H SCH=CHCHO 

N, ",O,.H, 'N° 
Y ~~"y 

CH20H ' CHO 
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DMSO in (COClh and (C2Hs),3N also oxidises primary 

alcohols to aldehyde without affecting carbon-carbon m~ltiple 
bonds (Swern re~ction). 

, Tosyl derivative of alcohols is also oxidised by DMSO. 

R-:....CH OH (i) TsCI, ., ) R-CHO , 
.2 (ii)DMSOINaHC03 

MnOz selectively oxidises the -OH group of allylic and 
benzyUr 10 and 20

, alcohols to aldehydes and ketones 
respectively and so is Collins reagent (one mole ofCr03 and 2 

moles of pyridine inCH2CI2)' 

Mn°2 H2C ,CH-CH20H----=--~) H2C=CH-CHO 
(acetone) 

0IH 0 
Mn02 II , 

C6Hs -CH-, CH3 ---=-~) C6HS -C-CH3 
(CCI4 ) 

Ketones, are difficult tb be oxidised further, but' on 
prolonged action of oxidising agents, these are oxidised to 
carboxylic acid or a mixture of acids each containing lesser 
immber of carbon atoms than the ketone or original alcohol. 

H
3
C",CO [0]) CH3COOH + HCOOH [0]) CO2 + H20 

H3C/ Acetic acid Formic acid 
(3C-atotm) (2C-atoms) (IC-atom) 

(iii) A tertiary alcobol having no oxidisable hydrogen 
Hoked to carbon atom bearing hydroxyl group, is stable to 
pXid~tio~ under ordinary conditions. However, under drastic 
oxidation the carbon chain is ruptured and ketones and acids 
are formed both having fewer number of carbon atoms than the 
original alcohols. 

" ,IH
,3 [0] [ 1H3 ]4[0] 

2CH3-C-,-OH ) CH3 -, C-CH2 ) 
I ' Conc. HN03 2-MethyJpropene ' 

'. CH 3 ' (Isobutylene) 
Teri. butyl Illcohol 

CH3 
I 

CH3 -C=O ~[O]) CH3COOH +C02 + H20 
Acetone ~ Acetic acid 

Some spetifi~ oxidising agents are: 

1. Chroinic acid,H2Cr04, 1° alcohol to' carboxylic a~id. 
',' 

J.. PCC, PDC and DMSO 10 alcohol to aldehyde and 2° alcohol to 
ketone without affecting double bond. 

20 alcohol to ketone. 

4. 'ones reagent (chromic 1° alcohol to aldehyde and 
acid in aqueous acetone.) 20 alcohol to ketone, without affecting 

double bond. 
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It selectively oxidised allylic and 
benzylic 10 and 2" alcohols to give 
aldehyde and ketones respectively. 

6. Ag2C03 ,in benzene 10 alcohol to aldehyde and 2° alcohol to 
ketone. 

7. Ceric Ammonium nitrate 1° alcohol to aldehyde and aromatic 
, (CAN) -CH3 group into -CHO. 

8. Sodium hypochloride 2° alcohol to ketone without affecting the 
(NaOCJJCH3COOH) 1° alcohol. 

14~ Reaction with halogens: Halogens, oxidise primary 
and secondary alcohols to aldehydes and ketones respectively. 
The oxidation product then undergoes halogenation. 

CI 
CH3CH20H ,,2 ) CH3CHO -~ CCl3CHO 
Ethyl alcohol [0] Acetaldehyde Chloral 

H3C", Cl2 H3C", Cl2
CCl3 

/CHOH ) /CO )CO 
H3C/ [0] H3C/ CH3/ 
Isopropyl alcohol Acetone . Trichloroacetone 

15. Reaction with,' bleaching powder : When the 
mixture of ethyl alcohol and bleaching powder is heated, 
chloroform is formed. The conversion occurs in three steps. , 
Bleaching powder brings oxidation in first step, chlorination in 
second step and hydrolysis in third step respectively, 

CH3CH20H + CaOCl2 
Ethyl alcohol Bleaching powder 

Oxidation) CH3CHO 
Acetaldehyde 

+CaCI2 +H20 

2CH3CHO+6CaOCI2 Chlorination) 2CCl3CHO 
Chloral 

+3Ca(OHh +3CaC12 

Hydrolysis 
2CC13CHO+Ca(OHh . ' ) 2CHC13 , 

Chloroform 

+ (HCOOhCa 
Calcium formate 

16. Haloform reaction: Ethyl alcohol when' heated 
with iodine and sodium hydroxide or aqueous sodium 
carbonate forms a yellow crystalline solid, iodofor,m. 

C2HsOH +412 +6NaOH Heat) CHI 3 + 5Nal 
Ethyl alcohol Iodoform Sodium iodide 

+ HCOONa + 5H20 
Sodium furmate 

This reaction like the preparation of chloroform also 
occurs in three steps: 

CH3CH20H Oxidation) CH3CHO Iodination) 
(NaOH + 12) 12 

Hydrolysis 
CI3CHO ) CHI 3 

Iodal' NaOH Iodoform 
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Methyl alcohol does not respond to the iodofonn test. 
In place of iodine, bromine or chlorine can be taken when 

the corresponding compounds bromofonn orchlorofonn are to 
be fonned. This reaction in general is known as haloform 
reaction. 

C2HsOH+4Br2 +6NaOH~ CHBr3 +5NaBr 
Bromoform 

+HCOONa +5H20 

C2HsOH+4Cli +6NaOH~ CHCl3 +5NaCI 
Chloroform . 

+ HCOONa + 5H20 
17. Reaction with acetaldehyde: In presence of dry 

hydrogen chloride, ethyl alcohol combines with acetaldehyde 
forming hemiacetal and acetal. 

CH3CH=O+ HOC2Hs Dry H~l gas) CH3CJ/
OH 

Acetaldehyde Ethyl alcohol 100 C ""OC2Hs 
. Hemiacetal 

.. ~~~=~?JOC2Hs (-H 0) ... . /OC2H S 
CH3CH, 2 ') CH3CH, 

'OC2Hs -~'. 'OC2H5 
Acetal 

(Diethoxyethane) 

18. Reaction with P2SS: On heating yields thioalcohol. 

5C2HsOH + P2S5 ~ 5C2H5SH + P20S 
Ethanol Ethanethiol 

9.7 METHODS OF DISTINGUISHING BETWEEN 
PRIMARY, SECONDARY AND TERTIARY 
ALCOHOLS 

The following methods are used for distinguishing thr~e types 
of-monohydric alcohols: 

1. Lucas test: Alcohols react with an equimolar mixture 
of concentrated hydrochloric acid and anhydrous zinc chloride 
at room temperature to fonn alkyl halides. 

ZnCl2 R-OH + HCI ) R-CI +H20 
(Cone.) Anhyd. Alkyl halide 

The three types of alcohols undergo. this reaction at 
different rates. The rates of reaction with Lucas reagent t conc. 
HCI + ZnCl2 ( anhydrous)] follow the following order: 

Tertiary alcohol> Secondary alcohol> Primary alcohoi 

Lucas test is based on this order. An unknown alcohol 
(monohydric) is mixed with conc. HCI and anhydrous ZnCl2 at 
room temperature. The alkyl chloride fonned is insoluble in the 
medium, thus the solution becomes cloudy before it separates 
as a distinct layer. The following observations are made: 

(a) If cloudines.s (white turbidity) appears immediately, 
the alcohol is tertiary. 

(b) If cloudiness appears within 5 minutes, the alcohol is 
secondary. 
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(c) If the solution remains clear, i. e:,no cloudiness is 
fonned, the alcohol is primary. P 

Note: Primary alcohols do. not react. with Lucas reagent <let· room 

temperature. It requires high temperature. The benzyl and ·allyl . 
alcohol reacts as rapidly as tertiary alcohols with Lucas reagent 
because their cations. are resonance stabilized and stable as 3" 
cations. 

Lucas reagent . . . 
H2C=CHCH20H ---.=.-...:;) Turbidity within a minute 

LUcas reagent 
CH3CH2CH20H ; Response lifiera longtime 

2. Dichromate test (oxidation test): The test is based 
on the fact that thre~ types of monohydric alcohols give 
different oxidation products on oxidation. (For details see 
section 9.6-13). 

The unknown alcohol is treated with sodium dichromate in 
dilute sulphuric acid (orange solution) at room temperatUre .. 
The oxidation products are identifIed. 

(i) A carboxylic acid with same number of carbon· atoms 
as hi th~alcohol if fonned confinns the primary alcohol:: The· 
colour of the solution' changes from orange to green. 

(ii) A ketone with same number of carbon atoms as in the 
alcohol if fonned confinns the secondary alcohol. The colour 
of the solution also changes from orange to green. 

(iii) In case the colour of the solution does not change~ i. e., 
it remains orange, the unknown. alcohol is tertiary as it cannot ... 
be oxidised under these conditions. 

Primary Secondary 

RCH20H R"-. . 

1 '" ....... CHOH [0] Na2Cr20] + H2S04 .n /1 
RCHO . Na2C120] 

[0] +H'SO 
Aldehyde . 2 4 

[0]1 Na2CriJ7 + H2S~:r ,.;)co .. " 
RCOOH ' . '. 

Acid 
(Orange· solution 
becomes green) . 

Ketone 
·(Orange solution 
becomes green) 

. Tertiary 

R, . 
f,,7C-OH .. 

INa:tCrt07 
[0] +H2S04. 

No reaction (solution 

remains or~.ge) 

Note: Sodium dichromate in presence of dilute H2So'4 acts as an 

oxidising agent. It is converted into chrcimicsulphatewhich is 
green in colour. The potential equation is: 

Na2Cr207 +. 4H2S0C-7 Na2S04 + Cr2(S04)3 + 4HiO + 30 
Sodium dichromate .. Chromic sulphate 

(orange) . . (ween)· . 

3. Victor Meyer's test: In this test; the following steps 
are involved: 

(i) Alcohol is reacted with cone. HI or red phosphorus and 
iodine to fonn the corresponding alkyl iodide. 

Oi) Alkyl iodide is treated. with silver nitrite when 
corresponding nitroalkane is fonned. 
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(iii) Nitroalkane is treated with nitrous acid (NaN02 + 
H2S04) and th~ solution is made alkaline by addition of excess 
of caustic soda. 

RCH20H 

PlI,oc 1m 
RCH1I I AgNO, 

RF::' 
R-C-N02 

II 
NOH 

Nitrolic acid Pseudo nitrol 

1 NaOH . . _ ... 1 NaOH 

Blood red eolour Blue eolour 

R .......... 
R7 C-OH 

p~I2orlm 
R . 

-R .......... C-I 

AgN02 
R/l 
R" . 
~/CI-N02 

. HONO. 

No reaction 

1 NaOH 

Colourless 

4. Catalytic dehydrogenation: It involves the passing 
of vapours of ~lcohol over reduced copper at 300°C and the 
product thus formed is identified. 

(i) Primary alcohols give aldehydes (dehydrogenation). 
(ii) Secondary alcohols give ketones (dehydrogenation). 

(iii) Tertiary alcohols form olefins (alkenes). This is 
dehydration. 

(For details see section 9.6-12.) 

9.8 ANALYTICAL TESTS FOR ALCOHOLS 
The presence of a hydroxyl group in an unknown organic 
compound may be detected with the help of following tests. If 
the compound is a solid it is dissolved in an inert solvent, e.g., 
dry ether or benzene. 

1. Alcohols are neutral substances towards litmus :The 
colour of blue or red litmus does not change when alcohol is 
added to it. 

2. Cerlc ammonium nitrate test : The freshly pre
pared solution of ceric ammonium .nitrate (CAN) has yellow 
colour. When few drops of this reagent are added to the given. 
compound or its solution if colour changes from yellow to red, 
the compound contains a hydroxyl group .. 

2R-OH + (NH4hCe(N03)6 ~ [(ROHhCe(N0 3)4] 
CAN Red complex 

+21~tL 

G.R.B. Organic Chemistryfor Competitions 

.3. Acylation test: Acetyl chloride or benzoyl chloride 
is added to the given compound or its solution, if hydrogen 
chloride is evolved, it shows that the organic compound is an 
alcohol. 

9.9 SOME COMMERCIALLY IMPORTANT 
ALCOHOLS 

1. Methyl Alcohol or Methanol or Carbinol (CH30H) 
It is the simplest monohydric alcohol. It is also referred as 

wood alcohol or wood spirit or wood naphtha as the earliest 
method for its preparation was by destructive distillation of 
wood. It ocours in combined state in some essential oils, e.g., 
oil of winter green (methyl salicylate), oil of cloves (methyl 
benzoate), oil of orange flowers (methyl anthranilate), etc. 

General methods of preparation: Methyl alcohol can 
be obtained by the general methods of preparation of 
monohydric alcohols . 

Manufaeture or Industrial Preparation 

1. On a large scale, methyl alcohol is obtained from wood 
by its destructive distillation method. 

(FLOW-SHEET) 
Manufacture of Methyl Alcohol by Destructive Distillation 

WOOD I Destructive distillation . 

Volatile 
products 

Passed into condenser 

Uncondensed gases 
(Wood gas) 

Distillate 
allowed to settle 

I 

Non-volatile residue 
(Charcoal) 

Lower coloured 
layer (Wood tar) 

or creosote (used as 
a timber preservative) 

Upper layer 
(pyroligneous acid) 

Acetic acid 10%, methanol 2.5% 
and acetone 0.5% 

Passed ihrough milk of 
lime and distilled 

Distillate 
(Methanol andacetone) 

Acetone (impure) 
(b.pt. 56°C) 

Methanol (impure) 
(b.pt. 64SC) 

Purified by anbydious 
calcium chloride 

Residue 
(Calcium acetate) 

Distilled 
with 
H2S04 

CH3COOH 
Acetic acid 
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2. From water.gas: Now-a~days metha~olis most~y 
manufactured by this method. Methanol obtamed by thiS 
method is about 99% pure. The yield is also quantitative. 

Water gas is formed by passing steam over coke at 1300°C 

C + H20 1300°C) CO+H2 
'---.r--' 
Water gas 

Water gas is mixed with half its volume of hydrogen. The 
mixtu,re is compressed to approximately 200-300 atmosphere. 
It is then passed over a catalyst (ZnO + Cr203) at 300°C. 
Methyl alcohol vapours are formed which are condensed. 

ZnO + Cr203 
CO+2H2 ) CH30H 

Compressed gases 3000C Methyl alcohol 

3. From natural gas : A mixture of methane and 
oxygen (9 : 1 by volume) is passed over, copper catalyst at 
250°C under pressure (100 atmospheres). Methane is oxidised 
to methanol. 

2CH4 + 02 ----) 2CH30H 
Methane required for this purpose is obtained from natural 

gas. 

. Physical properties: (i) It is a colourless liquid and 
boils at 64,SOC. ' 

(ii) It is miscible in water in all proportions. It is soluble in 
organic solvents also. It is itself a good solvent for fats and oils. 

(iii) It is extremely poisonous liquid. When taken 
internally, it causes blindness, insanity and even death. 30 mL 
of methyl alcohol can cause death. On account of this property, 
it can be used for denaturing ethyl alcohol, i.e.,to make it unfit 
for drinking purposes. 

(iv) ,It is inflammable and burns with a faint luminous 
flame. 

(v) It has a pleasant smell and burning taste.· 
(vi) It cannot be dehydrated with anhydrous calcium 

chloride as it forms an addition crystalline compound, 
CaC12·4CH30Hwith it. 

Chemical properties :' Chemically, it behaves like a 
typical monohydric alcohol. It shows many of the general 
chemical reactions. 

Uses: It is used: 
(i) as a solvent for oils, fats, paints, varnishes and celluloid. 
(ii) for the manufacture of formaldehyde and formalin 

(40% formaldehyde solution in water) which is widely used as 
a preservative for biological specimens and in the manufacture 
of formaldehyde resins such as bakelite, urea-formaldehyde 
and melamine formaldehyde. 

(iii) as a fuel (a petrol substitute). A 20% mixture of methyl 
alcohol and gasoline is a good motor fuel. 

(iv) as an antifreeze for automobile radiators. 
(v) to denature ethyl alcohol. The mixture is called 

methylated spirit. 

• 
(vi) in the preparation of dyes, medicines and perfumes. 

Methyl salicylate and methyl anthranilate are used in 
1?erfumery . 

Analytical Tests of Methyl Alcohol' 
1. When W!\fllled with a little salicylic acid in presence of 

few drops of conc. sulphuric acid, it gives a characteristic 
fragrant smell of oil of winter green (methyl salicylate). ' ' .. 

,OH OH 

01 
COOH H2S04(conc,) 01' COOCH3 

CH30H+ ' ,," + H20 
, ~, Heat ~ 

Salicylic acid Methyl salicylate 

2. With ceric ammonium nitrate, it gives red colour. 
3. Unlike ethyl alcohol, it does not give iodoform test. 
4. When a red hot copper wire is dipped in methyl alcohol 

contained in a test tube, a characteristic pungent smell of 
formaldehyde is observed. 

5. A pungent smell ofform~ldehyde is also observed when 
methyl alcohol is warmed with potassium dichromate and 
dilute sulphuric acid. 

2. Ethyl Alcohol or Ethanol or Methyl Carbinol, C1HsOH 
Ethyl alcohol is the most important member of the alcohol 

series and is commonly known as alcohol. As it is an essential 
constituent of all wines, it is called a spiI1t of wine. It is also 
known as grain alcohol because it is obtained from starchy 
grains. 

In combined form, it exists as ester in essential oils. 

Preparation (general methods): Ethyl alcohol can be 
prepared' by any of the general methods used for the 
preparation of monohydric alcohols. 

Manufacture or Industrial Preparation 
On large scale, ethyl alcohol is manufactured by either, 

(i) chemical synthesis or (ii) fermentation process.· 

ti) ,Chemical synthesis: There are two raw materials; 
ethyfene and acetylene, which are used for chemical synthesis 
of ethyl alcohol. 

,(a) From ethylene: Large. quanti~ie~ of ethylene ~re 
avatla15le from petroleum refinenes. This IS formed dunng 
cracking of petroleum. 

Ethylene is passed into concentrated sulphuric acid at 
75-~0°C under pressure when a mixture of ethyl hydrogen 
sulphate and diethyl sulphate is formed. 

C2H4 + H2S04 75-80°C) C2HSHS04 
Pressure Ethyl hydrogen 

sulphate 

C2H sHS04 +C2H4----) (C2HShS04 
Diethyl sulphate , 

The reaction mixture is diluted with water and warmed 
when hydrolysis occurs and ethyl alcohol is obtained together 
with some ether as a byproduct. 



472· 

C2HsHS04 + H20 Heat ) C2H 50H + H2S04 
'~. ;f-

(C2H5hS04 +2H20 Heat) 2C2H sOH + H2S04 
" 

The yield ~f ethyl alcohol is 90%. The aqueous solution is 
distilled to separate ethyl alcohol from sulphuric acid. 

Alternative melllod : Ethylene may be converted to ethyl 
alcohol by direct hydration in presence of phosphoric acid or 
silica or tungsten oxide as catalyst at 300°C. ' 

H3P04 
C2H4 + H 20> C2H50H 
Ethylene 300°C, 70 atm. Ethyl alcohol (95%) 

'(b) From acetylene : Acetylene is first converted into 
acetaldehyde which on reduction yields ethyl alcohol. 

Acetylene is passed through 40% sulphuric acid 
containing approximately 1 % mercuric sulphate at 60°C. 
Acetylene is converted into acetaldehyde. 

CH' H so (40%) [CH2] ", 
, III + H 20 ' ,2 4 ) 11 ~ CH3CHO. 

CH 1 % HgS04, 60°C CHOH Acetaldehyde 

Acetylene Vinyl alcohol 
(Unstable) 

Vapours of acetaldehyde are mixed with hydrogen and 
passed over finely divided nickel at 1l0-140°C when ethyl 
alcohol.is formed by reduction of acetaldehyde. 

, Ni " " 
CH3CHO+H2 ),C2R sOH 

110-140°c Ethyi alcohol 

(II) Fermentad~ .. pl'04:e.: This is one of the earliest 
and, most important methods for preparing various types of 
alcoholic preparations. In alcoholic fermentation, cane-sugar' 
or glucose are the fermenting materials. The raw materials for 
the manufacture of alcohol are: ' 

(a) Substances containing fermentable' sugars such as 
cane juice; beets, dates, molasses an4 fruit juices. 

(b) Substances containing starch such as potatoes, rice, 
barley and maize. 

Molasses is the cheapest source of sucrose and it forms an 
excellent raw material for making ethyl alcohol. Today hardly 
10% ethyl alcohol is produced by this method (90% ethyl 
alcohol is produced from ethylene, i.e., synthetic method). In 
India, molasses is still the main source of ethyl alcohol. 

The process of fermentation is the slow decomposition 
, of complex organic compounds into simpler substances 
through the agency of complex nitrogenous compounds 
caUed enzymes produced in living organisms. 

Fermentation of carbohydrates gives 95% alcohol and the 
rest 5% being water. This alcohol is called rectified spirit. 

Pn'parlltion of Absolute Alcohol 
Absolute alcohol is 100% ethanol. The rectified spirit 

(95.5% ethanol + 4.5% water) is a constant boiling mixture 
(azetropic solution) and water cannot be removed by simple 
fractional distillation method. 

G.R.B. Organic Chemistry for Competitions 

In the laboratory, absolute alcohol is prepared by keeping 
the rec,tified spirit in contact with calculated amount of 
quicklime (CaO) for a few hours and then refluxing and 
distilling it. 

Methylated Spirit or Denatured Alcohol 
In order to make the industrial alcohol unfit for drinking 

purposes, the rectified alcohol is denatured by adding various 
poisonous compounds like methanol, pyridine, acetone or 
petroleuri:I naphtha, etc. This denatured spirit is 95% ethanol 
and 5% methanol. The methylated spirit is a mixture of 90% 
ethanol, 9% methanol and 1% other poisonous substances 
pyridine and acetone or petroleum oil. 

Power Aleohol: It has been found that absolute ethyl 
alcohol mixed with petrol and benzene can be used as a motor 
fuel. Alcohol thus used for generating power is called power 
alcohol. A mixture of 20% ethanol and 80% gasoline (petrol) 
is used in internal combustion engines to denve power. s.ince, 
alcohol itself, does not mix with petrol, therefore, a third 
solvent such' as benzene, ether or tetralin (tetra
hydionaphthalene) IS used as a solvent. 

Physical properties: (i) Ethyl alcohol is a colourless 
liquid with a characteristic pleasant smell (alcoholic smell) and 
burning taste."'~ 

(ii) It is inflammable and burns with a blue flame. , 
(iii) It boils at 78.1°C and has specific gravity 0.78.9 ~t 

20°C. . 
(iv) Unlike methyl alcohol, it is not a toxic liquid. 
(v) It mixes with water in all proportions. It dissolves in' 

water with evolution of heat and contraction in volume. It 
forms a constant boiling mixture (95.6% ethyl alcohol + 4.4% 
water) with water which boils at 78. 15°C. It is also miscible 
with a number of organic solvents. 

(vi)Ethyl alcohol is a good solvent for oils, fats, resins, etc. 
It also dissolves inorganic substances' like: caustic soda, 
sulphur, phosphorus, etc. 

(vii) Like methyl alcohol, it cannot be dried over 
anhydrous calcium chloride as it forms an addition product 
CaCI2-4C2HsOH ' 

(viii) When taken internally ethyl alcohol is readily 
oxidised by the system and is, therefore, an important source of 
immediate energy. The blood begins to flow faster and dilates 
the blood vessels. 

Chemical properties : Ethyl alcohol shows all the 
general characteristics of a monohydric (primary) alcohol. It is 
a neutral substance. It does not affect the pH of the water. It 
burns with blue flame in air or oxygen forming carbon dioxide 
and water. 

C2H sOH +302---72C02 +3H20 
Uses: Ethyl aleohol is one of the most extensively used 

organic compounds. Its main uses are: 
. (i) in the ma,nufacture of alcoholic beverages. 

(ii) as a solvent for pharmaceutical preparations and a 
constituent of medicines. 
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(iii) as a solvent for paints, oils, perfumes, dyes, varnishes, gums, etc. 
(iv) as a preservative for biological specimens. 
(v) in the manufacture of acetaldehyde, acetic ,acid, ethyl halides, ethyi acetate, chloroform, iodoform, etc . 

. (vi) as an antifreeze in automobile radiators. 
(vii) as a low freezing and mobile liquid in scientific apparatus such as thermometers and spirit levels. 

(viii) in hospitals as an antiseptic. 
(ix) as a fuel in spirit lamps and stoves. 
(x) as a petrol substitute (power alcohol). 

(xi) laboratory reagent a~ a reaction medium, extractant and crystallizing solvent. 
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(xii) for making solid alcohol fuel. It is prepared by mixing ethyl alcohol with saturated calcium acetate solution. A solid gel is 
fcrmed which is known as canned heat or solid alcohol. It bums like alcohol. 

Analytical Tests of Ethyl Alcohol 
1. Iodoform test: When a few drops of ethyl alcohol are warmed with iodine and potassium hydroxide, yellow precipitate 

of iodoform with characteristic smell is obtained. . 
2. Ester test: When ethyl alcohol is heated gently with sodium acetate and concentrated sulphuric acid, a characteristic 

fruity odour of ethyl acetate is formed. 
3. Acidified potassium dichromate test: 'Ethyl alc()hol when heatat with potassium dichromate and dilute sulphuric acid is 

oxidised to acetaldehyde which has characteristic pungent smell. If a paper dipped in ammoniacal silver nitrate solution is dipped 
in this solution a black spot appears on the paper due to reduction of silver nitrate by acetaldehyde. 

4. eeric ammonium nitrate test: With a few drops of alcohol and dilute ceric ammonium nitrate, a red colour indicates 
alcoholic hydroxy group. . 

9.10 ALCOHOLIC BEVERAGES AND ALCOHOLOMETRY 
Liquors used for drinking purposes containing ethyl alcohol as the principal constituent are called alcoholic beverages. Besides 
alcohol, these contain large amount of water, colouring and flavouring materials. These are prepared from different starting 
materials like molasses, barley, grape and other fruit juices by alcoholic fermentation. Alcoholic beverages are of two types: 

1. Undistilled beverages: These are prepared from fruit juices and grains. Those prepared from grapes and other fruit 
juices are known as wines. Wines contain 18-20% of ethyl alcohol and are used as such after fermentation, i. e., without distillation. 
The natural wines when made stronger by the addition of rectified alcohol are known as fortified wines,' . 

2. Distilled beverages: ; These are prepared by the fermentation of molasses, barley, maize, etc. The fermented liquor is 
then distilled. These contain a higher percentage of ethyl alcohol which may be as high as 50%. 

The colour, flavour and taste of a particular beverage depend on ,the materials used, process of fermentation and subsequent 
treatments. The following list includes some common beverages with their alcoholic content and source from which it is obtained . 

... , Undistilled Di!ltill~ , . 

Name Percentage of alcohol '. Source' Name Percentage ·of alcohol Source 

Beer 3-6 Barley Whisky 35--40 Malt 

Cider 2-6 Apples Rum 45--55 Molasses 

Wine (Champagne) 8-lO Grapes Gin 40-45 Maize 

Claret 7-13 Grape juice Brandy. . 40--45 Grape juice 

Port and Sherry (Fortified) 14-24 Grape juice . Cognac 40--50 Grape juice 

Alcoholic beverages when taken in small quantity act as stimulants but when taken regularly in excess, may decrease the 
energy of the body, retard the mental powers and damage the liver causing cirrhosis of liver. 

The process of determining the percentage of alcohol in a given sample is known as alcoholometry. This is done by 
measuring the specific gravity of the sample with the help of hydrometer and then reading the percentage of alcohol against this 
value of specific gravity from a standard reference table. 

An alcohol water mixture having specific gravity 0.91976 at 15°C and containing 57.1 % of ethyl alcohol by volume or 49.3% 
by weight is called proof-spirit. A sample havinghigher percentage of ethyl alcohol in comparison to proof-spirit is referred to as 
over-proof (O.P.) and the one having lower alcohol content than proof~spirit is known as under-proof (D.P.). Thus, 15 U.P. 
means that 100 mL of the sample contains as much alcohol as 85 mL of proof-spirit. Similarly, 15 O.P. means that 100 mL of the 
sample contains as much of alcohol as 115 mL of proof-spirit. 
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9.11 INTERCONVERSIONS 
1. Conversion of primary alcohol into isomeric secondary alcohol, e.g~, n-propylalcohol into isopropyl alcohol: 

Br OH 

HiS04(conc.) ~r I.. KOH (aq.) I . 
CH3CH2CH20H ) CH3CH=CH2 .) CH3 -CH-CH3 ) CH3 -CH-CH3 

n-Propyl alcohol -H20 Propylene IsOpropyl bromide or AgOH Isopropyl alcohol 

2. Conversion of primary alcohol Into isomeric tertiary alcohol, e.g., isobutyl alcohol into tertiary butyl alcohol 
or (2-Methyl propan-1-o1 into 2-methyl propan-2-(1): 

Br OH 

. H2S04 (conc.) HBr CH ci CH KOH (aq.) CH cl CH CH3-CHCH20H ---==---'----7) CH3-C=CH2 """::'=':"'-7) 3- - 3 ----'--7) 3- - 3 
I -H20 I I .. I 

CH3 CH3 OH3 CH3 
Isobutyl alcohol Isobutene Tert. butyl bromide· Tert. butyl alcohol 

3. Conversion of secondary alcohol into iSomeric tertiary alcohol, e.g., 3-methyl butan-2-ol into 2-methyl butan-2-o1: 
Secondary alcohol having -OH group adjacent to tertiary carbon atom can be converted into a tertiary alcohol. 

CH3 OH CH3 CH3 CH3 
I I H2S04 (conc.) I HBr I· I 

CH3-CH-CH-CH3 ) CH3-C=CH-CH3 ) CH3-C-CH2CH3 CH3-C-CH2CH3 
3-Methyl butan-2-o1 H20 2-Methyl but-2-ene I I 

Br OH 
2-Br~:llno-2-methyl butane 2-Methyl butan-2-ol 

Note: Conversion of tertiary or seconaary into lsomenc seconaary and pnmary alcohol IS not poSSIble. However, hIgher homologues can be converted 

into l<)wer homologues. 

Ascent of Series 

1. Conversion of lower primary alcohol into higher primary alcohol 
(a) By cyanide synthesis: 

P+ . HNO 
RCH20H ----7 RCH21 KCN) RCH2CN 4H) RCH2CH2NH2 2) RCH2CH20H 

(b) By Grignard synthesis: 

Problem 3. How will you make the following conversions? 
(i) Methyl alcohol into ethyl alcohol, 
(ii) Ethyl alcohol into n-propyl alcohol. 

P+ 
Solution: (i) CH30H -~ CH31 KCN ) 

Methyl iodide 
CH3CN 

Methyl cyanide 
Reduction) CH3CH2NH2 CH3CH20H 

4H Ethyl amine Ethyl alcohol 

(ii) CH3CH20H _P_+---7 CH3CH21 Mg) CH3CH2MgI 
Ethyl iodide Ether Ethyl magnesium 

iodide 

HCHO ) CH3CH2CH20MgI _H_2.,-0-7) CH3CH2CH20H 
Addition product W n-Propyl alcohol 

2. Conversion of lower primary alcohol into higher secondary alcohol 
H H 

[0] CH3MgI I H20 I 
RCH20H ) RCHO ) R-C-OMgI --:-+ -7) R-C-OH 

I H I 
CH3 CH3 
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3. Conversion of secondary alc.ohol into higher tertiary alcohol: 

Descent of Series 

R " 

R)cHOH 

Sec. alcohOl Ketone Addition product 

CH3 
HO R, I 
2) "C-QH 

W R/ 
Tert. alcohol 

. rn3 C~ 

CH MgI I H20 I 
3 ) CH 3 -C""'-()MgI ---.,;~) CH3 -C-OH 

I H+ I 
CH3 CH3 

Addition product Tert. butyl alcohol 

1. Conversion of higher primary alcohol into a lower primary alcohol: 

(a) RCH OH ~ RCHO [OJ) RCOOH NH3) RCOONH Heat) RCONH 2 4 , 2 

(b) RCH
2
()H [0\ RCHO [0]) RCOOH NaOH) RCOONa Soda lime) RH e12 ) RCI KOH(aq.» ROH 

UV 

2. Conversion of higher secondary alcohol into a lower primary alcohol: 

OH 0 
I H2S04 (conc.) 0 3 / "-

CH3CH2CHCH3 ) CH3CH=CHCH3 ----+ CH3CH CHCH3 
Sec. butyl alcohol A,-H20 But-2-ene I I 

Zn/H20 ) 2CH3CHO Reduction) 2CH3CH
2
0H 

Acetaldehyde Ethyl alcohol 
0-·-0 

3. Conversion of a tertiary alcohol into a lower secondary and a primary alcohol: 

H2S04 (conc.) Ozonol",,'s 
(CH3hCOH ----i-) ( CH3hC=CH2 . J-) CH3COCH3+ HCHO 

Tert. butyl alcohol 8, -H20 lsobutene Hydrolysis Acetone Fonnaldehyde 

Reduction) CH OH 
LiAlH4 Methl alcohol 

I Reduction) CH CHOHCH 
LiAlH4 lso~ropYI alcohof 

(Primary) 

(Secondary) 
Problem 4. How will you distinguish? (i) Methyl alcoholfrom ethyl alcohol, (ii) Ethyl alcohol from chloroform. 
Solution: (i) 

1. Iodoform test 
On heating with 12 and NaOH No yellow compound is formed. ellow compound with characteristic odour is 

formed. ' . 

2. Oil of wiDter green test 

On heating with salicylic acid and cone. H2S04 . Gives characteristic odour of oil of winter green. Does not give odour of oil of winter green. 

3. Ester test 
On heating with glacial acetic acid and cone. H2S04. methyl acetate·· with chaJ:aQt(risti.cIForffis ethyl acetate. which has fruity odour. 

. odour. 
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(il) 

-- Tests Etbylalcohol Chloroform _ 

1. Iodoform test 
On heating with 12 and NaOH Forms yellow crystals with characteristic odour. Does not give the test. 

2. Isoc;yaoide test 

On heating with aniline and alcoholic KOH No reaction. Forms phenyl isocyanide which has a characteristic 
bad odour. 

3. Solubility test It is soluble in water. It is insoluble in water. 

Conversion of Ethyl Alcohol into Various Compounds 

CH3COONa Sodalime) CH4 
Sodium acetate Methane 

~~\ 

ElectroJ sis 

(CH3COhO 
Acetic anhydride 

CH3COOH - Ca(OH)2 ) (CH3coohCa Distil.) CH3COCH3 Reduction) CH3CHOHCH3 
Acetic Acid Calcium acetate Acetone Isopropyl alcohol 

-1 [~CH3C~ONH4 DiStil.) CH3CONH2 Br2 ) CH3NH2 HN02 ) CH30H 
Anun. acetate Heat Acetamide KOH Methylamine Methyl alcohol 

CH3CHO 
Acetaldehyde 

• 1 [0] 

HCI, d Conc. NH3 
-----'..;...;.:..---'-~) C2HsCI ----..:!.-~) C2HsNH2 

z.a, Ed'T':; _,,.. E<hy'_ 

C2HsCN---=::c.:.:...:.=---,-+) C2HsCOOH 

C2HsHS04 
Ethyl hydrogen sulphate 

H2S04(conc.) _ 

I 
Propionic acid 

Reduction 

C2HsCH2NH2 CH3CH2CH20H 
Propylamine n-Propyl alcohol 

C2HsOC2HS 
Diethyl ether 

!160-1700 C 
heat with 

H C=CH Ozonolysis - HCHO 
2EthyleQe 2 - Hydrolysis Formaldehyde 

[0] ) HCOOH 
Formic acid 

I ~CH3CH2Br----'-'N::::a/-"'ethe=-r--+) CH3CH2CH2CH3 
. Ethyl bromide Butane 

CH2Br CH20H I KOH(aq.) ) I 
CH2Br CH20H 

Ethylene bromide Glycol 
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CH 20H 
9.12 ETHYLENE GLYCOL, I ; 

CH 20H 
(ETHANE-1 ,2-DIOl) 

Ethylene glycol is the simplest and most important dihydri,c 
alcohol. The following methods cim be used for its preparation: 

1. From ethylene (Lab method): (a) Ethylene is 
passed through cold dilute alkaline solution of potassium 
permanganate (Baeyer"s reagent) when it is oxidised to glycol 
(Hydroxylation of alkenes) .. 

rn2 _ CH200 
II + [0] + H

2
0 _Ba_ey,,-er_'s_r_ea=ge_nt~) I 

CH2 CH20H 
Ethylene Ethylene glycol 

OR 
. CH2 CH20H . 
311 +2KMn04 +4H20~ 31 '. +2Mn02 +2KOH 

CH2 CH20H 
Ethene Etbane-I,2-diol 

Higher alkenes give cis-glycols, 

CH3 -CH CH3 -CH-OH 
II +[0]+H20~ I 
CH2 CH2-OH 

Propene . Propane-l,2-diol 

CH3-CH-0H. 
CH3CH=CHCH3 + [0] + H20 ~ I 

But-2-ene CH3 -CH-OH 

o KMn04 0r 
. + [0] -.-OS-0-4~) 

Cyclopentene 

Buuine-2,3-diol 

(;\H 
~OH' 

OH 
Cis-I,2-cyclopentanediol 

Hydroxylation of a double bond can also be done by the 
action of osmium tetroxide (OS04) and the cyclic osmate ester 
thus, formed on decomposition with ethanolic Na2S03 
solution gives glycols in quantitative yield. ' 

CH2 0)0\0 £) II + # s< 
CH2 0 ~ 

Ethylene Osmium tetroxide 

Pyridine) ,H 2 -O""-os(O 

. CH2 -0/ . "0 
Cyclic osmate ester 
(Coloured con:plex) 

(HOH) 

C.H20H HO,,- (0 
I + _ /Os~ 

CH20H . HCY ~O 
Ethylene glycol Osmic acid 

I I 
-C=C 

(i) DU. KMn04 

(ii) Dil. OW 

I I 
-C-C-. I I . 

OH OH 
(Syn -hydroxylation) 
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OH 

,---R_CO...;.2_0H~_b_b __ H20) -l-h-
\/ H+ I I 
o OH ' 

(Anti-hydroxylation) 

Note: A compound containing both -OH and -CH20H groups, can 
be obtained from alkenes by the addition with formaldehyde in 
presence o,facid as a catalyst. This addition reaction is known as 
Prins reaction. 

+ ' 
R-CH=CH2 HCHOtH ) R-C;;.H-CH -CH OH 

Alkene HOH I' 2 2 

OH , 
A1kanediol 

?H 
CH3-C;;=ffi2 HCHOIH+) CH3-(:-CH2-CH20H 

I HOH I 
CH3 CH3 

2-Methyl propene 3-Methyl butane-l,3-diol 

The -OH group always adds on the doubly bonded carbon 
which has least number Qfhydrogen (or doublybonaed carbon 

. which can form stable carbocation). '. 0
1 

. . HCHO{H+)I 

, HOH 

Cyclohexene 

(b) Ethylene is fIrst converted into ethylene oxide by 
passing a mixture of ethylene and air under pressure over silver 
catalyst at 200--4000C. . 

CH2 A (C I ) CHi"- H 0 Ii , .... CH20H 
II + 10

2 
g. ata yst) I . "0 2') , I 

CH2 2 300°C CH~ Dil. HCI CH20H 
Ethylene Ethylene oxide Ethylene glycol 

Ethylene oxide can also be obtained by treatment of 
ethylene with per acid. 

CH2 CH2"'-. . 
II +C6HsCOOOH-~) I /0+C6HsCOOH 
CH 2 . Perbenzoic acid CH 2 

1 HOH/HCI 

CH20H 
I 
CH20H 

Ethylene glycol 

Ethylene oxide undergoes hydrolysis when treated with 
dilute hydrochloric acid to form glycol. This is an industrial . 
method. . 



(c) Ethylene is passed through hypochlorous acid when 
ethylene chlorohydrin is fonned. This intennediate is 
hydrolysed by boiling with sodium bicarbonate to yield glycol. 
This is also an industrial method. 

CH2 CH20H N HCO CH20H 
II +HOCI~ I a 3) I +NaCI+C02 
CH2 CH2CI . Boil CH20H 

Ethylene chlorohydriti Ethylene glycol 

2. By reduction of glyoxal: Olyoxal on reduction with 
LiAIH4 gives ethylene glycol. 

CHO LiAlH4 CH20H 
I· +[H] ) I . 

CHO CH20H 
Glyoxal Ethylene glycol 

3. From 1,2-dibromoethane : Glycol can be obtained in 
the laboratory by doing hydrolysis of 1,2-dibromoethane with 

boiling Na2C03 solution. 

CH2Br . . CH20H . 
I . +Na2C03+H20~1 +2NaBr+C02 

CH2Br CH20H 

Vinyl bromide is fonned as byproduct. Best yield of glycol 
can be obtained by heating 1,2-dibromoethane with potassium 
acetate in glacial acetic acid. Glycol diacetate isfonnedwhich 
on hydrolysis with dilute NaOH gives free glycol. 

CH2Br . CH COOH CH200CCH3 
I + 2CH 3 COOK 3.:) I 

CH2Br -2KBr CH2OOCCH3 
Glycol diacetate 

CH20H . 
NaOH ) I + 2CH3 COONa 

·CH20H 

Physical properties: It is a colourless, syrupy liquid 
and sweet in taste. It is miscible with water and ethanol in all 
proportions, but insoluble in ether. It boils at 197°C. The high 
solubility in water and its high boiling point is due to 
intennolecular hydrogen bonding. It is as toxic as methyl 
alcohol when taken orally. 

Chemical properties: There are two primary alcoholic 
groups present in glycol molecule. Its reactions are, therefore, 
those of primary alcohols twice over. The two -OR groups, 
however, are not equally reactive; one group always 
completely reacts before the other is attacked. 

CH10H 
I 

CHPH 
(Ethylene 

glycol) 

CH20Na CH20Na 
.---_-=-N=a _~ I Na- I. 

50°C CH20H 1600c CH20Na 
Dialkoxide 

(Disodiwn glycollate) 

CH2CI PCI CH2CI 
'---_P_C~15'___~ I -----4 I 

C~20H CH2CI 
1,2-Dichloroethane • 

CH10H 
I 

CH10H 
(Ethylene 

glycol) 
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2PI3 

HCI (gas) 

1600C 

CH3COOH 

2S0CI 2 

2 (Conc.) HN03 
Conc. H2SO4 

Heat 
500°C 

Dil. HN03 
[0] 

KMn°41H+or 

K2Cr2071H+ 

·m04or 

(CH3COO)4 Pb 

Conc. H2SO4, 

~ 

H3P04 
-H20,~ 

Anbyd. ZnCI 2 
Dehydration , 

CH3CHO 

(HCI). ~ 

/CH3 . 
O==C" 

. CH3 
(HCI), ~ 

Cu 
3500C 

CH2Br PB CH2Br 
I ~I··· 

C H 20H· CH2Br 
1,2-Dibrornoethane 

CH2 
II 

E thylene iodide 
(Unstable) 

CH2 
Ethylene 

CH2CI CH2CI 
HCI(gas\ I I 

CH20H 2000C CH2CI 

C H 200CCH3 CH COOH CH200CCH3 

I 3 ) I 
C H 20H CH200CCH3 

CH2CI 

I 
CH2CI 

CH20N02 
I 

CH20N02 
Ethylene dinitrate 

CH2-CH2 

-....::../ 
o 

Ethylene oxide 
CbOH 
I 

COOH 
Oxalic acid 

2HCOOH. 
Fonnic acid 

2HCHO 
Formaldehyde 

O/CH2-CH2~ 

""-CH2-CH2/ 
I ,4-Dioxane .. 

CH20H CH20H 
I . I·. 
CH2':"'O-~H2 

Glycol diacetate 

Diethylene glycol 

CH2 II Isomerisation ) CH
3
CHO 

CHOH Acetaldehyde 
U~ble 
CH20",-
I /CHCH3 

CH20/ 
Cyclic acetal 

CHO 

I +2H2 
. CHO 
Glyoxal. 
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Cyclic ketals or acetal are also called as dioxolanes. 
Formation of dioxolane is a method of protecting carbonyl 
group for a reaction to be carried out in basic medium. 
Carbonyl group may be regenerated by either hydrolysis in 
acid medium or by the addition of periodic acid. 

H3~ : ~ O-CH2 H3C",,- . /O-CH2 
/C4"O!..I+ I ---t /~ . I +H20 

. C2HS L_ll ~H2 C>C,2H
S I 0-. CH2 

~ . HI04 

H3C" CH20H H3C" ' 
/C=O+ I /C=0+2HCHO 

C7HS CH20H C2Hs 

Uses: Ethylene glycol is used: 
(i) as an antifreeze under the name preston in car radia

tors. 
(ii) in the manufacture of dacron, (terylene), glyptal, di-

oxan and ethylene oxide. 
(iii) as a solvent and as a preservative: 
(iv) as a cooling agent in aeroplanes. 
(v) as an explosive in the form of dinitrate. 

. Pinaeol; 2,3-Dimethyl butane-2,3-diol 

CH3 CH3 r CH3 CH3 

I I . ~+~~ I I 
H3C"",-C= C-CH3 . ) H3C-C-C-CH3 

2,3-Dimethyl but-2-ene Dd. alk. KMn°4 I' I 
OH OH 
Pinacol 

Pinacol on treatment with mineral acids (HCl) undergoes 
dehydration and reamingement to form ketones (pinacolone). 

CH3CH3 CH3 
I I I 

H3C-C-C-CH3 H+) H3C- C-C-CH3 
. I I II I 

OH OH 0 CH3 
2,3-Dimethyl butane-2,3-diol 3,3-Dimethyl butane-2-one 

(Pinacol) (Pinacolone) 

This conversion of pinacol into pinacolone is an example 
of 1,2-alkylshift and is termed Pinacol-Pinacolone 
rearrangement (or simply pinacol rearrangement). 

CH20H 
I . 

9.13 GLYCEROL OR GLYCERINE, CHOH 
I , 
CH20H 

Glycerol is a trihydric, alcohol. It may be considered as 
derivative of propane, obtained by replacement of three 
hydrogen atoms from different carbon atoms by three hydroxyl 
groups. Its IUP AC name is propane-I,2,3-triol and in industry, 

it is known as glycerine. It Occurs in combined state as esters of 
. higher fatty acids like palmitic (C1sH31COOH), oleic 

(C17H33COOH) and stearic (C17H3SCOOH) in natural fats 
and oils. These esters are called glycerides. 

, Manufacture 

1. From fats and oils: On hydrolysis offats and oils in 
superheated steam under pressure, glycerol and higher fatty 
acids are formed. . 

CH20H 

Superheated steam ) ~HOH 
Under pressure I 

CH20H 
Glycerol 

+ 3RCOOH 
Fatty acid 

(Waxy solid used in 
candle manufacture) 

Some examples of fatty ~cids are: . 

C17H3SCOOH Stearic acid (formed by hydrolysis offat) 
':""'-i"':;' 

C1sH 3iCOOH Palmitic aci~ (formed by hydrolysis offat) 

C17H33COOH Oleic acid (formed by hydrolysis of oil) 

The hydrolysis is carried out either by alkali solution (Lye) 
or by superheated steam. 

,..----------1· 
CH2qOCR Naq H 
I I I 

I I 

CHO: ~ + Naq H 
I I I 

1 1 
CH2Q.QCB ___ Na..Q H 

Fat or oil Alkali 

CH20H 

Hydrolysis) ~HOH 
I 

CH20H 
Glycerol 

+ 3RCOONa 
Soap 

(Sodium salt of 
bigher fatty acids) 

Since, sodium or potassium salts of higher fatty acids are 
called soaps and this alkaline hydrolysis of oils and fats is 
called 'saponification'. 

In the manufacture of soap (sodium salt of higher fatty 
acids) and fatty acids (required in candle industry), glycerol is 
obtained as byproduct. 

2. By fermentation of sugars: During alcoholic 
fermentation of sugar about 3% glycerol is formed. However, 
if the fermentation is done in presence of sodium sulphite, the 
yield can be increased to 25%. . " 

Yeast ... 
C6H1206 -~~) C3HS03 + CH3CHO + C02 

Glucose Na2S03 Glycerol Acetaldehyde 
(Aq. solution) 
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3. Synthesis (from pro.pene): Today much of glycerol is obtained from propene (a product of catalytiC cracking of 
petroleum). 

CH3 

I 
CH 
II 
CH2 

Propene 

4. From acrolein : 

glycerol. 

CH2CI CH20H CH20H CH20H. 

C12 ) ~H NaOH (dU.) ) ~ HOC1) ~HCI NaOH(aq.» ~HOH 
600"C II or Na2C03(aq.) II I I . 

CH2 CH2 CH20H CH20H 
Allyl chloride Allyl alcohol ~-Monochlorohydrin Glycerol 

Acrolein on reduction with LiA1H4 gives allyl alcohol, which on treatment with Baeyer's reagent gives 

CH2 CH
I1 

2 CH20H 

II LiAlH4 ) (1% alkaline KMn04 cold) I 
CH - CH )CHOH I [H]. I or H20 2 I 
CHO CH20H CH20H 

Acrolein Allyl alcohol Glycerol . 

Physical properties: (i) It is a colourless, odourless, viscous and hygroscopic liquid. 
(ii) The liquid is sweet in taste and non-toxic "in nature and steam volatile. 
(iii) it is soluble in water and ethyl alcohol but insoluble in ether. 
(iv) It has high boiling point, i. e., 290°C. The high viscosity and high boiling point of glycerol are due to association through 

extensive intennolecular hydrogen bonding. . 
Chemical properties: The molecule of glycerol contains two primary -OHgroups and one secondary -OHgroup. Thus, 

it shows characteristics of both primary and secondary alcohols. The carbon atoms in glycerol are indicated as a., ~ and a.'. 
a. CH 20H-Primary alcoholic group I . . 
~ CHOH-. Secondary alcoholic group 

I 
a.'CH20H-Primary alcoholic group 

In general, primary -OH groups are more reactive than secondary -OH group. 
(i) Reaction with sodium: Only primary alcoholic groups are attacked one by one and secondary alcoholic group is not 

attacked. Sodium forms monosodium glycerolate at room tempemture and disodium glycerolate at higher temperature. 

CH20H CH20Na CH20Na 
I '1 I 

CHOH Na) CHOH Na CHOH 
I Room temp. I High temp. I 

CH20H CH20H CH20Na 
Monosodium glycerolate Disodium glycerolate 

(iOReaction withPCl s, PBr3 and PI3 : All three -OH groups are replaced by halogen atoms. 

CH20H CH2CI 
1 I 

CHOH +3PCIs ----7 CHCI +3POCI3 +3HCl I . I . 
CH20H CH2CI 

1,2,3-Trichloropropane 
(Glyceryl trichloride) 

CH20H CH2Br 
I I 

CHOH . + PBr3 ----7 CHBr + H3 P03 

I I . 
CH20H CH2Br 

1,2,3-Tribromopropane 
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!::H + PI, --> [tI]----> ~'. + I, 
I· I I 
CH20H CH21 CH21 

. (Unstable) Allyl iodide 

(Hi) Reaction with HCI or HBr : When HCI (gas) is passed into glycerol at 110°C, both a or ~glycerol monochlorohydrins 

are formed. If the HCI gas is passed for sufficient time; glycerol a, a I-dichlorohydrin and glycerol a, ~ichlorohydrin are formed. 

CH20H CH2CI . CH20H CH2CI CH2er 
I. I I I I . 
CHOH ]J(rc CHOH + CHCI Excess ofHCl ) CHCI +, CHOH 
I +HCl I I 1l000C I I 

CH20H CH20H CH20H CH20H CH2Cl 
Glycerol a-Glycerol ~-Glycerol Glycerol Glycerol 

monochlorohydrin· monochlorohydrin a,~-dichlorohydrin all' -dichlorohydrin 
(66%) (34%) . (56%) 

Same reactions occur with HBr. 
(iv) Reaction with m : Glycerol reacts with HI in two ways: 
(a) When glycerol is warmed with a small amount of hydrogen iodide, allyl iodide is formed. 

CH20H CH21 CH2 
I I " . II 
CHOH +3HI Warm) CHI ~ CH + 12 

I I I 
CH20H CH21 CH21 
Glycerol 1,2,3-Tri-iodopropane Allyl iodide 

(Unstable) 

(b) When glycerol is heated with a large amount of HI, the allyl iodide first formed is reduced to propene, which in presence of 
excess of HI forms isopropyl iodide. . 

CH2 CH3 CH3 CH3 

" I -12 I HI I CH +HI ~ CHI ) CH . ) CHI'· 

I I " I CH21 CH21 CH2 CH3 
Anyl iodide Unstable' Propene Isopropyl iodide 

(v) Reaction with (cone.) nitric acid: When one part of glycerol in a thin stream is added to three times concentrated nitric 
acid and five parts of concentrated sulphuric acid, nitroglycerine (glyceryl trinitrate) or Nobel's oil is formed. 

CH20H CH20NOi 
I H2S04(conc.) I 

CHOH +3HN03 ) CHON02 +3H20, f 

I (Conc.) I 
CH20H CH20N02 
Glycerol GlYcerYl trinitrate (T.N.G.) 

Glyceryl trinitrate is an yellow oily liquid. It is poisonous and causes headache. It explodes violently when heated rapidly or 
subjected to sudden shock. Nitroglycerine is not only an explosive but it is also, a medjcine for heart patients as vasbdiiatof.It 
releases large volume of gases and occupy 10,900 times the volume of nitroglycerine. ' 

4C3Hs(ON02h~12C02 +lOH20+6N2 +02' 
It becomes a safer explosive when absorbed on kieselguhr. In this form, it is known as dynamite. Dynamite was discovered by 

Alfred Nobel in 1867. The other important explosives prepared fro~ glyceryl trinitrate are: . 
<a) Blastinllelatin-A mixture of glyceryl trinitrate and cellulose nitrate (gun cotton). 
(b) Cordite-It is obtained by mixing glyceryl trinitrate with gun cotton and vaseline. It is smolceless explosive. 
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. (vi) Reaction with CH3COOH, acetic anhydddeor acetyl chloride: Mono-, di~ and tri-esters are fonned. 

CH20H CH20COCH3 ·CH2OCOCH3 CH20COCH3 
• I' "CH3COOH I CH3COOH I, ' CH3COOH I ' 
CHOH' ) CHOH ) CHOH ) CHOCOCH3 
1 or CH3COCI lor CH3COCI I or CH3COCI I 

CH20H CH20H CH20COCH3 CH2OCOCH3 
Glycerol Monoacetate Diacetate " Triacetate (Triacetin) , 

, ,(Monoacetin) (Diacetin), 

(vii) Reaction with oxalic acid: Different products are fonnedunder different conditions. 
(a) At llOOC and witbexcess of oxalic acid, fonnic acid is fonned. 

CH20H • . CH2OOC--COOH 
1 1 

CHOH +:HOOC--CooH lGO-IlOOC) CHOH 
I, Oxalic acid -H20 1 

CH20H CH20H 
Glycerol Glycerol 

, IOOno-oxalate' 

(b) At 2600C, allyl alcohol is fonned. 

CH20H ' CH200C 
I HooC 2HO ,I I 

CHOH + 1 - 2 ) CHOO C 
I HOOC I 

CH20H Oxalic CH20H 

CH200CH 
I' ' 

) CHOH 
1 

CH20H 
Glycerol 

monofo~te 

CH20H, 
H20 I 

---,,-~) CHOH + HCOOH 
I Formic acid 

CH20H 
Glycerol' 

acid ' 
Glycerol , Glycerol dioxalate Allyl~cohol 

(viii) Dehydration: 'Glycerol when heated alone or with dehydrating agents such as potassium hydrogen sulphate or 
phosphorus pentoxideor concentrated sulphuric acid, acrolein or acraldehyde is fonned which has a characteristic bad smell. 

H 
Ir---~ 

H-' c+on: 
I 1 I 

r---~ I I 

I HO+-C-'-H: : : I L ___ _ 

~_Jl+I-OH 
, H 

Glycerol 

This reaction can be used as a test of glycerol. 

Tautomerises ) 

Unstable 

CH2 II ' 
CH 
I 

CHO 
Acraldebyde or Acrolein 

(a, P-Unsaturated aldehyde) 
, or Prop-2-en~l-01 

(ix) Oxidation .: Glycerol gives different oxidation products depending on the nature of oxidising agent The following 
products may be visualised during oxidation of glycerol. 

CHO CooH 

I [0] I 
, , '/." i\' . ~HOH ) ~HOH 

' CH2()H . ,0 ." CH20H CH20H 
'I ' Glyceraldehyde Glyceric acid 

~HOH~" " 

CH20H .' fO . Ca20H 
Glycerol, 'I, . I . [0] 

, CO) 

[0] 

CH20H 
I 

CO 
I I , 

CooH CH20H 
Dihydroxy acetone, Hydroxy pyruvic acid 

CooH 
I 

) CHOH 
I 

CooH 
Tartronic acid 

,!to] 
COOH 

[0] 
) 

I ' 
CO 
I 

COOH 
I 
CooH 

[0] 
) [O])CO +H 0 2, 2 

CooH Oxalic acid 

Mesoxalic acid 
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(a) Con~. HN03 gives mainly glycerit acid. 
(b) Dilute HN03 oxidises glycerol into glyceric acid and tartronic acid~ 
(c )Bismuth nitrate, Bi(NO 3 h or NaNO 3 gives mainly mesoxalic acid. , ' 
(d) Fenton's reagent (H202 + FeS04) or,NaOBr or Br2 water in presence ofNa2C03 oxidises glycerol into a mb(tureof 

glyceraldehyde and dihydroxy acetone (or glycerose) which on addition of diLNaOH gives dl-fructose. 
(e) With solid KMnO 4, glycerol is oxidised to oxalic acid and carbon dioxide. The reaction is violent and explosion ocCUrs, 

hence, used in time-bombs. 
Glycerol undergoes oxidative cleavage by liI04 (periodic acid) giving formaldehyde and formic acid. ," 

CH20HCH20 
---t-~- , + 

CHOH + 2Hl04 Oxidation) HCOOH +2Hl+ H20 
---t--- + 

CH20H CH20 
Glycerol 

, ( II 1 
HIO 4 is specific reagent for cleavage ofC-Cbond if two -OH groups or -OH and carbonyl group or only carbonyl -C-

group are present at adjacent carbons. 

e.g., 
CH3 -' CH-OH " , " 

, I ,,+mOr--~CH3CHO+C2H5CHO+m03 +H20 
C2H5-CH-OH 

C2H5-CH+C-CH3 +HI04:---->C2:H5-' CHO+CH3COOH+HI03 
, I : II' , ' , 

OH :0 
, " 

(x) Formation of cyclic acetal': Glycerol gives acetal when mixture of glycerol and benzaldehyde is heated or treated with 
HCI in cold. 

CH20H H 
I' I 
CHOH +·0=C-C6H5 
I Benzaldehyde 

CH20H 
Glycerol 

(xi) Fermentation: 

CH OH~"m ,CH3CH2CH2CH20H , I 2 ;ntlS bUtytlC , n-Butyl alcohol 
B~' • ' 

CHOH ' , 

&20H~CH3CH2CH2COOH 
n-Butyric acid 

(xii) Reaction with phthalic anhydride: Glycerol (or glycol), on treatment with phthalic acid (or anhydride) gives 
polyester called glyptals. 

Uses:, Glycerol is used: 
(i) as a sweetening agent in confectionery, beverages and medicines being non-toxic'in nature. 

(ii) in the manufacture of explosives like dynamite and cordite. 
(iii) in the manufacture of plastics and synthetic fibres and alkyd resins. 
(iv) as antifreeze in automobile radiators. 
( v) in the preparation of good quality of transparent soap, hand lotions, vanishing creams, shaving creams and tooth pastes. 

(vi) in the manufacture ofvanous organic compounds like formic acid, allyl alcohol, acrolein, etc. 
(vii) as a lubricant in watches and clocks. ' 

(viii) in the preparation of non-drying inks, printing inks and stamp pad inks. 
(ix) as a preservative. 



G.R.B. Organic Chemistry for Competitions 

Analytical Tests of Glycerol 
(i) Acrolein test: When glycerol is heated with potassiUm hydrogen sulphate, a very offensive odour is produced due to 

fonnation of acrolein .. Its aqueous solution restores the colour of Schiff's·reagent and reduces Fehling's solution and Tollens' 
reagent. 

(ii) Dunstan's test: A drop of phenolphthalein is added to approximately 5 mL of borax solution. The pink cotourappears. 
On adding 2-3 drops of glycerol, the pink colour disappears. The pink colour reappears on heating and disappears on cooling again. 

(iii) To an equimolar mixture of phenol and glycerol, few drOps of conc. H2S04 are added and heated to l300c. It is then 
cooled by adding water. Addition of ammonium hydroxide to ,this solution produces red <:olour. 

9.14 ESTIMATION OF THE NUMBER OF HYDROXYL GROUPS IN A POLYHYDRIC ALCOHOL 
A known mass (Wg) of the acetyl derivative of the polyhydric alcohol is taken. It is mixed with V mL (excess) of Ii. standard alkali 

. solution (KOH). Both are refluxed. Allqtliis used in the hydrolysis of acetyl derivative. The unused alkali is measured by doing 
. titration with a standard acid solution. Lbt the used alkali be w g. Let the alcohol's formula be A(OH) n' i. e., one molecule consists 
nOH groups. Let the molecular mass oithe alcohol be M. .. . ~ 

A(OH)n CH3COCI) A(OCOCH3)n nKOH) A(OH)n +nCH3COOK 
56ng . 

Mol. massM " (M -n+43n)=M +42n 
W g of the acetyl derivative utilises w g ofKOH 

(.AI + 42n) g of ace~l derivative will require = ;; x (M + 42n)g of KOH 

It should be equal to 56n. . ;; (M + 42n) = 56n 

From this equation, n can be determined. 
Problem 5. 0.436 g of acetyl derivative of a polyhydric alcohol (molecular mass = 92) require 0.336 g KOJlfor hydrolysis. 

'Caleu(ate the number of hydroxy groups in the alcohol. 
w· . 

Solution: Weknowthat, W(M+4~n):;:::56n 

where wis the amount of alkali, Wamount of acetyl derivative, Mis the molecular mass of alcohol and n number ofhydrqxyl groups. 
0.336 . ' . 
0.436 (92 + 42n) = 56n 

or . 92 +42 = 0.436 x56 =218 
n 0.336 n 3 n 

or 276+126n=218n or n=3 (The alcohol is trihydric.) 

",9.15 UNSATURATED ALCOHOLS 
Vinyl alCohol, H2C=CHOH, is still unknown. Whenever an attempt is made to prepare vinyl alcohol; acetaldehyde is formed in 
its place." . . 

H2C=CHBi: + AgOH ~ [H2C=CHOH] ~ CH3CHO 
. Vinyl bromide Acetaldehyde 

However, allyl alcohol, CH2 =CHCH20H, is known.· 
It is prepared by the application of following Inethods: 

: (1) From allyl halide: Allyl chloride or allyl bromide undergoes hydrolysis when boiled with water. The fonnation of allyl 
alcohol occurs .. 

H2C=CH--'-CH2 Br + H20 ~ H2C=CH-:-CH20H + HBr 
Allyl alcohol 

(2) By healing' glycerol with oxalic acid at 260°C •. 

Heat) 
-2C02 

CH 
.11 .2 

CH 
I 

CH20H 
Allyl alcohol 
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Properties: It is a colourless pungent smelling liquid. It is soluble in wa~r. alcohol and ether in all proportions. It shows the 
properties of an unsaturated compound and a primary aicohol. 

H~=CH--CHPH 
(AUyI alrohol) 

Pt 

Br2 

HBr 

HOCI' 

A1k. KMn04 
(0+ H20) 

Na 

CH3COOH 

Hel 

Oxidation 

CH3CH2CH20H 
Propan-I-ol 

CH2BrCHBrCH20H 
2,3-Dibromopropan -1-01 

CH2BrCH2CH20H 
3-Bromopropan -1-01 

CH20HCHCICH20H 
Glycerol p"monochlorohydrin 

CH20HCHOHCH20H 
Glycerol 

H2C=CH-CH200cCH3 
Allyl acetate 

H2C=CH-CH2CI 
Allyl chloride 

'COOH 
I '+ HtOOH 

COOH Formic acid 
Oxalic acid 

Br2 
CH2-CH-CH2 ' CH2-CH-COOH 
I ' ,I 'I,' . [OJ. ) I' I ' " 

'Br Br OH HN~, Br Br_ 

ILLUSTRATIONS OF OBJECTIVE QUESTIONS 

I. Give the IUP AC names of the following:, 

(a) /'( 

OH 
CH20H 

~) 6 
(C)~OH 

Ph 
[ Ans: (a) But-3-en-2-ol, (b) I-Cyclopentenyl methanol, 

(c) 2-Phenylpropan-2-o1] 
2. A compound soluble in conc. H2S04' It does not 

decolourise bromine in CCI4 but oxidised by chromic 
anhydride in aqueous H2S04 within two seconds, turniqg 
orange solution to blue, green and then opaque. The original 
compound is : 
(a) an alkene 
(b) a primary alcohol 
(c) a tertiary alcohol 
(d) an ether 
(Ans \1»] 

3. Lucas reagent is' : 
(a) anhydrousCaCl2 andconc. HCI 
(b) anhydrous ZnCl2 and conc. HCI 
(c) anhydrous AlCl3 and conc. HCI 
(d) anhydrous PdCl2 and conc. HCI 
I Ans tb)] 

4. Glucose on fermentation in presence of sodium 'sulphite 
gives mainly: ' 
(a) ethylene glycol and acetaldehyde 
(b) glycerol and propionaldehyde 
(c) glyCerol and acetaldehyde ' 
, (d) ethyl alcohol and propionaldehyde 
[Ans ~c)l 

5. What is the product (A) in the following reaction? 

(i) BH3/THF ) (A) 
~ ''(ii)H20 2·OIr 

(a) PentaD-I-ol 
(b) 2-Methyl butan-I-ol 
(c) 2-Metbyl butl.)n-2-o1 
(d) 3-Methyl butan-l-ol 
[ Ans tal] 

6. Acrolein on complete reduction gives: 
(a) propanal' 
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(b) allyl alcohol 
(c) propane 
(d) propan-I-ol 
[Ans: (d)] 

[Hint: H2C=CHCHO + 4H -=-~ CH3CH2CH20H] 

7. Ethyl alcoh91 can be prepared from Grignard reagent by the 
reaction of : 
(a) HCHO 
(b) CH3CHO 
(c) RCN 
(d) RCOCI 
[Ans: (a)] 

8. Propene on reaction with carbon monoxide and hydrogen at 
high temperature under pressure in presence of cobalt 
carbonyl catalyst gives: 
(a) bump-I-ol 
(b) 2-methyl propan-I-ol 
(c) 2-methyl propan-2..;01 
(d) a mixture ofbutan-I-ol and 2-methyl propan-l-ol 

,[ADS : (d)] , , 
9. " During the dehydration of ah::ohols to alkenes by heating 

with conc. H2S04, the initiating step is: 
(a) elimination of water 
(b) protonation of an aicohol molecule 
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(c) formation of an ester 
(d) formation of carbocation 
[ADS: (b)] 

10. In this reaction, 

lL 

H2C-OH 
H2C= CH2 Hoel) (A) ~~' I ' 

H2C~H 

the molecule (A) and the reagent (B) are : 
H2C-CH2 

(a) . \/ ,hot water 
o 

(b) CH3CH20H, H2S04 
(c) CICH2-CH20H,NaHC03 
(d) CH3CH2CI,NaOH 
[ADs: (e)] 

The conversion, 
CH3CH=CHCHO----; CH3CH , CHCH20H,can 
be affected with : 
(a) H2INi 
(c) NaBH4 
[Ans: (e)] 

(b) ZnlHCI 
(d) none of these 

12. The enzyme which can catalyse the conversion of sucrose to 
ethanol is (are) : 
(a) invertase 
(c) maltase 
[ADS: (a,b)] 

(b) zymase 
(d) diastase 

SOME SOLVED. PROBLEMS 

Problem 6. Explain: 
(a) Alcohols have higher boiling points than alkanes, ethers and alkyl halides of comparable molecular mass. 
(b) ROH with three or fewer carbon atoms are water soluble but those with five or more carbon atoms are insoluble. 
(c) When volumes of ethanol and water are mixed, the total volume is less than the sum of the two individualvolumes . 

. (d) Ethanol cannot be used as a solvent with Grignard reagent or LiNH4. 
(e) The relative acidity of alcohols is in the order of3° < 20 < 10 < CH 3 OR 
(f) Sodium metal cannot be used to remove last traces of water from ethanol. 
Solution: (a) O-H bond of alcohols is highly polarized. This, gives rise to intrahydrogen bonQing, i. e., molecples are 

brought ne.arer to each other and held together by attractive forces. No such hydrogen bonding exists in alkanes, ethers and alkyl 
haHdes. This is the reason why the boiling points of alcohols are higher than alkanes, ethers and alkyl halides of comparable mass. 

(b) The water solubility of alcohols is attril?uted to hydrogen bonding with water. However, with increase of carbon atoins, the 
hydrophobic part increases which predominates the hydrophilic part, i. e., OH part of alcohols and thus, the solubility decreases. 

(c) Hydrogen bonding between ethanol and water permits the two unlike molecules to move closer in the solution than can 
ethanol to ethanol and water to water molecul~s and thus, the total volume decreases. 

(d) Ethanol being acidic readily reacts with strongly basic R of Grignard reagent. 

CH3CH20H + RMg..¥ ----+ R-H +CH3CH20Mg..¥ 
Alkane 

LWH4 reacts with alcohol to form hydrogen. 

4CH3CH20H + LiA1H4 ----+ LiAl(OCH2CH3)4 + 4H2 i 
( e) The order of decrease of acidity from CH 30H to 3° alcohol is attributed due to +1 effect of alkyl group which intensify the 

charge on the base RO- and the removal of proton becomes difficult. 
(f) Ethanol being acidic reacts with sodium metal, although not as vigorously as water, and form sodium ethoxide with 

evolution of hydrogen. 
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Problem 7 .. Prepare pentan-I-olfrom (a) Pent-l-ene. (b) I-Bromopentane, (c) I-Bromobutaneand (d) I-Bromopropane. 

B2H6 . H20 2 
Solution: (a). CH3CH2CH2CH=CH2 ) (CH3CH2CH2CH2CH:zhB OH .) CH3CH2CHlCH2CH:zOH 

Pent-I-ene THF Pentan-loOl 

OWIH20 
(b) CH3CH2CHiCH2CH2Br ) CH3CH2CH2CH2CH20H + HBr 

. I-Bromopentane Pentan-I-ol 

, . H 
Mg· . HCHO . . • I .' . H20 ..' . . .' . 

(c)ClhCH2~H2CH2Br-~)CH3CH2CH2CH2MgBr )CH3CH2CH2CH2COMgBr~+ CH3CH2CH2CH2CH20H 
I-Bromobutane Ether.' .' I.H 

H 

Mg Ethylene oxide H+ . 
(d)CH3CH2CH2Br ) CH3CH2CH2MgBr .' ) CH3CH2CH2CH2CH20MgBr~CH3CH2CH2CH2CH20H 

I-Bromopropane Ether 

Problem 8. How will you synthesise? . 
(a) n-Butyl alcoholfrom acetylene, (b) Allyl alcoholjivmpropane, (c) Glycel'olfrom acetylene. 

Solution: 

HgS04/H2S04 . [0] . Ca(OH):;! . n..-lvms 
(e) HC...cH HOH ) CH,CHO 0KMn<l.) CH,COOH. (CH'COOhCa~ 

O. . 0 
CH2-C-CH2 . . II II 
I II I L KOH(aq.)· CI2 

CH2-CH-CH2 LiAiH 
I I I ( 4 

OH OH OH OH 0 OH 
, CICH2 -C-CH2CI (~ CH3 -C-CH3 

Glycerol 

. Problem 9. Give one chemical test to distinguish thefollowing: 
(a) Methanol and ethanol. 
(b) Tert. butyl alcohol and n-butyl alcohol. 
(c) Hexane and ethanol. ' 

. Solution: (a) Ethanolgives iodoform test while methanol does not. 
(b) Tert. butyhdcohol gives Lucas test, i.e., cloudiness immediately with HCl/ZnCI2 but n-butyl alcohol does not. 
(c) Ethanol reacts with sodium and evolves hydrogen but hexane does not. . 
Problem 10. (a) Give the mechanism.of acid catalysedd~hydration.of ethyl alcohol if the reaction is carried at 17f1lC when 

ethene is formed. . 
(b) Give the mechanism of acid catalysed dehydration of ethyl alcohol if the reaction is carried at 140°C when ether i~ formed. 

,(c) 3,3-Dimethyl butan'72-01Ioses a molecule of water in the presence of conc. H 2S0 4 to give tetramethyl ethylene as a major 
product. Suggest a suitable mechanism. . 

'Solution: 
.••. . (":).+ -H

2
0 +.' H+ . 

(a) CH3CH2-OH + H+ ~CH3CH2-0H ) CH3CH2 - ) H2C=CH2 
-: J •• 
"'-../ H . 



G.R.B. Organic' Chemistry (or Competitions 

. @I, 
H......Q-CH2-CH3 • 'r I' , 

00 .' )CHJCH2--~CH2CHJ--4 .. 
+ .. 

CH3CH2 --~CH2 -CH3 .. 
(c)The hydroxyl group in 3,3~dimethyl butan-2-01 undergoes protonation followed by dehydration to form a secondary 

carbocation which undergoes a methyl shift to form a more stable tert. carbocation and the removal ofH+ gives a double bond. 
",'. H . Me' . . H Me - Me 

I . I H+ I I -H20 + I 1,2 Methyl shift 
CH3 --C-e-CHJ --4 CH3 --C--C-CHJ ) CH3 --CH-C-CH3 ----''-----'---..., 

I I ...I I I 
:OH Me H:OH Me Me .. 

3,3-DimethyJ butan-2-o1 
[Me=CHJ ] 

Me 
I " 

Me 
I . ~ ,:-H+ 

CH3 -C=C--CH3 ( , 
I 

CH3 -CH-C-CH3 . I +' 
Me 

2,3-Dimethyl but-2-ene 
Me 

3° Carbocation 

Problem 11. An alcohol (A) .when heated with concentrated H2S04 gives an alkene (B). Whe,! (B) is bubbled through 

bromine water and the product obtained is dehydrohalogenated with exc.ess of sodamide, a new compound (C) is obtained. The 
compound (C) gives (D) whim treated with dilute H 2S0 4' in presence OfHgS04' (D) can also be obtained either by oxidising (A) 
with KMn04 or from acetic acid through its calcium salt. Identify (4), (B), (C) and (D). 

Solution: (D) is obtaitled by heating calcium acetate. It should be acetone. 

(CH3COOhCa --4 CHJCOCHJ +CaC03 
(D) 

,Acetone ' 

(D) can also be obtained by oxidation of (A). Thus, (A) is secondary alcohol, i. e., propan-2-ol. 
H3C, • 

/CHOH [0], ) CH3COCH3 + H20 
H3C KMn04 Acetone , 

(A) 

(A) with cone. H2S04 gives an alkene (propene). 

Cone. H2S04 CH3CHOHCH3 ,.' ) CHJ -CH=CH2 
Heat (8) 

Propene 

(B) reacts with bromine to form 1,2-dibromopropane which on dehydrohalogenation yields propyne. 

. ,NaNH2 HgS°4 CHJ -CH=CH2 + Br2 --4 CH3CHBrCH2Br ) CHJC==CH ) CH3COCH3 
Propyne(C) , H2S04 Acetone (D) 

ProblemJ2. An organic compound of the formula, CJHgOJ, gave thefollowing reactions: 

(a) On oxidation with nitric acid, it gave a dibasic acid. 
(b) With P40 10, it gave an unsaturated aldehyde. 
(c) With PCls, it gave a chlorinated hydrocarbon, with vapour density, 73.5. What structural formula would you assign to the 

compound? . 
Solution: The expected compound is glycerol. 
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CH2 II . 
CH 
I 

eHO 
Acrolein 

(An unsatw'ated 
aldehyde) 

CH2°H. 
P4010 I 

~(-~- CHOH 
-2Hp I 

CH20H 
Glycerol 

1 PCI, 

CH2CICHCICH2CI 
Chlorinated hydrocarbon 

with V.D. 73.5 

COOH 
I 

CHOH 
I 
CooH 

TartrOmc acid 
(A dibasic acid) 

Problem 13. Compound X' (molecular formula Cs HgO) does not react appreciably with Lucas reagent at room 

temperature but gives a white precipitate with ammoniacal silver nitrate solution. With excess ofMeMgBr, 0.42 g of x' gives 224 
mL ofCH4 at STP. Treatment of x' with H2 in presence ofPt catalyst followed by boiling with HI, gives n-pentane. Suggest the 
structure for x' and write the equations involved. 

Solution: Since, the compound does not react appreciably with Lucas reagent, it is a primary alcohol, i.e.., consists 

-CH20R The compound gives a precipitate with AgN03, hence it consists -C::sCHgroup at the extreme. Thus, the compound 
maybe: 

54321 
HC::sC-CH2 -CH2 -CH20H 

4-Pentyn-l-01 
Molecular mass of 'X' = 84 g 

0.42 g of compound = °8~2 = 0.005 mol 

224 
224 mL ofCH4 = 22400 =0.01 mol 

0.005 mol of the compound 'X' produces 0.01 motofCH4 with excess ofMeMgBr, it shows that the compound consists two 
active hydrogen atoms, one due to hydroxyl group and other due to HC::sC- group. The equations of the reactions involved are: 

AgN°3 . 
(i) HC::sC-CH2 -CH2-CH20H . ) Ag-C::sC-CH2 -CH2 -CH20H 

(jii) HC===C-CH2-CH2-CH20H . ~) H3C-CH2-CH2-CH2-CH20H ~( H3C-'-CH2-CH2-CH2-CH3 

Problem 14. An organic compound of formula C3 Hg03 yields on acetylation with acetic anhydride a derivative of the 

formula C9 H140 6 • How many hydroxyl groups are present in the compound? 
(CH3CO)iO .. 

Solution: R -OH .. ) ROCOCH3 

In this reaction for every -OH group, C2 H 20 is increased on acetylation. 

Total increase=C9H140 6 -C3Hg03 =C6H603 

'Thus, the increase is equivalent to the presence of 3-OH groups in the alcohol. 
Problem 15. Give the structures of(W), (X), (y) and (Z) in thefollowing reactions: 

Cr03·2CsHsN CH30H ( ) 
H2C=CH-CH20H ) (W) ) X 

(CH2CI2 ) H+ 

[Roorkee 2000] 



Solution: 

KMn.o4,.oW 

(Cold dilute) 
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/OCH3 
)CH2-CH-CH, ' ' 

,I 1 ' 'OCH3 
OH' OH 

(Y)CsH12.o4 

1 H,O,H,O 

CH2-' CH-CHO 
1 ,1-' 
OH OH 

(Z)C3H60 3 

Al .0 (i) HI 
Problem 16. (A) , 2 3 ) (B)---'-"---~) (C) 

250°C (ii)AgOH 

In the above reactions scheme (A) and (C) are isomers. (B) has aformula OfCsHIO' which can also be obtained from the 
product of the reactions OfCH3CH2 MgBr and (CH3 hCo. Give structures of (A), (B) and (C). IRoorkee2000] 

Solution: An alcohol Al2
.o
3) Alkene (i)HI ~ (C) 

(A) 2S00C (B) CsHIO (ii) AgOH , 

Alcohol AlP3) Alkene ' (i) B2
H

6 ) Alcohol 
(C)1500C (B) (ii) H2.o2, .oW' (A) 

CH3 CH3 
I I 

CH3CH2MgBr +CH3 -C=O ----+ CH3 -C-OMgBr 
, ' 1 " 

, CH2CH3 

1 H.oH,H+ 

CH3 
1 

CH3-C-OH 
1 

CH3 

, 1 -H2.o 
CH3-C=CH-CH3 E ". 

" (Major) Alkene . DehydratIOn 

CH2CH3 

, So, 

CH3 CH3 CH3 

I , Al2.o3 1 (i) HI 1 Al2.o3 
CH3 -CH-CH-CH3 ---"-~) CH3 -C=CH-CH3 --':;'':''---4) CH3 -C-CH2CH3 ---=---:=--~) I ' 250°C (B)CsHIO (ii) AgOH 'I 1500C, (-H2.o) 

OH OH 
~ q 

CH3 CH3 

.. 

, 1 (i) B2H6 1 ' 
CH3 -C=CHCH3 ----=-=----4) CH3 -CH-CH-CH3 ' ' 

(B) (ii) H20 2 , .oH- , I' 
OH 

(A) 
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Problem 17. Two different Grignard reagents (X) and (Y) produce C6HsCH2C(CH3hOH on reaction with (P) and (Q) 

respectively. Give the. structures of (X), (y), (P) and (Q). [Roorkee 2000] 
Solution: Grignard reagent (X) + (P) ----, 

Grignard reagent (Y) + (Q) -----' 

So, 

CH3 

HOH, H+ ) CH3 -~-OH 
I 

CH2C6HS 

CH3 

HOH,H+ I 
. )C6HsCH2--C-OH 

I 
CH3 

rMPORTANT POINTS TO REMEMBER (SUMMARY) 
a Alcohols are hydroxy derivatives of alkanes and also 

considered as alkyl derivatives of water. 
a Alcohols are classified as monohydric, dihydric, trihydric 

and polyhydric depending upon the number of one, two, 
three and more -OH groups respectively in a molecule on 
different carbon atoms. 

a Monohydric alcohols (R-OH) are represented by a 

general molecular formula CnH2n+lOH (CnH2n+20). 
They are further divided into primary (10), secondary (2°) 

and tertiary (3°) alcohols as -CH20H, )CHOH and 

:>C-OH respectively. 
o Monohydric saturated alcohols show chain isomerism, 

. position isomerism, functional isomerism and optical 
isomerism. 
Methods of preparation for monohydric alcohols . 

a From alkyl halides: By the hydrolysis with aqueous 
alkali or moist silver oxide. 10-1U" gives good yield of 
alcohols, 2°-RX gives a mixture of alcohol and alkene, 
while ·3°-RX mainly gives alkene due to dehydro
halogenation. . 
Hydrolysis of 1 ° halides proceeds by S N 2 mechanism while 
those of3° halide by SN I mechanism. The hydrolysis of 2° . 
alkyl halides may proceed by S N I or S N 2 method. 

tJ From alkenes (by hydration method) : 
Alkenes are absorbed in cold cone. H2S04 forming alkyl 
hydrogen sulphateS -which on hydrolysis with boiling water 

form alcohols. Only ethene gives 1° alcohol while all other 
alkenes give 2° or 3° alcohols. 
Alkenes may be directly hydrated to alcohols in presence of 
dilute acids (H+ ). 

a Oxymercuration deme.rcuration method: Mercuric 
acetate (CH3COOh Hg, in presence of water-THF solution 

. reacts with alkene to form an adduct alkyl mercury 
compound which on .reduction with NaBH4 in basic 
medium forms alcohol. 

a Hydroboration Oxidation (HBO) method: Alkenes 
undergo addition reaction with diborane (BH3h followed 
by ]:lydrolysis with H202/0H- yield alcohols. The overall 
addition. of water proceeds by anti-MarkowniKoff's rule. 

a From esters: By hydrolysis with mineral acids or 
. alkalies form alcohols. . 

a From ethers: On heating 'witb dit. H2S04 under 

pressure give alcohols. 
o Fromp-amines: By the action ofHN02 (NaN02 + diL 

HCI) on p-amines only form corresponding alcohols. 
a From aldehydes, ketones, carboxylic acids and acid 

derivatives: . By reduction with ZnlHCI, NalC2HsOH, 

LiAlH4 or NaBH4' etc. 
a Bouveault-Blanc reduction: The reducing agent is 

Nalalcohol. The' aldehydes, ketones, acids and acid 
derivatives are· reduced by nascent hydrogen into 
corresponding alcohols. 



o Reduction with LiAlH4 : It reduces aldehydes, ketones, 

carboxylic acids and their derivatives into alcohols (even 

without affecting the> C=C<). 

o Reduction with NaBH4 : It also reduces )C=O 

compounds to alcohols without'attacking >C , C< 

o Addition of Grignard reagents to aldehydes and ketones 
followed by hydrolysis. 

o Primary alcohols are obtained when GR is treated with 
oxygen or formaldehyde or ethylene oxide. 

o Secondary alcohols are obtained when GR is treated with 
an aldehyde other than formaldehyde. 

o Tertiary alcohols are obtained when GR (1 mole) is 
treated with ketones. GR (2 moles) on reacting with esters 
(RCOOR f) also form tertiary alcohols. 

o Fermentation of carbohydrates : Alcohols can be 
prepared by the fermentation of carbohydrates under the 
influence of certain enzymes. 
Diastase converts starch into maltose. 
Invertase converts molasses (sucrose) into a mixture of 
glucose and fructose. 
MaJtase converts maltose into glucose. 
Zymase converts glucose or fructose into ethyl alcohol. 

o Oxo process: Amixture of alkene, carbon monoxide and 
hydrogen reacts together 'at high temperature under 
pressure in presence of catalyst cobalt carbonyl or cobalt 
carbonyl hydride to form an aldehyde which is reduced (by 
Zn-Cu) to obtain alcohol. It is also called carbonylation 
or hydroformylation. 

o From alkanes: A mixture of methane and oxygen (9 : 1 , 
by volume) is passed over copper catalyst at 250°C under 
pressure, oxidises to methanol. ' 

o Alkanes having 3° H atoms are o~idised by KMnO 4 or 

cr03 to 3° alcohol. 
Physical properties : 

o Lower alcohols are volatile liquids having characteristic 
smell (alcoholic) and burning taste. Alcohols are neutral 
and highly toxic substances. The lower alcohols are 
completely soluble in water arid solubility decreases as the 
molecular weight increases. The solubility in water is due 
to intermolecular, H-bonding between water and alcohol, 
molecules due to their polar character. Isomeric alcohols 
have solubility in the order: 1° > 20 > 30. 
The b.pts of alcohols are much higher as compared to the 
corresponding alkanes, ethers and alkyl halides, it is due to 
intermolecular association of their molecules through 
H-bonding. Among isomeric alcohols, the'b.pts are in the 
order: 1° > 20 > 30. 
Chemical properties: R-OH 

o Primary alcohols are most reactive when there is a cleavage 
of O-H bond while tertiary alcohols are most reactive 
when there is a cleavage of C-O bond. 
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o Reactions involving the cleavage of O-H bond: The 

reactivity order is: CH3> 1° > 2° > 3°. 
o Action of alkali metals: Formation of alkoxides or 

alcoholates (R-ONa). 
o Action of monocarboxylic acids: Formation of esters 

(R-, COOR f). 
o Action of inorganic acids (H2S04 or RNO]) : 

Formation of inorganic esters (alkyl hydrogen sulphate or 
alkyl nitrate). 

o Action of acid halides, acid amides and acid anhydrides: 

Formation of esters (RCOOR f) in presence of pyridine 

(base catalyst). 
o Alkylation (action of dialkyl sulphates): Formation of 

ethers (R-O-R f). 
o Action of Grignard reagent: Formation of alkanes 

corresponding to the alkyl (R-) group of GR. 
o Reaction withjJIX: Alcohols react with HX to form 

corresponding i1~-)X. The order of reactivity ofHX is : 
HI > HBr> HCl > HF. Hence, HCI reacts only in presence 
of a catalyst (anhyd. ZnCI2 or AlCI3). The increasing order 
of reactivity of alcohols towards HX is: CH30H < 10 

alcohol < 2° alcohol < 30 alcohol < benzylic and allylic 
alcohols. 

o Reaction with conc. HCI jn presence of anhyd. ZnCl2 
(1: 1) is Lucas reaction. ", 

o Reaction with PCl s and PBr3 : Alcohols react with 

PCls or PBr3 (Br2 and red P) or PI3 (I2 and red P) to yield 
alkyl halides. ' 

o Reaction with thionyl chloride (SOCI 2) : Alkyl 

chlorides (pure) are formed when an alcohol reacts with 
SOCl2 in..presence of pyridine base. 

o Reaction with NH3 (ale.) : Alcohols react with alc. 

solution ofNH 3 when their vapours are passed over heated 
Al20 3 at 400-500DC to form a mixture of 1 D, 20 and 30 
amine. 
Reactions involving both the cleavage of R- and-OR 
groups: 

o Dehydration of alcohols : Alcohols on dehydration 
'yield alkenes. The order of ease of dehydration is : 30> 20 > 
1°. Dehydrating agents for alCOhols are : conc. H2S84/~ 
H3P04/~ anbyd. Al203/~ KHS04/~ anhyd. ZnCl2/A 
and P20s/Aetc. 

o 2° and 30 alcohols 'always' give El reaction. More 

substituted alkene is more stable. 
o The less stable carbocation undergoes l,2-hydride or 

1,2-methyl or l,2-phenyl shift to form more stable 
carbocation. 

o 1° alCohols whose P-carbon atom is 10 or 2° gives E2 

reaction. 
o Dehydration of alcohols depends upon the temperature of 

the reaction. With conc. H2S04 at 170°C or Al20 3 at 
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350-400°C, alcohols give alken~, while conc. H2S04 at 
140°C or with Ah03 at 250°C, ether is fonned. 

o Dehydrogenation with copper catalyst at 300°C : 
1 ° alcohol loses hydrogen and fonns an aldehyde. "20 
alcohol loses hydrogen and fonns a ketone. A 3° alcohol 
undergoes dehydration rather than dehydrogenation to give 
an alkene. This property is used to distinguish between 1°, 
2° and 3° alcohols. 

o Oxidation: The compound that is fonned by oxidation 
depends upon the nature of alcohol (10 or 2° or 3°). The 
oxidising agents used are K2Cr2071H2S04, acidic or 
alkaline KMn04, dil. HN03, etc. 

o Primary (1°) alcohols are oxidised to aldehydes, which are, 
in tum easily oxidised to carboxylic acids both containing 
the same number of carbon atoms as the original alcohol. 

o Secondary (2°) alcohols are oxidised to ketones containing 
same number of C-atoms .. Ketones on oxidation under 
drastic condition fonns mixture of acids each having lesser 
number of C-atoms than the ketone or original alcohol. 

o Tertiary (3°) alcohols do not easily undergo oxidation. But 
on vigorous oxidation gives several produCts, i.e., an 
alkene, a ketone (containing less number ofC-atoms) and 
then carboxylic acids (containing even more less number of 
C-atoms). 

o Reaction with halogens: Halogens first oxidise primary 
and secondary alcohols to aldehydes and ketones 
respectively. The oxidation product then undergoes 
halogenation. S02Cl2 also acts both as an oxidising agent 
and halogenating agent. 

o Reaction with bleaching powder: When a mixture of 
ethyl alcohol and bleaching powder is heated, CHCl3 is 
fonned. 

o Haloform reaction: Ethyl alcohol when heated with 12 
. and NaOH or aq. Na2C03 fonns a yellow crystalline solid, 
iodofonn. The iodofonn test is given by C2HSOH, 

o 
CH3CHO, CH3COCH3, 
CH3CH(0H)-. group, 2-01s, 

o 
II 

CH3 -C---,-COOH, etc. 

II 
-C-CH3 group, 

CH3CH(OH)COOH and 

o Reaction with acetaldehyde: Ethyl alcohol combines 
with· acetaldehyde in presence of dry HCl gas to fonn 
hemiacetal and acetal. 
Distinction between 1°, 2° and 3° alcohols 

o The following methods are used for distinguishingpri., sec. 
and tert. alcohols. 

o By catalytic dehydrogenation: Heating with copper 
catalyst at 300°C. 

o By oxidation method (Dichromate test): Using strong 
oxidising agent like acidified K2Cr207' 

o Lucas test: An equimolar mixture of conc. Hel and 
anhyd. ZnCl2 (Lucas reagent) is added to an alcohol to· 
fonn alkyl halides. 
If cloudiness or turbidity or thick oily layer appears 
immediately it will be 3° alcohol. 
Ifcloudiness appears within 5-10 minutes, the alcohol is 2°. 
If the solution remains clear, i.e., no Cloudiness is fonned at 
room temperature, the alcohol is 1°. 

o Victor Meyer's test: This test is based on the fact that 
1°, 2°, 3° nitroalkanes behave differently towards HN02 
and alkali. The three aIeohols react with ll1I2' AgN02, 
NaN021H2S04 or HN02 and made alkaline with NaOH 
orKOH. 

o 1° alcohol gives blood red colour, 2° alcohol blue colour, 
while no colour with 3° alcohol. 
Dihydric alcohols 
Two -OH groups on adjacent (vicinal) carbon atoms are 
called glycols. Their common name is alkylene glycol and 
IUPAC name is alkanediol. 
Methods of preparation 

o From alkenes : By hydroxylation with cold, dil. alkaline 
KMn04 (Baeyer's reagent) or by oxidation with 
Os04/ethanolic Na2S03· 

o By passing a mixture of ethylene and air under pressure 
over silver catalyst at 300°C to fonn ethylene oxide which 
on hydrolysis in presence of dil. HCl gives ethylene glycol. 

o By passing ethylene through hypochlorous acid followed 
by hydrolysis with NaHC03 yields glycol. 

o From glyoxal: By reduction with LiAlH4 . 

o From 1, 2- dibtomoethane : By hydrolysis with boiling 
Na2C03 solution. 
Properties 

o Glycol is colourless, syrupy hygroscopic liquid, b.pt. 
197°C, highly soluble in water (due to H-bonding). 

o There are two primary alcoholic groups present in glycol 
molecule. Its reactions are therefore, those of primary 
alcohols (-CH20H) twice over. 

o Action of alkali metal (Na or K): Fonnation of mono 
and disodium glycollate at 160°C. 

o Action of PCls or PBr3: Fonnation of 1,2-dihalo 
(chloro or bromo) ethane. 

o Action of PI3 : Fonnation of ethylene iodide (unstable) 
and finally ethylene. 

o Action of HCI gas at 200°C : Fonnation of 1,2-
dichloroethane. 

o Action of CH3COOH or SOCI 2 : Fonnation of glycol 
diacetate. 

o Action of conc. HN03/conc. H2S04 : Formation of 
ethylene dinitrate (used as an explosive) .. 

o Action of he~t at 500°C: Fonnation of ethylene oxide. 
o Oxidation with dil. HN03: Fonnation of oxalic acid. 
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D OxidationwithK2Cr2071H+ orKMn041H<t : Forma
tion offormic acid (2 moles). 

D Oxidation with HI04 or (CH3COO)4 Pb: Formation 
of formaldehyde (2 moles). 

D Action of heat with conc. H 2S04 (Dehydration) : 
Formation of dioxane (diethylene dioxide). 

D ActionofheatwithH3P04 (Dehydration): Formation 
of diethylene glycol. 

D Action of heat with ZnCI2 (Dehydration): Formation 
of acetaldehyde. 

D Action with CH3CHO on heating: Formation of cyclic 
acetal. 

o Action with CH3COCH3 on heating: Formation of 
cyclic keta1. 
Cyclic acetals and ketals are also called as dioxolans. 

D Action of heat with Cu catalyst at 350DC: Formation of 
glyoxal. 
Trihydric alcohols, Glycerol or Propane-I, 2, 3-triol 

D It occurs in fats and oils in the form of esters (glycerides) of 
higher fatty acids like palmitic acid (C1s H31COOH), 
stearic acid (CI7 H3SCOOH) and oleic acid 
(C17 H33COOH). 
Preparation of glycerol 
[HOCH2 ---':CH(OH)-CH20H] 

D From oils and fats: By hydrolysis with alkali. 
Glycerol and sod. or pot. salts of higher fatty acids (Soaps) 
are obtained, and this alkaline hydrolysjs of oils and fats is 
called saponification. 

D By the fermentation of sugars: Glucose (aq. solution) 
on fermentation in presence of Na2S03 forms glycerol 
alongwith CH 3 CHO and CO 2. 

. D Synthesis from propene: By allylic chlorination at 
600DC to form allyl chloride which reacts withaq. Na2C03 
followed by addition of HOCI and hydrolysis with aq.· 
NaOH yields glycerol. 

D From acrolein: By reduction with LiAlH4 and then 
treating with Baeyer's reagent (hydroxylation) gives 
glycerol. 
Pr9perties 

D It is a . colou~iess, odourless, sweet, viscous and 
hygroscopic liquid, b.pt. is 290DC. It is highly miscible with 
water (due to H-bonding). 

D Glycerol contains two primary and one secondary alcoholic 
groups. Generally pri. alcoholic (1 D) groups are more 
reactive than sec. alcoholic (2D) group. 
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D Reaction with· Na or Kon heating: Formation of 
disodium glycerolate. .. 

D Reaction with PCls or PBr3: Formation of l,2,3-tri 
halo (chloro or bromo) propane. 

D Reaction with PI3 : Formation of allyl iodide. 
D Reactionwith HCI gas (in excess): Formation of a, a'

and a-{3-dichlorohydrin. 
D Reaction with ill (in excess): Formation of isopropyl 

iodide as the final product. 
D Reaction with conc. HN03/conc. H 2S04 : Fprmation 

of glyceryl trinitrate or trinitroglyqerine (TNG) which is 
used as an explosive (dynamite). 

D Reaction with CH3COOH, CH3COCI or (CH3COh 0 
(in excess): Formation of glyceryl triacetate (ester). 

D. Reaction with oxalic acid: At 11 ODC and with excess of . 
?xalic acid, formic acid is formed. At 260DC, allyl alcohol 
IS finally fonned. . . 

D Dehydration with KHS04 o.r P20 S or conc. ·H2S04 : 
Formation of acrolein (foul smelling). 

D ~xidation by using different oxidising agents: Glycerol 
gIves number of products like glyceraldehyde, glyceric 
acid, tartronic acid, meso-oxalic acid, dihydroxy acetone 
and oxalic acid, etc. 

D With conc. HN03: It gives mainly glyceric acid. 
D With dil. HN03 : It gives glyceric add and tartronic 

acid. 
D With Bi(N03h or NaN03 : It gives meso-o~alic acid. 

D With Fenton's reagent (FeS04 + H20 2) or NaOBr or 
Br2 water: It gives a mixture of glyceraldehYcle and 
dihydroxy acetone (Glycerose). 

D With solid KMnO 4: It gives oxalic acid orC02 + H20 . 
This reaction is violent and explosion occurs, hence, used . 
in time-bombs. .. 

D With periodic acid (HIO 4) : Glycerol undergoes oxida
tive cleavage to give HCHO (2 moles) and HCOOH. 

D Condensation with benzaldehyde: Formation of cyclic 
acetal. 

D Fermentation: With Bacillus butylicum~ glycerol forms 
n-butyl alcohol. With Bacillus· butylicus, glycerol forms 
n-butyric acid. 

D Reaction with phthalic anhydride. Glycerol gives 
polyester called glyptals. 
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,ery stiCi~AI1~\ve~'Type 
1. Fill in the blanks: 

(a) An ............ diol has two hydroxyl groups on .......... .. 
carbon atoms. 

(b) CO combines with hydrQgen when heated to 300°C in 
presence ofa catalyst (ZnO + Cr203) to give ........... . 

(c) CH3CHO CH3MgB\ ............ ~CH3CHOHCH3. 
(d) The enzyme that converts glucose to ethyl alcohol is 

. . ,. ........... ~ 
(e) Hydrolysis of sucrose into a mixture of glucose and 

fructose. is possible in presence of enzyme ........... . 
(t) On oxidation of secondary alcohoL. ........ Lis formed. 
(g) The interaction of element S with prignard reagent 

gives, .......... . 
(h) The IUPAC name of methyl carbinol is ........... . 
(i) 100% ethyl alcohol is called ........... . 
G) The glycerol has ............ primary alcoholic groups 

and one ............ alcoholic group. 
(k) Glycerol has ............ taste and forms explosive with 

(1) . S~i~biii~ of alcohol in water ............ with increase of 
carbon chain. 

(m) Acrolein is formed by ............ of glycerol. 
(n) Tertiary alcohols are formed by reaction of Grignard 

reagents with............ . 
(0) Rum is a/an.~ .......... alcoholic beverage. 
(P) Wine is a/an ........ · ... :alcoholic beverage. . 
(q) Propan-2-01 on oxidation with K2Cr207/H2S04 YIelds 

(r) Ethyl alcohol vapours are. passed over hot copper to 
form ........... . 

(s) .Rectified spirit is the mixture of ......... , .. and .......... .. 
(t) Tertiary alcohols can ............ oxidised easily. 
(u) Boiling points of alcohols are ............ than those of 

corresponding alkanes. . 
(v) When an organic acid reacts with ............ , an ester is 

formed. The process is known as ...... . 
(w) The intermediate compound in. the preparation of 

ethylene from ethyl alcohol and conc. H2S04 is 

(x) The mixture of ethyl alcohol, methyl alcohol and water 
is ............ for drinking. 

(y) Dynamite, an explQsive, consists mainly .......... .. 
(z) The ease of dehydration of alcohols is in the order 

............ > secondary> ...... . 
2. State whether the following statements are True or False: 

(a) The reaction of methyl magnesium iodide with acetone 
followed by hydrolysis gives secondary butanol. 

(b) Ethyl alcohol reacts with aqueous sodium hydroxide to 
form sodium ethoxide. . 

(c) The favourable temperature for alcoholic fermentation 
of glucose to ethyl alcoholis 30-35°C. 

(d) Methyl alcohol gives iodoform test. 
( e) Pyroligneous acid contains ethyl alcohol, acetone and 

acetaldehyde. 
(f) Glycerine explodes with solid potassium perman-

ganate. 
(g) Ethylene can be used for the synthesis of ethyl alcohol. 
(h) Methyl alcohol is more toxic than ethyl alcohol. 
(i) Primary alcohols are dehydrated easily than secondary 

and tertiary alcohols . 
G) A tertiary alcohol gives colourless solution in Victor 

Meyer's test. 
(k) Proof-spirit contains 57.1 % ethyl alcohol by volume. 
(I) Ethanol on treatment with excess of chlorine forms 

chloroform. 
(m) Tertiary butyl alcohol gives turbidity fastest with • 

.. HCI/ZnCl2 than other isomeric alcohols. 
(n) All alcohols undergo acetylation. 
(0) Alcohols are stronger acids than water. 
(P) Both glycerol and glycols are used as antifreeze in car 

radiators. 
(q) Lucas reagent is equimolar mixture of zinc chloride and 

HCI. 
(r) Tertiary alcohol is more acidic than primary alcohol. 
(s) C2HSOH can accept it proton to give protonated, 

+ 'd C2HsOH2 , i.e., it can act as an act . 

(t) Ethylene glycol is an example of secondary alcohol. 
(u) All alcohols are equally miscible with water. 
(v) Power alcohol is a mixture of petrol and alcohol. 
(w) Glycerol when heated with KHS04 forms allyl alcohol. 
(x) Glycerol contains all printary alcoholic groups. . 
(y) Ethylene glycol on treatment with PI3 yields ethylene. 
(z) FeS04 + H20 2 i.s called Fenton's reagent. 

3. Match the following: 
(i) (A) Fermentation 1. Secondary alcohol 

(B) Dynamite • 2. Methyl alcohol 
(C) Absolute alcohol 3. ZnCl2 + Hel 
(D) Glycerine 4. Dibydric alcohol 
(E) Wood spirit 5. Nitroglycerine 
(F) Lucas reagent 6. Propane-I,2,3-triol 
(G) Propan-2-01 7. 100% ethyl alcohol 
(H) Glycol 8. Invertase 

(ii) (A) Methylated spirit 1. Elimination reaction 
(B) Enzyme 2. Bouveault Blanc reduction 
(C) C2HsOH 3. Antifreeze 

+ Conc. H2S04 
(D) Lucas test 4. Esterification 
(E) Glycerol 5. Fenton's reagent 

(F) RCHO Na/C:lHsOH) 6. Zymase 



(G) FeS04 + H20 2 7. Denatured alcohol. 
. (H) C2HsOH + CH3COOH· 8. Tertiary alcohol 

in presence of H2S04 
4. Complete the following equations: 

(i) Glucose + Zymase ~ 
(ii) Starch + Malt extract ~ 

(iii) CO + H2 300"C, 200 aim.) 

• Catalyst 

(iv) Sucrose Invertase) 

(v) C2HsOH + 12 + NaOH ~ 

CH20H I . 
(vi) CHOH + H2C204 ~ 

I 
CH20H 

(vii) CH CH CH OH Al20 3) (A) HBr) (B) KOH(aq.» (C) 
. 3 2 2 35O"C 

PCI H 0+ . NH 
(viii) C2HSOH-----4 (A)KCN) (B)~(C)---4 

(D)~(E) 

(i~) CH3CH2CH20H~ (A) (Alc.)KO", (B)~ 

(C)~(D) 
(x) CH3CIJ.20H~ (A) Mg) (B) (i)HCHOW)(C) 
. . (ii) H201 

H2S04 HN03 (xi) C6H120(A)~ C6HlO(B)~C6HlO04(C) 
Heat Heat 

(A) HN03 ) (C) 
Heat 

(xii) C6H6 + H2C=CHCH2CI AlCI3) (A) (i) BH3/THF ) 
(ii) H20 2, Olr· 

(B)~C9HlO(C) 
Heat . 

(xiii) RCH=CH2 Hg(OAch) (A) NaBH4 )(B) 
THF, -H20 

(xiv) CH3CH2CH=CH2 H2S04 ) (A) HOH ) (B) 

(xv) CH3CH=CH2 ~H6) (A) H20 2 ) (B) 

(xvi) ~H3CH=CH2 (i) H+ ) (A) 
(ii) O2° 
0 0 + 

(xvii) CH3CH=CH2 (:i) H
2
0) (A) 

CH3 

(xviii) CHJH-CH=CH2 (~~~:o) (A) 
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CH C-CH OH Cone. H2S04 ) (A) (xix) ( 3h 2 -
Heat, 170"C . 

~MgBr + Hy H20/H+ ( ) 
~) . I n )A 

·0 

(xxi) ·1 /OMe H O/H+' /'. I + 2CH3CH2MgBr 2 ) (A) 

o 
o 
~. . 

(xxii) H-C-OEt + 2CH3CH2Mgl H2°1,H+) (A) 

o 
. . II· 12+ NaOH 

(xxiii) (CH3hCH-C-CH3 ... ) CHl3 +(A) 
Heat '. 

./"V Cu (.i). C2HSM. gar .. ') (B) (xxiv) I -=-HA )~--=-..:::.......,~-
OH 300"C (ii) H20lW 

° 
TsCl CH3-~-0- . 

(xxv) RCH2F-OH~ (A). BU4N+/OMF ) (B) 

CH3 
(+) 

HOH) (C) . 
NaOH 

, ." . . 

(xxvii) [)= + (A)~ HCHO+ (B) (C»(D) (E» D 
(xxviii) CH3 -CH-CH2 . PCI~ (A) l(OH(aq.» (B) P13) (C) 

"'/ o . 
(i) NaNH2 H2/Pd-BaS04 (xxix) CH3CH2C-CH. ) (A) ) 
(ii) CH3CH2Br 

(B) Alkaline KMn04 ) (C) [nT 2002] 

C2HS 

I 
(xxx) CH3CH2-C=CHCH3 Hs(OAc)2/H20) (A) 

. NaBH4 
(A) . ) (B) 

5. What happens when? 
(a) Sodium metal reacts with absolute alcohol. 
(b) . V I!opour of ethyl alcohol is passed through heated . 

aluminium oxide at 36C)OC. 
(c) Glycerol is heated with KHS04•. . 

(d) Ethyl alcohol reacts with acetyl chloride. 
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(e) Ethyl alcohol is heated with iodine and NaOH. 
(t) Ethyl alcohol is heated with bleaching powder. 
(g) Ethylen~ glycol is heated with concentrated H2S04-
(h) Isopropyl alcohol is oxidised with acidic potassium 

dichromate. 
'(i) Ethylalc~hol is treated with conc. H2S04 under 

different conditions.' , 
(j) Tertiary butyl alcohol is passed overheated copper at 

300"C. 
6. Answer the folloWing: 

(i) What are the functional groups of primary, secondary 
and tertiary alcohols? 

(ii) Give the another name for,mbbing alcohol. 
(iii) Give the another name for grain alcohol. 
(iv) What is the name of carbinol? 
(v) What is the chief product when a solution of sodium 

chloride containing ethyl alcohol is electrolysed? 
(vi) Name the enzyme which'converts maltose to ethanol. 

(vii) What is the name of the compound which is used as 
antifreeze in cat radiators? 

(viii) Which reagent is used to measure number of -OH 
- groups in an alcohol? 
(ix) Which alcohol is present in alcoholic beverages? 
(x) Name the most acidic monohydric alcohol. 

7. WriteIUPAC names of the following: 

(a) Tertiary butyhlcohol 

(b) Secondary butyl alcohol 

(c) CH3CH2CH2-CH-CH2CH3 ", I ' 
CH20H 

(d) HC==C-CH20H 

(e) H2C=CH-CH-CH3 
, , I 

OH 

(t) Chloral hydrate 

(g) Isoamyl alcohol 

(h) Diethyl carbinol 

(i) Ethyl methyl isopropyl carbinol , 
CI 

I 
(j) CH3 -CH-C-CH20H 

I, I 
CI CI . , 

(k) CH3CH=CHCH20H 

(I) H2C=CHCH20H 

OH 

(m)·lfv 
~B} 
• 

8.(a) Whatare primary,secondary and tertiary. alcohols? 
Give one example of each. 

(b) How do primary, secondary and tertiary alcohols differ 
in their behaviour towards oxidation? 

(c) Give Victor, Meyer's method to identify primary, 
, seCondary and tertiary alcohols. , 

(d) What is the theoretical basis for Lucas test? 
IHlnt:ZnCI2, a strong Lewis acid, encourages ,ail SN1 pathway 

for fonnation of the alkyl chlorides: Thus, the rate' of 
reaction of the alcoholS is 30 > 2° > 1°.] 

9. Write the structural formula and IUPAC names of the 
alcOholic isomers with molecular formula C4HlOo. 

10. Write the equations of preparing ethyl alcohol In one step 
only from the following compounds: 
(a) Ethyl iodide, (b) Ethylene, (c) Acetyl chloride, 
(d) Acetic acid, (e) Ethylamine, (t) Acetaldehyde, 
(g) Formaldehyde. 

11. How does ethyl alcohol react \'I{ith? 
_ (a) Sodium, (b) PCIs, (c) Cpnc. HBr, (d) Conc. H2S04, 

(e) Acetyl chloride, (t) Potassium dichromate in presence 
of dilute H2S04 . ' 

11. How will you obtain the following cOmPoUllds from ethyl 
alcohol? 
(a) Ethyl chloride, (b) Ethyl acetate, (c) Acetaldehyde, 
(d) Iodoform, (e) Ethylene, (t) Diethyt'ether (g) Ethane, 
(h) Ethylamine, (i) Chloroform. , 

13. (a) How is ethyl alcohol prepared from'molasses? 
(b) How is absolute alcohol obtained from rectified alcohol 

in the laboratory? ' . 

(c) How is glycerol obtained oria large scale? ' 
14. Starting from glycerol, how will you obtain the following? 

(a) Acrolein, (b) Allyl alCohol, 
(c) 2-Iodopropane, (d) Nitroglycerine, 
(e) 1,2,3-Trichloropropane, (t) Glyceric acid. 

IS. Starting from glycol, how the following compounds are ' 
obtained?' ' , 

(a) Dioxane, (b) 1,2-Dichloroethane, 
, ,(c) Oxalic acid, (d) Ethylene oxide, ' 

( e) Acetaldehyde. 
16. Outline a synthesis of each alcohol from the indicated 

starting materials: 
(a)' Isopropyralcohol from a hydrocarbon'. ' 

, (b) n-Butyl alcohol from acetylene. 
(c) Allyl alcohol frOm propene. . 
(d) 'Glycerol from acetone or isopropyl alcohol or propene. 
(e) Glycerol from carbon and hydrogen or acetylene. 
(t) n-Propyl alcohol from ethylene oxide; 
,(g) Tert. butyl alcohol from acetone. 
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(h) 'Isopropyl alcohol from acetaldehyde. (k) I-Phenylethanol from styrene (vinyl benzene). 
, (i),2-methyl propan-l-ol from formaldehyde. (I) Tert: amyl alcohol from methyl magnesium iodide. 
(j)' Cyclohexyl methanol from formaldehyde. (m) 3,5-Dimethyl hexan-3-o1 from butan-2-one. 

tHlnt: (a)CH3CH2CH3 ~ CH3CHCICH3 KOH(aq.» CH3CHOHCH3 
, "h , 

(b) H~C==C-H~ HzC=CH2 HBr ) CH3CHzBr 

lNoNH, . 
H~C==C-Na CHFHzBr) HC==CCH2CH3 Hz ) H2C=CHCH2CH3 _.2HB~r~ (Lindlar's catalyst) , ,H20 2 

BrH2CCH2c;H2CH3KOH(aq.) ) HOCH2CH2CH2CH3 

" Alternative CH3CH2CH ' CHz '(i) B2
H

6 ' ) CH3CH2CFI2CH20H 
, ',', (ii) H20 2/0H-

'(c) CH3CH="CH2 -'_CI..::,2_,-+) CH ClCH=CH 500.C 2 ,2 

(e) 

LiAlH H3C"-.. 
. 4) /CHOH 

H3G' , 
Isopropyl alcohol 

CH3-CH CH2 ' 5~:C ) CH2ClCH=CH2 ,NaOH(a
q.» CH20HCH=CH2 HOCI ).CH20HCHCICH2(:>H Nao~(aq')l 

CH2.OHCHOHCHzOH 

From propene, the glycerol is obtained as described in (d). 

, ' . ".. , ·H OIR+ 
(1) CHr -CH2 +CH3MgBr --'----t CH3CH2CH20MgBr 2 ) CH3CH2CH20H + Mg(OH)Br 

, "'-/ ., ' ' , 

O. 

(g). 

". , " ' H OIR" 
CH3CHO+ CH3MgBr ~(CH3)2CHOMgBr 2 ) (CH3)2CHOH + Mg(OH)Br (h) 

. 'H 

(i) 
" ", 'I , ' " 'H

2
0 ' 

CH3 -CH-MgBr + H-C=O --'----t CH3 -CH-CH20MgBr ~ CH3 -CH-CH20H+ Mg(OH)Br 
, ,I ',Formaldehyde 1 . " H+ 1 

CH3 ',' CH3 CH3 . 
Isopropyl Iilag, 2-Metbylpropan -1-01 

bromide 

"6· MgB, .. '·1 . 
(j) , ., "+H-C=O OOH + Mg(OH)B' 

" ". ,Formaldehyde 

Cyc1Qne:otylmiig. 
bromide' 

, ' ' 

~CH2 _H;:..20_/H_+ +~ 
, Vinyl belizene', 

, (~t]'rlT~e) 

6
HCH3 

, / 
I-Phenyl ethanol 

CyCiohexyl 
methanol 
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(I) 

(m) 
~ 

CH3 -CH-CH2MgX + CH3-C-CH2CH3 I Butan-2-one 

OH 
H20IH+ . I 

. ~ CH3 -?H-CH2 -?---,CH2CH3] 

CH3 . CH3 CH3 
Isobutyl mag, halide, 3,S-Dimethyl hexan-3-o1 

17. How will you obtain? 
(a) Propan-l-ol from propan-2-o1 (three steps). 

r . HZi04 rlnt: CH3CHOHCH3 . ~ CH3CH=CH2 
170·C . . .'. 

HBr CH CH CH' B KOH(aq.) ) .CH3CH2CH20H lJ ' )3 2 2 r 
PerOXIde 

(b) Ethanol from methanol (three steps). 
r . . HI' Mg (i) HCHO' 1 
hint: CH30H~CH3I . ) CH3Mgl ) CH3CH20H J L " ,EI20 (ii) HplH+ ' 

(c) Vinyl acetate from ethyl alcohol. 
f. Cone. HZi0 4 '. Br2 
rlnt: C2HsOH 1700C ) H2C=CH2 , 

(d) Ethanol from acetylene. 
r HSO.' Red', 1 rlnt: HC=CHH~O: ) CH3CHO Lu::n ~C2HsOH J 

(e) n-Propyl alcohol from ethyl alcohol (four steps). rlnt: CzHsOH SOCl~) C2HsCI Mg ) C2HSMgCI HCHO) C2HsCH20MgCI 

(f) Tert. butyl alcohol from 'isobutyl alcohol. 
CH3 , . CH3 

L " I H2S04 I, HBr 
. rlnt: CH3-CHCH20H. ) CH3-C=CH2 

(g) Methyl alcohol from acetic acid. . 

CH3 

KOH(aq.) ) CH3-6-CH3 lj 
I ' 

OH 

LI t. CH COOH NaOH) CH COONa Soda lime) Cll', ~ CH Cl NaOH(aq.» CH OH lJ r n • 3 3· Heat ,"4 hy . 3 3 . 

(h) . Acetamide from ethyl alcohol. 

b C H OH [0] CH CHO [0] ) CH3COOH NH3 ) CH3COONH4 Lint: 2 5 ~. 3 -

,(i) Fonnic acid from oxalic acid. 

Bint : Heat oxalic acid with glycerol at 11 D·C. ] 

(j) Butan-l-ol from acetaldehyde. 
r [0] E~ I' Cl . Cl 
hint: CH3CHO~CH3COOH NaOH) CH3COONa ectrO}"Sls,CH -CH ~CH CH CI~CH CH CH CH ~ L 3 3. hy 3 2 . Heat 3 2 2 3 hy 

. Na~~(aq)··· . 1 
CH3CH2CH2CH2CI ., . ) CH3CH2CH2CH20H J 

'" :' 



j: 

·sott .. ···. 

./ 

(k) Acetylene from ethyl alconol. .. , 

[: Hint:C2HsOH + 12 + NaOH ~ CHl3~ CH=:=CH ] 
'. . Heat 

IS.How will you distinguish among the following pairs? 

(~t n-Propyl alcohol and isopropyl alcohol. . 
[ Hint :!I-Propyl . alcohol . does not give iodofonn test while 

, isopropyl alcohol fonns yellow crystalline iodofonn when 
.,,, treated with 12 and NaOH.] . 

(b)' p-Butyl, sec. butyl and tert. butyl alcohols. 
.' [Hint:Perf0ntl Lucas test. Tert. butyl alcohol reacts imniediately 

. with (znC12 + HCl) Lucas reagent to fonn cloudiness, 
secondary butyl alcohol reacts within 5 minutes while 
n-butyl alcohol does not react at all at room temperature.] 

(c) Ethanol and chloroform. ' . 

[ Hint :Chlorofoim gives isocyanid; test. This testis not given by 

ethanol. Ethanol gives iodofonn test. This test is not given 
by cj1lorofonn.] . . 

(d) Ethanol and acetone. 
[ Hint:Ethanol undergoes oxidation with dilute acidified 

. K2Cr207 and gives pungent odour due to fonnation of 
. acetaldehyde. Acetone gives a red colour with sodium 
nitroprusside in the presenc~ofNaOH.] 

.(e) Ethanol and propan-I-ol. 
[ Hint :E.thyl alcohol (ethanol) gives iodofonn test. This test is not 

'. . . given bypropan~l:01.] 

(f) Glycerol and sugar solution. 
[ Hint :Glycerol on heatirig With KHS04 fonns a pungent odour 

'" . compound, acrolein. This test is not given by sugar 
solution. The pink colour of borax and phenolphthalein 
disappears when glycerol is added" to it in cold but, 
reappears on heating, however,. it again disappears on 
cooling. This test is not given by sugar solution.] 

(g) Allyl alcohol and n-propyl alcohol. . 
[Hint :Allylalcohol reacts immediately with Lucas reagent and 

gives white turbidity.in less than one minute while 
n-propyl alcohol does not react.] 

19. Write short notes on: . 
(a) Fermentation, (b) EnZyni.es, (c) Power alcohol, 
(d) Iodoform test, (e) Methylated or denatured spirit, 
(f) DestructivedistIDation of wood, (g) Absolu,t~ al~ohol, 
(h) Rectified spirit, (i) Proof-spirit, (j) Dynamite, 
(k) Alcoholometry. '. 

20.(a) Write the structural formula of the main. orgamc 
product formed when ethyl acetate is treated with twice 
the'molar quantity of ethyl magnesium bromide and the 
reaction mixture is poured into water. 

.' 0 OMgBr 
". . . II CiHsMgBrl . 
Hint~H3~G-OC2Hs ---=--"---=---4) CH3-C-OC2Hs 

I 
C2HS 

, .'" 
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OMgBr OH 

C2HsMgBr I . H20 I ] 
-Mg(OC

2
H

s
)B: Clh-i-C2Hs ---M-d,. ..... O..:..H)-B4/ CH3-i-C2Hs 

C2HS C2HS 

(b) Give the structures or" Grignard reagent and the 
substrate (aldehyde or ketone) that would react to form 
2,4-dimethylpentan-3-ol. . 

[ 
Hint:Striicture of2,4-dimethyl pentan-3-ol is, 

...:c. CH3 CH3 
I I 

CH3-CH- CH-CH- CH3 
. I 

OH 
This is fonned by reacting (C.H3 h CHCHO with (CH3 h CHMgX. 

. CH3 H H 
.' I I .' '1 
CH3-CH-C=O+(CH3hCHMgX~ (CH3hCH-C-OMgX 

I j 

........ . . CH(GH3h 

[Mg<~ + (CH2),CHTH-CH(CH2J,' ",0 I 
OH 

(c) By giving one chemical reaction prove that glycerol is 
an alcohol. 

[ Hint :Give reaction with acetyl chloride or PCls or sodium. 

These reactions show that -OH gr:oups are present in 
glycero1.] 

(d) Give one specific example to prove that enzymes are 
very specific in their action. 

(e) Write dcwn the names and structures of two 
compounds obtained by dehydration Of ethyl alcohol. 

(f) List the reagents commonly used to reduce carbonyl 
functional groups to alcohols. . 

(g) Give the expected r~duced product from the reaction of 
(a) CH3COCH2COOH, (b) OHCCH2COOCH3, 
(c)CH3CH2COCH2CH2Br, (d) P -02N-C6H4CHO 
with (i) NaBH4, (ii) LiAlH4. . _ 

(h) Give the product of the oxidation with Mn02 of: . 
(a) CH3CH2CH=CHCH20H . 

. (b) C6HsCH20H 
(c)C6HsCH(OH)CH2CH20H 
(d) CH3CH=CHCH2CH2CH20H 

(i) Give the product ofthe oxidation with Jones reagent of: 
(a) CH3CH=CHCH(OH)CH3 (b) C6HllCH20H 

CD How can a primary alcohol be. oxidised to an aldehyde? 
21. (i) Arrange the following in order of their increasing 

basicity: 
,H20,.OH- ,CH30H, CH30-

(ii) Arrange the following in order of their increasing 
boiling point: 
n-butane, ethanol, water,propane. 

• 
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(iii) Arrange the following in order of their increasing 
boiling point: 
n-butane, n-butanoI, n-butyl chlonde, isobutane. 

(iv) Arrange the primary, secondary and tertiary alcohols 
into decreasing order of reactivity towards sodium. 

(v) Arrange the primary,secoBdary and tertiary alcohols 
into decreasing order of acidity. 

(vi) Arrange the following in order of their decreasing 
boiling point: 
pentan" 1-01, 2-methyl butan-2-01, 3-methyl butan-2-01. 

(vii) Arrange the following in decreasing order of rate of 
dehydration with cone. H2S04: 

CH3CH2CH(OH)CH2CH2CH3 (A) 

(CH3 hC(OH)CH2CH2CH3 (B) 

(CH3hC(OH)CH(CH3h (C) 

CH3CH2CH(OH)CH(CH3 h (D) 

CH3CH2CH2CH2CH2CH2CH20H (E) 

22. Give reasons for the following: 
(i) Molecular mass of ethanol and dimethyl ether IS the 

. same, however ethanol is a liquid at room temperature 

. but dimethyl ether is a gas. 
mint: Hydrogen bonding in ethanol.] 

(ii) Anhydrous CaCI2 · cannot be used for drying ethanol. 
Jli:int: EthanoHonns an addition compound with CaCI2.] 

(iii) Tertiary alcohols form the turbidity fastest in Lucas 
test while primary alcohols' form slowest. 

mint: Positive inductive effect is maximum in tertiary alcohol 

and hence -OH removal is facilitated.] 

(iv) Ethyl alcohol reacts with HI but not with HCN. 
mint: C2HsOH is a weak base and hence reacts with stronger 

acid.] 

(v) Sodium metal can be used for drying diethyl ether but 
not ethanol. 

mint: Ethanol has active hydrogen atom which reacts with 

sodium.} 
(vi) Propanol, unlike propane is soluble in water. 

mint: Propanol can fonn hydrogen bonding with wat~r but 

propane does not possess this property.] 
(vii) Propanol boils at a higher temperature than propane. 

mint: In propanol, there is intennoleeul~r hydrogen bonding but 

in propane, there is no hydrogen bonding.] 

(viii) Why glycerol has high viscosity and is miscible with 
water in all proportions? 

mint: Hydrogen bonding is responsible for high viscosity and 

solubility in water.] 

(ix) Reactivity ofRK with alcohols is in the order, 
HI> H~r> HCl> HF. 

mint: Bond dissociation energy of HX is in the order, 

HI < HBr < HCI < HF.] 

501 
,-

(x) Why is it not pos~ible to obtain a halide by reacting 
ROHwithX-? 

mint: OH- is a very poor leaving group. Acid con~erts it to H20, 

a better leaving group.] 
(xi) CICH2CH20His stronger·acid than CH3CH20H. 

Jli:in't: The electron withdrawing CI deloca\i~es the negative 

charge on the oxygen atom of the OH group.] 

(xii) Hydration6f 3-phenylbut-l-ene in dil. H2S04 forms 
2-phenylbutan-2-011nstead of3-phenylbutanc2-oL 

/" 

Jli:int: Hydration gives an intennediate 2° C+, Which undergoes a 

hydride shift to more stable 3° carbo cation. . 
H+ . + ". . Hydride shift 

H3C-CH-CH=CH2-=---7H3C-CH-CH-CH3 .) 
1 . 1 "---"" 

C6HS G6HS 
(2°) 

"(' '" .. ;,. OH 
+ " . ~H- I' 1 

H3C-C-CH2CH3 --==---? H3C-C-CH2CH3 J 
1 I' . 

C6HS C6Hs' 
(3°) 

. (xiii) The compound (CH3 h C-CH(OH)CH3 on treatment 
with cone. HCl forms (CH3 h C(Cl}--C:H(CH3 h 
instead of (CH3h C-CH(Cl)CH3.· 

Jli:int: The first fonned 2° C+ re~anges by a CH3 shift to more 

stable 3° C+, which then gives the 3° chloride.]' 
(xiv) Acidcatalysed dehydration of (.butanol is fa~ter than 

that of n-butanol. 
mint: The acid catalysed dehydration ofiln alcohol proceeds via ;; 

the fonnation of acarlxication: . 
H C~ H ~~- / 
1 1 +H+ II-H20 

H-'--C-C-CH3 ~ H-C-C-CH3 ' ' 
1 1 1 I. 
HOH H +OH2 

H Cfh H CH3 
1 I' ~H+ 1 1 

H-C-C-CH3 ~ H-C=C-'·"CH3 
1 + .. ~ , 

H 

Since, 3° carbocation is more stable than 1°, the 
dehydration in 3° proceeds. faster than 1°.]' 

(xv) When (-butanol and n-butanal are separately treated 
with a few drops of dilute KMn04, in one case only, 
the purple colour disappears and a brown precipitate 
.is formed. Which of the two alcohols gives the above 
reaction and what is the brown precipitate? 

Sint: n-Butanol is oxidised by KMn04 and not t~butanol as the 

latter does not contain H atom attached to carbinol'carbon 
atom. 

. +--
CH3CH2CH2CHiQH + KMn04 -7 CH3CH2CH2COOK + Mn02 

n-Butanol Purple PotassiJIIII 'f Brown 
(I ° alcohol) benzoate· - ppt. 

+KOH 



;I,' 

:i 

CH3 

I 
CH3 -C-CH3 + KMn04 ~ No reaction] . I 

OH 
Tert.-butanol 
(3° alcohol) 

·13. Show. how would you synthesize the following alcohols 
from appropriate alkenes? 

·CR3 OR mOOH (ii)~ 

OR 

(iii) ~ (iVlQ1: 
ANSWERS 

1. (a) alkane, different; (b) methyl alcohol; (c) (CH3hCHOMgBr, 

H20/H+ ; (d) zymase; (e) invertasej (f) ketone; (g) thioalcohol; (h) 

ethanol; (i) absolute alcohol; oj two, secondary; (k)sweet, conc ... 
HN03/conc. H2S04; (l)'decreases; (m) dehydration; (n) ketones;· 
(0) distilled; (P) undistilled; (q) acetone; (i) acetaldehyde; (s) 
95.57% ethyl alcohol and 4.43% water; (t) not bej(u) higher; (v) 
alcohol, esterification; (w) C2HsHS04; (x) unfit; (y).nitro· 
glycerine; (z}tertiary, primary. 

2. (a) False-gives tertiary butYl alcohol; (b) False-no reaction; 
... (c) True; (d) False-does not give iodoform test; (e)FaIs~ 

contains methyl alCOhol, acetic .acidand acetone; (f) True; (g) 
True; (h) True; (i) False-secondary and tertiary alcohols· are 
dehydrated easily than primary alcohols; G) True; (k) True; (I) 
False-forms chloral; (m) True; (n) Truej(o) False-weaker acids·· 
than water; (P) True; (q) True; (r) False-less acidic than primary 
alcohol; (s) False-it can act as a base; (t) False-is a dihydric 
alcohol; (u) False-miscibility decreases with increaseiri 
molecular mass and increases with branching of chains; (v) TrUe; 
(w) False-forms acrolein; (x) False-contains two primary and 
one secondary alcoholic groups; (y) True; (z) True. 

,1. (i) (A-8); (B-5); (C--7); (1)--6); (B-2); (F-:3); (Q--:-I); 
(H-4). 

(ii) (A:--7); (B-li); (C-I); (0-8); (E-3); (F-2); (G---5); 
(H-4)1 

. Z . 
.... (i) C6H120 6 . ymase) 2C2HsOH + 2C02 

I I' • • • Malt extract .. 
(11) 2(C6H120S)n + nH20 . ) n(C12H220 11 ) 

Starch (DIastase) Maltose 

ZnO+CrO 
(iii) CO + 2H2 2 3) CH30H 

·30O"C, 200 aim. Methyl alcohol 

(iv) C12H22011 + H20 Invertase) C6H1206 + C6H120 6 
Sucrose Glucose Fructose 

(v) ~HsOH [OJ) CH3CHO~ CI3CHO NaOH) CHIj 

+HCOONa· 
(vi) At 110°C HCOOH andat 260·C allyl alcohol. 

(vii) (A) CHjCH=CH2; (B) CH3CHBrCH3; 

(e) CH3CHOHCH3 1 

(viii) (A) C2HsCI; 
(e) ~HsCOOH; . 

(B)C2HsCNj 
(D) C2HsCOONH4; 
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(E)C2HsCONH21 

(ix) (A) C3H7Br; . 
(e) CH3CHBrCH3; 

(x) (A) CH3CH2I ; 
(e) CH3CH2CH20H. 

(xi) (A) cyclohexanol; 
. (e) adipic acid. 

(xii) (A) C6HsCH2CH =CH2; 

(C)©() 

(E) CH3CH=CH2; 
(D) CH3CHNH2CH3" 

. (B) CH3CH2MgI; . 

(E) cyclohexene; 

(xiii) (A) RCH---'CH2 (E) R-CHOHCH3" 

I I 
OH HgOAc 

(xiv) (A) CH3CH2~CH~CH3; (E) CH3CH2-CH-CH3 
I I 

. HS04 OH 

(xv) (A) (CH3CH2CH2hB; (E) CH3CH2CH20H 
(xvi) (A) CH3- yH-CH3 ;. (xvii) (A)CH3- yH-CH2D 

OD OH 
CH3 

I . 
-(xviii) (A)CH3-C-CH2CH2D; (xix) (A) (CH3hC=CHCH3 . I 

OD 

(xx) (A)·.~ 
OH 

(xxi) (A) (CH3hCH-:--C-(C2Hs)2 
. I 

OH 

(xxii) (A)'~ 
OH 

o 
II 

(xxiii) (A) (CH3hCH--::-C-ONa 

(xXiv) (A) ~ . 
o 

o 
(xxv) (A) RCH2yH-OTs; 

. . II 

. CH3 

(~) CH3-C~O:--yHCH2R; 

. CH3 

(C) HO-CH-CH2R . 

. ~H3."· 
(-) 

O~ /O,~ C. ~H2 

(xxvi) (A) I I 
o-?'C'o/CH2 

(B) [Y=o; 
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(E) Conc. H2S04, 160°C 

(xxviii) (A) CH3-CH-CH2; 
I I 
Cl Cl 

(C)CH3CH=CH2 

(D) I'vH; 
LPOH 

(xxix) (A) CH3CH2C==C-CH2CH3; 

(B) CH3CH2CH=CHCH2CH3; 

(C) CH3CH2-CH-CHCH2CH3 . I I 
OH OH 
C2HS 

I 
(xxx) (A) CH3CH2-C-CH-CH3; 

I . I 
OH' HgOAc 

C2HS 

I 
(B) CH3CH2-C-CH2CH3 I . 

OH 

5. (a) Sodium ethoxide + hydrogen are formed. 

2C2HsOH + 2Na --t 2C2HsONa + Hz 

(b) Dehydriltion occurs, ethylene is formed. 

C2HsOH Alt 0 3 ) CHz=CH2 + H20 
350·C . 

(c) Dehydration occurs, acrolein is formed. 
CH20H CH2 . 

I KH' II 
CHOH S04) CH + 2H20 

I I 
CH20H CHO 

(d) An ester, ethyl acetate is formed. 

CH3COCI + HOC2Hs --t CH3COOC2Hs + HCl 

(e) Iodoform is formed. 

C2HsOH [01) CH3CHO ~ CI3CHO NaOH) CHI3 + HCOONa 

(1) Chloroform is formed. 
(g) Dioxane is formed. v'O _ . 

CH20H HO-CH2 H-"O . /CH2-CH2",-
I + I :r 4 ) 0 0 + 2H20 

CH20H HO-CH2 Heat "'-CH2-CH2/ ...•.... 

(i) At room temperature, ethyl hydrogen sulphate is formed. 
(I) C2HsOH + H2S04 --t C2HsHS04 + H20 
(2) At 140°C, diethyl ether is··formed. 

HzS04 CzHsOH 
CzHsOH ) CzHsHS04 ) C2HsOC2HS + H2S04 

(3) At 170°C, ethylene is formed. 

H2S04 170"C 
C2HsOH ) C2HsHS04 ~ C2~ + H2S04 

(4) While at O°C., ethyl oxonium hydrogen sulphate is 
formed. 
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(j) 2-Methyl propene is forme.d. 

CH:i . CH3 . 

I 300.C ,. . 
CH3-C-OH ~ CH3-C=CHz + HzO 

I Cu 

CH3 

6. (i) Primary alcohol ~CH20H, secondary. alcohol >~~1iI~ 
I. . .... 

tertiary alcohol -y-OH; (ii) Isopropyl alcohol; (iii)Et\lyl 

alcohol or spirit of wine; (iv) Methyl alcohol; (v) Chloroform; (vi) 
Maltase; (vii) Ethylene glycol: (viii) Acetyl chloride or acetic 
anhydride; (ix) Ethyl alcohol; (x) Methyl alcohol. . 

7. (a) 2-M:ethyl propan-2-01; (b) Butan-2-01; (c) 2.Ethyl pentane 1-01; 
(d) Prop-2-yn-l-ol; (e) But-3.en-2-o1; (1) CCI3CH(OH)z; 
2,2,2-Trichloroethane:l,l-diol; (g) . {CH3)zCHCH2CH20H, 

CH3 

I 
3-Methyl butan-l-ol; (h) Pentan-3-01; (i) (CH3h CH-,-C-OH, 

. . , . 

CzHs 
2,3-Dimethyl pentan-3-o1; (j) 2,2,3-Trichlorobutan~ 1-01; 
(k) 2-Buten-l-ol; (I) 2-Propen-l-ol; '. 

(m) l-{Z-Bromophenyl) . (n) I-Bromo-l-phenyl 
-2-methyl propan-l-ol; ethanol 

CH3 
I 

.. 9. (i) CH3CH2CHzCHzOH (ii) CH3 -CHCHzOH 
Butan-I-dl . 2-Methyl propan-I-ol 

(iii) CH3CHzClIOHCH3 (iv) (CH3)3COH 
Butan-2-o1 2-Methyl propan-2-o1 

10. (a) CzHsI + AgOH or aq. NaOH ----t CzHsOH; + AgI or NaI 

(i) HzS04 (b) C2H4 ) C2HsOH 
(ii) H20 

(c) CH3COCI Na ) C H OH 
C

2
HsOH 2 5 

(d) CH3COOH LiAlH4) CzHsOH 

(e) C:iHsNHz + HN02--t CzHsOH + N2 + HzO 

Na/C2HsOH 
(1) CH3CHO I ) C2HsOH 

,or Pt/H2 
I ." . H ° 

(g) HCHO + CH3Mg8r -'} CH3CH20MgBr ~C2HsOH 
. H 

11. See properties of ethyl alcohol. 
12. (a) C2HsOH + PCls 

(b) C2HsOH + CH3COCI· 
(c) C2HsOH + K2CrZ07/HzS04 ' 
(d) CzHsOH + Iz + NaOH 
(e) C2HsOH + Conc. H2S04 at l70°C 
(1) C2HsOH + H2S04 at 140·C 

PCls '[II] . 
(g) CzHsOH ~ C2HsCI ~ CZH6 

''+Mg(OH)Br 

(h) CzHsOH ~ C2HsCI . NaNH2 ) C2HSNH2 

(i) C2HsOH + CaOCl2 (Bleaching powder). 
14. (a) heat with KHS04 or P20 S, (b) heat with oxalic add at 260°C, 

(c) treat with large amount of HI, (d) treat with a mixture of cone. 
H2S04 and fuming nitric acid, (e) treat with pcis• (1) treat with 
conc. HN03_ . '. 

.. 
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IS. (a) heat with conc. H2S04, (b) treat with PCIs, (c) oxidise with 

conc. HN03, (d) heat at 600°C, (e) heat with zinc chloride. 

Addition of water to both these alkenes give the desired alcohol. 

CYCH3 L 0~CH3.lt- ()' 20. (e) (i) Ethylene, CH2=CH2 and(ii) Diethyl ether, C2HsOC2Hs. 

(f) H2/catalyst, LiAlH4• NaBH4, NaH. 

21. ? 

(g), (a) (i) CH3CH(OH)CH2COOH, . 
(ii) CH3CH(OH)CH2CH20H 

(b) (i) HOH2CCH2COOCH3, (ii) HOH2GCH2CH20H 
(c) (i) CH3CH2CH(OH)CH2CH2Br, 

(ii) CH3CH2CH(OH)CH2CH3 
(d) (i) p-02N:-C6H4CH20H, (ii) p-H2N-C6H4CH20H 
[LiAlH4' being a more reacth:e reducing agent than NaBH4, 
wiIl also reduce -COOH and -COOR to corresponding 
primary alcohols. LiAlH4 also reduces -NOi to -NH2 
and many alkyl halides are reduced to alkanes.] 

(h) (a) CH3CH2CH=CHCHO (b) C6HsCHO 
(c) C6HsCOCH2CH20H (d) No reaction 
[Mn02 is a weaker oxidising agent and it selectively oxidises 
the -OH group of only a,llylic and benzylic I" and 2· 
alcohols to give aldehydes.] , 

(i) (a) CH3CH=CHCOCH3 (b) C6HII CHO . 
[The Jones 'reagent is a chromic acid in aqueous acetone 
solution and sufficiently mild to oxidise alcohols into 
>C=Owithout affecting the double bonds.] 

(j) By using selective 9Xidant lil,<:e, 
(i) K2Cr207/dil. H2S04 (ii) copper or silver catalyst at 250"C 
(iii) Pyridinium chlorochromate (PCC), made by mixing 
equimolar amounts of cr03, HCI and pyridine in CH2C12 
(iv) Collins reagent, made up of I mole ofCr03 to 2 mole of 
pyridine in CH2Cl2 (as in Mn02). 

(i) CH30H < H20 < mr < CH30-

I-Methylcyclo 3° Carbocation Methylene 

(ii) 

(iii) 

hex-I-ene ! •• cyc10hexane 
H20: 

a SH3 
+ O CH

3 O-R .::!!- . OR q+ 
R I-Methylcyclo 

hexan-l-ol 
OR vrv (Dehydration) VYV. 

4-Methylheptan-4-01 4-Methylhept-3-ene 

VYV,+R-OH 

4-Methylhept-3-ene 

H+ OR . ,.~/ 
Mark. addition ;. T ,;. . 

4~Methylheptan-4-ol 

OR 

~ 
-H20 
.' .~+~ 

(Dehydration) , '/ "I . 

Pentan-2-of.· Pent-I-ene Pent-2-ene 

Addition of wate;:to pe.nt-I-ene gives the desired alcohol. 

. ' H+ 
~ +R-OR ' 

Mark. addition 
Pent-I-ene 

OR 

~ 
.Pentan-2-o1 

(ii) Propane < n-butane < ethanol < H20 However Pent-2-ene will give two products. , 

(iii) Isobutane < n-butane < n-butyl chloride < n-butyl alcohol H+ ?H 
(iv) Primary> secondary> tertiary AA + H-OR - /'-A + 
(v) Primary> secondary> tertiary Pent-2-ene Pentan-2-o1 ~ 

(vi) Pentan-I-ol> 3-methyl butan-2-01 > 2-methyl butan-2-o1 OH 
(vii) (C) > (B) > (D) > (A) > (E). . Pentan-3-o1 

2:\. The alkenes for synthesising the alcohols can be obtained by first, '~' av if' 
dehydrating the alcohol to give either a single alkene or amixture '. ' -H20 " , 
of alken~s. If a :mix~re of alkenes is poss~ble then find ou~ ~hich (IV) OH (Dehydration)' . + , 
alkene gives the deSired alcohol. The aCid catalysed addition of, '. .,". 
H20 to alkenes occurs in accordance with the Markownikoff's 
rule. . 

O
CR

3 -H 0 CYCR
3 crCR2 

(i) OR 2 I . . 
(Dehydration) I '+ '. 

I-Methylcyc1o ' 
hexan-I-ol 

I-Methylcyclo 
hex-I-ene 

. Methylene 
cyc10hexane 

2-Cyelohexyl 
butan-2~ol 

2-Cyclohexyl 
but-2-ene 

2.Cyc1ohexylidene 
butane 

Addition of H20 to both alkenes give the desired alcohol. 

ifLOj'Lif 
2-Cyclohexyl . -H+! H 0: 2-Cyc1ohexylidene 

bUI-2-... 6¥ butan, 

2-Cyclohexylbutan-2-o1 
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PROBLEMS BASED ON STRUCTURE AND PROPERTIES 
1. A compound (A) with molecular fonnula C4HlOO reacts rapidly with metallic sodium but reacts very slowly with Lucas reagent. 

(A) when treated with hot concentrated H2 S04 gives a compound (B), C4Hg. (B) on hydration with aqueous H2S04 forms a com
pound (q with molecular fonnula C4HlOo. (C) is almost inert to metallic sodium but reacts readily with Lucas reagent. What are 
(A), (B) and(C)? Explain the reactions involved. . 
!ns. (A) (CH3)2CHCH20H; . (B) (CH3hC=CH2; (C) (CH3hCOHCH3 ] 

Isobutyl alcohol Isobutylene Ten. butyl alcohol 

2. Compound (A) reacts with sodium metal to produce hydrogen gas which is seen as bubl?les. Compound (A) reacts with thionyl chlo
ride to ft .• n (B), C6H\3Cl.Compound (B) reacts with alcoholic KOH to fonn l-hexene as the only product. Identify (A) and (B). 
!ns. ~A) Hexan-i-ol; (B) I-Chlorohexane] 

3. A compound of molecular fonnula CSHlOOS is changed to C13H1g0 9 by treatment with acetic ailhydride. How many alcohol 
groups are indicated? 
!ns. 4 -OH groups] 

lIlnt: For every -OHgroup C20H2 is added.] 

4. An alcohol of unknown structure gave a positive Lucas test in about 5 minutes. When the alcohol was treated with hot cone. H2 SO 4, 
an alkene was fonned which had the fonnula C4Hg. Ozonolysis of this compound gave a single product C2H40. What was the 
structure of the alcohol? 

1Ilnt: C4HS on ozonolysis gave only a single product C2H40, i.e., CH3CHO, hence C4Hg has the structure CH3CH =CHCH3• This can be 
obtained from a secondary alcohol: Hence, the unknown alcohol was Butan-2-ol (CH3CHOHCH2CH3'} 

OH 
I . . H2S04 03 1 

CH3-CH-CH2CH3 ) CH3CH=CHCH3 ) 2CH3CHO J 
Zn/H20 

5. An organic compound gives hydrogen on reacting with sodium. It also gives iodofonn test and fonns an aldehyde of molecular for
mula C2l400n oxidation. Name the compound. 
!ns. Ethyl alcohol] 

6. A compound (A) reacts with thionyl chloride to give a compound (B). (B) reacts with magnesium to fonn a Grignard reagent which 
is treated with acetone and the product is hydrolysed to give 2-methyl butan-2-0l. What are the structural fonnulae of (A) and (B)? 
!ns. (A) Ethyl alcohol; (B) Ethyl chloride] 

Thus, R is CH3CH2-' Hence, (B.) is CH3t;:H2CI] 
7. 'A' (C6H140) is an organic compound which gIves blood red colour with ceric ammonium nitrate. It gives iodofonn test on treat-

ment with NaOHiI2; salt of monobasic acid 'B' is also fonned during the reaction. Salt on acidification gives 2,2-dimethyl 
propanoic acid. What are 'A' ano'B'; give their structural fonnulae? 

CH30H CH3 

[ I I I 1-. 
~ns. (A)CH3-C-CH-'-CH3; (B}CH3-C-COONa J 

I· I 
CH3 CH3 
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OBJECTIVE OUESTIONS 
Set I: This set eontalns the qilestions with single eorreet answer. 

I. The general molecular formula, which represents the 
homologous series of alkanol is: (CBSE (Med.) 2006) 
(a) CnH2nO 0 (b) C".H2n+IO 0 
(c) CnH2n+20 0 (d) CnH2n 0 2 0 

2. Which one is a primary alcoholic group? 

(a) -CH20H 0 (b) )CHOH 0 

(c) ~-OH 0 (d) "'-C--e./ 0 
/ ./1 1"'-

OH OH 
3. Butan-2-01 is a: 

(a) primary alcohol 0 (b) secondary alcohol 0 
(c) tertiary alcohol 0 (d) dihydric alcohol 0 . 

4. Total number ofisomeric alcohols with formula C4HlOO is: 

(a) 2 0 (b) I 0 
~3 D~4 0 

S. Number of isomers represented by molecular formula 
C4HlOOis:. 
(a) 3 0 (b) 4 
(c) 7 0 (d) 10 

6. An isomer of ethanol is: 
(a) methanol 0 (b) dimethyl ether • 
(c) acetone 0 (d) diethyl ether 

7. Lucas reagent is: 

o 
o 

o 
o 

(CET (Punjab) 2006; JIPMER (Med.) 200B) 
(a) anhydrous ZnCl2 and conc. HCI . 0 
(b) anhydrous ZnCl2 and conc. HN03 0 
(c) hydrous ZnCl2 and conc. HN03 0 

. (d) hydrous ZnCl2 and conc. HCI 0 
B. Which one of the following alcohols reacts most readily 

with Lucas reagent? 

(a) CH3CH2CH20H 

CH3 
I 

(c) CH3-C-OH 

I 
CH3 

o 

o 

9. Primary, seCondary and tertiary alcohols are distinguished 
by: 
(a) oxidation method 0 
(b) Lucas test 0 
(c) Victor Meyer's method 0 
~~~~~~ 0 

10. the product of reaction CH3CH20H 300"C)? is: 
Cu 

(a) C2H6 0 (b) CH3COCH3 0 
(c) CH3COOH 0 (d) CH3CHO 0 

ll. When vapours of secondary alcohol are passed over hot 
copper at 300°C, the product formed is: 
(a) aldehyde 0 (b) ketone 0 
(c) alkene 0 (d) alkane 0 

12. Which of the following is soluble in water? 
(a) CH30H 0 (b) CHCl3 0 
(c) 'CCI4 0 (d) CS2' 0 

13. CO+ H2 X (catalyst) ) CH30H, the catalystXis: 
300"CJ300 atm 

(JEE (Orissa) lOI 0) 
(a) Fe 0 (b) Cr203/ZnO 0 
(c) V20 S 0 (d) Al20 3 0 

14. Hydrogen bonding is maximum in: 
(a) ethanol 0 (b) diethyl ether 0 
(c) ethyl chloride 0 (d) triethylamine 0 

IS. Reason for excessive solubility of ethyl alcohol in water is 
due to: 
(a) covalent bonding 0 
(b) ionic bonding 0 
(c) hydrogen bonding with water 0 
(d) none of the above 0 

16. Alcohols of high molecular masses are: 
(a) soluble in water 0 
(b) soluble in water on heating 0 
(c) insoluble in all solvents 0 
(d) insoluble in water 0 

17. HBr reacts fastest with: 
(a) 2-methylpropan-2-oID (b) propan-l-ol [J 

. (c) propan-2-o1 0 (d) 2-methyl propan-l-ol 0 
lB. An industrial method for the preparation of methanol is: 

(a) by reacting CH4 with steam at 900°C with a nickel 
catalyst . 0 

(b) by reduction of HCHO with LiAlH4 0 
( c) by catalytic reduction of CO in presence of 

ZnO-Cr203 0 
(d) byreactionofHCHOwithNaOH(aq.) 0 

19. Reaction, CO + H2 + H2 673 K, 300 atm. )? 
~ Cr203-Zno 
Water gas . 

may be used for manufacture of: 
(a) HCHO 0 (b) CH3COOH 0 
(c) HCOOH 0 (d) CH30H 0 

20. Which reagent can bring about, 

RCOOH ~ RCH20H transformation? 

(a) Sn + HCI 0 (b) LiAlH4 in ether 0 
(c) Na and C2HsOH 0 (d) H2 and Pt 0 

21. Which of the following is an alkoxide? 
(a) CH2=CH2 0 (b) CH3MgI 0 
(c) (CH3COhO 0 (d) CH3CH2CH20Na 0 
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22. Rectified spirit contains: 
(a) 75% alcohol 0 (b) 95.5% alcohol 
(c) 56% alcohol 0 (d) 100% alcohol 

23. Enzymes are: 
(a) carbohydiates 0 . (b) lipids 
( c) proteins 0 (d) none of these 

24. When wine is put in air, it becomes sour due to: 
(a) oxidation ofC2HsOH 
(b) reduction ofC2HsOH 
(c) formation of C2HsNH2 
(d) dissolution of CO2 

25. Witt~ contains: 
(a) CH30H 
(c) C6HsOH 

26. Fermentation is anla: 

o (b) C2HsOH 
o (d) glucose 

(a) endothermic reaction 
(b) exothermic reaction 
(c) polymerisation reaction 
(d) condensation reaction 

o 
o 

o 
o 

o 
o 
o 
o 

o 
o 

o 
o 
o 
o 

27. Glucose and fructose are converted into C2HsOH in 

presence of: 
(a) invertase 0 (b) diastase 
( c) zymase 0 (d) lipids 

28. CH30Hand C2HsOHmaybe distinguished chemically: 

o 
o 

(a) by the action ofHCI 
(b) by the actionof12+ Na2C03 
(c) by the action ofNH3 
(d) solubility in water 

[BCECE (Med.) 2007) 
o 
o 
o 
o 

29. Alcoholic fermentation is brought by: 
(a) C02 0 (b) NaHC03 0 
( c) yeast 0 (d) bacteria 0 

30. Which of the following compounds is oxidised to prepare 
ethyl methyl ketone? 
(a) Propan-2-01 0 (b) Butan;.2-01 0 
(c) Butan-I-ol 0 (d) Tertiary butyl alcohol 0 

31. Grain alcohol is common name of: 
(a) amyl alcohol 0 (b) ethyl alcohol • 0 
(c) methanol 0 (d) none of these 0 

32. Pyroligneous acid obtained during destructive distillation of 
wood contains: 
(a) acetone and methyl alcohol 0 
(b) methyl alcohol and ethyl alcohol 0 
(c) acetone and acetic acid 0 
(d)' methyl alcohol, acetone and acetic acid 0 

33. The reason for high boiling points of alcohols as compared 
to isomeric ethers is: 
(a) solubility of alcohols in water 0 
(b) higher reactivity 0 
(c) association in molecules due to hydrogen bonding 0 
(d) none ofthe above 0 

34. Starch is changed into disaccharide in presence of: 
(a) diastase 0 (b) maltase 
(c) laptase 0 (d) zymase 

o 
.0 
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35. Absolute alcohol cannot be obtained by simple fractional 
distillation because: 
(a) pureC2HSOHis unstable 0 
(b) C2HsOHforms hydrogen bonding with wa.ter 0 
(c) boiling point of C2 HsOH is very close to that of water 0 
(d) constant boiling azeotropic mixture is formed with 

water 0 
36. Wood spirit is known as: [AFMC 2004) 

(a) ethanol . 0 (b) methanol 0 
( c) acetone 0 (d) benzene 0 

37. Isopropyl alcohol on oxidation forms: 
(a) acetone 0 (b) ether 0 
( c) methane 0 (d) acetaldehyde 0 

. 38. Primary amine on treatment with NaN02 and HCI yields: 

(a) nitro compound 0 (b) ammonia 0 
(c) secondary alcohol 0 (d) primary alcohol 0 

39. Identify (2) in the reaction series, 

H
2
C=CH2 ~ (X) Hydrolysis) (y) NaOH ) (Z): 

. I2(excess) 

(a) C2HSI 0 (b) C2HsOH 0 
(c) CHl3 0 (d) CH3CHO 0 

40. Which one is not characteristic of alcohols? 
(a) They are lighter than water 0 
(b) Their boiling points rise uniformly with rising 

molecular weight 0 
(c) Lower members are insoluble in water but solubility 

increases regularly 0 
(d) Lower members have a pleasant odour and burning 

taste 0 

41.A compound (.X) of the formula C3H gOyieids a compound 

C3H60 on oxidation. To which of the following class of 
compounds could (X) belong? 
(a) Aldehyde 0 (b) Secondary alcohol. '0 
(c) Alkene 0 (d) Tert. alcohol 0 

42. Formaldehyde forms an addition product with CH3MgI 

which on hydrolysis gives: 
[BHU 2005; JIPMER (Med.) 2008] 

(a) ethyliodide 0 (b) ethyl alcohol 0 
(c) methyl alcohol 0 (d) methyl iodide 0 

43. When CH3MgI is made to react with acetone and the . 

addition product is hydrolysed, we get: 
[PMT (Raj.) 2002; AFMC 2004) 

(a) primary alcohol 0 (b) secondary alcohol I;] 
(c) tertiary alcohol 0 (d) an aldehyde 0 

44. Identify (2) in the following reaction series: 

PBr3 
Ethanol ~ (X) 

[CBSE (Mea.) 2009] 

Ale KOH . H2S04, room temp. 
. >(y) ) (Z) 

. H20, heat 

(a) H2C=CH2 0 (b) CH3CH20H 0 
(c)-. CH3CH20S03H '. 0 (d) C2HsOC2HS 0 . 



45. The compDund (B) fDrmed in the fDllDwing. sequence Df 

reactiDns, 
PCI AI 0 CH3CH2CH20H---4 (A) c. K! H ) (B)is: 

(a) propene 0 (b) prDpyne 
( c) prDpane 0 (d) propanal. 

46. EthanDI cDntaining SDme methanO'l is called: 
(a) methylated spirit 0 (b) rectified spirit. 
(c) absDlute spirit 0 (d) nDne .of these 

47. Rectified spirit can be dried with: 

o 
o 

o 
o 

(a) CDnc. H2S04 0 (b) CaO 0 
(c) anhydrDus CaCl2 0 (d) slaked lime 0 

48. When vapQUrs Df an alcDhDI are passed Dver hDt reduced 
copper, alcohDI is cDnverted intO' alkene, the alcOhDI is: 
( a) tertiary 0 (b) primary 0 
( c) secondary 0 (d) none Df these 0 

49. Ethyl alcDhDI .on DxidatiDn with dB. acid K2Cr207 ~ves: 
. (a) fQrmic acid 0 (b) fQrmaldehyde 0 

. (c) acetic acid 0 (d) acetaldehyde 0 
50. Lucas reagent is used to' distinguish amDng primary, 

secQndary and tertiary: • 
(a) alkyl halides 0 (b) aliphatic amines 
(c) arDmatic amines 0 (d) alcDhDls 

51. . Lucas test is used for the determinatiQn Df: 

o 
o 

[eET (Karnataka) 2009) 
Ca) aldehydes 0 (b) phenQls 0 
(c) carbDxylic acids 0 (d) alCDhQls 0 

52. ChlDrine reacts with ethanO'l to' give: 
(a) ethyl chlQride 0 (b) chlDrQfQrm 0 
(c) acetaldehyde 0 . (d) chlDral 0 

53. ThecQmpQund that will nQt give iQdQfQrm test with alkali 
and iQdine is: 
(a) diethyl ketQne o (b) ethanQI 0 
(c) acetone 0 (d) iSQprDpyl alcDhDI 0 

54. TO' prepare prop~-2-QI frQm ~ethyl magnesium iQdide, the 
chemical reagent required is: 
(a) CH3CHO 0 (b) HCHO 0 
(c) CH3COCH3 0 (d) CO2' 0 

59. 
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Out Df n-butyl alcDhDI, sec. butyl alcohDI, tert. butyl alcohDI, 
the highest bDiling PQint is expected fDr: 
(a) n-butyl alcohDI 0 (b) sec. butyl alcQhDI 0 
(c) tert. butyl alcDhDI 0 (d) same fDr all 0 

60. When ethyl alcohol is dissQlved in water, it is accDmpanied 
with: 
(a) absorptiDn .of heat and contractiQn in vDlume 0 
(b) eVDlution Dfheat and cDntractiDn in vQlume 0 
(c) absQrptiQn .of heat and'increase in vDli.une 0 
(d) eVQlution of heat and increase in vQlume 0 

61. 23 g .of sQdium metal shall react with methyl alcDhQI to' give: 
(a) I mQle .of Dxygen 0 

. (b) I mQle QfhydrQgen 0 
(c) 112 mQle DfhydrQgen 0 
(d) 1/2 mQle Df .oxygen 0 

62. Which Dne .of the fQllQwing statements is wrQng? 
(a) CH30His used fDr drinking purpQses D. 
(b)CH30His highly pDisQnQus cQmpQund 0 
(c) CH30His most acidic alcQhol 0 
(d) CH30His sDluble in water 0 

63. Which .of the fQIIQwing alcDhDls is least sQluble in water? 
(BHI:1 2002) 

(a) CH30H 0 (b) C3H70H 
(c) CIOH210H 0 (d) C4H90H 

64. InglycerQI mQlecule, there is: 

o 
o 

(a) .one primary alcQhDlic grDUp 0 
(b) DIle secondary alcQhQlic grQUP 0 
(c) twO' secQndary alcQhQlic grQUPS 0 
(d) twO' primary and .one secondary alcohQlic grDUpS 0 

65. FQr .one mQle Df glycerQI, mDles .of acetyl chlQride required 
fQr cQmplete acetylatiDn are: 
(a) .one ' 0 (b) twO' 0 
(c) three 0 (d) fQur 0 

66. The alcQhQI which fQrms fats with fatty acids is: 
. (a) ethanQI 0 (b) methanQI 
(c) iSDprQPyl alCDhQI 0 (d) glycerQI 

67. AcrQlein is fQrmed when glycerQI is heated with: 
(a) acidified KMn04 0 (b) Br2 water 
(c) KHS04 0 (d) HN03 

o 
o 

o 
o 55. FQr a given alcQhQI, the Drder .of reactivity with halQgen . 

acids is: 68. GlycerDI Dn treatment with .oxalic acid at llO"C fQrms: 
(a) allyl alcDhDI 0 (b) fQrmic acid o 

o (a) HI> HBr> HCI 0 (b) HI> HCI> HBr 0 
(c) HCI > HBr> HI 0 (d) HBr> HI > HCI . 0 

56. Which is u.P. spirit (containing ethyl alcQhDI by vQlume)? 
(a) 85% 0 (b) 75% 0 
(c) 65% 0 (d) 55% 0 

57. PQwer alcDhDI is: 
. (a) absQlute alcQhQI + methyl alcQhQI 0 . 
(b) absQlute alcDhQI + petrQI 0 
(c) rectified alCQhDI + petrol 0 
(d) denatured alcQhDI + petrol 0 

58. If there be a cQmpQund Df fDrmula CH 3 C( OHh which Dne 

WQuid be .obtained withQut treatment with any reagent: . 
(a) methanDI 0 (b) fQrmaldehyde 0 
(c) acetic acid 0 (d) ethanDI 0 

(c) CO2 and CO 0 (d) glyceric acid 
69. The explQsive nitrO' glycerine is: ,I 

(a) an ~ter 0 (b) a salt 0 
(c) a SQap 0 (d) a cQmplex cQmpDund 0 

70. Which .of the fQllDwing,cDmpQunds is commonly used as 
antifreeze in autQmQbile radiators? 
(a) CH30H 0 (b) C2HSOHD 
(c) GlycerQI 0 (d) All of these 0 

71. In CQld cQuntries, ethylene glycQI is added in the water used 
inthe radiatQrs .of cars during winters. This results in: 
(a) IQwering in freezing pDint 
(b) reducing the visCQsity 
(c) reducing the specific heat 
(d) making water a better cQnductDr .of electricity 

o 
o 
o 
o 
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72. Which one of the following statements is wrong? 
(a) Glycerol is used as sweetening agent in beverages 0 
(b) Glycerol is used for making cosmetics 0 
(c) Glycerol is used for making dynamite 0 
(d) Glycerol iS,used for making ethyl alcohol by fermen~ 

tation 0 
73. Which of the following compounds is obtained when 

glycerol is heated with oxalic acid at 230°C? 
(a) Fonnic acid 0 (b) Allyl alcohol 0 
(c) Carbon dioxide 0 (d) Glycerol dioxalate 0 

74.Impure glycerine can be purified by: 
(a) steam distillation 0 (b) simple distillation 0 
(c) vacuum distillation 0 (d) solvent extraction 0 

75. The boilfug point of ethanol is higher as compared to the 
boiling point of diethyl ether though both have the same 
molecular fOI111ula. This is-due to: (UPSEE (Engg.) 2010] 
(a) resonance 0 (b) H-bonding 0 
(c) R~group 0 (d) covalent bonding 0 

76. The product formed when glycerol reacts with PCls is: 
(a) 1,2,3-trichloropropane 0 
(b) glycerol monochlorohydrin 0 
(c) glycerol dichlorohydrin 0 
(d) all of the above 0 

77. Which one is not the byproduct of alcohol industry? 
(a) Carbon dioxide 0 (b) Argol 0 
(c) Fuseloil 0 (d) Glycerol 0 

78.Following compounds are given 
(i) CH3CH20H (ii) CH3COCH3 
(iii) (CH3 hCHOH (iv) CH30H 
Which of the above compound(s), on being warmed with 
iodine solution and NaOH, will give iodoform? 

(AlPMT (Mains) 2010] 
(a) (i) and (ii) 0 (b) (i), (iii) and (iv) 0 
(c) only (ii) 0 (d) (i), (ii) and (iii) 0 

79. The group reagent for the test of alcohols is: 
(a) ceric ammonium nitrate 0 
(b) Schiff's reagent 0 
(c) Molisch's reagent 0 
(d) bromine water 0 

80. The most imp(jrtant ingredient of dynamite is: 
, (a) nitrobenzene 0 (b) picric acid 0 

(c) nitroglycerine. 0 (d) TNT 0 
81. The compound which reacts with oxalic acid at about 110°C 

to give formic acid is: 
(a) acetone 0 (b) butan-2-01 0 
(c) glycerol 0 (d) ethanol 0 

82. Glycerol is more viscous than ethanol due to: 
(UPSEE (Eng.) 2008] 

(a) many hydrogen bonds per molecule 0 
(b) Fajan's rule 0 
(c) high boiling point 0 
(d) high molecular weight 0 
. PCls PCl s 83;X~C2HsCI, Y~CH3COCI" 
XandYare: [JEE(WB) 2010] 
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(a) (C2Hs)20andCH3C02H 0 
(b) C2HslandC2HsCHO 0 
(c) C2HsOHand <;2HSCHO 0 
(d) "C2HsOHandCH3C02H 0 

84. The compound which reacts fastest with Lucas reagent at 
'. • room temperature is: (JIPMER2004] 

(a) butan-I-ol 0 (b) butan-2-01 0 
(c) 2-methyl propan-I-oID (d) 2-methyl propari-2-01 0 

85. Which of the following compounds will form a hydrocarbon 
on reaction with a Grignard reagent? 
(a) CH3CH20H 0 (b) CH3CHO 0 
(c) CH3COCH3 0 (d) HCHO 0 

86.A compound obtained by heating glycerol with conc. 
, H2S04 or KHS04 or P20S is: 

(a) glyceric acid 0 
(b) allyl alcohol 0 
(c) acrolein 0 
(d) glycerol hydrogen sulphate 0 

87. Boiling point OfC2HsOHis higher as compared to C2HSSH 
on account of: 
(a) association ' 0 (b) dissociation 0 
(c) low molecular mass 0 (d) none of these 0 

88~Ethyl alcohol is denatured by adding: 
(a) glycerol 0 (b) methanol and pyridine 0 
(c) aniline 0 (d) ether and ethanol 0 

89.Propene can be c~:mverted into propan-I-ol. Which of the 
reagents among the following is ideal to affect the 
conversion? 
(a) Alkaline KMn04 0 
(b) B2H6 and alkaline H20 2 0 
(c) 03/Zn 0 
(d) Os04/CH2Cl2 0 

90. Which of the following can work as dehydrating agent for 
alcohols? 
(a) 'H2S04 0 (b) Al203 0 
(c) H3P04 0 (d) All of these 0 

91. Which of the following reagents can convert acetic acid into 
ethanol? , (BCECE (Med.) 2006] 
(a) Sn+HCI 0 (b) H2+Pt 0 
(c) LiAlH4 + ether 0 (d) Na + alcohol 0 

92. Which of the following is a tertiary alcohol? 
(BCECE (Med.) 2008) 

(a) 2-Methylpropan-l-ol 0 
(b) 2-Methylpropan-2-01 0 
(c) 3-Methylbutan-l-ol 0 
(d) 3-Methylbutan-2-01. 0 

93.A compound (X) with molecular formula C3'HsO can be 
oxidisedto (1') with a molecular formula C3H602· (X) is 
most likety: 
(a) primary alcohol 0 (b) secondary alcohol 0 
( c) aldehyde 0 (d) ketone 0 

94. Identify (Z) in the series, 

C3H70H Cone. H2S04 ) (X) Br2) (n Exeessof ) (Z) 
t 70·C . Ale. KOH 
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o (a) CH3 -CH-CH2 
I I 

o (b) CH3 -CH,-CH2 
I I 

NH2 NH2 OH OH 

(c)CHr-C==CH o (d) CH3-C=CH2 I . o 

OH 

95. Denatur.ed spirit is mainly used as a: 
(a) drug 0 
(b) good fuel . 0 
(c) material in preparing oils 0 
(d) solvent in preparing varnishes 0 

96. The product formed, when glycol is heated with zinc 
chloride, is: . 
(a) acetaldehyde . 0 (b) glyoxal 0 
(c) oxalic acid 0 (d) ethylene oxide· 0 

97. The product formed, when glycol is heated withconc. 
H2S04, is: 
(a) ethylene DJb) dioxane 
(c) ethylene oxide 0 (d) glyoxal 

o 
o 

9S. Oxalic acid is formed when glycol is treated with: 

99. 

100. 

101. 

101. 

103. 

. 104. 

105. 

106. 

(a) H2S04 0 (b) H3P04 
(c) HCI 0 (d) HN03 
Which of the following is generally present in tonics? 

o 
o 

(a) Ethanol 0 (b) Ether 0 
(c) Ethanal 0 (d) Chloral 0 
The compound formed by reaction of ethylene glycol and 
periodic acid (HI04) is: (CBSE (Med.),lH9) 

( a)' carbon dioxide 0 (b) formic acid 0 
(c) formaldehyde 0 (d) glyoxal 0 
Dynamite is prepared by mix,ing nitroglycerine with: 
(a) saw dust and ammonium nitrate 0 
(b) cellulose nitrate 0 
(c) saw dust alone 0 
(d) conc. sulphuric acid 0 
When 3,3-dimethyl butan-2-o1 is heated with conc. H2S04 

the major product obtainedis: (PMT (Kerala) 1007; 
Punjab CET (Engg.) lOOS) 

(a) 2,3-dimethyl but-I-ene 
(b) 3,3-dimethyl but-I-ene 
(c) 2,3-dimethyl but-2-ene 
(d) cis and trans isomers of2,3-dimethyl but-2-ene 

[Hint: See solved problem 13(c}] 
Isobutyl alcohol is Ii: . 
(a) primary alcohol 0 (b) secondary alcohol 
(c) tertiary alcohol 0 (d) diethyl ether 
The hydrolysis of oils and fats with alkali is called: 

o 
IJ 
o 
o 

o 
o 

(a) esterification . 0 (b) saponification 0 
( c) dehydration 0 (d) . acetylation 0 
Which is used in alcoholic beverages? (CPMT100S) 
(a) Phenol 0 (b) Glycerol 0 
(c) Methanol 0 (d) Ethanol 0 
When ethyl alcohol reacts with nitric acid, it forms: 
(a) nitromethane 0 (b) nitroethane 
(c) ethyl nitrate 0 (d) diethyl ether 

o 
o 
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107. Dehydration of methyl alcohol gives: 
(a) methane 0 
(b) ethane 0 
(c) methyl hydrogen sulphate 0 
(d) dimethyl ether 0 

lOS. UpOn oxidation, an alcohol gave a carbonyl compound 
. containing same number of carbon atoms. The alcohol is a: 
(a)' primary alcohol 0 
(b) secondary alcohol 0 
(c) tertiary alcohol' 0 
(d) primary or secondary alcohol 0 

109. Liquor poisoning is (,iue to the presence of: 
(a) methyl alcohol 0 
(b) ethyl alCohol 0 
(c) carbonic acid 0 
(d) bad compound in liquor 0 

110. An enzyme which changes cane sugar into glucose and 
fructose, is known as: . 
(a) zymase 0 (b) maltase 0 
(c) invertase 0 (d) diastase 0 

111. An enzyme which changes maltose into glucose is known 
as: 
(a) zymase 0 (b) maltase 0 
(c) invertase 0 (d) diastase 0 

111. Methylated spirit is: 
(a) 100% alcohol 0 
(b) 95.6% alcohol + 4.4%.water 0 
(c) 90% alcohol + 9% methanol + pyridine, etc. . 0 . 
(d) power alcohol 0 

113. Denatured spirit is a mixture of ethyl alcohol, methyl 
alcohol and: 
(a) acetic acid 0 (b) pyridine 0 
( c) acetone 0 (d) water 0 

114. Ethanol is used for the preparation of: 
(a) Tincture iodine 0 (b) Toluene 0 
(c) DDT 0 (d) Carbon tetrachloride 0 

115. In the following reaction, what is (X)? 

Na2S03 
(X) ) Glycerol + acetaldehyde + C02 

(a) Ethyl alcohol 0 (b) Glucose 0 
(c) Glycol 0 (d) Allyl alcohol 0 

116. Glycerol on oxidation with bromine water or sodium 
hypobromite or Fenton's reagent yields:. 
(a) oxalic acid 0 (b) meso-oxalic acid 0 
(c) formic acid 0 (d) glycerose . 0 

117. When glycerol is treated with phosphorus tri-iodide, the 
main product obtained is: . 
(a) . glyceryl tri-iodide 0 (b) propene 0 
(c) allyl iodide 0 (d) isopropyi iodide 0 

US. Glycol on treatment with PI3 gives mainly: 

(a) ethylene 0 (b) ethylene iodide : 0 
(c) ethyl iodide 0 (d) ethane 0 
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119. Glycol may be obtained: 
(a) by the oxidation of ethylene with cold, dilute, alkaline 

pennanganate solution 0 
(b) by the hydrolysis of ethylene bromide under reflux with 

aqueous sodium carbonate solution 0 
(c) by the hydrolysis of ethylene chlorohydrin on boiling 

with aqueous sodium bicarbonate 0 
(d) by any of the above methods 0 

120. If two --OHgroups are attached to 1,4~carbon atoms, it is 
called.: 
(a) a-glycol 0 (b) j3-glycol 0 
(c) 'Y~glycol 0 (d) .1.-g1ycol 0 

121. Ethyl alcohol is manufactured by: 
(a) fennentation of sugars 0 
(b) hydration of ethylene 0 
(c) catalytic reduction of acetaldehyde 0 
(d) all of the above 0 

122. The factor adversely affecting the fennentation process is: 
(a) presence ofair . 0 
(b) low concentration of sugars 0 
(c) high concentration 'of sugars 0 
(d) presence of an enzyme 0 

123. The optimum temperature for carrying out fennentation of 
molasses is: 
(a) O°C 0 (b) 30°C 0 
(c) 60°C 0 (d) 100°C 0 

124. Fennentation of starch solution to ethyl" alcohol does not 
require: 
(a) zymase 0 (b) maltase 0 
(c) invertase 0 (d) diastase 0 

12S. Power alcohol is: 
(a) rectified spirit ' 0 
(b) a mixture of petrol and ethanol 0 
(c) absolute aleohol 0 
(d) a mixture of methanol and ethanol 0 

126. The compound which gives the most stable carbonium ion 
on dehydration is: 
(a) (CH3hCH-CH20H 0 
(b) CH3CH2CH2CH20H 0 
(c) CH3-CH(OH)-CH2CH3 0 
(d) (CH3hC-OH • 0 

127. Alkenes are)converted into alcohols by: 
(a) hydrolysis with dil. H2S04 . 0 
(b) hydration of alkene with alkaline KMn04 0 
(c) hydrolysis with watervapours and conc. H2S04 0 
(d) hydration of alkene with aq. KOH 0 

128. Which one of the following will produce a primary alcohol 
by reacting with CH3MgI? 
(a) Ethyleneoxide 0 (0) Ethyl acetate 0 
(c) Methyl cyanide 0 (d) Acetone 0 

129. Which of the following are the starting materials for the 
Grignard's synthesis of tert. butyl alcohol? ' 
(a) CH3MgI + CH3COCH3 0 
(b) CH3MgI+ CH3CHOHCH3 0 
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(c) CH3CH2MgBi + CH3COCH3 0 
(d) CH3CH2MgBr + CH3CHO 0 

130. How many isomers of CSHll OH will be primary alcohols? 
(BHU (S) 2006) 

(a) 5 O.(b) 4 0 
~3 0002 0 

131. The dimer of methanol will have the structure: 
H 
I 

(a) H-O-IH-~-rcH3 0 

H H 

(b) CH3 r---rcH3 0 

H H 
(c) H--:-O--CH3 ---CH3-O-H 0 
(d) CH3-O---H-O-CH3 0 I . 

H 
132. An alcohol on oxidation is found to give CH3COOH and 

CH3CH2COOH. The structure of the alcohol is: 
(a) CH3CH2CH20H· 0 
(b) . CH3CH2CH(OH)CH3 0 
(c) CH3CH(OH)CH2CH2CH3 0 
(d) (CH3h C(OH)CH2CH3 0 

133. A compound with molecular fonnula C4H100 3 is converted 

by the action of acetyl chloride toa compound with 
molecular weight 190. The original compound has: 
(a) one -OH group o (b) two ~H groups 0 
(c) three - OH groups 0 (d) no -OH group 0 

134. In reaction sequence, 
CH20H 

HiC=CH2 HOCl) M ~ I . 
CH20H 

molecule M and reagent R, respectively, are: 
(a) CH3CH2ClandNaOH 
(b) CH3CH20Hand H2S04 

i... (c) CH2CI-CH20Hand aq.NaHC03 
, (d) CH3-CH3 and heat 

o 
o 
o 
o 

13S. Which of the following represents neo-pentyl alcohol? 

136. 

(a) CH3CH(CH3)CH2CH20H 
. (b) CH3(CH2 hOH 

(c) (CH3hC-CH20H 
(d) CH3CH2CH(OH)C2Hs 

(AMU (Eng.) 2009) 
o 
o 
o 
o 

Propan-l-ol and propan-2.01 can be distinguished by: 
(lIT (S)2001) 

(a) oxidation with . alkaline KMn04 'followed by reaction 
with Fehling solution 0 

(b) oxidation with acidic dichromate followed by reaction 
with Fehling solution 0 

(c) oxidation by heating with copper followed by reaction 
with Fehling solution 0 

(d) oxidation with conc. H2S04 followed by reaction with 
Fehling solution 0 



1~7. 2-Phenylethanol may be prepared by the reaction of phenyl 
magnesium bromide with: [GATE 2001) 
(a)" HCHO . 0 (b) CH3CHO 0 
(c) CH3COCH3 0 (d) CH2-CH2 0 

""-./ 
138. Vinyl carbinol is: 

(a) HO-CH2-CH=CH2 
OH 
I 

(b) CH3 -C=CH2 

o 
(UPSEAT 2001) 

o 

o 

(c) CH3-CH=CH-OH 0 

(d) CH3-C(CH20H)=CH2' 0 
139. n-Propyl alcohol and isopropyl alcohol can be chemically 

distinguished by which reagent: (CBSE (Med.) 2002) 
(a) PCls 0 
(b) reduction 0 
( c) oxidation with potassium dichromate 0 
(d) ozonolysis 0 

140. In the synthesis of glycerol from propene, the steps involved 
are: (TEE (Tamil Nadu) 2002) 
(a) glycerol ~chlorohydrin and allyl chloride 0 
(b) glycerol trichloride and glycerol a-chlorohydrin. 0 
(c) allyl alcohol anda-chlorohydrin 0 

. (d) allyl alcohol and monosodium glycero,late 0 
141.. Order of esterification of alcohol is: [PMT (Raj.) 2002) 

(a) T>S>P 0 (b) S>T>P 0 
(c) P> S> T 0 (d) none of these 0 

. 142.An organic compound (A) reacts with methyl magnesium 
iodide to form an addition. product which on hydrolysis 
·forms the compound (D). Compound (D) gives blue colour 
salt in Victor Meyer's test. The compounds (A) and (D) are 
respectively: (TEE (Tamil Nadu) 2002) 
(a) acetaldehyde, tertiary butyl alcohol" 0 
(b) acetaldehyde, ethyl alcohol 0 
(c) acetaldehyde, isopropyl alcohol 0 
(d) acetone, isopropyl alcohol 0 

143.An organic compound 'X' on treatmerit with acidified 

K2Cr207 gives a compound 'Y' which reacts with 12 and 
Na2C03 to form tri-iodomethane. The compound 'X' is: 
(a) CH30H . 0 (b) CH3COCH3 0 
(c) CH3CHO 0 (d) CH3CHOHCH3 0 

144.How many optically active stereo isomers are possible for 
butan-2,3-diol? 
(a) 1 0 (b) 2 0 
003 O~4 0 

145. The order of reactivity of the following alcohols towards 
conc. HClis: . 

---.I CH3 FrvCH3 

Fr\OH I 
OH 

(1) (II) 
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Ph/'...OH 

(IV) 

(~) I> II> III > IV. 0 (b) I> III > II > IVD 
(c) IV>III>II>I ,0 (d) IV> III >1 >11 0 

146. (CH3 h CMgBr on reaction with D20 produces: 

(a) (CH3hCD 0 (b) (CH3hCOD 0 
(c) (CD3hCD 0 (d) (CD3hOD 0 

147. In the reaction given below,Xis:. 
. H2S04 Neo-pentylalcohol ) X [DPMT 2009) 

(a) 2-methylpentane 0 (b) Neo-pentane 0 
(c) 2-methylpent-2-ene 0 (d) 2-methylbut-2-ene 0 

148. Which one/ones of the following reactions will yield 
2-propanol? 

(i) CH3CH=CH2 + H20~ 
(i) CH3MgI 

(ii) CH3 CHO -(-ii)-H-20:....-~ 

(iii) HCHO ,(i) C2HSMgI ) 
(ii) H20 

. ' "Neutral KMn04 (IV) CH3CH=CH2 ",' ) 
Choose the right !'iiSwer: . 

(a) (i) and(ii) 0 (b) . (ii) and (iii) 0' 
(c) (iii) and (i) 0 (d) (ii) and (iv)' 0 

149. Which of the following enzymes convert glucose into ethyl 
alcohol? (BHU 2002; JlPMER (Med.) 2008) 
(a) Diastase 0 (b) Invertase 0 
(c) Maltase 0 (d) Zymase 0 

150. Ethyl acetate reacts with CH3MgBrto form: 

(a) secondary alcohol 0 
(b) tertiary alcohol 0 
(e) primary alcohol and an acid 0 
(d) an acid ....... 0 

151. The correct order of boiling points for primary (10), 
secondary (2°) and tertiary alcohol (3°) is: 

[PMT (Raj.)2002) 
(a) 1°>2°>3°0 (b) 3°>2°>1° 0 
(c) 2°>1°>3° o (d) 2°>3°>1° 0 

152. Which of the following is the most suitable method for 
, removing the traces of water from ethanol? 

(a) Heating with Na metal 0 
(b) Distilling it 0 
(c) Passing diy HCI gas through it 0 
(d) Reacting with Mg , 0 

153. Which one of the following will most readily be, dehydrated 
in acidic condition? (liT (S) 2000; CPMT 2006; 

BCECE (Med.) 2008) 
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o OH 
(a)~' 

OH . 
D(b)~ Q 

o o 

(c)~ o (d),0. o 

OH OH 
154. The reaction of Lucas reagent is fastest with: 

. . : (PMT (MP) 2M) 
(a) (CH3hC-OH 0 (b) (CH3hCHOH 0 
(c) CH3(CH2hOH 0 (d) CH3CH20H 0 

ISS. Propan .. l-ol may be prepared by,the reaction of propene 
w~: (CBSE (Moo.) 2_; AIIMS (Moo.) 20031 
(a) H3B03 0 (b) B2H6/NaOH-H202 0 

. 0 

. II·",' 
(c) H2S04/H20 0 (d) CH3 -C-O-O-H 0 

, 156. What is fonned when glycerol reacts with ID04? ' 

(DPMT2_) 
(a) Two molecules of fonnic acid and one molecule of 

fonnaldehyde' 0 
(b) Two molecules offonnaldehyde and one molecule of 

fonnic acid. 0 
(c) Three molecules offonnic acid . 0 
(d) Three molecules of formaldehyde 0 

157. The compo1,llld that will react most readily with NaOH to 
fonnmethanol is: (liT (S) 2001] 

+ 
(a) (CH3)4Nr 0 (b) CH3-O-CH3 0 

(c) (CH3hSr; 0 (d) (CH3hC-C1 0 

158. Ethanol when reacted with PCI 5 gives (A), POCl3 and HCI. 

(A) reacts with silver nitrite to fonn(B) (major product) and 
AgCl, (A) and (B) are respectively:' (EAMCET 2001) 
(a) C2HSCI and C2HsOC2HS 0 
(b) C2H6 and C2HsOC2HS 0 
(c)C2HsClandC2HSN02 0 
(d) C2H6 and C2HSN02 . . 0 

159. Given are cydohexanol (I), acetic acid (II), 2,4,6-
trinitrophenol-(III) and phenol (IV). In these the order of 
decreasing ,acidic character will be: . .. 

'(CBSE (PMT) Prelims 2010) 
(a) II>III>IV>I 0 (b) II>III>I>IV 0 
(c) III>II>IV>I 0 (d) UI>IV>II>I 0 

160. Excess of ethanol when heated with cone. H2S04 at 140°C, 

the compound obtained is: (AFMC 2~2] 
(a) ethene 0 
(b) diethyl sulphate 0 
(c) . ethoxyethane ' 0 
.( d) ethyl hydrogen sulphate ' 0 

161. When glycerol is treated with excess ofID, it produces : 
[AlPMT (Mains) 2010) 
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(a) 2-iodopropane . 0 (b) allyl iodide 0 
(c) propene 0 (d) glycerol tri-iodide 0 

162. Durip.g dehydration of alcohols to alkenes by heating :with 
conc. H2 S04, the initiation step is: ,·IAIEEE 20031 
(a) elimination of water 0 
(b) fonnation of an ester 0 
(c) fonnation of carbocation . 0 
(d) protonation of alcohol molecule . 0 

163. Which of. the following functional groups, cannot be 
reduced to alcohol using NaBH4in ethanolic solution? 

pJPSEAT1004] 
(a) R~R 0 (b) RCOCI 0 
(c) R-COOH D (d) R-CHO 0 

164. Acetyl bromide when reacts with 'excess of CH3MgI 

followed by treatment with saturated solution of NH4CI it 
gives: IAIEEE 10041 

. (a) acetone 0 
(b) acetamide 0 
(c) 2-methyl-2-propanol 0 
(d) acetyl iodide . . 0 

165. Among the following compounds which can be dehydrated 
very eaSily? (AIEEE 1004) 
(a) CH3CH2CH2CH2CH20H 0 

OH 
I ' 

(b) CH3CH2CH2CHCH3 0 
CH' I 3 

(c) CH3CH2-C-CH2CH3 ' 0 . I '. 
OH 

o (d) CH3CH2CHCH2CH20H 
. I '. 

cn3 

166. Which of the following is industrially prepared by passing 
ethylene i'nto hypochlorous acid? [BHU 1004) 
(a) Ethylene glycol D· 
(b) Ethylene oxide 0 
( c) Ethyl~me din,jtrate 0 
(d) Ethane . 0 

167. The -Ollgroup of an alcohol or the -('DOH (carboxylic 
acid) can be replaced by -CI using: 

(CUSE (Moo.) 1004; UGET (Moo.) 1007] 
(a) phosphorus p,Slntachloride ' 0 
(b) hypothlorous acid, 0 
(c) chlorine , .\ 0 
(d) hydrochloric acid r: 0 

168. ~CH3 ~ [F] ~ 'C4HgBr2! j"' 

H CI\OH -H20 CCI4 '---v--'.' 
3 '. . 5 such products 

. are pOssible . 

How many stru~tures of[F] are possible? (lIT (S) 2,,31 
(a) 2 0 (b) 5 0 
006 0W3 0 
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169. The best reagent to convert pent-3-en-2-01 into pent-3-en-
2-one is: (AIEEE 2005] 
(a) acidic penrianganate 0 
(b) acidic dichromate 0 
(c) c~mic anhydride in glacial acetic acid 0 
(d) pyridinium chlorochromate 0 

170 •. Acid catalysed hydration of alkenes except ethene leads to 
the formation of: (AlEEE 2005) 
(a) primary alcohol 0 
(b) secondary or tertiary alcohol 0 
(c) mixture of primary and secondary alcohols 0 
(d) mixture of secondary and tertiary alcohols d 

171. When alcohol reacts with cone. H2.S04 , intermediate 

compound formed is: (AFl\fC 2005) 
(a) carbonium ion 0 
(b) alkoxy ion 0 
( c) alkyl hydrogen sulphate 0 
(d) none of the above 0 

172. The only alcohol that can be prepared by the indirect 
hydration of alkene is : lAFMC 2005) 
(a) methyl alcohol 0 
(b) ethyl alcohol 0 
(c) propyl alcohol 0 
(d) isobutyl alcohol 0 

173. Among the following the most stable compound is : 
(AllM82005) 

(a) cis-I,2-cyclohexanediol 0 
(b) trans-I, 2-cyclohexanediol 0 
(c) ciS-I, 3-cy~lohexanediol 0 
(d) trans-I, 3-cyclohexanediol 0 

174. Which will give chiral molecuie? [DPMT 2005] 

o 

o 

o 

o· 

175. .A compound 'X' undergoes reduction with Li~ to yield 

'Y'. When vapours of 'Y' are passed over freshly reduced 
copper at 3000c, 'X' is formed. What is 'Y' ? 

[EAMCET (Med.) 2005; DCE (Engg.) 2008] 
(a) CH3COCH3· 0 (b)CH3{;HO 0 
(c) CH3CH20H 0 (d) CH3-O--CH3. 0 

176. 3-Hydroxy butanal is formed ~hen (X) reacts with (Y) in 

dilute (Z) solution. What are X, Yand Z? 
[EAMCET (Engg.) 1005) 

(X) (Y) (Z) 
(a) CH3CHO (CH3COhO NaOH 0 
(b) CH3CHO • CH3CHO NaCI 0 
(c) (CH3COhO (CH3COhO HCI 0 
(d) CH3CHO CH3CHO NaOH 0 

177. 

178. 

179. 

180. 

181. 

182. 

183. 
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When phenyl magnesium bromide· reacts with tertiary . 
butanol, the product formed will be : [llT (8) 2005] 
(a) phenol 0 
(b) benzene 0 
(c) tertiary butyl phenyl ether 0 
(d) tertiary butyl benzene 0 
Which is the best reagent to convert cyclohexanol into 
cyclohexene? [llT (8~ 2005) 
(a) Cone. HCI 0 
(b) Cone. HBr 0 
(c) Cone. H3P04 0 
(d) Cone. HCI with ZnCl2 0 
Match the List I with List n and pick the correct matching 
from the codes as given below: [PMT (K;erala) 2006] 

List I List II 
A. Propane-I,2,3-triol 
B. Ethane-I,2-diol 
C. Tetrahydrofuran 
D. Power alcohol 
E. Methylated spirit 
Codes: 

1. 
2. 
3. 
4. 
5. 

Cyclic ether 
Absolute ethanol + petrol 
Dynamite 
Denatured alcohol 
Terylene 

(a) A--::-I, :8-:-2, C-3, 0-4, E-5 0 / 
(b) A:'::"'l, B-3, C-5, 0-4, E-2 0 
(c) A-3, :8-:-2, C--4, 0-5, £:--1 0 
(d) A-3, B-5, C-l, 0-2; E--4 0 
(e) A--4,B-I,C-5,0-3,E-2 0 
In the Victor Meyer's test, the colours given by 1°,2° and 3° 
alcohols are respectively: (PMT (Kerala) 2006) 
(a) red, coloUrless, blue 0 (b) red, blue, colourless 0 
(c) colourless, red, blue 0 (d) red, blue, violet 0 
( e) blue, red, violet 0 . 
Phenol can be distinguished from ethanol by the follOWing 
reagents except (PET (Kerala) 2006] 
(a) sodium 0 (b) NaOHlI2 0 
(e) neutral FeCI 3 0 (d) Br21H20 0 
(e) phthalic anhydride/cone. H2S04 and NaOH 0 
The major product formed in the following reaction is: 

CH3CH(CI)CH2CH20H Aq. KOH). 

(a) CH3CH=CHCH20H 
(b) CH2 . CHCH2CH20H 

(c) CH3-CH-CH2 
I I 
Q-,.-CH2 

(d) CH3 -CH-CH2CH20H 

. 6H 

. (AllMS 2006) 
o 
o 

.':. 0 

o 

Phenyl magnesium bromide reacts with methanol to give: 
. [AlEEE2006] 

(a) a mixture of anisole and Mg(OH)Br 0 
(b) a mixture of benzene and Mg(OMe)Br 0 
(c) a mixture of toluene and Mg(OH)Br 0 
(d) a mixture of phenol and Mg(Me)Br 0 
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184. Reaction of esters with Grignard reagents give rise to:. 
IPMT (HP) 2006) 

(a) primary alcohols 0 (b) secondary alcohols 0 
(c) tertiary alcohols 0 (d) ketones 0 

185; Glycerol on oxidation with bismuth nitrate prodUces: 
. IBHU2006] 

(a) glyceric acid 0 (b) glyoxalic acid 0 
(c) oxalic acid 0 (d) meso oxalic acid 0 

186. The end product of the reaction is: IBHU2006] 

C2HsOH ~ (A) KCN) (B) H3
0

+) (e) 

(a) propanol 0 (b) propanoic acid ·0 
(c) propanamide 0 (d) none of these 0 

187. When compound 'X' isoxidised by acidified potassium 
dichromate, compound 'Y' is formed. Compound 'Y' on 
reduction with LiAlH4 gives 'X'. 'X' and 'Y' respectively 
are: [EAMCET (Engg.) 2006) 
(a) C2HsOH,CH3COOH 0 
(b) CH3COCH3, CH3COOH ·0 
(c) C2HsOH, CH3COCH3 0 
(d) CH3CHO, CH3COCH3 0 

. 188. CH3CH20H~CH3CHO~CI3CCHO 
Step 1 Step 2 

In the above reaction, the role of Cl2 in step I and step. 2 
respectively is: IEAMCET (Engg.) 2006] 
(a) oxidation, chlorination 0 
(b) reduction, chlorination 0 
(c) oxidation, addition 0 
(d) reduction, substitution 0 

189. Starch is converted to ethanol by fermentation, the sequence 
of enzymes used is: (DPMT 2006] 
(a) amylase, maltase, zymase 0 
(b) diastase, maltase, zymase 0 
(c) amylase, invertase, zymase 0 
(d) amylase, zymase, maltase 0 

190. Ethylene oxide whtm treated With Grignardreagent yields: 
[CBSE (Med.) 2006] 

( a) cyclopropyl alcohol 0 (b) primary alcohol 0 
(c) secondary' alcohol 0 (d) tertiary alcohol 0 

191. Tert. butylalcoholis: (CPMT 2006] 
(a) 2-methyl propan-2-o1 0 
(b) 2-methyl propan-l-ol 0 
(c) 3-methyl butan-I-ol 0 
(d) 3-methyl butan-2-01 0 

192. Which of the following is dihydric alcohol? 
(PMT (Haryana) 2006; Ludbiana CMC (Med.) 2008] 

(a) Glycerol 0 (b) Ethylene glycol 0 
( c) Catechol· 0 (d) Resorcinol 0 

193. An organic compound 'A' containing C, H and 0 has a 
pleasant odour with boiling point 78"C. On boiling 'A' with 
cone. H2S04, a colourless gas is produced which 
decolourlses bromine water and alkaline KMn04' The 
organie liquid' A' is: 

(GGS (Indraprastha Univ.) EE 20061 
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(a) C2HsCI 0 (b) C2HsCOOCH3 0 
(c) C2HsOH 0 (d) C2H6 0 

194. In the following sequence of reactions, 

CH3CH20H P+I2)(A)~(B) HCHO) (C) H20) (D) 
ether . 

the compoundD is: [AIEEE 2007] 
(a) propanal 0 (b) bu~al 0 
(c) n-butyl alcohol 0 (d) it-propyl alcohol 0 

195. A fruity smell is obtained by the reaction of ethanol with: 
[BCECE (~ed.) 2007; JIPMER (Med.) 2008] 

(a) CH3COCH3 0 (b) PCIs 0 . 
(c)" CH3COOH 0 (d) CH3CHO 0 

196. An organic compound 'X' on treatment with pyridinium 
chlorochromate in dichloromethane gives compound' Y'. 
Compound 'Y', reacts with Iz and alkali to form 
tri-iodomethane. The compound' X' is: 

(EAMCET (Engg.) 2007; AIIMS2008J 
(a) C2HsOH 0 (b) CH3CHO. 0 
(c) CH3COCH3 0 (d) CH3COOH 0 

197. Methyl alcohol when reacted with carbon monoxide using 
cobalt or rhodium as catalyst, compound 'A' is formed. 'A' 
on heating with HI in the presence of red phosphorus as 
catalyst 'B' is formed. Identify 'B': 

IEAMCET (Med.) 2007; CPMT 20081 
(a) CH3COOH 0 (b) CH3CHO 0 
(c) CH3CH21 0 (d) CH3CH3 0 

198. H3
C

)CH-OH P + Br2 ) ~ (X), 
H3C 
(X) is: (AMU (Engg.) 20071 

CH3 

I 
(a) CH3 -CH-CH2CH3 o 

CH3 · 

I . 
(b) CH3-C-CH3 

. I 
o 

CH3 

H3C" /CH3 
(c) .. /CH-CH" 

H3C CH3 
o 

CH3 

I 
(d) CH3 -CH-CH2CH2CH3 o 

LiAIH . 
199. CH3COOH 4 ) (A), 

H 0+ . 
(A)+CH3COOH 3 ) (B)+H20 

hl the above reaction 'A' and 'B' respectively are: 
(EAMCET (Engg.) 20071 

(a) CH3COOC2HS, C2HSOH 
(b) CH3CHO,C2HsOH 
(c) C2HsOH, CH3CHO 
(d) C2HsOH,CH3COOC2Hs 

o 
o 
o 
o 



200. Which among the following compounds will give. a 
secondary alcohol on reacting with Grignard reagent 
followed by acid hydrolysis? [PMT (Kerala) 2007)' 
(i) HCHO 0 (ii) C2HSCHO 0 
(iii) CH3COCH3 0 (iv) HCOOC2Hs 0 
Select the correct answer using the codes given below: 
(a) (ii) only ',0 (b) (iii) only· 0 
(c) (i) and (iv) 0 (d) (ii) and (iii) 0 
(e) (ii)and(iv) 0 

20i. The most suitable reagent for the conversion· of primary \ 
alcohol into aldehyde with the same number of carbon is: 

. [PET (Kerala) 2007] 

(a) acidified K2Cr207 0 
(b) acidillcdKMn04 0 
(c) alkaline KMn04 0 . 
(d) pyridinium chlorochromate 0 

'(e) Cr03 ,0 
202. In the following reaction, . 

. . . Hio 
C2HsMgBr + H2~H2.~ 'A' , 

o ' 
'A' is: [AFMC 2007) 
(a), C2HsCH2CHO 0 (b) C2HsCH2CH20H 0 
(c) C2H5CH20H 0 (d) C2HsCHO 0 

203. When H2C=CH-C09H is reduced with LiAlH4' the 

compound obtained will be: '[UPSEE (Engg.) 2007] 
(a); CH3CH2COOH 0 ~j H2C=CHCH20H.· 0 
{c) CH3CH2CH20H .0 (d) CH3CH2CHO' 0 

204. Catalytic dehydrogenation of primary alcohol gives a: 
., [CET (Karnataka) 2008) 

(a) ketone ' 0 (b) ester . D 
'(c) secondary alcohol 0 (d)atdehyde 0 . 

205. The compound on dehydrogenation gives a ke,tone: The 
original compound is: [CET (Karnataka) 2008) 
(a) tertiary ,alcohol 0 (b) secondary alcohol 0 
(c) primary alcohol 0 (d) carboxylic acid . 0 

206. RCH2CH20Hcan be converted to RCH2CH:!COOHby the 

following sequence of steps: (JEE (WB) 2008) 

(a) PBr3, KCN, H30+ 0 (b) PBr3, KCN, H21P+ 0 

(c) KCN. H;O+ , 0 (d) HCN, PBr3, H30+ 0 

207. Which of·the following will produce only ope product on 
reduction with LiAlH4? [JEE (WB) 2008) 

(a) CH3COOCH2CH3 . 0 
(b) CH3CH20COCH2CH3 0 
(c) CH3CH20COCH3 0 
(d) CH3CH20C;OCfl2CH2CH3 0 

208. 'The hydrolysis of 2-bromo-3-methyl ,butane by S N1 

mechani~m giv~s mainly: , (PMT (Kerala) 2008) 
(a) 3-methyl-2-butanol 0 
(b) 2-methyl-7-butanol 0 
{c} 2. '2-dimethyl-2-propanol n 
. (d) 2-methyl-I-butanol 0 
. (e) l-pentanol D 
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209. The strongest acid is: (BHU (Screening) 2008] 
(a) HC=Cij 0 (b) C6H6 0 
(c) C2H6 0 (d) CHJOH 0 

210. An organic compound' X' is oxidised by using acidified 
l(2Cr207' The product obtained reacts with phenyl 
hydrazine but does not answer silver mirror test. The 
possible structure of' X' is: (CET (Karnataka) 2009) 
(a) CH3COCH3 0 (b) (CH3 hCHOH· 0 
(c) CH3CHO 0 (d) CH3CH20H . 0 

211. A liquid 'Yas rriixed with ethanol and a drop of concentrated 
H2S04 was added. A compound with a fruitysmeU'was 
formed. The liquid was:' (AIEEE 2009) 
(a) CH30H. 0 (b) HCHO 0 
(c) .CH3COCH3 0 (d) CH3COOH 0 

212. The reaction involved in the oil of winter Green test is 

213. 

214. 

salicylic acid 'X', A ) product. The product is treated 
. Cone. H2,SO 4 

with Na2C03 solution. The missing reagent' X' in the 
above reaction is: [CET (Karnataka) 2009] 
(a) NaOH 0 (b) ethanol 0 
(c) methanol 0 (d) phenol 0 
The function of ZnCl2 in Lucas test for alcohols is: 

[DCE2009) 
(a) to act as an acid catalyst and react with HCI to form 

H2 zflCl4 0 
(b) to act as a base catalyst and react with NaOH to form 

, Na2Zn(OH)4 0 
(c) to act as an amphoteric catalyst 0 
(d) to act as a neutral catalyst 0 
What are X and Y in the following reaction sequence: 

Cl Cl 
C2HsOH~(X)~Y 

(a) C2HSCI, CH3CHO 
(b) CH3CHO,CH3C02H 
(c) CH3CHO,CCl3CHO 
(d) C2HsCl,CCI 3CHO 

. [EAMCET (Engg.) 2009] 
D. 
o 
o 
o 

Set II: This set conta~s tbe questions witb two or more correet 
. answers. 

215. Grignard reagents give alkane, on reaction with: 
(a) phenol 0 (b) ether 0 
(c) alcohol 0 (d) water 0 

216. Isobutyl alcohol cannot be obtained by the reaction 
between: 
'(a) . C2HsMgBr and CH3CHO 0 
(b) CH3MgBrandCH3CH2CHO 0 

. (c) (CH3hCHMgBrandHCHO 0 
(d) CH3MgBrandCH3COCH3 0 

211. Alcohols act as: 
(a)' oxidising agent 0 (b) reduci~gag~~t 0 
(c) Lewis-base 0 (d) Broflsted aGid 0 

21ft Glycerol can be converted to acrolein by dehydration in 
presence of: 
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(a) conc. H2S04 0 (b) anhydrous ZnCl 2 O· 222. Which of the following compounds will give iodoform test? 
(c) KHS04 0 (d) anhydrous CaCl 2 O. 

219. Which of the following chemicals are used for the· 
denatUration of ethyl alcohol? 
(a) CH30H .0 (b) Pyridine· 
(c) Anhydrous CaCl 2 0 (d) Naphtha 

IJ 
o 

220. Which of the following compounds will give yellow 
precipitate with iodine and alkali? 
(a) 2-Hydroxy propane 0 (b) Acetophenone 0 
(c) Methyl acetate 0 (d) Acetamide 0 

221. Ethanol can be converted to propane nitrile (CH3CH2CN) 

by the following reaction(s): 

(a) CH3CH2CH20H + KCN ~ 

(b) CH3CH20H+HCN~ 

(c) CH3CH20H TsCl ~ CH CH OTs KCN) 
Pyridine 3 2 

pelS 
(d) CH3CH20H .) CH3CH2CI 

-POC!3' -HC! 

NaCN. )CH}CH2CN. 
-Nat! 

IJ 

o 
o 

o 

o 0 
II II 

(a) CH3-C-H 0 (b) CH3-C-CH3 o 
,0 0 

II II 
(c) CH3-C-CI 0 (d) CH3-C-NH2 o 

223. Alcohol can be prepared by which of the following. 
methods? 
(a) By hydration of alkene 0 

- . (b) By reduction o'f carbonyl compounds ' 0 
(c) ,By:reaction of primary aliphatic amines· with nitrous' 

·.''acid . 0 
(d) 'By hydroly~is of esters 0 

224. 1°, 2° 'and '3° alfohols can be distinguished by: , 
"(a) CuJ57JK 0 (b) VictorMeyer'stest 0 
,,(c) cone. HCVZnCh 0 (d) Br2 water 0 

~25. Alcoholic group' .,::an be replaced by -CI group by the 
following reagents: 
(a) Cl.2 ' 
(c) PCls 

o '(b) SOCl 2 
o (d) HCI and ZnCl 2 

o 
o 

!ASSERTION-REASON TYPE QUESTIONS 

The questions given below consist of an Assertion (A) and 
. the Reason (R). Use the following key:; to choose the 
appropriate answer: . 
(a) If both (A) and (R) are correct and (R) is correct 

explanatio~ of (A). , 
(b) If both (A) and (R) are correct but (R) is not correct 

explanation of (A). 
(c) If(A) is correct but (R) is incorrect. -
(d) If (A) is incorrect but (R) is correct. 

1. (A) Solubility of n-alcohols in water decreases with 
increase in molecular weight. 

(R) The' relative proportion of the hydrocarbon part .in 
alcohol increases with increasing molecu'larweight 
which permits enhanced hydrogen bond wi.th water .• e, 

2. (A) Di-tert. butyl ether cannot be prepared by WilliamsOn's 
ether synthesis. 

{R) Tert. butyl bromide on n:eatment with sodium tert. 
butoxide preferentially undergoes elimination to form 
isobutylene and tert. butyl alcohol. 

3. (A) The boiling point of ethanol is much higher than that·of 
diethyl ether. . 

(R) IIi ethanol, the molecules are associated due to inter
molecular hydrogen bonding, whereas in diethyl ether 
it is not p~ssible. 

4. (A) The acidity of alcohols follows the order 1° > 2° > 3°. 
(R) The +1 effect of alkyl groups (3° > 2° > 1°) favours the 

dissociation of --O-H group. 

'~ 

5. (A) Alcohols can be dried over anhydrous CaCI2 . 

(R). Anhydrous CaCl 2 absorbs moisture of aqueous ethyl 
alcohol. . 

6. (A). CH30His a riu~leophlle. 

(R) ,CH30H forml> sodium methoxide on treatment with 
:~. NaOH. . ' 

7. (A) flI04, 'decomposes, 1 ,2-glycols but not 1,3- or higher 
" \. 1 

, . glycols. 
'. (R) Only i,2-glycols form cyclic 'esters which subsequently 

undergo cleavage to form carbonyl compounds, 
8. (A) 3° Alcohols show turbidity within 5 minutes, when 

treated with Lucas reagent. 
(R) Conc .. HCI 'and anhydrous' ZnCl2 in I : 1 mixture· is 

. called Lucas reagent.. .. . 
9; (A) Grignardreagent reacts with aldehydes·and ketones to 

, forin alcohol. . 
-(R} Alcohbls have acidic liydrogen. 

10 .. (A) Glycerol does not react with HI. 
(R) 2-Iodopropane can be produced by treatment of 

U. (A) :::(' f~~~J' reacts with HI to give ethyle~e. 
CH20H , 

(R) Initially .ethylene di-iodide .is formed which b.:ing 
unstable loses a molecule ofI2 and forms ethylene. 



518 G.R.B. Organic Chemistry for Competitions 

: ANSWERS I 

OBJECTIVE QUESTIONS 

1. (c) 2. (a) 3. (b) 4. (d) 5. (c) 6. (b) 7. (a) 8. (c)' 9. (d) 10., (d) 

H. (b) 12. (a) 13. (b) 14. (a) 15. (c) 16. (d) 17. (a)' U. (c) 19. (d) 20. (b) 

21. (d) 22. (b) 23. (e) 24. (a) 25. (b) 26. (b) 27. (e) 28. (b) . 29. '(e) 30. (b) 

31. (b) 32. (d) 33. (e) 34. (a) 35. (d) 36. (b) 37. (a) 38. (d) 39. (e) 40. (e) 

41. (b) 42. (b) 43. (c) 44. (b) 45. (a) 46. (a) 47. (b) 48. (a) 49. (d) 50. (d) 

51. (d) 52. (d) 53. (a) . 54. (a) 55. (a) 56. (d) 57. (b) 58. (c) 59. (a) 60. (b) 

61. (e) 62. (a) 63. (e) 64. (d) 65. (c) 66. (d) 67. (c) 68. (b) 69. (a) 70. (e) 

71. (a) 72. (d) 73. (b) 74. (e) 75. (b) 76. (a) 77. (d) 78. (d) 79. (a) 80. (c) 

81. (e) 82. (a) 83. (d) 84. (d) 85 •. (a) 86. (e) 87. (a) . 88. (b) 89. (b) 90. (d) 

91. (e) 92. (b) 93. (a) 94. (e) 95. (d) 96. (a) 97. (b) 98. (d) 99. (a) 100. (e) 

101. (a) 102. (c) 103. (a) 104. (b) 105. (d) 106. (c) 107. (d) 108. (d) 109. (a) 110. (c) 

HI. (b) 112. (c) 113. (b) 114. (a) 115. (b) 116. (d) 117. (c) 118. (a) 119. (d) 120. (e) 

. 121. (d) 122. (c) 12~. (b). 124. (c) 125. (b) 126. (d) 127. (e) 128. (a) 129. (a) 130. (b) 

131. (d) 132. (e) 133. (b) 134. (e) 135. (c) 136. (c) 137. (d) 138. (a) 139. (e) 140. (a) 

141. (c) 142. (c) 143. (d) 144. (b) 145. (e) 146. (a) 147. (d) 148. (a) 149. (d) 150. (b) 

151. (a) 
, 

152. (d) 153. (a) 154. (a) 155. (b) 156. (b) 157. (a) 158. (e) 159. (e) 160. (e) 

161. (a) 162. (d) 163. (a) 164. (c) 165. (c) 166. (a) 167. (a) 168. (d) 169. (d) 170. (b) 

171 •. (a) 172. (b) 173. (d) 174. (b) 175. (c) 176. (d) 177. (b) 178. (c) 179. (d) 180. (b) 

181. (a) 182. (d) 183. (b) , 
1~. (c) 185. (d) 186. (b) 187. (a) 188. (a) 189. (b) .90. (b) 

191. (a) 192. (b) 193. (e) 194. '(d) 195. (e) 196. (a) . 197. (d) 198. (e) 199: (d) 200. (e) 

201. (d) . 202. (b) 203. (b) 204. (d) 205. (b) 206. (a) 207. (a) 208.' (b) 209. (d) 210. (b) 

211. (d) 212. (c) 213. (a) 214. (c) 215. (a,c,d) 216. (a,b,d) 217. (c,d) 218. (a,b,c) 219. (a,b) 220. (a,b) 

221. (c,d) 222. (a,b) 223. (a,b,c,d) 224. (a,b,c)' 225.. (b,c,d) 

ASSERTION-REAS.ON TYPE QUESTIONS 

1. (e) 2. (a) 3. (a) 4. (c) 5. (d) 6. (b) . 7. (a) 8. Jd) 9. (a) 10. (d) 

11. (a) 
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. BRAIN STORMING PROBLEMS 
1. Give the major products of hydration of the following alkenes: 

(i) O=CH2~? 
HzO 

C}(CH3 
(Hint: (i) . 

OH 

(iV)CH3-r-CHZD 

OD 

'. + 
(ii) CH3-CH-CH=CH2 ~ ? I . HOH 

CH3 

(iv) C3H6(CH3-CH=CH2J~? 
.. D20 

(vi) O=CH2 BH3/H2q2)? 
THF/OIr 

(iii) CH3-yH-CHzD 

OH 

(vi) OCHzOH] 

2. Write down proliuct ofhydroboration oxidation of the following alkenes: 

crCH=CH2 
(i) I 
~ 

(ii) c::::r 
(Hint: Anti-Markownikoff's addition takes place. 

3. Complete the following reactions: 
o 

(i) C6HS -C-CI + 2C6HIl MgCI ~ ? II ~OMgCI) HOH 
. HCl 

CH3 0 
I II 

(iii) CH3-CH-C-OCH3 + 2C2HsMgBr HOH)? 
HCI 

[Hidt: (i) Reaction involves two steps: 

o 
II 

C6Hs-C-CI+ 
Benzoyl 
chloride 

o-Mga---+II 

("'y'MgI 0 

(ii)LJ· +0 HOHlHCl II ? 

·OH 

519 

OMgCI I . 
C6Hs-cD 
6 

---+ HOWHO, o-t-O+MgQ, 
C6li5 

(Tertiary alcohol) 
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(ii) 

, . CH'3 0 : CH3 Ol\;1gBr . r Mg('Br ) . C
1 
H3 0

1 
. 

1 II . . . I 1 1 "OCH II 
(iii) CH3-CH-C-OCH3 + 2CiHsMgBr---t CH3-CH-C-OCH3 _"'--__ ....:3"""-+) CH3-CH-C-C2HS 

I 
. CzHs 

CH3 0 CH3 OMgBr CH3 OH 

I II.' I I HOH/Hel I I 
CH3 -CH-C-CzHs + CzHsMgBr---t CH3 -CH-C..,.-CzHs ) CH3-CH-C-C2HS ] , . ". .' I I 

CzHs CzHs 

4. Arrange the following compounds in decreasing order of solubility and boiling point: 
(i) CH3CH20H,CH3CH2CH20H, CH3CH2CH2CH20H 

.' 

S. Write down the dehydration products of the following: 

(i) 

H3C"", /CFh 

LOR 
U~ (ii) 

[Hint: Deh~dration follows Saytzetrs rule: 

H3C" /CH3 H3C" /CH3 

c5c5 (i) 

(Major) (Minor) 

(iii) 

(Major) (Minor) 

. , 

.. 'CH 
I 3 

> CH3 -C-OH (Boiling point) ] 

I . 
CH3 

(iii) . 

. (ii) ac5eS 
(Major) (Minor) (Trace) 
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6. Complete the following reaction: 

. ~ """ .• ,so, , (Al U above 14O"C 

(Ans. (A)~ 0 (B) = 

(b) 

8. Complete the following chain of reactions: 

OH 

C6HSCOOOH ) (B) 
HOH 

H 
Lj-CH-CH3 

. ! Hydride shift 

+cr 

(LeSs stable) 

Pel3 ) (A) Mg/eih!:r )o(B) 

rYCI 
(Hilit: (A) = V 

Cr03 " 

AcOH 
(C) ~ (D) HOHIHC1) (E) 

rYMgC1 

(B) = V 

HCl/ZnC12 
) 
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(C) crO,C(+crMgG 

~()U 
.. if-oH Cl 

HOHlHCI !II + Mg( ] 
. OH 

,(C) (B) (D) (E) 

9. Discuss the stereochemistry of following reactions: 

C2HS 

I 
(i) H-C-O-H 

I 

C2Hs 
I 

Na ) H-C-ONa + 
-II2H2 t I 

CH3 CH3 

C2HS CzHs 

. C2HS 

C2HSBr I 
---'=-=----+,) H-C-OC2HS+ NaBr I . 

CH3 
(A) 

C2Hs 
I I 

(ii) H-C-O-H _T"-,,sC::::!I~) H-C-O-Ts 
. I I 

f'-H O-K+ . I 
~l 5 ) C H O-C-H 

2 s I 
CH3 CH3 .~ 

o 
II 

Here, Ts ~ Tosyl group CH3 -@-s-
II. 
o 

CH3 
(B) 

(Hint: In (i) reaction, -0-H bond of alcohol is broken and the configuration of product around chiral carbon is retained. In (ii) reaction, first ' 
. step involves decomposition of -O-H bond, in the second step -C-O- bond is broken. In this reaction, inversion of 

configuration takes place. Tosyl group is better leaving group hence (C-O) bond is broken.] 
10. Arrange the following alcohols in the increasing order of tendency towards esterification: 

CH20H 

6-CH3 

[Hint: (a) 
> '6~'CH'OH > , . 

.. 

11. Complete the following reaction and give its mechanism in short: 

CH3 0 
I . II W 

CH3 -C-OH + CH3 -C-Cl-:.::-+A + B 
I ' . 
C2Hs 
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In this reaction, first of all, an ester is fonned which undergoes decomposition in presence of dil. HCJ.] 

12. Give the reagents for following oxidation products: 

o 

(Xl • 6 (Y). 
)LOH 
V-OH 

. ~CHOH 
13. Give the products when L-J. 2 is oxidised using following reagents: 

(iii) Cr03/Pyridine 

~CHO 

L-J (iv) 

14. Complete the following reaction: 

·6~:3 "'I Alkaline 
KMn04 

CrO)/AcOH • (Y) ) (X)--=----7. 

[Hint: Baeyer's reagent (alkaline KMn04) 

fonns glycol with alkene. 

15. Which of the following compounds will give positive iodoform test? 

(c) 

Give the reactions involved. 

(iv) Pyridinium chlorochromate aCHO ] 

30 alcoholic group is unaffected 
in this oxidation.] 
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[Hint: (a) and (d) will give positive iodofonn test. 

OH 
H3C",,- I 

(a) /CH-CH-CH3 
H3C 

(d) NiloH > C6H s -CH2-COONa+ + CHI3 ] 
12 , 

16. Complete the following reactions: 

R, 
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Mg )? (i) )C=O Mg )? 
RV Dil.HCl Dil.HCl 

OH 

-(iii) 6 
° II 

Conc. H2S04 t 

abOve4I3 K 

° II 

(A) Alk. KMn°4 • 

IH~ 
(B) 

('ifT---OH 

~OH 
(Cis) 

OH OH 
I I Mg/HCl [Hint: (i) R-C+2[H] + C-R >R-C--C-R 
I I I I 

j( j( j( j( 

(Pinacol reduction) 

(ii) +2[H] + 
0L:J MglHCl t 

(pinacol reduction) 

(iii)(A)~ 0 (!t .. OH 
(B) = + Enatiomer ] 

0:. H 
Cyclohexene Racemic mixture 

17. Identify (A), (B), (C) and (D) in the following reactions: 
o 

elCHO 
(ii) (i) O CJ1sCOOOH HOHlHCl 

----''-''---_t (A) t (B) 

LiAll4 t (A) 

(Dint' (iHA) ~ (po 
OH 

(ii) (A) = ~CH20H 

(X
0H 

(B) = 
OH 

° 
(B)~ l /O-CHl 

CH" I 
O-CH2 

CH20H 
I 

,---C_H..::.20_H __ (B) - LiAlH4 t (C) HOHlHCl t (D) 

.. 
.. 
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18. CH3-CH-CH=CH2 Reagent R) Alcohol' 

I 
CH3 

which is/are true'8bout alcohol and R? 

Aleohol 

(a) CH3-CH-<::H2-CH20H 
I 
CH3 

(b) CH3-CH-CH-,-CH3 

I I 
CH3 OH 

OH 
I 

(c) CH3-C-CH2--CH3 
I 
CH3 

, Reagent (R) 

BH3/TIIF 
H20 2 /0H-

Hg(OAc}z 1 
NaBH4-H20 

o 

o 

o 

(d) None of the above 0 
19. In which of the following reactions, alcohol will be formed 

as final Product? 

(a) (CH3-CH2-CHi)3 B H20 2 + NaOH) 0 

(b) , "'-./ (CH3COO-}z H20) NaBH4) 0 
[

Cli3 -CH-CH2]2+ 

Hg , 

o 

o 

10. When neopentyl alcohol is treated with H2S04 , a mixture of 

two alkenes (85 : 15) is formed. Which statement(s) is/are 
correct about these alkenes? 
(a) Both give same major products on treatment with HBrD 
(b) Both give different major products on treatment with 

HBr in presence of peroxide 0 
(c) The alkene which is formed in 85% concentration has 

higher heat of hydrogenation than other alkene 0 
(d) Both alkenes, on ozonolysis give same product 0 

11. Arrange the following alcohols in order of reactivity 
towards gaseous HBr: 

F 

·~·~0·~ 
OH· OH OH OH 
I n 

(a) n>III>IV>I 
(b) I>IV>II>III 
(c) I> II > Ill> IV 
(d) I1I>II>IV>I 

m IV 

o 
o 
o 
o 

(Hilit: -I effect of the substitueilts will decrease.the ~ctivity of 
alcoholic group'towards HHr.] 
CH3 

, ' I H+ 
11. CH3-C-CH2CH2CH20H~Alkene 

I 
CH3 

The alkene formed in the above reaction will be: 

H3C'-..,.. /CH3 
(a) /C=C, __ 

H3C ' 'CH2-CH3 
o 

CH ' I 3 

(b) CH3-C-CH=CH-CH3 
I 

o 

CH3 

CH3 

I 
(c) CH3~C-CH2-CH CH2 I ' 

o 

CH3 

(d) none of the above 0 

13. When ~OH undergoes debydration reaction in 

presence of concentrated H2S04 then what will be the 
major product? 

(a)~ 

(c)~ 

o (b) )/TV 

D(d)~ 

CH) 

I H+ -H2<) 
(Hint: CH3-C-CH2-CH2-CH2-GH ' ) 

I ' 
CH3 

CH3 

CH3-6-CH2-CH2-CH2 1, 2, W shift ) I ' .' . 
CH) 

CH3 

I + 
CH3-C-CH2-CH-CH3 I, 2, W shift ) 

I . 
CH3 

CH) 

I + H+ 
CH3-C-CH-CH2-CH3~ 

I 
CH) 

CH) 
I 

CH)-C-CH=CH-CH) ] 
I 
CH) 

o 

o 
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24. Which of the following is the most acidic alcohol? 
(a) CH30H 0 (b) CF3 -CH2 -OH 

CF3 Ct'XCF3 
(c) A 0 (d) """",..., 

F3C OH F3C OH 

25. Which of the following is the most acidic alcohol? 

(a) ~OH o (b) ~OH 

(c) UOH o (d) "-
OH 

26. In the reaction, < )-MgBr + CH2-CH2 H20 )(A) 

""-/ 
the compound (A) is: 

(a) < )-cHzOH 

(b) < . )-cHzCH20H 

(C)·r-\ "H-CH2 
~-'\./ 

o 

o 

o 

o 

o 

o 

o 

[J 

o 

(d) no reaction 0 
27. Which compound. gives red colour in the following 

reaction? 

Compound (i) HNOz ) 
(ii) NaOH 

(a) CH3-CH2-N02 0 (b) (CH3hCHN02 0 

(c) (CH3)3 C-N02 0 (d) < )-N02 0 

28. An alcohol (A) on heating with concentrated H2S04 gives 

alkene (B) as major product and (B) <;an show the ... 
geometrical isomerism. The compound (A) is: 
(a) (CH3)2 C(0H)CH(CH3 )2 0 
(b) (CH3 hC(0H)CH2Me 0 
(c) CH3CH2CH(0H)CH3 0 
(d) all of the above 0 

29; Tertiary alcohol is obtained as major product in: 
Oxymercuration 

(a) (CH3 h CH-CH=CH2 demercuration) 0 

(b) (CH3)3 C-CH=CH2 Dil. H2S0
4) , 0 

(c) (CH
3
hCH-CH=CH2 Hydreboration 

oxidation ) 

(d) all of the above 

o 
'0 
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30. The substance(s) which is/are added to make liquor 
poisonous is/are: 
(a) methanol 0 (b) pyridine 0 
(c) CuS04 0 (d) formaldehyde 0 

31. Which of the following compounds on· reaction with 
CH3MgBrwill give a tertiary alcohol? 
(a) C2HsCHO 
(b) C2HsCOOCH3 
(c) C2HsCOOH 

(d) CH3-C~/H-CH3 

o 
(Hint: CH3-Cy H-CH3 + CH3MgBr ----7 

+ 
CH3-CH~CH-CH3 

I . 
0-

+ + 

o 
o 
o 
o 

CH3-CH-CH-CH3 ~ CH3-C-CH:PI3 J I I· 
0- 0- , CH3MgBr 

, CH3 

I 
CH3-C-CH:PI3 

I 
OMgBr . 

I ~= 
CH3 jo 

[ Mg(Br)OH + CH3-C-CH2CH3 I . 
OB 

2-Methyl butan·2-o1 

32. Which of the following alcohol(s) can be prepared by the 
action of Grignard reagents with aldehydes? 
(a) Primary alcohols 0 
(b) Secondary alcohols 0 
(c) Tertiary alcohols 0 
(d) Both primary and tertiary alcohols 0 

33. The alcohol which gives the most stable carbonium ion on 
dehydration is: 
(a) (CH3 hCHCH20H 0 
(b) (CH3)3C-OH 0 
(c) CH3CH2CH2CH20H 0 

OH 
I 

(d) CH3-CH---'CH2CH3 0 
34~· 0.037 g ofan alcohol,R-OHwas added to CHjMgBrand 

the gas evolved measured 11.2 mL at STP. The molecular 
mass of R -OH will be: 
(a) 47 0 (b) 79 0 
(c) 74 0 (d) 77 0 
(Hint: R-OH + CH3MgBr ----7 CH4 + Mg(Br)OR 

I mol IlDJi 
or 
22400 mL at STP 

11.2 mL CH4 at STP is formed by 0.037 g ROH 
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:. 22400 mL C14 at STP will be formed by 

0.037 x 22400gROH 
11.2 

=74gROH 
:. Molar mass of ROH 74] 

35. Which of the following reactions will yield propan-2-ol? 

(a) H2C=CH-:-CH3 + HOH~ 

(b) CH -CHO CH3MgBr) 
3 HOH 

(c) . CH 0 (i) C2HSMgI ) 
2 (ii)HOH 

(d) H2C=CH-CH3 Neutral KMn04 ) . 

36. Ethanol is dehydrated as, 

(A) (major product) 

(B) (major product) 

Cone. H2SOJ (C)(majorproduct) 
443K 

Major products (A), (B) and (C) are respectively: 

(A) (B) (C) 

'(a) C2HsHS04 C2HsOC2HS C2H4 

(b) C2H4 C2HsOC2HS C2HsHS04 

(c) C2HsHS04 C2H4 C2HsO~H5 

(d) C2H4 C2 Hs HS04 C2HsOC2HS 

37. Which of the following will be the major product when 

~2 
OH 

is treated with dil. H2S04 in the presence of HgS04 ? 

CXOH 
(a) Q<oH o (b) . 

.. CH
3 CH3 

OH OH 

(c) ~3 o (d) C0 
. CH3 

OH 0 

(Hint: 

~H2 
Dil.H2S04 

> C01 < 
HgS04 

CH3 

OH 0 

(ketO-enol tautomerism) 

o 

o 

o 

o 

0 
0 

0 
0 
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38. Ethyl alcohol can be manufactured from starch by the 
process of fermentation. Which enzymes stepwise complete 
the fermentation reaction? 
(a) Diastase, invertase, zymase 0 
(b) Maltase, zymase, invertase 0 
( c) Diastase, maltase, zymase 0 
(d) Diastase, zymase and lactase 0 . 

39. If, ethanol dissolves in water, then which of the following 
would be happened? 
(a) Absorption of heat and decrease in volume 0 
(b) Emission of heat and decrease in volume 0 
(c) Absorption of heat and increase in volume 0 
(d) Emission of heat and increase in volume 0 
(Hint : When' alcohol is dissolved in water then the solution 

shows the positive deviation from Raoult's law. 
... MI = + ve endothermic, heat absorbed 

AV = +ve increase in volume] 

40. Aliphatic primary amines on reaction with NaN02/HCI 

give: 

41. 

(a) only primary alcohol 0 
(b) only secondary alcohol 0 
( c) only tertiary alcohol 0 
(d) primary, secondary and tertiary alcohol 0 
Which of the following alcohols will be oxidised by 
Br2/KOH? 
(a) CH30H 0 

(b) HOA~CH3 0 

(c) Q-cH20H 

(d) oH3 
o 

o 

o 42. Which of the following 'gem' diols is stable? 

OH 
I 

(a) CH3-C-H 
. I 

o 

o OH 

OH 
. I 

(b) CBr3-C-H 
I 

o 
OH 



'OH 
I 

(c) CF3- r-H o 
OH 

. OH 

I 
(d) C6HS-C-C6HS I . o 

OH 

fH4 
[Hint: F-f--y-H is stabilised by intramolecular 

FH-O 
hydrogen bonding. 

11- 11+ 
F----H-O 
I . I 

F-C C-H] 
I I 
F----H-O 
8- 11+ 

43. Which of the following compounds undergo periodate 
oxidation? 

(a) (yOCH3 
YOH 

OH 

~) Hh 
OH 

OH OH 

.(c) o-bH-bu~Cli3 
(d) All of the above 

(HInt: All these compounds have 

o 

o 

o 

o 
r OH OH1 

l-b-b-j glycolic " I I . 

groups, hence, they are oxidised by periodic acid (Hl04).] 

44. Glycerol fonus salt with sodium metal at 110"C. The sodium 
salt is: 
(a) monosalt 0 
OOili~ 0 
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~~~ 0 
(d) mixture of mono and disalt 0 
IHiot: Primary alcoholic groups of glycerol form salt with 

sodium metal. 

CH20H 

I· 
CHOH 
I 

CHzOH 
GIY"fOI 

45. Surgical spirit IS: 

CH~-Na+ 

I 
CHOH 
I 

CHlOH 
. MollOsodiwn 

- salt 

(a) absolute alcohol 0 
(b) rectified spirit 0 
(c) 95% rectified spirit and 5% methyl alcohol 0 
(d) 90% rectified spirit and l()o~ methyl alcohol 0 

46. The reaction of glycerol with Hl04 gives: 

(a) formaldehyde 0 
(b) formic acid 0 
(c) ioilic acid 0 
(d) oxalic acid 0 

47. Which of the follOWing will result in the formation of an 
ether? 
(a) (1l1)3CO-Na+ +C2HSBr-+ 0 

(b) (CH3)3CBr+ C2HsO-Na+ --+ 0 

(c) C6HsO-Na+ +CH3Br~ 0 

o 
IHint: Tertiary halide and aromatic halide do not give 

Williamson's ether synthesis.] 

48. How many isomers of CsHtt OH wi!: be primary alcohols? 

(a) Four 0 
. (b) Five 0 

(c) Three 0 
. (d) Two ·0 

49. Final product (D) in the sequence of reactions is: 

.0 /" .. 
H3C'-...CH_OH PBr3) A ~ B _C_H-=-2 _C_8..:2-+) C 
H3 C/ Ether 

HOf;l)D 
u+ 

(a) CH3-CH-OH . I 
CH3 

(b) CH3-CH-CH2-CH2Br 
I 
CH3 

(c) CH3-CH-CH2-CH20H 
I 
CH3 

o 

o 

o 
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(d) CH3-fH-O-:-CH2-CH3 o 
. CH

3 
. 

50. Which of the following alcohols will dehydrate most rapidly 
when treated with cone. H2S04 ? 

OR CH3 

II 
(a)CH3 -CH-C-CH3 0 

. . ·1 . 
CH3 

ANSWERS: BRAINSTORMING PRO.BLEMS 
. '. '. . ... 

IS.' (a,b,e)' 19. (a,b,d) . 2~. (a,b) . 21. (b) 22. (b) 

2S.(e) 29. (b) ·30. (a,b,e) 31. (d) 32.' (a,b) 

3S. (c) 39. (c) 4(1, (d) 41. (b) 42. (c) 

4S. (a) 49. (c) 50; (c) 
.' 
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(b) CH3-CH-CH-CH3 
I I . 

o 
CH3 OH 

CH3 

I 
. (e):CH3-C-CH -CH3 

bH 6H3 

o 

(d) CH3-CH2-CH2-CH2-OH o 

23. (d) 24. (d) 25. (d) 26. (b) 27. (a) 

• 13. (b) 34 • (c) 35. (a,b) 36. (a) 37. (d) 

43. (d) 44. (d) 45. (c) 46. (a,b,e) 47. (a,e) 
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LINKED COMPREHENSION TYPE QUESTIONS 

Passage 1 
A reaction characteristic of vicinal diols is their oxidative 

cleavage on treatnient witli ,periodic acid '(HI04)' The 
carbon-carbon bond of the vicinal' diol unit is broken and tWo' 

, carbonyl' groups result., Periodic acid t~, reduced to' iodic acid 
(m03 )· ' 

R 'R' 
, I' I ' R ' 
R-C-C-l~' + m04 ~ ,'~C=O+' II R/, .,' 

OH OH 
.w.. .. 

R'~.. . 
. /C=O+ HI03 + H20 

R'/ 

,Cyclic diols r,eact to give dicarbonyl 'compounds. The 
reactions are faster' when the hydroxyl groups are cis than whet;!. 
they are trans but both ,stereo isomers are oxidised by periodic acid. 
Periodic acid cleavage of vicirial diols is often used for analytic 

, purposes as an aid in structure determination. By identifying the 
carbonyl compounds produced, the constitution ofthe diol may be 
deduced. 

Answer the following questions: 
1. Which of the following compound(s) is/are obtained when 

, the following compound is oxidised by HI04 ? 
. CH3 

~cH-b-cH3 
~-'" I I 

OH OH 

0. .' 

(al < >--~-H 
(c), <)-~-CH3 ' 

. OH ' 
2. <:COH HI04') X 

. The compound' X' in above reaction is: 

0. 

(ale( 
o 

o . 0 
•. II ' ' ,II ' 

(b) H-,-C-CH2~H2-CHz--:-C-H 

(c) both of.these 
(d) none of the aboye 

3. Which of the following diols will be oxidised by Hl04? 

F OH 
I I 

(a) F-C-C~H 
'I I 

F OH 

OH OH 
II ' , 

(c) CHz-CHz-CHz 

CH2-OH 
(b) I ' 

CH2-OH 

(d) All of these 

4. Which of the following products is/are obtained when 
glycerol is treated with HI04? 
(a) HCHO (0) HCOOH ' 
(c) Hl03 (d) All of these 

CHO 
I 

HO-C-H 
,I 

5. When arabinose H-C-OH 
I 

is oxidised by Hl04 , 

H-C-OH 
I , 
CH20H 

then fonnaldehyde'and formic acid are obtained. Number of 
molecules of fonnic acid and fonnaldehyde obtained 
respectively are: 
(a) 3,2 
(c) 1,4 

(b) 4,1 
(d) 2,3 

Passage 2 
Secondary and tertiary alcohols always' give El reaction in 

dehydration. Primary alcohols whose j3-carbon is 3° or 4° also give 
El reaction. However, the primary alcohols whose j3-citrbon is 10 

or 2° give E2 reaction. Dehydrating agents like conc. H2S04 , 

AlzOh arthydrous ZnClz are used. 
The reactivity of alcohols for elimination reaction lies in 

following sequence: 
Tertiary 'alcohol> secondary alCohol > primary alcohol 
Electron attracting groups present in alcohols increase the 

reactivity for dehydration. Greater is the -1 effect of the grQUP 
present in alcohol, more will be its reactivity. Both El and Ez 
mechanism' give the product according to Saytzeff's rule, i. e. , 
major pro<iuct is ,the most substituted alkene: 

OH 
I 

CH
3
-CH---'CH-CH

3 
Cone. H2S04 ) 

, 1_ , ' above 413 K 
',CH3 

3~Methyl butan-2-o1 
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CH3 -C=CH.....,..CH3 + CH3-CH-CH=CH2 'I ',I ' , " 
CH3 ,CH3 J 

2-Methylbut-2-ene 
(Major product) 

3-Methyl but+ene 
(Minor product) 

Answer the following questions: 
1. Which among the following alcohols will' be the 'most 

reactive for dehydration? 
OH 
I 

(a) CH3-CH-CH2-N02 

OH 
I 

(b) CH3-CH-CH2-CHO 

OH 
I , 

(c) CH3-CH-CH2-CN 

OH 0 

(d) CH3-bH-CH2-~-CH3 
,,' " 

2. Arrange the reactivity of given four alcohols'in: d!rCreasing 
order for dehydration. '~ 

OH 

~N02 
(A) 

OR N(j2 

)JV 
(B}~.' 

(a) A>B>C>D (b) D>C>B'>A 
00 C>B>D>A (~ B>C>A>~ 
(Hint: Nearer is the,-/ group to the alcoholic group, greater is its 

reactivity for dehydration.] 
CH3 

1 Conc. H2S04 th 3. In the reaction, CH3-C-CH20H ) 'e 

. tH 3 

product(s) obtained will be: 

(a) CH2=C-CH2-CH3 
I' 
CH3 

(b) CH3 -C=CH-CH3 

bH3 ' 

CH3 

I 
(c) CH3-CH-CH=CH2 

(d) this alcohol cannot be dehydrated 

4. Which among the following sequences' of reactivity for , 
dehydration is'incorrect? ' , 

o ",' ,'" 

(a) o-OH < ~f~ ~H 
, ,'0, 

(b) CH3CH2CH2CH20H <CH3"'-:':CH-CH2~CH3 < , 
, ,;, '1 "'", ;';: 

(C)o-OH < 

, CH 

(d) N CH: ' 

~OH 
Passage 3 

OR ... :, 
, CH 

I 3 

" CH3 -f-:-OH 

CH3 

Alcohols atC),acidic in nature because hydrogen is attached 
to oxygen which is an electronegative element. Alcohol is 
weaker acid than waterbecause OH- ion is more stable than 
R-O- ion.R-O- is less stable, due to +1 effect of the alkyl 
group., Acidity of alcohols increases with increase:' in ' the 
stability of acid anion.. ' " . . 

" .~,:I 
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@ R> " 
:; R ·CH-OH~ 

.5 

If. o R-C-O-H~' 
I 

R 
I 

R-C-O-
I 

R R 

. Some alcohols . like CH3-OH, CFJ -CH2-OH, 
(CF? h C-OHare more acidic than water: 

. Answer the following questions: 
1. Which among the following is the most acidic? 

(a) HOH 
(b) CH30H 
(c) CH3-CH2-OH 
(d) CH3-CH2-CH2-OH 

2. Which among the following. alcohols has· highest pKa 
value? 
(a) CHl -CH2-CH2-CH2-OH 

CH3 

I 
(b) CHl -CH-CH2":-OH 

OH 

(c) CH3-bH-CH2-CH3 

CH3 

I 
(d) CH3- r-OH 

'CH3 
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3. The strongest conjugate base out of the following is : 
(a) (CF3)3CO- (b) (CBr3hCO-

(c) (CCI J hCO- (d) (CI3hCO-

4. Which of the following will react fastest with sodium? 

(a) < )--cH20H 

(b) O-CH20H 

(cJ QCH20H 
o 

(d) (CH3 )3 C-OH 
[Hint: Keto group increases the acidic character hence, 

[ Q:-CH201 willreod f .. ""..." ""',om.] 

5. Lucas test of alcohols involves following reaction: 

R-OH+ HCI Anhydrous) RCI + H20 
Cone. ZnCI2 white 

turbidity 
Select the correct statements for the Lucas test. 
(a) ROHbehaves as a base 
(b) Lesser is the acidic character of alcohol, greater is its 

reactivity towards Lucas reagent . 
(c) Reactivity of 1°, 2°, 3° alcohol, lies in the following 

sequence (for Lucas reaction) 30 > 2° > 1° 
(d) CHl OH gives Lucas test most quickly 

ANSWERS: LINKED COMPREHENSION TYPE QUESTIONS!I----------,.-----'-------, 

Passage ( 1. (a,b) 2. (b). 3~ (b) 4: (d) 5. (b). 

Passage 2 1. (a) 2. (c) . 3. (a,b)4. (e) 5. (a) 

Passage 3· 1. (a) 2. (d) 3. (d) 4. (c) 5: (a,b,e) 

. . 
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10.1 INTRODUCTION 
Ethers are a class of compounds which contain one divalent 
oxygen atom bonded to two monovalent alkyl groups (same or 
different). When both the alkyl groups are same, they are 
designated as simple or symmetrical ethers and when both 
are different, they are called mixed or uusymmetrical ethers. 

R-O-R R-O-R' 

C2HS-O--C2HS C2 HS-O-C3H7 
Symmetrical Unsymmetrical 

or or 
Simple ethers Mixed ethers 

Ethers form a homologous series with the general formula 
CnH2n+20(same as monohydric alcohols), where the value of 
'n' is always more than l. The functional group of ethers is 
(C-O-C), 

Ethers may be regarded as anhydrides of alcohols as they 
may be obtained by elimination of a water molecule from two 
alcohol molecules. 

r-------
R-O~I~L:!:Jj9J-R ~ R-O-R + H20 

Alcohol Alcohol Ether 

Just as alcohols are considered as monoalkyl derivatives of 
water, ethers may be considered as dialkyl derivatives of water. 

H-O-H . R-O-H R-O-R 
Water . Alcohol Ether 

StrUcture : The oxygen atom in ethers is sp3_ 

hybridized. Two of the hybrid orbitals overlap with hybrid 
orbitals (one each) of two carbon atoms to form sigma bonds 

(~C..Q:..O..Q:..C<). The bond angle is 1100, :~owhile 
H-O-H bond angle is I 04.so, This is because of greater size 
of alkyl groups resulting in greater forces of repulsion. 

ThUs, ethers have a bent structure and are dipolar in 
nature. 

ETHERS 

For example, the net dipole moment of dimethyl ether is 
1.30 D and that of diethyl ether is 1.18 D. 

[Besides the open chain saturated homologous series, 
Cn H2n+20, there are numerous organic compounds in which 
-0- functional group is present. These compounds are also 
termed ethers.] 

CH30CH=CH2 ; 
Methyl vinyl ether 

(Unsaturated) 

. "",""~.,,.;H2C CH2 
CH2-CH2; . I I; y fI2C", )H2 

Ethylene oxide 0 . 
(Cyclic) Tetrahydrofuran 

(THF) 

C6HSOCH3 C6HSOC2Hs 
Anisole Phenetole 

(Methyl phenyl ether). (Ethylphenyl ether) 

10.2 NOMENCLATURE 
There are two systems for naming ethers: 

1. Common names: In this system, ethers are natt1ed 
after the alkyl groups attached to oxygen atom and adding the 
word ether. When both the alkyl groups are same, the prefix di
is used. In case of unsymmetrical 'ethers two alkyl groups are 
named in alphabetical order. 

CH30CH3 ; C2HsOC2Hs ; CH30C2Hs ; 
Ethyl methyl ether '.' Dimethyl ether Diethylether~ 

C2HsOC3 H7 ; 
Ethyl propyl ether 

CH3 -0-C(CH3h; 
Methyl tert. butyl ether 

CH3CH2CH2 -O-CH(CH3h ; 
Isopropyl II-propyl ether 

Q-a-Q; (CH3)2CH-a-Q 
Diphenyl ether Isopropyl phenyl ether 
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2. WP.;\.C system~ In this system,ethers are named I!S 
alkoxy alkanes. The smaller alkyl group plus the oxygen atom 

, is called analkoxy substituent, i. e., in case of mixed ethers, the 
etheral oxygen is taken with the smaller alkyl group and forms, 
a part of ,the alkoxy, ~up while the larger alkyl group is 
considered'to be a part Of the alkane. Names of some common 
alkoxy groups are:' ~, ' ," 
CH30-;'CH3CH20-"; CH3CH2CH20-; (CH3 h CHO-

, Methoxy ':, Ethoxy" n-Propoxr ' lsopropoxy 

The niitJ,le ofthe'aIkane is prefixed by the name ofalkoxy 
group mid Pbsition B\il6.t:er.' , 

,ForJq\iJa" "':';' IUPAC:name 
CH30(ifH3, , Methoxymethane 
CH)ti)C2Hs ' Methoxy ethane 
C2HsOC2HS ' Ethoxyethane 
C2HsOC3H7 " .-'~ EthoxYllfopane 

;;r- ,~ , ' 
, 2 /CHi 

C2HsPCH"",';" , 2-Ethoxy propane 

, ,CH:k 
", /CflJCH3 

CH30CH", '., ' ,2-Methoxybutane 

',.' CH}, 
ryOCH3 ,' :~ 
-, "":1 A

• 

~OC2Hs .. "~" 

Methoxy benzene (Anisole) 

Ethoxy benzene' (Phenetole) 

Cyclic eih(lfs" 

~ .," 

CH2 ' 

~~ 
CH2 '. CH2 

~O/ 
Ethylene oxide 
(Epoxyetbane) 

or Oxirane 

Propylene' oxide 
(l ,2~Epoxypropane) 

1,3-Epoxypropane 
'(Oxetane) 

LJ' 
Oxol;me 

(Tetrahydrofuran) 
orTHF 

o 
Oxane , 

(Tetrahydropyran) 

4 1 
H2C--O 
~ 1 12 
HC--CH 

I I' 
CH3 C~3 

2,3-DirnethYI 
oxetane 

Furan 

o " 0 
,Pyran 

, il' 
HSC2 0 CH3 
2-Ethyl-S-methyI furan 

cj 
o 

l,4-Dioxan 
(Diethylene dioxide) 

CH2-CH-CH2CI 

""/ o 
2-Chloromethyl oxirane 

(3-Chloro-l,2-epoxy propane 
or Epichlorohydrin) 

Note: In case of sqnple 'ethers common names' are also accepted in 

'lUP AC system, " 
l 
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10~4 GeNERAL METHODS OF PREPARATION 
1. Dehydration of alcohols : When an excess of 

alcohol is heated at 140°C in presence of protic acids, (H 2 SO 4 , 

H3P04 , i.e., concentrated sulphuric acid or phosphoric acid) 
two molecules of alcohol eliminate one molecule of water to 
form symmetrical ether. LOwer ethers are prepared 
industriaUy by this method. 

(a) Acidcatalysed dehydration 

R'f'..H+HOR H2S04(conc,) 
v -----'-' ~) ROR + H20 

2 Moiecul~s of alcohol l40"C Ether 



Ethers. 

Mechanism 

Acid catalysed dehydration of 1° alcohol to ether is a 
nucleophilic bimo1el:ular substitution (SN2) .reaction 
involving the attack of alcohol molecule on a protonated 
alcohol, as shown below in three steps: ' 

Step 1. Protonation of alcohol to form oxonium salt. . 
. ·H 

.~+ ,',. ,+1 
CH3CH2-O-H + H --+CH3CH2-O-H .. . .. 

Ethatiol (Base) Acid Protonated ethanol 

Step 2. Nucleophilic attack by unprotonated alcohol on 
protonated alcobol to form protonated ethoxyethane with the 
elimination of a water molecule, / 

Protonated ethoxyethane 

This step is slow and hence is the rate deter1l1ining step of 
the reaction. 

Step 3. Loss of a proton to form ethoxyethane. 

+.. Fast> . 
CH3--CH2~H2CH3 ' 

Protonated ethoxyethane 

CH3-CH2-0-CH2CH3 +H+ 
, Ethoxyethane 

The formation of ether (substitution product) is also 
accompanied by the formation of small amount of alkenes. 
(elimination product). 
Note : Thi~ reacti.on is mainly applicable for the dehydration of primary 

alcohols and the alcohol is taken in excess. However, tempera
ture l40"C must ~ controlted properly. Secondary and tertiary 
alcohols (SN1 mechanism) form alkenes mainly due to steric 
hindrance, as. the nucleophilic attack by the alcohol on the 
protonated alcohol molecule does not occur. 

H:zS°4 (cone.) CH CH-CH ' CH3-CH-CH3 --'''--=-~) 3- - 2 I 140"C Propene' 
OH (Major product) 

Propan -2--01 
(2") 

+ CH3 -CH-O-CH-CH3 
I I . 

CH3 CH3 
Di -isopropyl ether 
(Minor product) 

2·Methylpropan -2.(11 ' 
(30) 
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Thus, inthe formation of ethers, the dehydration of alcohols is in 
. the order: 

Primary> Secondary> Tertiary 

(b) Catalytic dehydration 
Dehydration of a primary alcohol is also affected by 

passing vapours over alumina or thoria at 250°C under 
pressure. 

Al 20 3 2ROH --~~ R-O-R + H20 
Alcohol .~50°C. Dialkylether 
(Excess) 

Note: If mixture of two alcohols is SUbjected to dehydration with Al20 3 
. at 250" or conc. H2S04 at 140°C; then unsymmetrical etliers can 
not be obtained but we get mixture of three ethers. . 

R1-OH+R2-OH AlP3>Rl-O-Rl+Rl-O-R2+R2-O":-R2 
, 250'C 

'A1 20 3 · . 
CH3CH20H + CH3CH2CH20H~ CH3CH20CH2CH3 
Ethyl alcohol II-Propyl ether 25O"C , Diethyl ether 

+ CH3CH2CH20-CH2CH3 + lCH3CH2CH2hO ' 
Etbyl 1.1 pwpy,! ether Di 1.1 PfQpyl utller 

2. Williamson's synthesis: ,It involves the heating of 
alkyl halides with sodium or potassium alkoxides. This is a very 
good method for the preparation of simple and mixed ethers. 

RONa + X-R' Heat> ROR' + NaX' 

55°C C2H50Na + C2H5I ~~) C2H50C2H5 + Nal 
Sodium ethoxide Ethyl iodide Diethyl ether 

+ 0-;(""'\ 0+ 
CiHsONa+ Bi-.....l.CH3 Heat) C2H5-0 - CH3 +NaBr 

Methyl bromide Ethy-' methyl ether 

The reaction is based on nucleophilic substitution (S N 2) of 
alkyl halides in which the halogen atom is replaced by alkox;y . 
group. , 

Mechanism: It is a 1?-ucleophilic substitution reaction 
and proceeds via S N 2 mechanism. , 

C2HsONa C2H50- + Na + 

(5- (5-
C1HSO- +C2 HSI Slow) C2 HS O---CiHS ___ I Fast) 

C2HSOC2Hs+ 1-

Na++r ~NaI, 

Since, alkoxides and alkyl halides are both p.repared from 
.alcohols, the Williamson method ultimately inyolves the 
synthesis of an ether from tWo alcohols. 
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Limitations: The reactivity of primary (1 0
) alkyl halides 

is in the order, CH3 >CH3CH2 >CH3CH2CH2 and the 
tendency of alkyl halides to undergo elimination is 30 > 20> 10. 
Hence, for better yield, the alkyl halide should be primary 
and aIkoxide should be secondary or tertiary. 

~ CH3 
Ij+' ~- ~ I 
C2Hs--Br+Na~--CH3 

E~l I 
bromide CH3 

SOdium salt of 
fert. butyl alcohol 

(3" A1koxide) 

CH3 
I 

Heat) C2HS __ . O-C-CH3 
I 

CH3 
Ethyl fert. butyl 

ether 

So, this method is not applicable to tert. alkyl halides, 
because the alkoxide ions being both powerful nuc1eophiles 
and bases would bring dehydrohalogenation of the tert. alkyl 
halides to form alkenes prefere~tially. 

~) H ... CH3 

- + d I 
CH3--C--Br +CH3CH20Na ~CH3--C+CH3CH20H 

. I Sodium ethoxide II . 
CH3 CH2 

Tert. butyl bromide 2-Metbyl propene 
(30 Alkyl halide) 

+.NaBr 
. Due to steric hindrance, secondary· alkyl halides also 

prefer to undergo elimination rather than substitution. For 
example, 

+ -
CH3 --CH--CH3 + NaOC2HS . I . .' . 

, Br 
2-Bromopropane 

(2" Alkyl halide) 

. Heat) CH3CH=CH2 
Propene 
(80%) 

f CH3 --rH-O-C2 Hs 

CH3 
2-Ethoxypropane 

(20010) 

Note: (i) ArOIllatic halides Cannot be used· in Williamson ether syn

thesis. However, if strong electron withdrawing group at ortho 
and para-positions are present then reaction takes place, e.g., < }--cH'Cl + Na9-QNo'"I . .. . .. 

.. . < )-CH20-{ )-N02 

(ii) Dimethyl sulphate or diethyl sulphate can be used at the 
. place ofahalide in Wil1iamson's synthesis. . 

.•. C2Hs ONa+--+C2Hs O+Na+ . . n !!. . . . 
C2H5- 0 + CH3·-0-S03CH3 --+ ~Hs-0-CH3+ CH30S03 

. Dim.'thylSulphate Ethyl methyl ether 

C2HsONa + I.C2Hs)2S04~ C2HsOC2HS + C2HsS04Na+ 
. Dicthyl sulphate Diethyl ether 
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(iii) PhenoUc ethers (alkyl aryl ethers) can.aiso be prepared ina 
similar way by treating sodium phenoxide with alkyl halides. For 
example, .. '. . 

···~.n -B +CH~ • . 19 Methyl' SN'-

SodiUm 
pbenoxide 

bromide 

f\ B . +C,Hjl .l9. . Ethyl iodide 
Sodium 

pbenoxide 

Heat 

Methyl pbenylether 
or Metlioxy benzene 

(Anisole) 

Ethyl phenyl ether 
or Ethoxy benzene 

(Phenetole) 

.~ .. r'! B. . + HzC=CH...:....cHz-I 19 . Allyl iodide 

. Heat .. 
Sodium 

pbenoxide 

S,;. 

Allyl pbenylether 
or Allyl pbenol 

+NaBr 

. +N.I 

·2C H OH (C H ) SO 2NaOH (aq.) '2C H··OC H 
6S +2524 ..•. 6S2S 
Phenol Diethyl sulphate ~ Pbenetole . 

+ NatS04+ 2H20 

. However, aryl halide. and sodium alkoxide cannot be used for 
. preparing phenolic ethers because of the reason that iuyl halides 
are much less reactive . towartisnucleophilic substitution 
reactions than alkyl halides. The(:.~Sr bond acquires a double 
bond character (dUe to resonance);' .. 

Sr . . 

© + Na+O-'-CH3 .~.'. Noreaction 
Sod.metboXide . 

Bromobenz:::.e:=n,-=-C ___ ....:..-____ ....,-....:..-__ .:......:...-'--__ '-'--:.... 

3. Heating alkyl halides with dry silver oxide :Sym- • 
metrical ethers can be prepared by heating alkyl.halides.wlth 

. dry silver oxide. 

2RX + Ag20 Heat) R--O-R +2AgX 
(Dry) 

2C2HsI +Ag20 Heat) CzHsOC2Hs'+2AgI 
(Dry) . 

4. Action of diazomethane on alcohols: Methyl ethers 
. can be formed by heating diazomethane with alcohols in 
presence of· acatQ.iyst, boron trifluoride or HBF4 (tetra 
fluoroboric acid) . 

BF3 
'ROH+CH2N 2 -d~) R-O-CH3 +N 2 



Ethers 

HBF4 . 
C2HsOH + CH2N 2 -~> C2HsOCH3 + N 2 

Ethyl alcohol Diazomethane ~ Ethyl methyl.ether 

. HBF4 ' . 
(CH3hCHOH +CH2N2~(CH3hCH-O-CH3+N2 

~ .. 
Isopropyl alcohol 2-Methoxy propane 

Mechanism: In this reaction, HBF 4 acts as a strong acid 

and protonates to diazomethane. 
+ 

CH2N 2 +HBFc-~CH3N2 +BF4 

+ SN 2 + 
R-O-H+CH3 >R-O-CH3 +H 

5. Reaction of lower halogenated ethers with Grignard 
reagents: Higher members can be prepared by the action of 
Grignard reagents on lower halogenated ethers. 

ROCH2X + XMgR' ~ ROCH2R' + MgX2 
Halogenated Grignard Higher 

ether reagents ether 

Dry /1 
CH3OCH2Cl + IMgCH3 >CH3OCH2CH3 + Mg, 
Monochloromethyl Ether Ethyl methyl ether 'Cl 

ether 

6. Alkoxy mercuration-demercuration: " 

". /. I I /C=C" + R -OH + Hg(OOCCF3 h -+ - C-C-
An alkene Mercuric trifluoro- I I 

acetate OR HgOOCCF3 

NaBH4 I I 
-----+> -C-C-

(Reduction) I I 
OR H 
Ether 

Alkenes readily react with mercuric trifluoroacetate in 
presence of an alcohol to give alkoxy mercuric compounds 
which on reduction with NaBH4 in alkaline medium yield 
ethers and it is in accordance with Markownikoff's (indirect) 
addition of alcohols toalkenes. 

CH3CH=CH2 +CzHsOH + Hg(OOCCF3h ~ 
Propene Mercuric 

CH3 -CH--CH2 
I I 

OC2HS HgOOCCF3 

trifluoroacetate 

NaBH4 . 
---4) CH3 -CH-CH3 

OH- I 
OC2HS 

2-Ethoxypropane 

7. Addition of alcohols to alkenes": Ethers may be 
prepared by the direct addition of alcohols to· alkenes in the 
presence of acid, e.g., 
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H2S04 H2C=CH2 + HOR. . > CH3 -CH2 -OR 
Alcohol Ether 

OC2HS 

H2S04 . I 
CH3 -C=CH2 + HOC2Hs -=---~) CH3 -C-CH3 

I I 
CH3 CH3 

2-Methylpropene 2-Ethoxy -2-methyl propane 
(Tert. butyl ethyl ether) 

The intermediate is carbocation . 
. (\ + 
H2C=CH2 +H 
+~ 

CH3CH2 +HOR 

+ 
~ CH3CH2 

Slow) CH3 CH2 -O-R 
I 
H 

This method is very useful for preparing mixed ethers. 
CH3 

H2S04 I. 
CH3 -C:-CH2 + HOCH 3 -=----'--» CH3 -C-OCH3 
. I I 

CH3 CH3 
2-Methyl propene 2-Methoxy:2-~thyl propane 

+ H2S04, + EtOH 
Me2C=CH2 + H < Me3C< 

Alkene Tert. carbocation 

Me 3 C-OEt 
Ether 

In higher cases, there can· be 1,2 hydride or 1,2-methyl 
shift to form more stable carbocation. 

CH3 .. CH3 

IH+I 
CH3 -CH-CH=CH2+ HOC2HS ~ CH3-C-CH2CH3 

3-Methyl but-I-ene I 
OC2HS 

2-Ethoxy -2-methyl butane 

10.5 GENERAL CHARACTERISTICS OF ETHERS 

Physical properties : (i) Dimethyl ether and ethyl 
methyl ether are gases. All ethers are colourless liquids with 
characteristic ether smell. Diethyl ether has boiling point 34SC. 

(ii) They are lighter than water. Lower ethers are highly 
volatile andvery inflammable. 

(iii) They are sparingly soluble in water but readily 
soluble in organic solvents. Solubility of ethers in water in 



. p:\"esence of small amount of alcohols perhaps due to 
'hydrogen bonding between ether and water molecules. 

R"",o
/O---H-O 

R \ a+ a-/R 

H --- 0"" 
,R 

Ethers themselves are very good solvents. 
(iv) Boiling points of ethers show a gradual increase with 

increase in molecular mass. Ethers have much lower boiling 
points than isomeric alcohols as there is no association 
between the molecules as in alcohols due to hydrogen bonding. 
The boiling points of ethers are close to the boiling points of 
alkanes. 

(v) On account of bond angle (~C-O-oE-) 110°, 
the two dipoles do not cancel each other and molecules have 
small net dipole moment making the ethers somewhat polar. 
For example, the net dipole moment of dimethyl ether is 1.30 D 
and that of diethyl ether is 1.18D. The C-O bond le1lgth in 
methoxy methane (141 pm) is almost the same as in methanol 
(142 pm). 

(vi) Ethers have a bent structure and are dipolar in 
nature. • 

(vii) Lower ethers act as anaesthetics. 
Cbemical properties : Ethers are chemically less 

reactive as they do not have any active functional group. They 
do not react with bases, reducing agents, oxidising agents and 
active metals, etc., under ordinary conditions. The electronic 
formula of an ether can be represented as: 

/'R:~:R~ 

Alkyl group I Alkyl group 

Two lone pairs 
of electrons 

Thus, the properties of ethers are due to alkyl groups, lone 
pair of electrons on etheral oxygen atom and cleavage ofC-O 
bond. 

1. Alkyl groups show substitution reactions like alkanes. 
2. Due to the presence of two lone pairs of electrons, 

ethers form oxonium salts with mineral acids. 
3. The c-o bond is not so stable as C-C bond. The 

'. c-o bond is ruptured in the presence of a number of reagents. 

1. Reactions Due to Alkyl Groups 

(i) Halogenation: Ethers undergo substitution at alkyl 
radicals when reacted with chlorine or bromine, in the absence 
of sunlight to form halogenated'substituted ethers. Usually the 
hydrogen at the a-carbon is displaced most readily. However, 
in the presence of sunlight all the hydrogens of the ethers are 
substituted. 
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Cl a 
CH3CH20CH2CH3 ·--=.2-4) CH3CHCIOCH2CH3 ' + HCI 

Diethyl ether Dark (a-Monochlorodiethyl ether) 

2CI a a' , 
CH3CH20CH2CH3-.,...c.,2-4) CH3CHCIOCHCICH3 +2HCI 

Diethyl ether Dark (ap.' -Dichlorodiethyl ether) 

C2HsOC2HS + lOCl2 ~v) C2CISOC2C1S + lOHCI 
(Excess) Light (Perchlorodiethyl 

ether) 
(li) Burning (Combustion) : Ethers are highly 

inflammable. They form explosive mixtures with air. They 
burn, like alkanes to produce carbon dioxide and water. 

C2HsOC2HS +602 -----7 4C02 +5H20 

2. Reactions Due to Etberal Oxygen , ' 

(i) Oxidation and Peroxide formation: Ethers add up 
atmospheric oxygen or ozonised oxygen through coordinatio",
of one of the lone pair of etheral oxygen to form peroxides in 
presence of sunlight or ultraviolet light. 

:0: 
• The peroxide of diethyl ether is heavy, pungent oily liquid 
unstable compound and' deconiposes violently on heating. 

. There is another concept of formation of a peroxide in long 
contact with air and light according to the following reaction. 

OOH 

Light I 
CH3CH2-O-CH2CH3 +02 ) CH3CH-0-CH2CH3 

Diethyl ether Peroxide of diethyl ether 
(l-Ethoxy ethyl hydroperoxide) 

All ethers that have been exposed to atmosphere for any 
length oftime invariably contain peroxides. The boiling point 
of peroxides is higher than that of ethers. It is left as a residue in 
the distillation of ether and may cause explosion. For this 
reason, ethers should never be evaporated to dryness. It is 
always essential to remove the peroxide before distilling the 
ether. Ether can be freed from peroxide by shaking with ferrous 
salt solution or distilling with conc. H2S04' 

The diethyl ether used in the preparation of Grignard 
reagents, must be free from the traces of water and alcohol. 
This IS called Absolute ~ether and can be prepared by 
distillation of ordinary ether from concentrated H2S04 and 
subsequent storing over metallic sodium. 
Note: 1. Formation of peroxide can be prevented by adding small 

amount of CU20 to ether. 
2. With strong oxidising agents like acid dichromate, ethers are 

oxidised to aldehydes and then to acetic acid. 

CH3CH20CH2CH3 
Dietbyl ether 

2CH3CHO + H20 
Acetaldehyde 

~2CH3COOH 
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(ii) Salt formation: Due to the presence of lone pair of 
electrons on oxygen atom, ether behaves as Bronsted-Lowry 
base or Lewis base and forms stable oxonium salts with 
concentrated mineral acids at low temperature. 

or 

or 

. H 
. I 

273K) (C2H s hO+CI-.. 
Diethyl oxonium chloride 

C2HsOC2H S + H2S04 ~ (C2HS hO+ HS04 ' 
Diethyl ether • I 

H 
Diethyl oxonium hydiogen sulphate 

[

(C2H S) ]+ 
"",OH HS04 or [(C2H shO'HtHS04 

(C2Hs)/ 

The oxonium salts are soluble in acid solution and ethers 
can be recovered from the oxonium salts by treatment with 
water. 

H20 
(C2HshOCI-~) (C2HShO+HCI 

I Diethyl ether 
H 

Oxonium salt 

Note: 1. The formation of oxonium salts is similar to the formation of 

ammonium salts from ammonia and acids. 
2. Ether is removed from alkyl halides by shaking with conc. 

H2S04, 

3. Ethers can be distinguished from alkanes with the help of this 
reaction. 

4. Ethers can form coordination complexes with Lewis acids 
like BF3, AlCI3, RMgX, etc. As the ether (having lone pair of 
electrons) are Lewis bases, they easily coordinate to form 
complexes known as etberate!h 

~Hs OC2HS + BF3 ~ (C2HS h 0 ~ BF3 
• "Lewis acid . Boron trifluoride 

etherate . 

R",,-- ~(C2Hsh 
2C2HsOC2Hs + RMgX ~ . /Mg ....... 

Grignard (C2HshO -.......x 
reagent 

It is for this reason that ethers are used as solvents for 
Grignard reagents. That is why Grignard reagents are usually 
pre]pan~d in ethers. 

3. Reactions Involving Cleavage of Carbon-Oxygen Bond 

. (i) Hydrolysis: When heated with dilute sulphuric acid 
under pressure ethers are hydrolysed to the corresponding 
alcohols. 

DiL H2S04 C2HsOC2HS + H 20 ) 2C2H sOH 
Diethyl ether Heat Ethanol 

(ii) Action of cone. H 2S04 : When warmed with cdn-
~ 

centrated sulphuric acid, ethers form alcohol and alkyl 
hydrogen sulphate. The fmal product is alkyl hydrogen 
sulphate. . 

C2HsOC2Hs+2H2S04 Heat) 2C2HsHS04 + H20 ~.::', 
Diethyl ether Ethyl hydrogen sulphate' 

The secondary and tertiary ethers, however, form alkene's 
with conc. H 2S04 . 

CH3 CH3 

I Cone. H2S04 I 
CH3-C-CH3 ) CH3 -C=CH2+CH30H 

I .. , Heat ' . 2-Methylpropene 
OCH3 . (Isobutylene) 

Tert. butyl methyl ether 

(iii) Action of hydroiodic acid: Ethers are readily 
attacked by conc. HI and decomposed into RI. The etheral 
linkage is broken and the products formed depend on the 
temperature of the reaction. 

(a) With cold HI a mixture ofalky)'iodide ap.d alcohol are 
formed. In the case of mixed ethers, the halogen atom attaches 
to a smaller and less complex alkyl group. 

C2HsOC2HS + HI Cold) C2 H SI + C2 HSOH 
Diethyl ether Ethyl iodide Ethyl alcohol 

CH30C2Hs + HI Cold) CH I + C H OH 3 2 s . 
Ethyl methyl ether Methyl iodide Ethyl alcohol 

O-O-R+HI~ < )-oH+RI 

Alkoxy benzene Phenol 

Note: The same reactionsare'observed with HBr and HC!. The order of 

reactivity of halogen acids is HI > HBr> HCI. 

(b) When heated with excess of HI, only alkyl iodides are 
formed. 

Heat 
C2HsOC2HS + 2HI - ) 2C2HSI + H 20 

Excess lOO·C Ethyl iodide 

R-0-R'+2HI Heat)RI+R'I+H20 

Similarly, cyclic ethers are readily cleaved by HBr or HI to 
form dihaloalkanes. 

Q 
Tetrahydrofuran 

(THF) 

+ 2HBr 
(excess) 

H 2C--CH2 
IOO·C) I I + Il.+O 

Br-CH2 CH2 -Br ct.:; 
1,4-Dibromobutane . 

'';'' 

Mechanism: The mechanism of fission of ethers:,by 
halogen acids occur through: . ~ : 



(a) SN2 mechanism: 

(i) The ether molecule getsprotonated by the hydrogen of 
the acid to form protonated ether or oxonium salt. 

HX ~ H+ +X-

R-O-R+H+ 
.~ 

Ether 

+ 
Protonation) R-O-R 

I 
H 

Protonated ether 
(ii) The protonated ether undergoes nucleophilic attack by 

halide ion (X-) and forms alkyl alcohol and alkyl halide. 

~n/R . . 
X- +R-O, ~.[X--R-O-R]~R-X +R-OH 

• • 'H I Alkyl Alcohol 
. H halide 

Transition stage 

The reactivity through this mechanism is controlled by 
. sterle Jactors. 

(b) S N 1 mechanism: 

(i) R-O-R +H+ Protonation) ... 
Ether 

+ 

+ .. 
R-O-R 

I 
H 

Protonated ether 

(ii) R-O-R----* R+ +R-O: 
I Carhocation I 
H H 

(iii) R+ + X- ----* R-X 

The reactivity through this mechanism iscontrol1ed by the 
stability oj intermediate carbocation. 

Site of cleavage: In case of unsymmetrical ethers, the 
site of cleavage depends on the nature of alkyl groups. For 
example, 

(a)C2HS-·' O-CH3 +HI 373K) CH3I + C2HsOH 
Ethyl methyl ether Methyl iodide Ethyl alcohol 

The alkyl halide is always formed from the smaller alkyl 
group (primary or secondary). 

CHr:-O-CH(CH3h+ HI 373K) CH31 +(CH3hCHOH 
Methyl isopropyl ether Methyl Isopropyl 

iodide alcohol 

The cleavage of such ethers occurs bYSN 2 mechanism and 
the fQrmation of the product is controlled by steric factors. 

'(b) CH3-0-C(CH3h+HI 373K) (CH3hC-I 
Ten. butyl methyl ether Tert. butyl iodide 

+CH30H 
Methyl alcohol 

The alkyl halide is formed from the tertiary alkyl group 
and the cleavage of such ethers occlJ!S by S N 1 mechanism as 
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the product is controlled by the formation of more stable 
intermediate tertiary carbocation from the protonated ether. 

(c) In case of alkyl aryl ethers (phenolic ethers), the 
products formed are always phenol and an alkyl halide and not 
the aryl halide and an alcohol. 

~H3 
OH 

+HI 
lOO"C © + CH3I .. 

Methyl iodide 
Methyl phenyl ether. Phenol 

(Anisole) 

This is due to the steric hindrance oflarger alkyl group, the 
halide ion attackS the smaller alkyl group. 

Diphenyl ethers are not cleaved by HI even at high 
temperature. 

The importance of this reaction (action of HI with ethers) 
forms the basis of Zeisel method for the estimation of alkoxy 
groups (-OR) such as methoxy (-OCH3) and ethoxy 
(-OC2 H s ) groups in ethers. 

R-O-R +2HI ----* 2Rl + H20 

The alkyl iodide so formed is absorbed in ethanolic silver 
nitrate solution to form silver iodide. From the weight of silver 

• jodide formed, the number of alkoxy groups can be 
determined. 

(iv) Action of PCls : On heating with PCIs• alkyl 

chlorides are formed. There is no reaction in cold. 

R-O-R + PCIs Heat) 2RCI + POCl3 

C2HsOC2HS + PCIs Heat) 2C2HsCl + POCl3 
Diethyl ether Ethyl chloride 

(v) Reaction with acetyi chloride: Ethers when heated 
with acetyl chloride in the presence of anhydrous zinc chloride 
or AlCl3 to form alkyl halide and ester. 

c-------- ZnCl2 
CH3CO~1 _ _t:~1!!.SJOC2Hs ) C2HsCI 
Acetyl chloride Diethyl ether Heat Ethyl chloride 

+CH3COOC2Hs 
Ethyl acetate 

With acid anhydride, esters are formed in presence of 
ZnC12 • . 

--------------- ZnCI 
CH3CO·:OOCCH3 +C2Hs' :OC2Hs 2) 2CH3COOC2Hs 

Acetic ~dride - - - - - Olcthyl ether Heat Ethyl acetate 

(vi) Dehydration:. When ether vapours are passed over 
heated alumina, dehydration of ethers occur to form alkenes. 

Al20 3 C2HSOC2HS ) 2H2C=CH2 + H20 
300"C 

(vii) Reaction with carbon monoxide: Under suitable 
conditions ethers react with carbon monoxide to fOlln esters. 
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BF3/1SO"C 
C2HsOC2HS +CO ) C2HSCOOC2HS 

Diethyl ether SOO atm. Ethyl propionate 

(viii) Action of bases: Unlike alcohols, the ethers. are 
not acidic under ordinary conditions. However, they undergo 
some unusual cleavage reactions with strong bases such as 
methyl lithium. . 

+- /""\ C\ . 
LiCH3 + H~CH2-0-CH2 -CH3----+ 

+ 
CH4 + H2C=CH2 + LiOC2 HS 

Ring substitution in aromatic ethers 

Like phenols, the alkoxy group (-OR) in aromatic ethers 
is ortho and para directing and activates the ring towards 
electrophilic substitution reactions. 

Resonating structures of alkoxybenzene 

Examples are: 
(i) Halogenation: 

Anisole 
(Methyl phenyl ether) 

o-Bromoanisole 
(Methyl 2-bromo 

phenyl ether) 

II 

+ 
~H3 

Br 
p-Bromoanisole 
(Methyl 4-bromo 

phenyl ether) 

acetic acid 

~H3 
Anisole 

(ii) Nitration: 

.fs.H
3 

Coo,. UNO, • l8J Conc. H2S04 

Anisole 

Br 
p-Bromo

anisole (90%) 

2-Nitroanisole 

~H3 

N02 
4-Nitroanisole 

541 

(iii) Friedel-Crafts reaction: 

©
OCH3 ©iOC1:I3 CH ~OCH3 
o + CH3CI AICI3

)1 0 3 + 0 
Anhyd. 

2~Methoxy toluene or . . 
o-Methylanisole CH3 . 

(Minor) p-Methylanisole 
(Major) 

OCH3 

~ +CH3COCI l8J Acetyl 
Anisole chloride 

:;~. o.~COCH3 +~H3 
acetophenone COCH3 

(Minor) p-Methoxy-
acetophenone 

(Major) , 

It may, however,. be noted that aromatic ethers are 
relatively less reactive towards electrophilic ring substitution 
than phenols. 

10.6 OIETHVL ETHER OR ETHOXV ETHANE 
(C2HsOC2HS) 

Diethyl ether is the most important and useful member of ether 
series. It is simply known as ether. It is technically called as 
sulphuric ether. It can be prepared by the application of first. 
three general methods of preparation of ethers. 

Laboratory preparation: The ether is prepared in the 
laboratory by heating excess of ethanol with concentrated 

. sulphuric acid at 140"C. The reaction proceed~ in two steps. 
1l0°C .. • 

C2HSOH + H2S04 ) C2HSHS04 + H20 
Ethyl alcohol (cone.) Ethyl hydrogen 

sulphate 

C2HSHS04 +C2 HSOH 140°C) C2HsOC2Hs + H2S04 . 
Diethyl ether 

The sulphuric acid acts as a catalyst and is 'not used llp in 
the reaction. Thus, theoretically a small amount of sulphu,ric 
acid should be sufficient for the conversion oflarge amounts of 
alcohol to ether. 

This method. is termed as continuous. etberiticatlon 
process and the pure ether collected at 34-35OC is called 
absolute ether. 

Uses: (i) Diethyl ether is used as an excellent solvent in 
laboratory and industry. It acts as a solvent for oils, fats, waxes, 
plastics and lacquers. 

(ii) Since, water is immiscible with ether, the ether is used 
as a solvent for the extraction of various organic compounds. 

(iii) Diethyl ether provides an inert medium for various 
organic reactions such as Wurtz reaction or preparation of 
Grignard reagents. 



(iv) It is used as an inhalation anae~thetic because it 
produces unconsciousness without affecting lungs and heart. 

More recently, Ethrane (F-CH-CF2-O-CHF2)' 
I . 
CI 

isoflurane (F3C4H-O-CHF2 ) , and halothane 

CI 
(CF3CHClBr) has largely replaced ether as they. are less 
hazardous and more rapid in action. 

(v) The mixture of alcohol and ether is used as a substitute 
of petrol under the trade name nataDte. . 

(vi) It is used as a refrigerant as on evaporation it produces 
cooling. A mixture of ether and dry ice (solid CO2) gives a 
temperature as low as -110°C. 

(vii) It is used in the production ·of smokeless powders. It 
is also used in perfumery. 
Nete: The ether containing the impurity of ether peroxide cannot be 

':, . 
used as an anaesthetic. The presence of ether peroxide can be 
tested with the help of potassium iodide. Iodine is liberated when 
potassium iodide is added to ether containing peroxide impurity. 
Pure ether does not liberate iodine from potassium iodide. 
The presence of peroxide in ether can also be detected by the 
development of red colour when ether is shaken with a.mixture of 
ferrous ammonium sulphate and potassium thiocyanate (KCNS). 

Fe2+ + Ether peroxide ~ Fe3+ + ether 

lsCN-
Fe(SCNhred colour 

Cdmparison of Ethyl Alcohol and Diethyl Ether 

Both ethyl alcohol and diethyl ether are typical members 
oftlIeir series. Ethyl alcohol has -OHgroup which is reactive 
~,,' . 

, while the oxygen (~-O-C() in ether is comparatively 

inert. Both may be compared as follows: 

1. Physical state 

2~ Odour 

3. Solubility . 

Volatile liquid, boiling Volatile liquid, 'boiling 
point 78.3°C. It is an pomt 34.5°C. 'No 
associated liquid due hydrogen bonding ,is 
to hydrogen bonding. present. 

Sweet, aIcoholic Pleasant, etheral 
vapours do not bring vapours' bring un-
unconsciousness. conSciousness. 

Miscible with water. IIilmiscible with water. 

4. Actionofsodium Hydrogen is evolved. No reaction., 

'5. Action of water No action. 
(hot) 

6. Action ofPCls Ethyl chloride 
fonned. 

Hydrolysed t(l ethyl 
alcohol. 

is No action in cold. When 
heated with PCls, it 
forms ethyl chloride. 

7. Action of 
C~3COCl 

8. Action .of air 

9. Oxidation 
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Forms ethyl acetate No action in cold. On 
(Sweet fiuity smelling heating forms a mixture 
liquid). of ethyl acetate and 

ethyl chloride. 

No action. Forms peroxide. 

Forms acetaldehyde Not easily oxidised. It 
and acetic acid can also fonn aceta

ldehyde and acetic acid 
with strong oxidising 
agents. 

10. Action ofstrong Ethylsalts are fonned. Oxonium salts are 
acids fonned. 

1 L Action ofm Forms ethyl iodide in Forms ethyl iodide and 

12. Iodine + NaOH 
(Iodoform test) 

cold. ethyl alcohol in cold. 
On heating forms only 
ethyl iodide. 

Forms yellow crystals Does not respond to 
ofiodofonn (Cm3). iodofonn test. 

Note: L The above tests (except test No. 12) can also be used to 

compare alcohols with ethers. 
2. Test No.3, 4, 5, 6 and 12 may be used for distinguishing ethyl 

alcohol from diethyl ether. 

SOME SOLVED PROBLEMS 

Problem 1. Write the structural formulae of all possible 
ethers having the molecular formula, C4 H IOOand name them. 

Solution: There are three isomeric ethers of moleeul.ar 
formula, C4HIOO. 

CH3CH20CH2CH3. 
Diethyl ether 

(Ethoxy ethane) 

CH30CH2CH2CH3 
Methyl propyl ether 
(l-Methoxypropane) 

CH3 

I 
CH30-CH-CH3 
. (2-Methoxy propane) 
Methyl isopropyl ether 

Problem 2.·Give a mechanism. for the acid-catalysed 
dehydration of ethyl alcohol to form diethyl ether. 

Solution: The following four steps are involved: 
1. Protonation of ethyl alcohol. 

.+ 

CH3CH2-O-H + H+ ~ CH3CH2-' 0-' H .. .. 
H 

Protonated alcohol 

2. Elimination of water molecule to form carbocation. 

.+. + 
CH3CH2-0-H~ CH3CH2 +H20 
. H Carbocation 

3. Carbocation combines with a molecule of alcohol to 
form oxonium ion. 
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+ + •• 
CH3CH2 +CH3CH20H~ CH3CH2-0-CH2CH3 .• . I 

H" 
Oxonium ion 

4. Oxonium ion loses a proton to yield diethyl ether. 
+ •• ••. + 

CH3CH2-0-CH2CHr-~ CH3CH2-O-CH2CH3 + H . . I .• 
H 

Problem 3 •. How will you synthesise an ether from a 
primary alcohol? 

Solution: (i) ROH + Na ---7 RONa 
Alkoxide 

(ii) R'OH+HBr~ R'Br +H20 
Alkyl bromide 

(iii) RONa + BrR' ~ ROR'+ NaBr 
Ether 

Problem 4. How will you synthesise? 
(a) Divinyl ether from ethylene. 
(b) n-Butyl alcoholJrom ethylene. 
( c) Diethyl ether from ethyl iodide. 
(d) Ethyl methyl ether from methyl iodide. 
(e) Diethyl ether from dimethyl ether. 
(j) Ethyl methyl ether Jrom ethyl alcohol. 

Solution: 

(a) fl2 C=CH2 HOCl) CICH2·CH20H 
Ethylene 

H2S04 . 
2CICH2CH20H -----7) CICH2CH20CH2CH2CI 

140"C 

Alc.KOH " ) H2C=CH-O-CH=CH2 
Heat Divinyl ether 

(b) H2C=CH2 (i) HBr ) CH CH MgBr ' 
(ii) Mg 3 2 

CH3CH2CH2CH20H + Mg(OH)Br . 

(C) CH3CH21 NaOH(a
q.» CH3CH20H Na) CH3CH20Na 

CH3CH20Na + ICH2CH3 ~ CH3CH20CH2CH3 + NaI 

(d) CH3I NaOH(aq.) )CH30H~ 

CICzHs CH30Na. ) CH30C2Hs 

CH3CH2CI 
Ag20 
(Dry) ) CH3CH2-0-CH2CH3 

Na. ICH3 (f)CH3CH20H~CH3CH20Na ) CH3CH20CH3 
Problem 5. Explain the Jollowing: 
(a) Dimethyl ether has a lower boiling point (-24°C) than 

ethyl alcohpl (78°C) although both have same molecular 
masses. 

(b) Ethers have low solubility in water but high solubility 
in conc. H2S04 . 

Solution ':. (a) Ethyl alcohol has intermolecular 
hydrogen bonding whereas no hydrogen bonding is present in 
dimethyl ether. 

(b) The oxygen atom in ethers has two unshared electron 
pairs and therefore, the oxonium salts are formed with acids. 
This behaviour is not observed in the case of water. Ethers, 
therefore, have high solubility in cone. H2S04 and low 
solubility in water. 

Problem 6. An ether, (A)" having molecular Jormula, 
C6H140, when treated with excess oj HI produced two alkyl 
iodides which on hytlrolysis yield compounds (B) and (C). 
Oxidation oj (B) gives an acid (D), whereas oxidation oj (C) 
results in the Jormation oj a mixed ketone, (E). Give graphic 
representation oj (A) to (E). -

Solution: Both the alkyl halides on hydrolysis form 
alcohols. The alcohol (B) is a primary alcohol as it gives an 
acid on oxidation while alcohol (C) is a secondary alcohol as it 
gives mixed ketone on oxidation. The ether can be thus 
formulated as CH3CH20CH(CH3 )C2HS' 

. /CH3 . ill 
CH3CH20CH(CH3 )C2HS ~ CH3CH21 + IRC" 

(A) 1 1 C
2 H

S 
H 20 H 20 

(CH3CH20CHCH2CH3 ) 
I CH3CH20H CH3CijOHC2Hs 

2-Ethoxy~~e(A) (l/J) (e

l

) 
Oxid. Oxid. 

CH3COOH CH3COC2Hs 
Acetic acid Mixed ketone 

(D) (E) 

Problem 7. A compound (X) containing C, Hand 0 is 
unreactive towards sodium. It does not add up bromine. It does 
also not react with Schiff's reagent. On rejluxing with excess oj 
HI, (X), gives only roo ro on hydrolysis gives (Z) which can be 
converted to ro by the action oj P and 12 , Compound (Z) on 
oxidation gives an acid oj equivalent mass 60. What are (X), 
ro and (Z)? 



Solution: The compound does not react with sodium, 
thus it is not an alcohoL The compound is saturated as it does 
not add bromine. It does not react with Schitr s reagent, thus it 
is not an aldehyde. 

The compound with excess of HI fonns only iodide. Thus, 
the compoimd is Symmetrical ether. . 

ROR + 2HI ) 2RI + H20 
(Y) 

1 Hydrolysis 

P+I O'da' RI ( 2 ROH Xl tlon) Acid 
(Y) (Z) 

The acid formed is a monobasic acid. Hence, its moleculat 
mass is ~O, i.t., 

. R'COOH=R'+12+32+1=60; R'=lS=CH3 

The ltCid is. acetic acid. It is obtained by oxidation of (Z), 
thus (Z] is C2HsOH(ethyl alcohol) and (Y)isC2HSI(etbyl 
iodid~). The compOund (X) is, therefore,CzHsOC2Hs 
(diethyl ether). . . 

CiHsOC2HS -.!!4 CiHs1 HydroIYSi~C2HsOH Oxid,) 

.. . .... CH3COOH 

I SLI PPLEMENTARY .·READING II .. 
10.7 EPOXIDES (OXIRANES) 

. '. . ~ '. 

Epoxides are cyclic ethers .. in which athre .. emembered, , .. / /\t, ,ringispresent. 

o . 
CH2-· CH2· CH3-. CH-... CI:I2 

"-./ ""-/ o ·0 .. 
1,2-Epoxyethane 1.2-EpOxy propane 
(Ethylene oxide) . . (Propylene oxide) 

Ethylene oxide (oxirane) is the most important member of 
this class. It may be prepared, . .. . . 

(i) By oxidation Of ethylene with oxygen in presence of . 
silver catalyst. . ... . 

2HzC=CH:i+Oz· . Ag)2CH2 ~H2 
, ..... . . .. . 250°C "'-'/ 

. .. 0' 
(ii). By oxidation of ethylene witbperoxy acid like 

CH3C03H,Clj.J{SC03HorCFjC03H· 

H2C .CH2+CH3C03H~CH2-. CH2+CH3COOH 
. Ethylene····· . .... ""'/ ... • 

.. ·0 
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(iii) By treatment of ethylene chlorohydrin with NaOH. 

H2C===-GH2 HOCI) CICH2-CH20H NaOH) CH2-'-CH2 
Ethylene chlorohydrin .." / 

. 0 

Properties: It is a poisohous,fiammable gas. It boils at 
14°C: It is a very reactive compound because of its strained 
configuration. Likeotber ethers, an epoxide is converted by an 
acid into protonated epoxide which can then undergo attack by 
any nucleophilic reagent. . 

I I. H+ I I I I 
-C--C...-----'" -c-· -C- --.:H:.:.:O::.:.;H~) -C--C- + H+ 

Y .y. bH bIt 
I Glycol 

H 
(Protonated epOxide) 

So, it has the tendency. to open up the ring, the oxygen 
combines with the reactive hydrogen of various compounds 
fonning a hydroxy compound. 

CH2-'-CH2+HA----+ HOCH2-CH2A 
'(/ .. Addition product 

o . 
Some of the important reactions ate listed below: 

HOH HOCH2CH2OH 
H+ orOH- Ethylene glycol 

HCl CICH2CHiOH .. 
Ethylene (:h1orollydrin 

CH2-CH2 
NH3 

HOCH2CH2NH2 
"'(/ 2-Amioo ethanol 

0 
EthyieDe oude CH3CH2OH 

HOCH2CH2OCH2CH3 H+ 2-Ethoxy ethanol 

CH30H 
'-----"----+ HOCH2CH20CH3 

. . 2·Methoxy ethanol 

Grignard reagents fonn an addition product which on acid 
hydrolysis forms a primary alcohol. 

CH2-'-CH2+CH3MgI ----+ CH3CH2CH20MgI "'-/ ........... . 

o . . ... H 0lH+ . . . 2 

CH3CH2CH20H + Mg(OH)1 
l~J>ropanol 

It is reduced by lithium aluniinium hydride into ethyl·· 
alcohol. . 
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It is used (a) in the manufacture of ethylene glycol, (b) in 
the manufacture of Dacron, (c) in the manufacture of a solvent, 
ethoxyethanol used in varnishes and enamels for quick drying. 

10.8 CROWN ETHERS 
The crown ethers are heterocyclic polyethers usually with 
at least four oxygen atoms. These are called crown ethers 
because they have a crown-like shape. Their names consist of 
two numbers, the first of the two numbers is the total number of 
atoms in the ring and the second is number of oxygen atoms. 

12-Q0wn.4 18-Cr0wn-6 
(12 atoms including" oxygen) (18 atoms including 6 oxygen) 

Crown ethers have the ability of forming complexes with 
positive ions like Na + ,K+ and Li+ . By this property, ionic 
compoUnds can be made to dissolve in non-polar organic 
solvents having some crown ether. 

In this reaction, the crown ether is the 'host' and the 
. species it binds is the 'guest' complex (known as Inclusion 
compound) •. 

15-Crown-5 
Crown ether. 

(Host) 

.. o·~. 

C
O 0\ ..... ·.C 9Jo 

I· . . \, 
\Ni 

. oC· /1 ".0··· .•. · 
~ ... 6 \0 

.. ~ 
Crown ether-sodium 
. metal ion complex 

(Inclusion compound) . 
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IMPORTANT POINTS TO REMEMBER (SUMMARY) 
D Ethers are organic compounds which contain one divalent 

oxygen atom attached to .two alkyl groups (same or 
different), i.e.,R-O-R'. When both the alkyl groups are 
same, they are designated as simple or symmetrical ethers 
and when both are different, they are called mixed or 
unsymmetri£al ethers. 

D Ethers fonn a homologous series with the general formula 
CnH2n+20(same as monohydric alcohols), hence both are 
functional isomers. 

D Ethers are alkoxy alkanes and have a bent structure, d~olar 
in nature. For example, the net dipole moment of dlethyl 

. R 
ether is 1.18 and bond angle R)O is 110°. 

D Ethers exhibit chain isomerism, functional isomerism and 
metamerism. 
Methods of Preparation 

D By dehydration of alcohols: When an excess of alcohol 
is heated at 140°C with conc. H2S04, symmetrical ether is 
formed (acid catalysed dehydration). It is known as 
Williamson's continuous etherification method. This 
method is only applicable for dehydration of primary 
alcohols. . 

D Dehydration of 1° alcohol· is also affected by passing 
vapours over Al203 or thoria at -250°C (catalytic 

dehydration). . 
o If two molecules of different alcohols are used, then a 

mixture of three ethers is formed. 
D Williamson's synthesis·: It involves the heating of alkyl 

halides with sodium or potassium alkoxides.This is the 
best method for preparing simple and mixed ethers. 

D For better yield of ethers, the R-X should be 1° (CH3 > 
CH3CH2 > CH3CH2CH2) and R-ONa should be 2° or 
3°. So, this method is not applicable to 3° RX. 2° and 3°RX 
readily undergoE 2 elimination in presence of a strong base 
to f6rm alkenes. 

D· Aromatic halides cannot be used in Williamsori's synthesis 
because of thdrlow reactivity towards SN reaction. 
However, the pr..:sence of ~I group in ortho and para 
positions increases the reactivity. 

D From alkyl halides: By heating with dry Ag 20. 

D From alcohols : By the action of diazomethane 
(CH2N 2) ori alcohols in presence ofcatalystBF3 orHBF4, 
methyl ethers are formed. 

D From Grignard reagents : By heating with lower 
halogenated eth~rs. 

D From alkenes : . By addition of alcohol in presence of 
-- acid (H+). Intermediate is·carbocation and in higher cases, 

there can be 1, 2-hydride or 1, 2-methyl shift to form more 
stable carbocation. 

D Alkoxy mercuration-demercuration method: Alkenes 
readily react with mercuric trifluoroacetate, 
Hg(00CCF3 h in presence of alcohol followed by 
reduction with NaBH4 in alkaline medium to yield ethers. 

D Properties: Dimethyl ether and ethyl methyl ether are 
gases. Diethyl ether is a volatile liquid, b.pt. is 34SC. 
Ether vapours are highly inflammable and have lower 
boiling points than the isomeric alcohols because they 
cannot form hydrogen bonds due to absence of -OH 
groups. Ethers are sparingly soluble in water (but less than 
isomeric alcohols) due to the formation ofH-bond between 
water and etheral oxygen. 

D Ethers are relatively inert substances as they do not have 
any active functional group. They give properties due to 
alkyl groups, lone pair of electrons on etheral oxygen atom 
and cleavage of C-O bond. 
Reactions due to alkyl groups 

D Halogenation : On treatment with Cl2 (or Br2), in 

absence of sunlight (in dark), the a-hydrogen are initially 
substituted to give a-monochloro or a, a '-dichloroether. 
However, in presence of sunlight all the H-atoms of ether 
(diethyl ether) are substituted to form perchlorodiethyl 
ether. 

o Burning (Combustion): Ethers are highly inflammable 
and form an explosive mixture with air to give CO2 and· 
H 20. 
Reactions due to etheral oxygen 

D Oxidation and peroxide formation: Ethers add up 
atmospheric oxygen or ozonised oxygen to form peroxide in 
presence of sunlight· or in long contact with air and light, 
peroxide formation takes place. 

D The peroxide of diethyl ether is heavy, pungent, oily liquid 
and decomposes violently on heating. So, ethers are never 
be distilled (evaporated) to dryness (due to explosive 
nature). 

D Formation of peroxide can be prevented by adding small 
amount ofCu20 to ether. 

o To test the presence of peroxide in ether, the sample is 

treated with FeS04 as the peroxide oxidises Fe 2+ to Fe3+ , 

which subsequently gives blood red colour with KCNS due 
to the formation of Fe (CNSh. 

. FeS04 F 2+ 3 KCNs 
Ether peroxIde ) Ether + H20 2 e ) Fe + ) 

[0] 

Red colour of Fe(CNSh 

H2S04 KIlStar h 
Qr Ether peroxide ) Ether + H20 2 c ) 

Blue colour 
D With strong oxidising agents likeK2Cr2071H2S04, ether 

is oxidised to acetaldehyde and then to as:etic acid. 
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CJ Action with strong acid (Salt formation): Due to the 
presence of lone pair (jf electrons on oxygen atom (basic 
nature of etheral oxygen), ether behaves as Lewis base and 
form stable. oxonium salts with cold conc. HCI and conc. 
H2S04' 

CJ Ether also forms coordination complexes with BF3 (Lewis 

acId), Grignard reagent and AICl3 etc. 
Reactions due to cleavage of c-o bond 

CJ Hydrolysis: Ethers are hydrolysed to alcohols when 
heated with dil. H2S04 under pressure. 

CJ Action ofconc. H2S04: On heatingwithconc. H2S04, 

ethers form alcohol and finally alkyl hydrogen sulphate. 
Cl Action of HI (or HBr): Etherallinkage is broken by HI 

(or HBr) in cold to give RI and R-OH. In case of mixed 
ethers, the halogen atom attaches to a smaller and less 
complex alkyl group. When heated with excess of HI, only 

.' alkyl ~odides are formed. Similarly, cyclic ethers are readily 
cleaved byHBr or m: to form dihaloaIkanes. 

ClActlon of PCI.s: On heating ethers with pels, alkyl 
chlorides are formed. 

CJ Dehydration: On heating ether vapou.rs over Al203 at 
3000c, dehydration occurs to form aIkenes. 

CJ Reaction with CH3COCI or (CH3COh 0: On.heating 

ethers with CH3COCI or (CH3COhO in presence of 
anhyd. ZnCI2 , esters are formed. 

CJ Reaction with carbon monoxide: Ethers react with CO 
in presence of catalyst BF3 at 150°C u:nder pressure forms 
ester. 

Cl Uses: Diethyl ether is used as an excellent solvent for 
oils, fats, resins and plastic etc. It is also. used, as an 
anaesthetic. The mixture of alcohol and ether is used as a 
substitute of petrol under the name natalite. 

, ", ~ 
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1. Fill in the blanks: 
(a) Aliphatic saturated ethers are regarded as ............ . 

derivatives of water. 
. (b) The most common method for preparing ethers is 

............ synthesis. 
(c) Sodium metal can be used for ............ diethyl ether 

but not ethyl alcohol. 
(d) C4HIOOexhibits ............ metamers. Qne of them is 

diethyl ether, the other two are ..... ~ ...... and ............ . 
(e) Methyl ethers can be formed by the action of 

diazomethane on ...•••...... in presence of a catalyst 
boron trifluoride. 

(f) Ethyl alcohol is isomeric to ........... . 
(g) Aliphatic ethers are purified by shaking with a.solution 

of ferrous salt to remove ............ which are formed on 
prolonged standing in contact with air. 

(h) Ethers form ............ salts with concentrated acids at 
low temperature. 

(i) Diethyl ether when refluxed with excess of HI gives 
two molecules of.: ......... . 

(j) Ethers act as Lewis bases due to the presence of 
............ on oxygen atom" 

(k) Ether ~n treatment with excess of chlorine in presence 
of sunlight forms............ . 

(I) The mixture of alcohol and 'ether is used as a substitute 
of petrol under the trade name ........... . 

(m) Ethers should never be evaporated to ............ becaU$e 
it may cause explosion. 

(n) Ethers can form ............ compounds with Lewis acids 
. . like BF3, AlCl3, RMgX, etc. . 

.... (0) E~yleneoxideonreduction withLiAlH4 forms ........ . 
(P) The derivatives having three membered cyclic ring, >'\1< ' are called ........... . 

o 
(q) With pas, ethers form ........... . 
(r) When mixed ethers are treated with HI, the iodine atom 

goes to .. : ......... alkyl group. , 
(s) Ethers on hydrolysis with dilute sulphuric acid give 

(t) The IUP AC name of diethylether is .......... .. 
(u) The reactivity of halogen acids with ethers follow the 

order HI ............ J{Br ........ :; .. IICh 
. .' (v) Etbtml ivhen treated with strong· oxidising· agents are 

. converted into.~ ..•....... 
(w) Williamson's. synthesis is· a............ substitution 
. reaction.. '. 
(x) ... ~ ..... ; .. is uSed as inert medium in the preparation of 

Grignard reagents .. 
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Br 

I Alc.KOH 02 
(y) CH3-CH-CH3 ) ......... ---'--+ 

Ag 

H20/H+ 
----==-----+) ........ . 

(z) Williamson's syntheSis involves sodium alkoxide and 

. 2. State, whether the following statements are True or False: 
(a) Aliphatic saturated ethers have CnH2n+20 as general 

formula. c. • 

(b) Ether is soluble in water. 
(c) Ethers are not affected by atmosphere. 
(d) Metatnerism is shown by ethers. 
(e) Ethyl alCohol and dimethyl ether are functional 

isomers. 
(f) Diethyl ether gives iodoform test. 
(g) Dimethyl ether and ethyl alcohol haye same boiling 

points as both have same molecular masses. . 
(h) Ethers can be obtained by dehydration of alcobols. 
(i) The presence of peroxide in ether can be tested by 

development of red colour when ether is shaken by a 
mixture of ferrous anunonium sulphate and KCNS. 

(j) Pure ether liberates iodine from potassium iodide . 
(k) Diethyl ether in presence of BF3 combines with CO at 

150°C and.500 atmospheric pressure and forms ethyl 
propionate. 

(1) C2HsOC2Hs is a linear molecule having zero dipole 
moment. 

(m) Diethyl ether and l-butanol have the same solubility in 
water. 

(n) Ethers form oxonium salts when treated with acids. 
(0) Dioxane is an example of cyclic ethers. 
(P) Ethers are less volatile than alcohols. 
(q) Ethylene oxide is highly reactive because of its strained 

configuration. 
(r) 2-Aininoethanol is formed when ethylene oxide 

combines with anunonia. 
(s) Ethers are insoluble in conc. H2S04 while alkanes are 

soluble. 
(t) Williamson's synthesis of ethers is an example of 

nucleophilic substitution reaction. 
(u) Coordination complexes of ethers with Lewis acids are 

called etherates .. 
. (v) Ethers are more polar than the isomeric alcohols. 

3. Match the following: 
(1) Diethyl ether (A) Epoxide 
(2) Williamson's synthesis (B) Unsymmetrical ether 
(3) Zeisel's method (C) Anaesthetic 
(4) ROR' (D) Mixture of alcohol 

and ether 
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(5) CH3-CH-CH2 ,,/ (E) Ether + solid C02 

o 
(6) Natalite (F) Ethoxyethane 
(7) Halothane (G) Estimation ofalkoxy group 
(8) Cooling material (H) C2HsONa + C2HSBr 
(9) Phenetole (I) Coordinate complexes 
(l0) Etherates (J) Ethoxy benzene 

4. Give the common and IUP AC names of the following 
ethers: 

(i) (CH3 h CHOCH(CH3 )eH2CH3 
(ii) CICH2CH2OCH3 

(iii) CH]OCH=CH2 
(iv) P-N02C6HsOC2Hs 

5. What happens when? 
(a) Ethyl bromide reacts with sodium ethoxide. 
(b) Ethyl alcohol is heated with conc. H2S04 at 140"C. 
(c) Thevapours of ethyl alcohol are passed over anhydroUs 

alumina at 25O"C. 
(d) Diethyl ether is heated with phosphorus pentachloride. 
( e) Ethyl iodide is heated with dry silver oxide. 
(t) Ether is heated with hydroiodic acid. 
(g) Ether is heated with conc. H2S04 , 

[See the prepamtion and properties of diethyl ether.] 

.. Short Answer Type 
6. How will you distinguish between? 

(i) Diethyl ether and n-butane(alkane). 
[Hint: Diethyl ether dissolves in concentrated H2S04 fonning 

oxoniwn salt, 
H r I 1 

~HSOC2Hs ~ l~Hs-?-C2HsJ ~04 
. Oxoniwn salt 

ncButane does not react with H2S04 and thus, two distinct 
layers are fonned when H2S04 is added to n-butane.] 

(ii) Diethyl ether and but-l-ene (an alkene). 
[Hint: But-I-ene decolourises alkaline potassiwn pennanganate 

solution, 

CH3CH2CH=CH2 + H20 + [O]~ CH3CH2CHOHCH20H 
But-I_ ButaJ1e..I,2-iliol 

Diethyl ether does not decolourise KMn04 solution.] 
(iii) Diethyl ether and alcohol (primary). 
[Hint: Ethyl alcohol produces hydrogen (bubbles) when reacted 

with sodium. Ether does not react with sodiwn.) 
(iv) An ether and alkyl bromide. 

[Hint: The ether dissolves in cone. H2S04, the halide does not. 

Alkyl bromide fonns a light yellow precipitate of AgBr 
when treated with alcoholic AgN03' This test is not given 
by ether.] 

7. Supply structural formulae for missing compounds. 

(i) H2C=CH2 + (A)~ CICH2-CH20H H:zS04, 
14O"C 

(B) Ak. KOH) (e) 
Heat 

(Ans. (A) HOCI; (8) ctCH2CH2OCH2CH2CI; 

(C) H2C=CHOCH:--CH21 

(ii) CH3CHBrCH3 Ale. KOH, (A) HBr ) 
Peroxide 

(B) CHj)Na) (e) 

(Ans. (A) CH3CH=CH2; (8) CH3CH2CH2Br; 

(C) CH3CH2CH2OCH3J 

(iii) Me3CBr Ak. KOH) (A) HOC!) (B) NaOH) (e) 

(Ans. (A) M~C=CH2; (8) M~C(0H}-CH2CI; 

A 
(C) M~C-CH2] 

. (vi) H2C=CH2 (i) HBr ) (A) (i) (B) ) 
(ii) Mg (il) H20/H+ 

(Ans. 

CH3CH2CH2CH20H-ill!4 (e) 

H2C" 
(A) CH3CH2MgBr; (8) I /0; 

H2C . 
. (C) CHjCH2CH2CH2Br] 

(v) CH3CH=CH2 H20, (A) (B))(e) CH3 (CH2h Br ) 
H2SO4 

CH3CH2CH2CH2OCH(CH3 h 
(Ans. (A)CH3CHOHCH3; (8) Na; (C) (CH3)2CHONa) .. 



(ix) CH;;CH=CH2 + HOC2HS H2S04) (A) 

(Ans. (A) CH3 CH-CH) ] 
I . 
OC2Hs 

(x) (CH3hCHOH + CH2N2 HBF4) (A) 

(Ans. (A) (CH3hCH-,---0-CH3] 

8. Give reasons for the following: 

(i) (CH3)3 C--O-CH3 Anh~:usm) CH3I 

+ (CH3hCOH 

(ii) (CH3hC-O-CH3 m(a
q.» (CH3hCI+CH30H 

[Hint: The products differ on account of solvent. In first case, the 

solvent (ether) is almost inert and it favours SN2 route. 
The nucleophile, r, attacks 1° ofCH3. 

H 

. H+ I 
(CH3hCOCH1 ~(CH)3C-2JCHl CH3I + (CH)hCOH 

In second case, the solvent (water) is highly polar and it favours 
SN1 route. r, the nucleophile attacks the tert. carbocation. 

H 
I + 

(CH,),C-?-CH,--> (CHI; C + CH,OH 

1 
(CH)3 CIJ 

(iii) Ethers possess a net dipole moment even if they are 
symmetrical in structnre. 

(iv) Dimethyl ether is completely miscible with water but 
diethyl.ether is soluble in water to a small extent. 

(v) The C-O-C bond angle in ether is higher than 
H-O-H angle in water though oxygen is sp3_ 

hybridized in both these cases. 
(vi) Why are ethers relatively inert compounds? 

9. (a) Discuss the structnral relationship of water, alcohol and 
ethers. 

[Hint: Alcohols and ethers may be regarded as derivatives of 
H-O-H. The replacement of one H atom affords· 
alcohols, ROR· In ethers both hydrogen atoms are 
replaced.]. 

(b) Compare the bond angles of H-O-H, C-O-H of 
alcohols and C-O-C of ethers. 

(Hint: In all the three cases, oxygen undergoes sp3 -hybridiza

tion. When hydrogen is bonded to hybridized orbitals of 
oxygen, there is contraction in the bond angle, which is 
10So. The bond angle is very close to 109" in alcohols. The 
C-O~ bond angle in ethers is about I roo on account 
of repulsive van der Waals' forces between groups of 
larger size.] 

(c) What is' crown ether? How is it named? 
[Hint: The heterocyclic polyether is called crown ether. It is 

named on the basis of total number of atoms in the ring and 

• 
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numberofoxygen:atoms .. [IS].crown-S·means tSatoms in 
the ring including 5 oxygen atoms.] 

(d) What is absolute ether? . 
IHint: Absolute ether means diethyl ether absolutely free from 

water.] 
(e) Compare the following alkyl halides in decreasing 

order of reactivity in the Williamson's reaction: 
ClCH2CH2CH3(A), BrCH2CH2CH3(B), 
(CH3 h CCH2Br(C), CICH2CH=CH2 (D) 

lr Hint: D > B > A >. c 1J (Allylic) (Bromide) (Chloride)·. (Neopentyl) 

(f) Give six types of ethers that cannot be synthesised by 
the typical Williamson's reaction. 

IHint: (i). R)C-0-CR3 

(ii) R2CH-0-CHR2 

(iii)R3C- 0 - CHR2 

(iv) Ar-O-Ar 
(v) RCH=CH~-CH=CHR' 
(vi)R3CCH2-O-CH2CR3 ] 

(g) Give the general equation for thealkoxy mercuration 
demercuration reaction of RCH=CH2 with R'OH 

r . (i) Hg(OOCCF3h 1 
lHint: RCH=CH2 + R'OH . >RCH-CH2 J 

(ii) NaBH4 I I 
OR H 

10. Account for the following; 
(i) Ethers have significant dipole moments. 

(Hint: Ethers are weakly polar. The C-'---O~ bond angle is 

about 1100 and the two C-'-Oinoments do not cancel each 
other.] 

(ii) Ethers have lower boiling points then the correspond
ing isomeric alcohols but approximately equal to a 
paraffin with similar molecular mass and structure. 

IHint: ROH molecules have strong intermolecular attractive 

forces because of hydrogen bonding that is absent in 
ethers having low polarity. Hence, the boiling points of 
ethers are low.] 

(iii) HI is better rellgent than HBr for cleavage of ethers. 
IHint: HI is a stronger acid than HBr and thus, oxonium salt is 

readily formed with greater yields. r is also a better 
nucleophile t~an Br- in SN2 reaction.] 

(iv) Why a non-symmetrical ether is not prepared by 
heating a mixtnre of ROH and R 'OH in acid? 

(Hint: A mixture of three ethers, R-'---O-R, R'-O-R' and 

R-'---O-R' is obtained.] 
(v) Why is it possible to prepare tertiary butyl ethyl ether 

in good yield by heating tertiary butanol and ethanol? 

lr Hint: When one alcoh~l is.3~, ~e ~xoniumion easily loses water 
to formcarbocanon, which IS solvated by 2° or 1° alcohol 
to form mixed ether. 
+ -H20 + HOCH2CH3 ' 1 

. Me3CQH2 ~ Me3C +) M<l)C-0-CH2CH3 J 
-H 

(vi) . Ethers are soluble in conc. H 2 SO 4 but ethers separate 
out from the solution on addition of water. 
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[Hint: Water is a'stronger base than ether and removes the proton 
. fromR20lF 

+ + 1 
R20H + H20~ R20+ H3 0 J 

(vii) Why is diethyl ether used as a solvent for (i) BF3 and 
(ii) RMgBr? 

[Hint: Diethyl ether acts as a Lewis base due to presence of lone 
pairs of electrons on oxygen atom and combines with 
Lewis acids such as BF3 and RMgBr through coordination. 

R 
. I . . 1 

(~H5hO ~ BF3; (C2H5hO~ Ig~O(C2H5)z J 
Br 

(viii) Sometimes explosion occurs during distillation of an 
ether sample. 

[Hint: Ethers form peroxide with oxygen. The boiling point of 

peroxide is higher than that of ether. It is, thus, left as . 
residue in the distillation of ether which is very unstable 
and decomposes violently on heating.] 

(ioc) Wohy [(eH3 hCh 0 cannot be prepared either by 
Willialnson's reaction or by dehydration of tertiary 
butylalcohol? 

(Hint: The product in both the cases is isobutylene as the tert. 
butyl carbocation eliminates an H+. The reaction between 

+ . 
(CH3hC on (CH3hCOH to give an ether is sterically 
hindered.' . 
The instability of di-, tert.-butyl ether in sulphuric acid 
may also be due to steric crowding ofCH3 groups.] 

(x) Why ArO-R ethers are cleaved with HI to give RI 
and ArOH rather than ArI and R-OH? . 

[Hint: ( )-O-R + HI~ < )-OH + R+ 

(More stable) 

( )-OR + HI ~ < . )-±- + R-OH (Less stable) 

SN1 attack on a carbon of benzene ring does not occur, nor' 

does the b:gh energy < )-±- (phenyl) form by SN1 

reaction. Hence, Arl cannot be formed. ] 
(xi) Which of the following is the correct method for 

synthesising methyl tert. butyl ether and why? 
(a) (CH3 hC-Bi' + NaOMe --+ 
(b) CH3Br+NaO-t-Bu~ 

[Hint: The ether formation involves nucleophilic substitution of 

alkoxide ion for halide ion. 

(J 0- 0-
[(O-+R-X Slow) [(O-uR_uX·~[(-o-R+X-

-......J . 
3° lllkyl halide can also involve elimination ofHX to give alkene in 
the presence of a base. So, it is better to start with 3° alkoxide and 
t" alkyl halide, i.e., equation (b)] 

CH3Br + NaOC(CH3)3 ~ CH3-0-C(CH3)3 -f NaBr 
Sodiwn tert. butoxide Methyl tert. butyl ether 

(xii) 2,2-Dimethyl oxirane can be cleaved by acid (H+). 

Write mechanism. [lIT 1997) 
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[Hint: The oxiranering is cleaved via SN2 mechanism. 

. [ 1 H)C" . H+ H3C, H3C, J 
C-CH2 .~ "C---CH2 HOH) "C-CH2 

H3C/ \/ H3C/ \/ '. H3C/: I 
o 0+ 1 OH20H I . 

H . 

CH3 

I 1 
H3C-C.:..-CH2+ W J 

I I . 
OHOH 

(xiii) Write the equations of the reaction of hydrogen iodide 
w~ , 

(i) I-Propoxypropane (ii) Methoxybenzene 
(iii) Benzyl ethyl ether 

[Hint: (i) CH3CH2CH2-0-CH2CH2CH3 ~ 
I-Propoxypropane 373K 

CH3CH2CH20H + CH3CH2CH2I 
Propan-l-oJ' l-Iodopropane 

(ii) I(5\-OCH3 . 3~IK' 1(5\-0H + CH31 
~ ~ Iodomethane 

Methoxybenzene Phenol 

11. Answer the following: 
(i) What is the synthetic utility of the reaction RMgX or 

. RLi with ethylene oxide? 
(Hint: It is a good method for extending R group of organo-

metallic by -.CH2CH20H in one step.] 
(ii) How is di-, tert.-butyl ether synthesised? 

Ag2C03 . . 
[Hint: 2Me3C-Cl . ) MCJC-u-"!""CMCJ 

However, yield is poor due to sterichindrance.] 
(iii) What product. is formed when, 

HOCH2CH2CH2·CH20H is heated with cone. 
H2S04? 

r . . . . . CH2-CH2 1 
'lHint: Tetrahydrofuran is formed. II J 

. CH2 CH2 
. "-/ 

o 
(iv) The following reaction gives two products. Write the 

structures of the products. 

(CH
3
hCH--O-CH3 ill (excess» 

Heat . 
[Hint: The two products obtained are (CH3)2 CH-I and CH3L 

In the presence of excess of HI, the initially formed. 
alcohol is also converted to iodide.] 

(v) What would be the major product in the following 
reaction? 

.. 
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[lIT 2000] 

CH3 

Hi 
I 

[ nt: The product is CH3 -C-CH2CH3 
I 

OC2HS 

(Ethyl tert. pentyl ether) 

as the reaction proceeds via S N I mechanism with 
rearrangement of neopentyl carbocation to tert. pentyl 
carbocation. ] 

(vi) Sodium metal can be used for drying diethyl ether but 
not ethanol. 

[Hint: Sodium metal reacts with, ethanol to form sodium 

ethoxide. On the contrary, ethers do not have replaceable 
hydrogen atom and therefore, do not react with sodium.] 

(vii) What products are obtained when: 

@-O-CH2-@ is treated with HI? . 

[Hint: @-O-CH2-@+HI~ 

@-OH+ ICH2-@] 

Phenol Benzyl iodide 

(viii) Dh tert.butyl ether cannot be obtained by Williamson's 
synthesis. 

[Hint: To prepare di-tert.butyl ether, the reagents to be ~sed are 
tert.butyl bromide and sodium tert.butoxide. Since, the 
tertiary bromide (30) prefers to undergo elimination 
(rather than substitution), therefore, the major product 
obtained is isobutylene and not di-, tert.butyl ether. 

CH3 CH3 
I + _ I . 

CH3-C-Br + NaO-t-CH3 (-NaBr)~ 
I I 

CH3 CH3 
Tert. butyl bromide ' Sodiwn lert. butoxide 

(3°) 

CH3 CH3 
I I 

CH3-C= CH2 + CH3-C-OH ] 
Isobutylene I 

CH3 

'(ix) A mixture of ethyl alcohol and n-propyl alcohol on 
treatment with conc. H2S04 gives a mixture of three 
ethers. 

[Hint: The 1° alcohols, i.e., ethyl alcohol and n-propyl alcohol 

(both) yields equally stable carbocations and each one of 
which can be attacked either by ethyl or n-propyl alcohol 
to give a mixture of three etherS. 
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CH3CH20H + CH3CHiCH20H,. HzS°4 ~ (CH3CH2)2 0 
Ethyl alcohol n-propyl alcohol . (Cone.) . Diethyl ether 

+ CH3CH20-CH2CH2CH3 + (CH3CH2CH2hO] 
Ethyl-n-propyl ether Di-n-propyl ether 

(X) Ethers can be cleaved only by acids and not by bases. 

[Hint: The C-O-Cbond in ethers is very strong. The addition .. 
of acid forms protonated ether which is attacked by 
nucleophiles (Br - or r) on the less hindered alkyl groups 
to bring the cleavage of ethers to form alkyl halide and an 
alcohol. 

+ 
CH3CH2-O-CH3 + H+ ~ CH3CH2-O-CH3 Br-~ •• I 

H 
Protonated ether 

CH3Br + CH3CH20H 
--. 

Ethers themselves are Lewis bases and are not attacked by 
strong bases.] 

(xi) Predict the product of the following reaction: 

F 

© Heat 
[lIT 2000] 

NOz 
[Hint: As the nitro group is highly deactivating in nature, it will 

make the cleavage of C-F bond very easy, i. e. ,F- ions 

can be replaced by -OCH3 ion. 

F © + NaOCH3 Heat ~ 
N02 

OCH3 

© +NaF] 

, 4-Nitrofluorobenzene 4-Nitroanisole 

(xii) The following is not an appropriate reaction for the 
preparation of tert. butyl ethyl ether. 

CH3 CH3 
I I 

CH3-C-CI+NaOC2Hs ~CH3-C-OC2Hs 
I I 
CH3 ·CH3 

(a) What would be the major product of this reaction? 
(b) Write a suitable reaction for the preparation of tert. 

butyl ethyl ether. 
[Hint: (a) The major product of the given' reaction is 

2-methylprop-l ~ene. It is because sodium ethoxide is a 
strong nucleophile as well as a strong base. Thus, 
elimination reaction predominates over sl,lbstitution 
reaction. 

(b) 
CH3 CH3 

. I _ + I 
CH3-C-ONa + CICH2CH3 ~ CH3-C-O-CH2CH3] 

I Ethyl chloride . I 
CH3 CH3 

Sod. lert. butoxide Tert. butyl ethyl ether 
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(xiii) How is l.propoxypropane synthesized from 
propan·l-ol? Write mechanism of this reaction. 

(Hint: The following two methods can be used: 

(a) WlDiamson's synthesis 
. (i) 3CH3CH2CH2011 + PBrr~ 3CH3CH2CH2Br+ H3P03 

Propan-I-ol I-Bromopropane 

(il) 2CH3CH2CH20H + 2Na~ 2CH3CH2cH20Na + H2 
Propan -1-01 Sodiwn propoxide 
~~ 

CH3CH2CHi>Na+ + CH3CH2cH2.idr Dryelher) 
Heat 

CH3CH2CHr-0-CH2CH2CH3 + NaBr 
I-Propoxy propane 

(b) By debydration ofpropan-t.ol with eone. B~04 at 413 K. 

, ,+<H 
CH3CH2CH20H + H+ ---+. CH3CH2CHr -0 

Propan-I-ol . . H 
, Protonated propan-I-ol 

CH CH,CH ~ ~H £1./" Heat,4I3K) 
3 2 2.. 3 2 2 ~ -H

2
0. H' 

Propan -J-ol Protooated propan -1-01 ' 

CH3CH2CH2-O-CH2CH2( 'II, 
J-Propoxy propane 

12. How would you bring the following conversions? 
(i) Ethyl alcohol to diethyl ether. ' . 

, [Hint: Heat ethyl alcohol aod conc. H2S04 at 140"C, 
Na . . 

or C2HsOH~ ~,"'sON~" 1 
C2HsOC2HsJ 

~HsOH --!!!k.., C2HSBr 

(ii) Diethyl ether to ethyl alcohol. 

Hmt: ~HSOC2Hs ~ 2C2HsI ) 2C2HsOH [ 
• ,HI ' . NaOH(aq.) ] 

Heat . 

(iii) Ethyl iodide to diethyl ether. 

[Hint: ~HsI NaOH(~q.» ~HsOH~ C2HSONa C:iHsJ
) 

~HsOC2Hs] 
. (iv) Diethyl ether to ethyl iodide. 

. . ill' 1 
[ Hmt : ~HSOC2Hs ~ 2C2HsIJ 

(v) Methyl iodide to methyl ethyl ether. 

[Hint: . 

CH31 NaOH) CH30H~ CH30Na . 

.1N'<"""l ~CH3OCH2CH3] 
. CI 2 CH3-CH3 ~ CH3CH2CI . 

hv . 

13. Two compounds (A) and (B) have molecular formula, 
C2H60. On reacting with m. (A) gives alkyl iodide and 
water while (B) gives alkyl iodide and alcohol. What are (A) 
and (B)? Write their structures. 
(Ans. (A) C2HsOH; (B) CH3OCH3] 
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14. Compound (A), C4HIOQ is found to be soluble in sulphuric 
acid. (A) does not react with sodium or potassium 
permanganate. When (A)' is heated with excess of HI, it is 
converted into a single alkyl halide. What is (A)? 
(Ans. C2HSOC2HS) 

15. A neutral compound (A) having C, H and 0, on refluxing 
with m yields methyl iodide and an alkyl iodide (B), which 
contains 74.6 per cent iodine. (B) when treated with moist 
Ag 20 produces a product which undergoes the haloform 
reaction. Characterize (A), what would have been produced 
if (B) were treated with dry Ag2 O? 
(Bint: (A) is neutral and produces alkyl halides on refluxing with 

HI, hence, it should be an ether. 
. 127 x)OO 

Molecular mass of (B) = 74.6 = 170 

RI=170 
R + 127 = 170 

R = 170:-127 = 43 = C3H7 
Thus, the alkyl iodide, (B), should be isopropyl iodide as the 
hydrolysis product, (i.e., isopropyl alcohol) undergoes the 

. halofonn reaction. (A) is methyl isopropyl ether. ' 
The reaction of (B) with Ag20 is, 

H3C,,-
2 . )CHI + Ag20~ (CH3)2CH-O-HC(CH3h + 2Agl ] 

H3C / Di-isopropyl ether 

ANSWERS 
1. (a) Dialkyl; (b) Williamson's; (c) drying; (d) three; methyl propyl 

ether, methyl isOpropyl ether; (e) alcohol; (t) dnnethyl ether; 
(g) peroxide; (h) oxonium; (i) ethyl iodide; (j) lone pairs of 
electron; (k) C2ClsOCIsC2, perchlorodiethyl ether; (I) natalite; 
(m) dryness; (n) coordination; (0) ethyl alcohol; (P) epoxides; (q) 
alkyl chloride; (r) smaller; (s) alcohols; (t) ethoxy ethaoe; (u) >, >; 
(v) aldehydes; (w) nucleophilic; (x) diethyl ether; 
(y) CH3HC=CH2• CH3-CH-CH2, CH3-CH-CH2; 

. "-/ I I . 
o OH OH 

(z) alkyl halide . 
2.' (a) True; (b) Fa1se-insoluble in water; (c) False-aIl ethers that 

have been exposed to atmosphere for aoy length oftime invariably 
contain peroxides; (d) True; (e) True; (t) FalSC'-it does not give 
iodofonn test; (g) False-both have different hoiling points; 
(h) True; (i) True; (j) False-does not liberate iodine; (k) True; 
(I) FalSC'-the molecule is not linear, bond angle about llO°.1t has 
dipole moment; (m) False-Butanol-l has higher solubility as it 
cao fonn hydrogen bonds with water; (n) True; (0) True; 
(P) FalSC'-more volatile thao alcohols; (q) True; (r) True; 
(s) False-ethers are soluble in conc. H2S04 while alkanes are 
insoluble; (t) True; (u) True; (v) True. 

3. (I-F); (2-H); (3-0); (~B); (S-A); (6-D); (7-C); (8-E); 
(9-J); (10-1). 

4. Common names 
(i) Sec. butyl isopropyl ether 
(ii) j}-Chloroethyl methyl ether 
(iii) Methyl vinyl ether 
(iv) Ethyl p"nitrophenyl ether 

IUPACnames 
2-Isopropoxy butane 
2-Chloro-l ~methoxy ethaoe 
Methoxy ethene 
4-Ethoxy nitrobenzene 
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OBJECTIVE OUESTIONS 
. > 

Set I: This set contains questions with single correct answer: 
1. Ethers are isomeric with monohydric alcohols. Both have 

the general formula: 
(a) Cn H2n+20 
(c) Cn H2n+40 

2. Ether is: 
R 

(a) )C=O 
H 

(c) R)O 
R 

o (b) Cn H2n O 
o (d) CnH2n-20 

3. The IUPAC name ofCH30C2Hs is: 

o 
o 

o 

o 

(a) ethoxy methane 0 (b) methoxyethane 0 
(c) ethyl methyl ether 0 (d) methyl ethyl ether 0 

4. An isomer of ethanol is: 
(a) methanol 0 (b) diethyl ether 0 
(c) acetone 0 (d) dimethyl ether 0 

5. C4HlOO is the molecular formula of diethyl ether. The 

metamers represented by this formula is/are: .. 
(a) I 0 (b) 2 0 
~3 0W4 0 

6. Diethyl ether may be regarded as an anhydride of: 
(a) C2HsOH 0 (b) C2HsCOOH 0 
(c) C2HSCHO 0 (d) C2HsCOOC2HS ·0 

7. Heating together sodium ethoxide and ethyl chloride wilt 
give: 
(a) ether o (b) ethyl alcohol 
( c) acetaldehyde o (d) acetic acid 

8. The reaction, 

C2HsONa + C2HSI ~ C2HsOC2Hs + NaI 

o 
o 

is called: [KCET 2006; CET (Pb) Engg. 2007} 
(a) Wurtz reaction 0 
(b) Kolbe's reaction 0 
(c) Williamson's synthesis 0 
(d) Grignard synthesis 0 

9. Diethyl ether can be decomposed by heating with: 
(a) water 0 (b) HI 0 
(c) NaOH 0 (d) KMn04 0 

to. Diethyl ether on heating with conc. m gives two moles of: 
(a) ethanol o (b) iodoform 0 
(c) ethyl iodide 0 (d) methyliodide 0 

11. The compound which has the lowest boiling point is: 
(a) H20 0 (b) C2HsOH 0 
(c) CH30H 0 (d) C2HsOC2HS 0 

12. The product (D) in the following sequence of reactions is: 

C2~ ~ (A) NaOH(aq.) (B)~ (C) CH3I) (D) 

(a) butane 0 (b) ethane 0 
(c) propane 0 (d) ethyl methyl ether 0 

13. Ethers are obtained by reacting alkyl halides with: 
(a) dry Ag20 0 (b) moist Ag2 0 0 

. (e) dry ZnO 0 (d) moist ZnO 0 
14. Indicate the incorrect statement: 

(a) Diethylether is used as anaesthetic 0 
(b) Diethyl ether is used as a fuel 0 
(c) Diethyl ether is an inert compound 0 
(d) Diethyl ether is insoluble in water 0 

15. Ethers are riot distilled to dryness for fear of explosion. This 
is due to formation of: 
(a) _oxides 0 (bj peroxides 0 
(c) alcohols 0 (d) ketones 0 

16. Diethyl ether combines wiL: CO under specific conditions 
to form: 
(a) ethyl propanoate 0 ('-) "eeric acid 0 
( c) carb • .m dioxide 0 (d) acetone 0 

17 .. According to Lewis concept'of acids and bases, ethers are: . 
(a) neutral 0 (b) acidic 0 
(c) basic 0 (d) amphoteric 0 

18. The mixture of ethanol and sulphuric acid is heated in a 
closed flask at 140"C. The flask would then contain: 
(a) H2S04 and C2HsOC2HS only 0 
(b) H20, H2S04 and C2HSHS04 only 0 
(c) H2O,C2HsHS04, C2HsOC2HS and H2S04 only . 0 
(d) H2O, C2HSOC2HS, C2HsHS04, H2S04 andC2HsOH 

. 0 
19. Diethyl ether does not react with: 

(a) sulphuric acid 0 (b) hydrochloric acid 0 
(c) hydroiodic acid 0 (d) acetic ::,:::id 0 

20. Oxygen atom of ether is: 
(a) very active 0 (b) replaceable 0 
(c) active 0 (d) comparatively inert 0 

21. The compound which has lowest boiling point among the 
following is: 
(a) diethyl ether 0 (b) ethanol 0 
(c) methanol 0 (d) water 0 

22. Ethers in contact with air for a long time form peroxides. 
The presence of peroxide can be tested by adding Fe 2t ions, 
followed by the addition of: 
(a) KCNS 0 (b) SnCl2 0 
(c) HgCl2 0 (d) KI 0 

23. When diethyl ether is treated with chlorine in presence of 
sunlight, it forms: 
(a) C2HSCI 0 (b) C2H6 0 
(c) CH3COCI 0 (d) (C2CI s hO 0 

24. When diethyl ether is heated with excess of sulphuric acid, it 
forms: 
(a) propionic acid 0 
(b) acetic acid 0 

. (c) ethyl hydrogen sulphate 0 
(d) ethyl alcohol 0 
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25. The hybrid state· of central oxygen atom in diethylether is: 
[EAMCET (Engg.) 2007] 

(a) sp2 0 (b) sp3 0 

(c) sp o (d) sp3d 0 

26. In ethers, .the C-O-C bond angle is: 
(a) 110° 0 (b) 105° 0 
(c) 1800 o (d) 120°. 0 

27. Complete combustion of ether gives: 
(a) C2HsOH 0 (b) CO2 andHtO 0 
(c) C2H4 0 (d) C2H2 0 

28. Intennolecular hydrogen bonding is not present in: 
(a) CH3COOH· 0 (b) C2H;OH 0 
(c) CH30CH3 0 (d) C2liSNH2 [] 

29. Ethoxy ethane does not react with: 
. (a) HI 0 (b) conc. H2S04 0 

(c) PCIs 0 (d) Na 0 
30. Which of the following pairs of reagents will not fonn 

ether.? 
(a) C2HSBr + CH3COONa 0 
(b) C2HsBr +·C2HsONa 0 
(c) C2HSBr + (CH3 h CHONa 0 
(d) (CH3hCHBr+ CH30Na 0 

31. An equimolar quantities of ethanol and propanol are heated 
with cone. H2S04. The productls fonned is/are: 
(a) C2HsOC2HS 0 (b)' C3H70C3H7 0 
(c) C2HsOC3H7 0 (d) all of these 0 

32. Crown ethers are: 
(a) cyclic ethers 0 
(b) ethers with several other functional groups 0 
(c) mixed ethers 0 
(d) not ethers 0 

33. In [18]-crown-6, the number of oxygen atoms is: 
(a) 18 0 (b) 6 0 
(c) 12 0 (d) 24 0 

34. Epoxides are: 
(a) unsaturated ethers 0 
(b) mixed ethers 0 
(c) cyclic ethers with )c-c( ring 0 

'\/ o 
(d) not ethers o 

35. CH2-CH2+LiAlH4 ~ (A), (A) is: "'/ . o 
(a) CH3CHO o (b) CH3CH20H 0 

(c) H2C=CH2 0 (d)CH20H-CH20H 0 
H20 

36. CH3MgI + .......... --=----+ I-Propanol, 
H+ 

the missing reagent is: 
(a) HCHO !;I (b) C2HSOH 0 
(c) C2HsCI 0 (d) ethylene oxide 0 

37. When vapours of alcohol are passed under pressure over 
heated Al20 3 at 250°C, the product obtained is: 
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(a) dimethyl ether 0 (b) ethyl methyl ether 0 
(c) diethyl ether 0 (d) none of these 0 

38. When diethylether is treated with chlorine in dark, it forms: 
(a) perehloro diethyl ether 0 
(b) ethyl chloride 0 

. (c) acetyl chloride 0 
(d) I, l-dichloro ether 0 

39. Ether fonn peroxide in contact with air and light and it may 
cause explosion, since the boiling point of peroxide is: 
(a) equal to ether 0 (b) lower than ether 
( c) higher than ether 0 (d) none of these 

40. Fonnation of peroxide in ether can be prevented by: 
(a) adding small aIriount OfCu20 
(b) shaking with ferrous salt solution 
(c) distilling with conc. H2S04 
(d) all of the above 

41. When an ether is treated with P2SS, it gives: 

o 
o 

o 
o 
o 
o 

(a) thioalcohol 0 (b) thioether 0 
(c) thioester 0 (d) thioacetal 0 

42. The boiling point of thioether are ......... than those of 
ethers. 
(a) higher . . 
(c) equal 

43. Sulphuric ether is: 

o (b) lower 
o (d) nearly same 

(a) C2Hs-O-C2Hs 0 (b) CH3-O-CH3 
(c) C2Hs-S-C2HS 0 (d) CH3-S-CH3 

44. Ethanol reacts with diazomethane to produce: 
(a) CH3-O-CH3 [] (b) C2H6-'-O-CH3 
(c) C2Hs-O-C2Hs 0 (d) none of these 

45. Which is correct? 

o 
o 

o 
o 

o 
o 

(a) CH3-O-C2Hs +HI~C2HsI+CH30H 0 
(b) CH3-O-C2HS + HI~2CH3I+ H20 0 
(c) CH3-O-C2Hs+HI~2C2HsOH+H20 0 
(d) CH3 -O-C2HS + HI ~ CH31 + C2HSOH 0 

46. Ether on. heating with acetyl chloride in presence of 
anhydrous ZnCl2 gives: 
(a) ethyl alcohol 0 
(b) ethyl chloride 0 
(c) ethyL acetate 0 
(d) ethyl chloride and ethyl acetate 0 

47. An 'Organic compound of molecular fonnulaC4H lOO does 

not react with sodium. With excess of HI, it gives only one 
type of alkyl iodide. The compound is: lEsCRA 2001] 
(a) ethoxyethane 0 (b) 2-methoxy propane 0 
( c) l-methoxy propane 0 (d) I-butanol 0 

48. In the following reaction, [PMT 2002] 

C2Hs --O-C2HS + 4H ~p) 2X + H2Q X is: 

(a) ethane 0 (b) ethylene 0 
(c) butane 0 (d) propane 0 

49. The reagent used for the preparation of higher ethers from 
halogenated ethers is: [CET (Tamilnadu) 2001] 
(a) cone. H2S04 0 (b) sodiumalkoxide 0 
(c) dry silveroxide 0 (d) Grignard reagent 0 
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50. Ether which is liquid at room temperature is: 
[BV (pune) 2002] 

(a) C2Hs-O-CH3 0 (b) CHr':"-0-CH3 0 
(c) C2Hs-O-C2Hs 0 (d) none of these 0 

51. Ethyl phenyl ether on boiling with conc. HBr gives: 
(a) phenol and ethane 0 
(b) bromobenzene and ethane 0 
(c) phenol and ethyl bromide 0 
(d) bromobenzene and ethanol 0 

52. Which of the following will not give anisole? 
(a) Phenol is reacted with dimethyl sulphate in presence of 

abase I~ 
(b) Sodium phenoxide is treat~d with methyl iodide 0 
(c) Diazomethane is reacted with phenol 0 
(d) Methyl magnesium iodide is treated with phenol 0 

53. Anisole on treabnent with Br2/CS2 gives: 

(a) bromobenzene 0 
(b) methyl-2-bromophenyl ether 0 
(c) 0- and p-bromoanisole 0 
(d) phenol 0 

54. Which of the following is not cleaved by HI even at 525K? 
(a) C6Hs-O-CH3 0 (b) C6Hs-O-C6HS 0 

(c) C6HsOC3H7 0 (d) 0 0 
,0 

55. Epichlorohydrin is: 
(a) 3-chloropropane 
(b) 3-chloropropan-I-ol 
(c) 2-chloromethyloxirane 
(d) none of the above 

56. Which of the following compounds is 
nucleophilic attack by OH- ions? 
(a) Methyl acetate 0 (b) Acetonitrile 
(c) Acetamide ' 0' (d) Diethyl ether 

o · o 
o 
o 

resistant to 

o 
o 

57. In Williamson's synthesis, ethoxy ethane is prepared by: 
[BHU 2005; UGET (Med.) 2007] 

(a) passing ethanol over heated alumina 0 
(b) heating ethanol with dry Ag2 0 0 
(c) heating sodium ethoxide with ethyl bromide 0 
(d) treating ethyl alcohol with excess ofH 2 S04 at 430-440 K . 

o 
58. Tertiary butyl methyl ether on heating with HI of one molar 

concentration gives: 
[UGET (Med.) 2008; BVP (Med.) 2008] 

(a) CH30H + (CH3 h C-Cl 0 
(b) CH3I+(CH3hC-OH 0 
(c) CH3I+ (CH3hC-C1 0 
(d) none of the above 0 

59. An organic compound (A) reacts with sodium metal to form 
(B). On heating with conc. H2S04, (A) and (B) give diethyl 
ether. Compounds (A) and (B) are respectively: 
(a) C2HSOH + C2HsONa 0 
(b) C3H-rOHand C3H70Na 0 
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(c) OH30H + CH30Na 0 
(d) C4H90Hand C4H90Na 0 

60. The products formed when diethyl ether is reacted with cold 
HI are: [EAMCET 20021 
(a) C2HSI + C2HsOH 0 (b) 2C2HSI + H20 0 
(c) 2C2HsOH 0 (d) C2Hs-O-O-C2Hs 0 

6L Excess of ethanol when heated witli conc. H2S04 at 14O"C, 

the compound obtained is: [AFMC 2002] 
(a) ethene. 0 
(b) diethyl sulphate , 0 
( c) ethoxy ethane 0 
(d) ethyl hydrogen sulphate 0 

62. Which of the following will be obtained by keeping ether in 
contact with air for a long time? [PET (Raj) 2003J 
(a) C2Hs-O-CH(CH3)---O-OH 0 
(b)C2Hs-O-CH30H 0 
(c) C2Hs-O-C2HsOH 0 
(d) CH3 -O-CH(CH3)---O-OH 0 

63. Anisole can be prepared by the action of methyl iodide on 
sodium phenolate. The reaction is called: 

[CET (Karnataka) 2008J 
(a) Williamson reaction 0 (b) Fittig reaction 0 
(c) Wurtz reaction 0 (d) Etard reaction 0 

64. In the reaction, 

CO BF3 , (X) C2HS -O-C2Hs + • 
1 ?O"C, 500 atm. press. 

What is (X)? [EAMon 2003] 
(a) Diethyl carbonate D' (b) Ethyl carbonate 0 
(c) Diethyl peroxide 0, (d) Ethyl propionate 0 

65. An ether is more volatile than an alcohol having the same 
molecular formula, This is due to: [AIEEE 20031 
(a) dipolar character of ethers 0 
(b) alcohols having resonaIlce structures .0 
(c) intermolecular hydrogen bonding in ethers 0 
(d) intermolecular hydrogen bonding in alcohols 0 

66. CH3CH2OCH2CH3 reacts with hot and excess HI, then 
formed product is: [PMT (Punjab) 20051 
(a) CH3CH2Iand CH3CH20H 0 
(b) CH3CH20H 0 
(c) CH3CH21 ' 0 
(d) none of the above 0 

67. Methyl phenyl ether can be obtained by reacting: 

(a) phenolate ions and methyl iodide 
. (b) methoxide ion and bromobenzene 

(c) methanol and phenol 

[CET (J & K) 2005] 
o 
o 
o 

(d) bromobenzene and methyl bromide o 
68. The major organic product in the reaction, 

CH3 -O-CH(CH3 h + HI ~ Prodnct, is: 

(a) CH30H + (CH3)2 CHI 
(b) CH31 + (CH3hCHOH 

[CBSE (Med.) 2006J 
o 
o 
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(c) ICH2OCH(CH3h 

(d) CH3OC(CH3 h 
. I 

I 

o 
o 

69. State the product formed during the reaction between 
sodium phenoxide and ethyl iodide on heating: 

ICET (Gujarat) 2006] 
(a) benzyl alcohol 0 (b) phenol 0 
(c) phenetole 0 (d) none of these 0 

70. In which of the following reactions, ethyl chloride is not 
fonned? IEAMCET (Med.) 2006] 

(a) C2HSOC2HS + PCIs --4 0 
. AlCI 

(b) C2HsOC2HS + CH3COCI----4 0 

(c) C2HsOC2Hs + Cl2 ~ 0 
(d) ,C2HsOH+PCI3--+ 0 

° II 
71. CH3MgX CH3~C-OC2H5 ~ (A)~ (B) C2HsOH ~ (e), 

H ,H2O 

(C) is: IDCE 2006] 
o 
II 

(a) CH3:-C-CH3 0 (b) (CH3hC--O-C2HS 0 

o 
. II 

o (d) CH3-C-OC2HS o 
72. Fonnation of diethyl ether from ethanol is based on a: 

(a) dehydration reaction 
(b) dehydrogenation reaction 
(c) hydrogenation reaction 
(d) homolytic fission reaction 

[BCECE (Med.) 2006] 
o 
o 
o 
o 

73. In the reaction, 

'. 

CH3 -CH-CH2--O-CH2-CH3 + ill Heated) ... 

I 
CH3 

Which of the following compounds will be fonned? 
[CBSE (Med.) 2007] 

(a) CH3 -CH-CH20H + CH3CH3 0 
I 
CH3 

(b) CH3 -CH-CH3 + CH3CH20H 
I 

o 

CH3 

(c) CH3 -r-CH20H+ CR3CH21 o 
CH3 

(d) CH3 -CH-CH21 + CH3CH20H 
I 

o 

CH3 

74. From Williamson's synthesis, the preparation of which of 
the following is possible? . 

[AFMC 2007; CMC (Med.) Ludhiana 2008] 
(a) Only symmetrical ethers 0 
(b) Only asymmetrical ethers 0 
(c) Both (a) and (b) 0 
(d) None of the above 0 

75. When alkyl halide is heated with dry Ag 20, it produces: 

[BVP (Med.) 2007] 
(a) ester 0 (b) ether 0 
(c) ketone 0 (d) alcohol 0 

76. A simple method to remove peroxides from ethers is to treat 
them with an aqueous solution of: 

77. 

78. 

(CMC (Med.) Vellore 2007] 
o (b) KCNS 0 
o (d) Br2 0 

Williamson's synthesis involves: [MGIMS (Med.) 20071 

(a) S N1 mechanism 0 (b) nucleophilic addition 0 
(c) S N 2 mechanism 0 (d) S E mechanism 0 
In which of the following reactions, the product obtained is 
tert. butyl methyl ether? [AIIMS 2008] 

Cone. H2S04 (a) CH30H + HOCH2CH3 ) 0 
CH3 
I 

(b) CH3-C-Br+CH30H HONa+) 0 
I 
CH3 

CH3 

+ - I 
(c) CH3Br+NaO-C-CH3 --+ 0 

I 
CH3 

CH3 

- + I 
(d) CH3-0Na+CH3-C-Br--+ 0 

I . 
CH3 

79. Which of the following compounds when heated with CO at 
150"C and 500 atm pressure in presence of BF3 forms ethyl 
propionate? [AFMC 2008] 
(a) C2HSOH 0 (b) CH3--O-CH3 0 
(c) CH3--O-C2Hs 0 (d) C2HS-O-C2HS 0 

80. Wet ether is not used as a solvent in Wurtz reaction, because 
the water present in it: [DCE 2008] 
(a)hydrolysisRXtoROH 0 
(b) reduces RX to RH 0 
(c) destroy the Na metal 0 
(d) reacts withR-R 0 

81. Which of the followiQg does not react with sodium metal? 

(a) (CH3 hO 
(c) CH3COOH 

[UPSEE (Engg.) 2008] 
o (b) CH3CH20H 0 
o (d) C6HsOH 0 



.82. 'A' reacts with CzHsI giving 'B' and NaI. Here 'A' and 'B' 
respectively, are: [Punjab PMET (Med.) 2008] 
(a) CH3COONa,CH30CH3 0 
(b) CzHsONa, CzHsOCzHs 0 
(c) CzHsOCzHs,CzHsCOOCzHs 0 
(d) C2HsOH, C2HsOC2HS 0 

83. Decreasing order of reactivity in Williamson's ether 
synthesis of the fonowing: [DllMET 2010] 
(I) Me3CCH2Br (II) CH3CH2CHzBr 
(III) HzC=CHCHzCl (IV) CH3CH2CH2Cl 
(a) IIl>II>IV>I 0 (b) I>I1>IV>III 0 
(c) I1>III>IV>I 0 (d) I>UI>II>IV 0 

84. In the reaction@-oCH3 ~ ? 

the products are: 

(a) @-oHand CH3Br 

(b) <Q)-Br~d CH3Br 

(c) <Q)-Br and CH30H 

(d) Br-<Q)-oCH3 and H2 

(lIT 2010] 

o 

o 

o 

o 

85. Which of the following is an appropriate set of reactants for 
the preparation of l-methoxy-4-nitrobenzene ? 

. (A) 02N--<Q)-Br + CH30Na 

(B) OzN-<Q)-oNa + CH3Br 

(AMll (Med.) 20101 

(a) both A and B 0 (b) only A 0 
(c) only B 0 (d) none of these 0 

Set II: This set contains the questions with two or more correct 
answers: 

86. Diethyl ether can be distinguished from n-butanol by: 

(a) aqueous FeCl3 
(b) reaction with Na metal 
(c) Tonens reagent 
(d) reaction with cr03 in dil H2S04 

[BHll (Mains) 2007] 
o 
o 
o 
o 

87. Select the correct statement(s) about crown ether 
18-crown-6: 
(a) it is a cyclic polyether 0 
.(b) it has total 18 atoms 0 
( c) it has 12 carbon atoms 0 
(d) it has 6 oxygen atoms 0 

88. The ether @-O---CH2-© when treated with 

HI produces: [lIT 1999] 
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(a)'@-cHzI o (b) @-cH20H o 

(c) @-I o (d) @-oH o 

89. Which of the following reactions will give good yield of 
ether? 

~OH (i)Na ~OCzHs . 
(a) ~ . (ti) CzHsBr • ~ 0 

(b) (CH ) C-OH (i) Na ) C H -O-C(CH) 0 
3 3 (ii)C

6HSBr 6 S 3 3 

(i).Na 
(c) (CH3hC-OH ) 

(li) CH3CHzCHzBr 

(CH3 h C-O-CH2CHZCH3 0 

(d) CH CH CH OH (1) Na ) 
3 2 2 (ii) (CH3)3 CBr 

(CH3·h C-O-CH2CHzCH3 0 
90. Diethyl ether on treatment with HI in small amount, gives: 

(a) CzHsOH 0 (b) CzHsI 0 
(c) C4HlO 0 (d) C3H7I 0 

91. Natalite contains: 
(a) CzHsOH 0 (b) C2Hs-O-C2HS 0 
(c) CH30H 0 (d) CH3-O-CH3 0 

92. Ethyl bromide can be converted into diethyl ether by: 
(a) reacting with sodium ethoxide 0 
(b) heating with moist silver oxide 0 
(c) heating with dry silver oxide 0 
(d) treating with C2HsMgBr 0 

93. C6Hs -O-CH3 is named as: 

(a) phenoxy methane 0 (b) methoxy benzene 0 
(c) anisole 0 (d) methyl phenyl ether 0 

94. Indicate the correct statement for diethyl ether that it is: 
(a) used as an anaesthetic . 0 
(b) used as refrigerant 0 
(c) decomposed by HI 0 
(d) used as an inert solvent 0 

95. What is the function of diethyl ether in the preparation of 
Grignard reagent? 
(a) To act as a catalyst 0 
(b) To act as a solvent 0 
(c) To provide lone pair of electrons for coordination 0 
(d) To act as an acid 0 

96. Ethers can be prepared by: 
(a) boiling alkyl halide with dry silver oxide 0 
(b) boiling alkylhaJide with ammoniacal KOH 0 
( c) heating alkyl halide with potassium alkoxide 0 . 
(d) heating an excess of alcohol with alumina under 

pressure 0 
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97. Diethyl ether is obtained by the reaction of: 
[BHU (Mains)2008] 

(a) sodium ethoxide with methyl iodide 0 

(b) sodium ethoxide with ethyl chloride 
(c) ethanol with red phosphorus 
(d) ethanol with conc. H2S04 

559 

o 
o 
o 

t;,~SERTION"REASON TYPE QUESTIONS 

These questions consist of an Assertion (A) and Reason (R). 
Use the following keys to choose appropriate answer: 
(a) If both (A) and (R) are correct and (R) is the correct 

explanation of (A). 
(b) If both (A) and (R) are correct but (R) is not the correct 

explanation of (A). 
(c) If(A) is correct but (R) is incorrect. 
(d) If (A) is incorrect but (R) is correct. 

1. (A) Etherbehaves as bases in the presence of mineral acids. 
(R) Due to the presence oflone pair of electrons on oxygen. 

2. (A) The boiling point of ethanol is much higher than that of 
dimethyl ether. 

(R) In ethanol, the molecules are associated by the 
. formation of intermolecular hydrogen bonding, 

whereas in diethyl ether it is absent. 
3. (A) Phenetole on cleavage with HI yields phenol and ethyl 

iodide. 
(R) Phenetole is a mixed aromatic ether. 

4. (A) Anisole undergoes electrophilic substitution at ortho 
and para positions. 

(R) Anisole is less reactive than phenol towards 
electrophilic substitution reactions. 

5. (A) With HI, anisole forms iodobenzene and methyl 
alcohol. 

(R) 1- ion will combine with smaller group to avoid steric 
hindrance. 

6. (A) Tert. butyl methyl ether on cleavage with HI at 373 K 
gives tert.butyl iodide and methanol. 

(R) The reaction occurs by SN 2 mechanism. 

7. (A) The C-O-C bond angle in ethers is higher than 
H-O-Hbond angle in water. 

(R) Oxygen is sp3 -hybridized in both ethers and water. 

8. (A) Tert. butyl alcohol on heating withconc. H2S04 at 

413 K gives 2-methyI"propane as the main product and 
not di-tert. butyl ether. 

(R) All alcohols are readily dehydrated with conc. H2804' 

9. (A) 1-Bromo-2,2-dimethyl propane on heating with ethanol 
gives 2-ethoxy-2-methyl butane as the main product. 

(R) The reaction occurs by SN2 mechanism. 

10. (A) Tert. butyl methyl ether is not prepared by the reaction 
of tert. butyl bromide with sodium methoxide. 

(R) Sodium methoxide is a strong nucleophile. 
[AIIMS 2005] 

J ANSWERS I 

OBJECTIVE QUESTIONS . 
1. (a) 2. (c) 3. (b) 4. (d) 5. (c) 6. (a) 7. (a) 8. (c) 9. (b) 10. (c) 

11. (d) 12. (d) 13. (a) 14. (b) 15. (b) 16. (a) 17. (c) 18. (d) 19. (d) 20. (d) 

21. (a) 22. (a) 23. (d) 24. (c) 25. (b) 26. (a) 27. (b) 28. (c) 29. (d) 30. (a) 

31. (d) 32. (a) 33. (b) 34. (c) 35. (b) 36. (d) 37. (c) 38. (d) 39. (c) 40. (d) 

41. (b) 42. (a) 43. (a) 44. (b) 45. (d) 46. (d) 47. (a) 48. (a) 49. (d) 50. (c) 

51. (c) 52. (d) 53. (c) 54. (b) 55. (e) 56. (d) 57. (c) 58. (b) 59. (a) 60. (a) 

61. (c) 62. (a) 63. (a) 64. (d) 65. (d) 66. (c) 67. (a) 68. (b) 69. (c) 70. (c) 

71. (b) 72. (a) 73. (c) 74. (c) 75. (b) 76. (a) 77. (c) 78. (c) 79. (d) 80. (c) 

81. (a) 82. (b) 83. (c) 84. (a) 85. (a) 86. (b,d) 87. (a,b,c,d) 88. (a,d) 89. (a,c) 90. (a,b) 

91. (a,b) 92. (a,c) 93. (b,c,d) 94. (a,c,d) 95. (b,c) 96. (a,c,d) 97. (b,d) 

ASSERTION-REASON TYPE QUESTIONS 

. 1. (a) 2. (a) 3. (b) 4. (b) 5. (d) 6. (c) 7. (b) 8. (a) 9. (c) 10. (b) 
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[BRAIN STORMING PROBLEMS~2 I 
1. Arrange the following halides in decreasing order of 

reactivity for Williamson's synthesis: 

CH3CH2CH2B~ CH3CH2CH2C~ 

[Hint: H2C=CH-CH2Cl > CH3-CH2-CH2Br > 

CH3 
I 

CH3CH2CH2Cl > CH3-C-CH2Br 
I 

CH3 

Allylic compounds will be more reactive than saturated halides. 
Bromides are more reactive than chlorides ~use C-Br bond is 
weaker than C-CI bond. 

CH3 
I . 

CH3-C-CH2-Br is least reactive because ofsterle hindrance.] I . 
CH3 

2. Complete the following reactions: 

(a) CJ
OH ~ (X) CH3CH2CH2Br) (Y) 

(b) CJBr CH3CH2CH2oNa) (X) 

-+ 
('y0Na. _ ('yOCH2CH2CH3 

[Ans. (a) (X)=L-J ,(f)- L-J 

(b) 01 + CH3CH2CH20H + NaBr ] 

3. What are (A), (8) and (C) in the following reactions? 

CH2' 
(a) '/ ,HO+CH30H Cone. H2S04 ) (A) 

CH2 

CH2' 
(b) 1/ '0+ CH~OH CH30Na) (8) 

CH2 

CH2" 
(c) I /0+C6H5NH2 ~(C) 

CH2 

CH ONa CH20- CH2OCH3 
3 ,1 ~ I 

CH2OCH3 CH20H 
Intermediate (8) 

4. Complete the following reactions: 

OH CI 

C;; bH -OH)X~B 
. I 2 I 2 

CH2 CH2 

[Hint: It is cyclic Williamson's ether synthesis involving SN 2 

reaction. 

OH CI OH OH 

I 1 -OH I I 
By-product: CH2 CH2 -==+ CH2 CH2 + Cl- ] 

I I 1 I 
CH2---CH2 CH2~H2 

5. Alkyl aryl ethers on treatment with HI gives alkyl iodide not 
aryl iodide, explain why? 
(Hint: 

( )1-o-R~< ~+ROH 
(Less stable) 

~o-I 

R-I ] 
More stable product 

6. (A) C5H120 (ether) on treatment with PCl5 foons alkyl 

chlorides (8) and (C). (8) and (C) both on treatment with aq. 
NaOH give alcohols (D) and (E), both (D) and (E) give 
iodoform test. What .are (A), (8), (C), (D) and (E) ? 
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(b) O' 1 (i)Hg(OAch/CH3CH20H ~ y 
(ii)NaBH4 

CH3XOCH3 c5~HS 
['ns. (.\) U ; (Y) = . . ] 

8. Identify the unknown products among the following: 

• C H..l'OOOH· I ' 
(a) -CH=CH2 6 ,- . HA)~(B) 

(b) _C...:6;.....;Hs::...C_OOO_H~. (A) CH30H .(B) 

IAns. 

CJI~COOOH to .C)o CH)OH to ('r-OH ] 

. V.OCH3 

~) (~ 

9. Complete the following chain of reactions: 0+ CH3CH2Br AlCI3 ) (A), ~s) (B) AI;~iC) (C) 

1 C"""COOOH 

(E) (C6HsMgBr (D) 
HOH/HCI 

, (Ans. 

10. Complete the following reaction: 

H2C=CH2~ (A) Mg. ) (B) 
Dry ether 

1 C"""roooH 

(C) 

(B) + {C) HOH) (D) 
Ha 

(A) 

IAns. (A) ---+ CH3-CHzBr; (B) ---+ CH3CHzMgBr 

CH2"-,. . 
(C) ---+ 1)0; (D) ---+ CHlCHzCHzCHzOH] 
. 'CHz/' . 

11. The ether having best anaesthetic properties is: 
(a) diethyl ether 0 (b) dimethyl ether 0 
(c) vinyl ether 0 (d) allyl ether 0 

12. When ether is exposed to air for some time, an explOsive 
substance produced is: 
(a) ether peroxide 0 (b) TNT 0 

, (c) ether oxide 0 (d) ether superoxide 0 
13. Which of the following is the best procedure to make 

isopropyl methyl ether using the Williamson's method? 
(a) CH30H+ (CH3hCHOH+ H2S04 --+ 0 
(b) CH30H+(CH3hCH-CH20H+H2S04 --+ 0 
(c) CH30Na+(CH3hCHBr--+ 0 
(d) CH3I+(CH3hCHO-Na+ --+ 0 

14. The reactivity of halogen acids with ether follows the order: 
(a) HI>HBr>HCI 0 (b) HCI>HBr>HI 0 
(c) HBr>HI>HCl 0 (d) HCI>HI>HBr 0 

15. Phenetole reacts with HI to produce: 
(a) ,C6HSI +CH3CH20H 0 
(b) CH3CH21 + C6HSOH 0 . 
(c) C6HsCH20H + CH3CH21 0 
(d) C6HsOH + CH3CH20H 0 

16. Select the incorrect statement among the following: 
(a) The C-O-Cbond angle in ether is 1100 0 

,(b) Diethyl ether reacts with excess of HI to form ethyl 
iodide 0 



(c) Ethers and alcohols are functional isomers 0 
(d) Ethers are Lewis base hence do not react with Bronsted 

acid like H2S04 0 
17. Which among the following statements about ethers are 

correct? 

(a) Peroxide is obtained in presence of air 0 
(b) Ethers are weakly acidic 0 
(c) Ethers fomi oxoniqm salt 0 

. (d) Ethers form stable complexes with Lewis acids 0 

18. Q on reaction with cold conc. HBr gives : 

(a)n 
Br OH 

(c) 0 
o (b)n 

.OH Br 

o (d)U 
o 

o 

o 

19. RCH2CH2-0-CH2CH2R on reaction with O2 gives: 

(a) RCH2COOCOCH2R 0 
(b) RCH2CH-0-CH2CH2R 0 

60H 
(c) R-CH-CH2-0-CH2CH2R 

boH 
o 

(d) RCOCH2-0-CH2COR o 
20. Te~ary butyl methyl ether on reaction with anhydrous HI 

gives an alcohol (A) and halide (B). Which of the following 
statements is correct? 

(a) Alcohol (A) performs Lucas test immediately at room 
temperature. 0 

(b) Halide (B) undergoes SNI reaction most readily 0 
(c) Alcohol (A) on heating with . copper gives 

formaldehyde 0 
(d) Halide (B) on reaction with KCN mainly gives 

eliminated product 0 
21. CH3-0-C(CH3h on reaction with CH3COCI in 

presence of AlCl3 gives (A) and. C6Hs-0-C(CH3)3 on 
reaction with cold HI gives (B). The compounds (A) and (B) 
are: 

A B. 
(a) (CH3hC-CI (CH3hC-I 
(b) CH3CI (CH3)3 C- I 
(c) CH30H C6HS-I 
(d) CH3COOCH3 (CH3)3C-OH 

22. Conversion of alcohol into ether in the presence of conc. 
H2SO4 is an example of: 
(a) SNI reaction 0 (b) SN2 reaction 0 

(c) El reaction 0 (d) addition reaction 0 
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?H3 

23. CH3-y-0-CH2-C6HS can be prepared from 

CH3 

Williamson's ether synthesis using: 

CH3 

I + 
(a) CH3-

y
-CI and C6HsCH20-Na o 

CH3 

?H3 

(b) C6HsCH2Cl and CH3- r-0-Na + o 
CH3 

o 

o 
[0) 

24. In the reaction R-S-R ---!:..;"':'---4) ,X, the product X 
KMn04 

is: 

(a) a sulphoxide 0 (b) a sulphone 
(c) an alkane 0 (d) an alkene 

25. 0 ill ) Product, 
o 373K 

the product is : 

(a) ICH2CH2CH2CH2I 
(b) ICH2CH2CH2CH20H 
(c) both 
(d) none 

o 
o 

o 
o 
o 
o 

26. Which among the following is not useful for the synthesis of 
ether ? 

(a) ( )-cH2Br + Hf)-G-N02~ 
. '-' ~ ~q. NaOH. 

( )-cH2-0-Q-N02 D 

(b) C2HSO- Na + + (CH3 h S04 ~ C2HSOCH3 0 

(c) (CH3)3CBr+CH3CH20Na~ 
(CH3 h C-0-CH2CH3 0 

(d) CH,ONa + CH,CH,oso,-Q-rn'l 
CH3CH20CH3 0 
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(c) ('I. 
~~()cH; 

28. Select the correct reaction among the following: 

(a) H2C=CH-CH2-O-CH2-CH2-CH3·+02 

! 

o 

o 

H2C=CH-CH2-0-CH-CHr-CH3 0 

boH 
(b) C6HsCH2-0-CH2CH2CH3 +02+ 

C6Hs-CH-0-CH2CH2CH3 0 
I 
OOH 

(c) (CH3hCH-0-CH2CH2CH3 +02~ 

HOO-CH2'-.... 
/CH-0-CH2CH2CHj 0 

CH3 . 

'. 

(d) (CH3)3C-0-C(CH)3 +02 ~ 
- HOO-CH2""- ... . t 

CH) -C-0-C(CH3 h 0 
CH3/ 

. 29~ C4HIOO+PCIs----+RICH-R2Cl+POCI3 

R 1 Cl gives haloform test b,ut R iQ does not, hence, the 
onginal compound of the reaction is : 

(a) ethoxy ethane· . 0 (b) I-methoxy propane 0 
(c) 2-methoxy propane 0 (d) isobutyl alcohol 0 

30. Match· the List I with List II and select the correct answer 

from the given cOdes : 
ListI . 

(Cyclic ether)· 

.A.V· 
o 

B·O c.y 
D·O 

o 
Codes A 

(a) 3 

(b) 1 
(c) 4 

(d) 1 

Listll 
(Name) 

1. Oxane 

2. Oxolane 

3. Oxirane 

4. Oxetane 

B· C 

4; 2 

2 3 
3 2 

4 2 

D 

1 0 
4 0" 
1 0: 

3 0 

ANSWERS: BRAIN STORMING PROBLEMS 1-....,----------..,.----:-.:.".--.".......--,---.....,...,.-..,.--..,.--, 

n. (~) 

21. (~ 

12. (a). 
22. (b) 

,11~!(~)Js. (b)~ 
.• ·.· .. i4~:,X~r,;,}S~ .,.(e). 

... . : " . 
. " 

-/ 
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LINKED COMPREHENSION TYPE QUESTIONS 

Passage 1 

Alexander Williamson ;~.dietbyletber by., simple 
'JDethod, DOW. eaUed as willilllDSOn's' ether·· syntheSis.··. In . this 
~'an alkyl halide.is treatedWithsodiUni)alkoxidep~ 
fivm sodium andaleohol. . '. ' 

. il-oc:1, I}~R.7"O __ R'+X'" 

Thisreaetion isused;m the synthesis . of symmetrical and 
unsymmetrical ethers: '. 

~t may be. noted tbatfor pieparil18UDsynunelrical etherS, the 
halide USed should preferably be primary .because.~ and 
tertiary alkyl halides may fOrm alkenes as majorploduet due.to 

. elimination process. . . . 

cn) .' 
I . . ... + . 

CH)-C-Br + Na 0--C2Hs---+ 
I Sodium 
CH3 etboxide 

CH3 
. I . . 

CH3-C===CH2+ C2HSOH + NaBr 
2-m:JhyI propene . . 

Aryl ethers or phenolic ethers can be prepanxl'byusil18 
!iodium phenoxide and alkyl halides. However,aryl halides and 
sodium alkoxide' cannot be' u~ for preparil18pbenolic' ethers 
because aryl halides are less. reactive towards nucleophilic 
substitution .reactions.· . 

Answer the following questions : 
1. Arrange the following halides in decreasing order of 

reattivity towards Williamson's ether synthesis: 

CH3CH2CH2C1; CH)CH2CH2Br; 
(u) (v) 

(CH3 h C-CH2Br ; H2C=CH-CH2CI 
(w) (x) . 

(a) (x»(v»(u»(w) (b) (u»(v»(w»(x) 
(c) (w»(x»(v»(u) (d) (v»(w»(x»(u) 

2. Methyl tertiary butyl ether (MTBE) is added in gasoline to 
improve its octane number .. 

CH3 
I 

CH3-C-O-CH3 
I 
cn) 

Which of the following is the best method for synthesis of 
the' above ether ? 

H SO 
(a) (CH3hC CH2 + CH30H 2 4, 

(b) (CH3hCBr+CH30Na---+ 
(c) (CH3hC-O-Na+ +CH31---+ 

(d) All of these reactions 
3. Selectthe correct reaction(s) among the following reactions: 

(a) O'-:"ONa +CH)CH2Br---+ . 

'Q-o-CU2CH3 + NaBr 

(b)o-O-Na + + CH)CH2Br---+ 

Q-oH + H2C=CH2 + NaBr 

(c) o-Br +.CH)CH20-Na + ---+ 

o-O--,CH2~H)'+ NaBr 

(d) o-Br + CH3CH20Na ---+ 

. . 0 + CH)CH20H + NaBr , 

4. There are two possibilities for the synthesis of following 
ether: 

Route 1 o-Br + Na +O--CH2-Q---+ 

o-0-CH2-( )+NaBr 

Route2 o-o-Na+ + Br-CH2-Q---+ 

Which of the following is correct? 
(a) Route 1 gives required ether 
(b) Route 2 gives required ether 
(c) Both route 1 and route 2 give the required ether 
(d) None of the route is correct 

5. To which of the following mechanisms does the reaction 
(Williamson's ether synthesis) belong? 
(a) SN 1 (b) SN 2 

(c) EI (d) E2 

Passsge2 

CBtbon-bxygcil bondm'CttJers can be cleaved. by li3togen 
acids, sulphuricacid;phosphoius pentachloride, etc. Th.e Cleavage 
ofC~bOi1dtakes placeUhderhlicoohditioiiSwitl1.eiCess of 
hydrogen halides. 

R-O-R+2HX---+2RX'+H20 



Ethers 

Ifhydrogen haUoe is noffaken in ~xcess then a molecule of 
'alcohol and alkyl halide • formed. . 

. . 

. R~O-R+m 373K) R~OH+R-'-I 
Theorderof:~tivityofhydrogeDhalidestowards the given 

rel'!Ction depen~o!l'th~ tIondstrengtb· of halogenated aci~, 
weakeristheH'X:boDd, greater is itsre~tivity. Ip case of 
1insyri'lJ:l1etrical ethers, the site of Cieavageissucll that the halide is 
f()nned n()m 'the alkyl group which issmaUer in size. However, 
when one of the alkyl group is tertiary. the halide Conned is the 
tertiaryhaJide. . 

Indicate whether the following statements/reactions are true 
or false. . . 

, 1. Hydrogen fluoride (HF) is not effective in ether cleavage. 
(a) True (b) False 

2. The order of hydrogen halide reactivity is, HI < HBr< HCt. 
(a) True. (b) False 

3. Alkyl aryl ethers react with m to give phenol and alkyl 
halide. 

()

. 0-
CH

3. Ct' OH I . +HI--+ I +CH3I 

" " 
(a) True (b) False 

• 

:sIs 

4. Tertiary butyl methyl ether reacts with HI according to the . 
followi!lg reaction. 

CH3 CH3 
I I 

CH3-C-OCH3 + m--+ CH3-C-oH + CH31 . . I . I 
CH3 CH3 

(a) True (b) False . 
5. In the reaction, R-O-R + HX --+ RX +ROH 

OXODWm[R-t-R]~IS~"_. 

(a) True (b) False 
6. Cyclic ethers are easily cleaved by HBr· or HI to form 

dihaloalkanes. 

0 + 2m 373 K ) ICH2CH2CH2CH21 + H20 
o (Excess) 

(a) True (b) False 

ANSWERS: LINKED COMPREHENSION TYPE QUESTIONI+-1,-' ---------------...., 

Passage 1 1. (a) 
Passage 2 1. (a) 

2. (c) 

2. (b) 

3. (a,d) 

.3. (a) 

4. (b) 

4. (b) 

5. (b) 
5. (a)' 6. (a) 

". 



11 
ALDEHYDES AND KETONE'S 

11.1 INTRODUCTION 

Both aldehydes and ketones possess the same general formula 
C II H2nO and contain a carbon-oxygen double bond 

()C=O) known as carbonyl group. Thus, aldehydes and 

ketones are collectively referred to as carbonyl compounds. 
In aldehydes, the carbonyl group is linked to an alkyl group and 
a hydrogen atom, while in ketones it is united with two alkyl 
groups which· may be same or different. When both the alkyl 
groups are the same, the ketone is called a simple or 
symmetrical ketone and in case both the alkyl groups are 
different, it is known as a mixed or an unsymmetrical ketone. 

R~ R~ j R~ 
../C=O ../ C=O ../C=O 

H../ R../ R'''/ 
Aldehyde Same alkyl groups 

linked to carbonyl group 
(Simple) 

v 

Different alkyl groups 
linked to carbonyl group 

(Mixed) 

Ketones , 
However, the frrst member of aldehyde series, formal-

H 
I 

dehyde (H-C=O) is an exception to the above definition as 

it does not have an -alkyl group .. 
Aldehydes may be considered as derivatives of 

hydrocarbons in which two hydrogen atoms of the end carbon 
atom have been replaced by a bivalent oxygen atom. 

H H 
I I 

H-C-H -2H) H-C=O 
1 +[0] Fonnaldehyde 

H 
Methane 

H H 
1 1 

CH3-C-H-~)CH3-C-O . 
I. . Acetaldehyde . 
H 

Ethane 
·;H 
·· .. 1· 

Thus, aldehydes contain the monovalentgroup-. 'C=O 

(aldehydic or formyl group) linked to a hydrogen atom or an 
alkyl group. Hence, the general formula of thealdebydes is 

H 
1 

represented as R-C =0. (R may be H or alkyl group ). 

Aldehydes can also be regarded as the.first oxidation .. 
products of primary alcohols. " 

RCHzOH [O}) RCHO + HiO 
Primary alcohol Aldehyde 

Ketones may be considered as derivatives of bydfo-
.' .. carbons, in which tlle two. hydrogen atomsofa carbon atom 
. present iritli~middie ofc~n cbainbavebeen replaced\it.8.···· 
bivalentoxygen.··atom.,· . .. . . .'", c_.· y .• 'f.'·", 

H- 0 
1 -.~. . 

CH3-. C-CH3 -2H )CH3-.C-CH3 I +[0]' Acetone· 

H 
Propane 
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Thus, ketones contain the divalent group >C=O 
(ketonic or oxo group) linked to two alkyl groups,' same or 
different. Hence, the general formula of the ketones is 
represented as, 

R 

R)C=O or 

Ketones can also be regarded as the first oxidation 
products of secondary alcohols. 

CH), CH), 
'CHOH [0]) 'C=O+H20 

CH)/ CH)/' 
Isopropyl alcohol Acetone 

Electronic structure of carbonyl group: The carbonyl
group like the carbon-carbon double bond of alkenes, is com
posed of one sigma (0') bond and one pi (n) bond. Carbon atom 
of the carbonyl group is in a state of sp2-hybridization, i.e., 
giving three sp2 -hybrid orbitals. The sigma bond between 
carbon ,and oxygen is formed by overlap of an sp2 -orbital of ' 
carbon and a p-orbital of oxygen. The pi (n) bond is formed by 
the sideway overlap of an unhybridized p-orbital of carbon and 
a p-orbital of oxygen. Two of the hybridized orbitals of carbon 
form sigma bonds with two hydrogen atoms or one hydrogen 
atom and one alkyl group or two alkyl groups. 

Carbonyl carbon atom is, thus, joined to three atoms by 
sigma bonds. Since, these bonds utilise sp2 -orbitals;they lie in 
the same plane and are 1200 apart. Therefore, carbonyl group is 
planar. The carbon-oxygen double bond is different than 

carbon-carbon double bond. Since, oxygen is more 
electronegative, the electrons of the bond are attracted towards 
oxygen. Consequently, oxygen attains a partial negative 
charge and carbon a partial positive charge making the bond 
polar (electronegativity values, C = 2.5 and 0 = 3.5). The high 
values of dipole moment, 

s+ s-
>C=O 

(2.3-2.8D) cannot be explained only on the basis of 
inductive effect and thus, it is proposed that carbonyl group 
due to high polar character is a resonance hybrid of the 
following two structures: " ,+ -/C=O ~ /C-Q 

11.2 NOMENCLATURE 
Aldehydes: There are two systems of naming aldehydes. 

1. Common system: Common names of aldehydes are 
derived from the names of corresponding carboxylic acids to 
which they are oxidised. Suffix "ic acid" of the acid is replaced ' 
by "aldehyde". ' 

CH)-<U 

Acetic acid 

Propionic acid 

H 
I 

H-C=O 
Formaldehyde 

H 
I 

CH)-C=O 
Acetaldehyde 

H 
I 

CH)CHz-C=O 
• Propionaldehyde 

The position of the substituents on the parent chain is 
indicated by Greek letters a. ~,'Y~ etc. The a -carbon is one 
which is directly attached'to the -,CHO group. 

o r J\ u 
C-C-C-C-CHO 

H H 
a I ~ I 

CH)-CH-C=O CH)-CH-' CH2-C=O I ' I ' , 
CI CH)" ' ' 

u-Cbloropropionaldehyde J\-Metbyl butyraldehyde 

2. IUPAC system: In IUP AC system, aldehydes are 
named after the corresponding alkanes. Suffix -e of the alkane 
is replaced by the suffix -a1. Therefore,aldehydes are called 

• Alkanals. When substituents are present the carbonyl carbon is 
assigned no. 1. 

H 
I 

H-C=O 
Methanal 

H 
I 

CH)CH2-C=O 
Propanat 

H 
I 

CH)-C=O, 
Ethanal 

H H 
, I , I 

CH)-CH-'C-.o ,CH)-CH-CH2-C=O 
I ,I 

CI CH) 
2-Cbloropropanal 3-Metbyl butanal 

Ketones: There are two systems of naming ketones. 
1. Common system: Common mimes of ketones are 

given by simply naming the alkyl groups attached to the 
carbonyl group and adding the word-ketone. In case of simple 
or symmetrical ketones, they are named as dialkyl ketones. 
However, unsymmetrical or mixed ketones are named by 
naming the two alkyl groups attaChed to, the ketonic group as 
separate words in ,lphabetical order and adding, the word 
ketone. The common n~e of the first member is given acetone 
(as obtained by distilling ,calcium acetate). Examples are, 



CH3COCH3 . Dimethyl ketone (Acetone) 
CH3COC2HS Ethyl methyl ketone 
C2HsCOC2Hs Diethyl ketone 

2. IUP AC system: In this system, longest chain con
taining the ketonic group is taken as the parent chain. In 
naming the ketone corresponding to the chain, the following 
procedure is adopted: 

Root word + ane....;. e + one 
i. e., Alkanone 

The positions of the ketonic group and the substituents are 
indicated by the locants. 

CH3COCH3 ~p8none . 
CH3COCH2CH3 Butan-2-one 
CH3CH2COCH2CH3 Pentan-3-one 

CH3 -CHCOCH2CH2CH3 2-Methyl hexan-3-one 
I 

CH3 

11.3 ISOMERISM 
Aldehydes: Aldehydes show chain isomerism amongst 
themselves and functional isomerism with ketones, cyclic 
ethers and unsaturated alcohols. Tautomerism with 
unsaturated alcohols is also observed. 

Chain isomerism: 

Functional isomerism: 

eH3 . I . . . 

CH3-CH-CHO 
2-Metbyl proJ)llDlil. 

CH3CH2CHO ; CH3COCH3 H2C=CHCH20H 
Allyl alcohol Propanal Propanone 

These are fWtctional isomers. 

CH3CH2CH2CHO ., 
autaD!d 

CH2-CH2 
II 
~;H2 

o 
Tetrahydrofuran 

CH3CH=CHCH20H 
Crotyl alcohol 

These are functional isomers. 
Tautomerism: 

o 
II 

CH3-C-H ~ H2C=CHOH 

Acetaldehyde and vinyl alcohol are tautomers. 
. 0 . HO 

a II I 
CH3-CH2-C-H ~ CH3-CH=C-H 

Only a- H atoms are involved in tautomerism. 
Ketones: Besides chain isomerism, functional isomerism and 
tautomerism, ketones also show metamerism which arises due to 
different positions of carbonyl group in the carbon chain. 

G.R.B. Organic Chemistry for Competitions 

Chain isomerism : 

o 
II 

CH3CH2CH2-C-CH3 
Pentan-2-one 

(Methyl propyl ketone) 

Functional isomerism: 
See examples in aldehydes. 
Tautomerism : 

o 
II 

CH3-C-CH3 ~ 
(Keto form) 

Metamerism: 
o 
II 

CH3CH2CCH2CH3 
Peman -3-one 

CH3 0 
III 

CH3 -CH-C-CH3 
3-Methyl butan-2-one 

(Methyl isopropyl ketone) 

o 
II 

CH3CH2CH2CCH3. 
Pentan-2-one 

SOME SOLVED PROBLEMS 
( 

Prohlem 1. Give the common and IUP AC names for the 
following compounds: 

(l) (CH3hCHCHO (ii) H2C=CHCOCH-CH2 . 
(iil)CH3COCH(CH3 h (iv) C12CHCOCH3 
(v) H2C=CHCHO (vi)CH3CH2CH(OH)CH2CHO. 
Solution: 

Common name· IUPAC name 
(i) Isobutyraldehyde 2-Methyl propanal 

(ii) Divinyl ketone ." Penta-l,4..dien-3-one 
(iii) Methyl isopropyl ketone 3-Methyl butan-2-one 
(iv) a, a-Dichloro acetone I,l-Dichloropropanone 
(v) Acrolein . Prop-2-enal 

(vi) ~Hydroxyvaleraldehyde 3-Hydroxypentanal 
Problem 2. Give IUP AC names of the fimctional 

isomers of formula C3 H60. 
Solution: The following are the functional isomers of 

formula C3 H60. 

(if C2HSCHO 
Propanal 

(iii) H2C-CH-CH20H 
Prop-2-en -1-01 
or Allyl alcohol 

(ii) CH3COCH3 
""opanone 

(iv) CH3 -<~:tH2 

o 
l,2-Epoxypropane 
(2-Methyl oxirane) 

(v) H2C=CH-O-CH3 (vi) 
HliOH 

(vii) 

Methyl vinyl ether 

o 
1,3-Epoxypropane 

(Oxetane) 

Cyclopropanol 
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11.4 GENERAL METHODS OF PREPARATION 
OF ALDEHYDES AND KETONES 

1. From Alcohols 

(I) By controlled oxidation: Mild oxidising agents 
oxidises primary alcohols into aldehydes and secondary 
alcohols into ketones. 

R -CH20H Mild oxidising agent ~ R -CHO 

10 Alcohol Aldehyde 

OH 0 
I Mild 'di' \I R-CH-R' oX! smgagent, R-C-R' 

20 Alcohol Ketone 

Some mild oxidising agents are: 
1. K2Cr2071H2S04(dil.)/cold 
2. Jones reagent (Cr03,·H 2S04 and acetone) 
3. Fenton's reagent (FeS041H202) 
4. Sarret's reagent (pCC inCH2CI2) 
5. POC, Pyridinium dichromate (cr03 with pyridine in 

H20) 
6.X2(02) 
7. DMSOlCOC12 in (C2HSh N 
8. Manganese dioxide (Mn02 in CCl4 or acetone). 
9. Aluminium tert. butoxide in acetone 
10. Ceric ammonium nitrate (CAN) 
II. Silver carbonate (Ag 2C03) 
12.C.ul3000c or Ag/300"C 

CH3CH20H + [01 K2Cr
207 • CH3CHO +H20 

Ethyl alcohol HtS04(dil.) Acetaldehyde 
b.pt 780C b.pt. 20"C 

CH3CH2CH20H +[0] K2
Cr

207 ) CH3CH2CHO 
I-Propanol H2S04 (dil.) . Propanal 
b.pt 9rC b.pt. 48"C 

2CH30H +2[0] K2
Cr

207 ) 2HCHO +2H20 
Methyl alcohol H2S04 (dil.) Formaldehyde 

CH3CH20H+Cr20;- +H+ ~CH3CHO+ Cr 3+ 
. (Orange) (Green) 

CsHsN·Cr03·HCI 
(Pyridinium cblorocbromate or Pee) ) RCHO 

(CH2CI2) Aldehyde 

PCC is the mixture of pyridine, Cr03 and HCI in I : I : I 
ratio. By PCC and Collin's reagent (which isCr03 + pyridine 
and is.called Sarett's reagent or Sarett ColUn's reagent) the 
oxidation stops at aldehyde. . 

This reagent also does not attack double bonds. ryOH [0] . , ryo 
V PeC inCH2Cl2 V 

Cy<:lohex-2-en-I-ol Cydohex-2-en-l-one 

Mechanism of. oxidation of an alcohol by Cr(vi) is 
believed to involve initial formation of a chromate ester which 

loses a proton and HerO)' ion to form the aldehyde. 

o 0 
II _ II 

RCH20H + HO-Cr-OH H2
0

) R-CH2O-Cr-OH 

II II 
o 0 

H 0 H 
I II I + 

R-C-O-Cr-OH~R-C=0+HCr03 +H30 
. I II 

H 0 

.. 
H20 : 
Cr(iv) is not stable and is reduced to Cr(iii) resulting in the 

oxidation of more alcohol. 
Since, aldehydes are very susceptible to further oxidation 

to yield acids, the oxidation of primary alcohols is to be carried 
out under conditions which promote high yields of aldehydes. 
Advantage is taken of tbe fact tbat aldebydes are more 
volatile tban alcobols, the oxidation is carried out at a 
temperature which is much above the· boiling point of an 
aldehyde to be prepared but lower than the boiling point of the 
primary alcohol. Under such a condition as· soon as tbe 
aldebyde is formed, it distills over and thus prevented from 
being oxidised. Orange (Cr20;-) changes to green (Cr 3+) 
indicates the stage of completion. 

Ketones can be obtained by the oxidation of secondary 
alcohols. Ketones are not easily oxidised further and can be 
obtained in high yields by this method. 

R R 
"-..CHOH [0]) "'x-O+H20 

R'/ R'/ 
Sec. alcohol (2") Ketone 

H3C, H3C, 
. )CHOH + [0] K2Cr207) )C=0+H20 

H3C"""" H2S04 (dil.) H3C """-
Isopropyl alcohol Acetone 

R , Mn04 /CrO. 3/Cr2027- R ........ 
'CHOH-----'--+) ;C=O 

R'/ R'/·· 

CH3CH2"-.. [0] CH3CH2"-.. 
/CHOH ) ,/C=O 

H3C H3C 
Sec. butyl alcohol Ethyl methyl ketone 

(ii) Catalytic dehydrogenation : When vapours of 
primary or secondary alcohols are mixed with air and passed 
over reduced copper or silver catalyst heated to 300"C, primary 
alcohols are dehydrogenated to aldehydes and secondary 
alcohols to ketones. 

RCH20H Co) RCHO + H2 
Primary alcohol 300"C Aldehyde 



CH3CH20H Cu) CH3CHO + H2 
Ethyl alcohol 300°C Acetaldelwde 

RCHOHR' Cll) RCOR' + H2 
Sec. alcohol 300"C Ketone, 

; 
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CH3CHOHCH3 Cu) CH3COCH3 + H2 
Isopropyl alcohol 300"C Acetone 

3° alcohol undergo dehydration to fonn alkene whereas other alcohols (1 ° and 2°) by dehydrogenation fonns Carbonyl compound. 
CH3 CH2 

I Cu " CH3 -C-OH ) CH3 -C + H20 
I 300"C I 
CH3 CH3 

Tert. butyl alcohol W) 2-Methyl propene 

CH3 CH3 

I Cu I 
CH3-C-OH )CH3-C+H20 

I 300"C 1\ 

CH2-CH3 CH-CH3 
2-Methyl butan-2-ol 2-Methyl but-2-ene 

(iii) Oppenauer oxidation: Secondary alcohols can be oxidised to ketones by aluminium tert. butoxide. [(CH 3 h COll At 
The secondary alcohol is refluxed with the reagent and then acetone (or cycIo hexanone or p-benzoquinone. etc.) is added. 

3 > CHOH + [(CH,h CO], AI c-;' [:>CHO ), AI + (CH,hC-OH 

(
R"'-..CHO) AI +3GH3"'-..C=O~ R"'-..C=O+(H3

C
"'-..CHO) AI 

IV" CH3/ R/ H3C/ 
3 . ' 3 

Secondary alcohol oxidises to ketone and acetone reduces to isopropyl alcohol. 
R, H3C, R, H3C~ 

'CHOH + 'C=O [(CH3)3COhAl) 'C=O + ........ CHOH 
R'/ H3C/ . R'/ H3C/· 

Sec. alcohol Acetone (excess) Ketone Isopropyl alcohol 
. (2°) 

Unsaturated sec. alcohols can also be oxidised to unsaturated ketones (without affecting the )C=C( double bond) by this 
reagent. 

OH 
I 

o 

CH3 -CH-CH2 -CH=CH2 
Pent-4-en-2-o1 

AI ., b'd II . 
unuruum tert. utOXl e ) CH3 -C-CH2 -CH=CH2 

cyc1ohexanone . Pent-4-en-2-one 

HoD Al[OCH(CH3hh) j) 
Acetone ..9 

o 
Cyclohex-2-en-l-ol Cyclohex-2-en-l-one 

2. From Carboxylic Acids 

(i) By dry distillation of calcium salts of fatty acids: When calcium formate is dry distilled alone fo~dehyde is obtained. 

(HCOOh Ca A) HCHO + CaC03 
Calcium formate Formaldehyde Calcium carbonate 
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Other aldehydes. can be prepared by the dry distillation of equimolar mixture of calcium salt of a fatty acid . with calcium 
formate. 

(RcoohCa + (HCoohCa -42RCHO+2CaC03 

(CH3COOhCa+ (HCOOhCa -42CH3CHO+2CaC03 
Calcium acetate . Ca).cium formate Ace~ldehyde 

The yield is generally poontue to side reactions. Thus, aldehydes are not prepared by this method. 
Symmetrical ketones may be obtained when calcium salts of fatty acids (other than formic acid) are heated at 400°C. 

(CH3coohCa -4CH3COCH3 +CaC03 
Calcium acetate Acetone 

Note : The calcium ~ts offatty acids are fonned by heating carboxylic acids with calcium oxide. 

The yield of simple ketones can be increased by using barium, thorium or manganese salts in place of calcium salts. If a 
mixture of calcium salts of carboxylic acid is 'heated, mixed ketone is obtained. The yield of a mixed ketone is generally poor. 

(RCOOh Ca + (R'COOh Ca -4 2RCOR' + 2CaC93 
Mixed ketone 

(CH3COOhCa+(C2HsCOOhc.a-4 2CH3COC~Hs +2CaC03 
Calcium . acetate Calcium propionate Ethylmethyl·ketone 

Cyclic ketones are formed when <<mlcium.salts of dicarboxylic acids are heated. 

[

CH2COO-] . CH2, . I . Ca2+ Heat) I "C=O+CaC03 
CH2COO- CHr/ . 

. . . Cyclopropanone. 
. Calcium succinate '. . 

(ii) Catalytic decompositi~n of carboxylic acids:· Vapours of carboxylic acids mixed with formic acid, when passed over 
heated thoria (350°C), alumina (4000C) or manganous oxide (3000C), give lilldehydes. 

!he yieldis about 60%. 

RCOOH + HCOOH'Al20
3 ) RCHO + H 0 +CO 

. ,400"C 2 2 

CH3COOH+HCOOH Al20
3) CH3CHO +H20+C02 

400"C Acetaldehyde 

Symmetrical ketones are also obtained when vapours of a carboxylic acid are passed over under similar conditions. 

'2CH3COOH MnO )CH3COCH3 + H20+C02 
Acetic acid 300'C Acetone . . 

3. By Hydrolysis of Gem-dihalides 
Aldehydes are obtained by alkaline hydrolysis of those gem-dihalides in which two halogen atoms are attached to the terminal 

carbon atom. Usually a mild alkali is used for this;purpose. 
/CI . AlH 

CH3CH/ 2KOH )CH3CH/ -H2~ CH3CHO 
""-CI . ""-oH Acetaldehyde 

Ethylidene chloride UJlStable 

Ketones are formed by hydrolysis of1hose gem-dihalides in which the two halogen.atoms are attached to a non-terminal 
carbon atom. 

H3C, /Cl 

H3C/
C

"-CI 
lsopropylidem: 

chloride 
'fhis method is not used much since aldehydes aie affected' by alkali and dihalides are usually prepared from the carbonyl 

compounds. 
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4. From Alkenes 

(i) By reductive ozonolysis: Alkenes are dissolved in an organic solvent such as chlorofonn, carbon tetrachloride or glacial 
acetic acid and a stream of ozonised oxygen is passed. The ozonide fonned is then decomposed by passing hydrogen in presence of 
palladium or zinc dust and water. The product or products fonned depend on the structure of alkene. 

. H, 0 I 

RCH-CHR ~ R6;('iCHR __ H_2_-+) 2RCHO + H20 

II" 1',1 Z/HO n 2 Aldehyde 

0/ \0 
'Ozonide' 

H, 0 I I \ I 

RCH=CHR' ~ RCJ( ~CHR' __ H_2_-+) RCHO + R'CHO + H20 
I : "I Zn/H20 · v ' 

O-~~ Aldehydes , \ 

. 
Ketones 

CH3CH3 

I I 03 . H2 
CH 3 -C= C-CH3 -------+ Ozorude ) 2CH3COCH3 + H20 

2,3-Dim:lthyl but-2-ene Zn/H20 Acetone 

(ii) Alkenes can be oxidised to aldehydes by an oxidising agent called Lemieux reagent. 
o 

NaI04 )0 2R-~-H 
Lemieux 
reagent 

(iii) Alkenes can be oxidised to aldehydes and ketones by an oxidising agent Cr02C12 in CH 2C12' 

CH3CH2CH2 -C=CH2 , 
CH3 

2-Methyl pent-l-ene 

CH3CH3 
I I 

CH3 -C=C-CH3 
2.3-Diroothyl but-2-ene 

) CH3CH2CH2 -TH-.. CHO 

CH3 
2-Methyl pentanal 

CH3 0 
I II 

) CH3 -C--C-CH3' I . 
CH3 

3,3-Diroothyl butan-2-one 



Aldehydes and Ketones 

(iv) By hydroboradon oxidation reaction: Alkenes can be oxidised to aldehydes. 

CH)CH=CH2 
, Propene, 

O CH
2, 

Methylene 
cyclohexane 

~. • [o-rn1:. :~;. • (\-CH2OH 
+ 

CsHSNHCr03cr(PCC) • o-CHO 
CH2Cl2 

Cycluhcxyl methanol 

5. From Alkynes 

Cyclohexane 
carbaldehyde 

(i) By hydration: Hydration of acetylene gives acetaldehyde. Water molecule adds up to acetylene in presence of mercuric 
sulphate and dilute sulphuric acid at about 6O"C to form an unstable enol~intermediate. It rearranges to give acetaldehyde. 

H- H ' 

. . HgS04 6O"C I I 
HC==CH+HOH, ' )H-C=C-OH~ CH)CHO 

Dil. H2SO4 Unstable Acetaldehyde ;" Acetylene 

Formaldehyde cannot be prepared by this method. 
Ketones are formed on hydration of homologues of acetylene under similar conditions. Markownikoff's rule is followed in 

water addition. 
OH 0 

HgS04. 60°C I II 
CH3C==CH + H-OH ) CH3-C=CH2 ~CH3-C-CH) 

Propyne Dil. H2SO4 Unstable (enol) Acetone 

o 
Hg2+ II 

CH3-C==C-CH3 + H-OH , CH3-C-CH2-CH3 
But-2-yne Dil. H2S04 Butan-2-one 

(ii) By hydroboration-oxidation: Hydroboration occurs with alkynes and the products formed are oxidised with alkaline 
H202' Aldehydes are formed if the triple bond is located at the end of the chain (i.e., non-terminal alkynes), and in all other cases 
(i.e., terminal alkynes) ketones are formed. 

3CH3-C=CH BH3. TIIF ) (CH3CH=CH-hB H202/0W )CH3-CH=CHOH TautomeriseS )CH)CH2CHO 
Propyne (Enol) Propana\ 

CH)CH2CH2C==CH R2
B

-
H

) CH)CH2CH2CH=CHBR2 H202/0Jr) CH3CH2CH2CH=CHOH~ 
Pent-I-yne (Enol) 

CH)CH2CH2CH2CHO ' 
Pentanal 

R2B-H CH3CH2" / CH2CH3 H20 ,CH)CH2 " ' /CH2CH3 
CH3CH2C==CCH2CH3 --~) /C=C, -~-~) /C=C,,' 

Hex-3-yne H /' ....... BR2 'H /' "'OH 

~CH3CH2CH2-C-CH2CH3 

A 
Hexan-3-one 
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o 0 

CH3~C==C-CH2CH3 
Pent-2~yne ~ 

(i) BH3 THF II " 
.. " _ )CH3-C-CH2CH2CH3 +CH3-CHi-C-CH2CH3 

(11) Hl0 2/0H Pentan-2-one Pei:ttim~3-one 
(Major) (Minor) 

6. From Grignard Reagents . "., 
(i) On reaction with nltriles: Grignard reagents give aldehydes with hydrogen cyanide (HCN) and ketones with alkyl 

cyanides (RCN). 

_ + Dry 2H20 ~H 
HC==N + RMgI . ) HC=NMgI -.::...+~) RCHO +NH3 +Mg ...... 
Hydrogen Grignard ether I . H Aldehyde 'I 

cyanide reagent R 
Addition product 

H-C-N +C>-MgBr -----> H1 NMgBr HOHIOO 1:0 + NH, + Mg(BrjOH 

+ 2H20 R, ~H 
R-C=N +RMgI~R-C=NMgI. ). /C=O+NH3 +Mg ...... 
'Alkyl cyanide I· W R/ 'I 

R ~rone 
Addition product 

The alkyl radical in the aldehyde comes from the Grignardreagent and incase ofketoneoneofthealk:yl radicals is contributed 
by Grignard reagent. 

(ii) On reaction with esters: Formic ester is used to prepare aldehyde and all other esters give ketone on treatment with 
Grignard reagent. 

o OMnY 
II + I &,1 

H-C-OC2Hs +RMgX ~H-C--OC2Hs 
Ethyl formate I' 

R 

o OMgK 

" - + I CH3 -C--OC2HS + RMgX ~CH3 -C-OC2Hs 
Ethyl acetate· I . 

R 

2HOHlH+ 
-C2HSOH 

2HOHfH+ 
-C2HSOH 

o 

" ) R-C-H + Mg(X)OC2 Hs 
Aldehyde 

o 
. II 

)CH3-C-R + Mg(X)OC2HS 
Ketone 

(iii) On reaction with acid haUde and acid anbydride : Formyl chloride gives an aldehyde and all other halides give 
ketone. 

o OM~1 0 
II I HOHlH+ . II 

H-C-Cl +CH3M~1 ~ H-C-Cl ----'===-~)CH3 -C-H + M~12 
Fonnyl chloride I Acetaldehyde 

CH3 

o OM~1 0 

" I II CH3 -C-Cl +CH3M~1 ~CH3 -C-Cl _~H"""OHl~H:""+~)CH3-C-CH3 + M~12 
Acetyl chloride I Acetone 

CH3 
But acid anhydride gives ketone only with Grignard reagent. 

a 0 OM~IO 

\I II . I " R-C--O-C-R + CH3M~1 ~ R-C-O-C-R 
. Acid anhydride . I 

o 
. + " HOHIH )R-C-CH3 + Mg(Cl)OCOR 

~tone 

CH3 



(. 
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(iv) On reaction with ortho ester: Ethyl ortho formate gives aldehyde. 

----I /OC2Hs /OC2Hs 
CH~ MgI:': __ !I~_~~.£2_1!~, /1 ) CH3CH"",OC H 

, "'OC2HS' /' 2 S 
·------Ethyloriho-forrtmte -Mg'oC

2H
S 

Except ortho formic ester, all other ortho esters on reaction with Grignard reagent give ketones. 

7. From acid chlorides 
(i) Rosenmund's reduction (only for aldehydes): Acid chlorides can be reduced into aldehydes with hydrogen in boiling 

xylene using palladium or platinum as a catalyst supported on barium sulphate. This reaction is called Rosenmund's reduction. 
Ketones cannot be prepared by this method. 

R-C=0+H2 Pd/BaS04,S )R-C=O+HCI 
,I . (Boiling xylene) I 

CI H 
Acid chloride Aldehyde 

CH3-C=0+H2 Pd/BaS04,S )CH3-C=0+HCl 
I (Boiling xylene) I 
CI H 

Acetyl chloride Acetaldehyde 

The function ofBaS04 is to poison the catalyst at the aldehyde stage. 
The catalyst is also poisoned to small extent by sulphur compounds to prevent further reduction of aldehydes to 10 alcohols. 

Generally, a small amount of quinoline and sulphur is also added. 
Acid chlorides are readily reduced to aldehydes by weaker reducing agents like lithium tri-t-butoxyaluminium hydride, 

[LiAlH (0 - t - C4 H9) 3] or tri n-butyl tin hydride, Sn(C4 H9 h H. 

o o 
~ ~ 

R-C-:-CI + LiAl[OC(CH3hh H ~ R-C-H + AI[OC(CH3hh + LiCI 
Aldehyde 

Sodium aluminium hydride, NaAlH4 or di-isobutyl aluminium hydride (DmAL-B) also reduces esters into aldehydes. 

o 0 
II NaAlH

4
' II . 

R-C-OR'+H2 )R-C-H+R'OH 
Ester Aldehyde 

(ii) Ketones can be prepared by the action of dialkylcadmium on acid chlorides. 

ZRCOCI +R2Cd~2RCOR'+CdCI2 
Acid chloride 

2CH3COCI + (CH3hCd ~2CH3COCH3 +Cd02 

2CH3COCI+(C2HskCd~2CH3COC2Hs +CdCI2 
Butanone 

2C6HsCOCI + (CH3hCd ~ 2C6HsCOCH3 +CdCI2 
Acetophenone 

[Grignard reagents also react withacidchioride to form a ketone but the ketone formed reacts further to form tertiary alcohol.] 

" 
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8. From nitriles (only for aldehydes) 

An alkyl cyanide is dissolved in ether and reduced with stannous chloride and conc. hydrochloric acid~ The iminochloride, thus, 
formed when hydrolysed with water yields aldehyde. 

H H 
R-CieN SnCI2/HCI) RCH-:-NHHCl H:!O) RCHO+ NH4CI 
Alkyl cyanide Iminochloride H+ , 

[SnC12 + 2HCl----) SnCl4 + 2(H)] 
, ~e~ HO 

CH3-CieN+2[H]+HCI ~CH3CH=NH·HCI~. ) CH3CHO +NH4CI 
Acetonitrile Acetaldimine Botlmg Acetaldehyde 

Hydrochloride 
Here, H2 [SnC141 is formed, which is very strong reducing agent. 
This reaction is known as Stephen's reduction. 
Alternatively, nitriles, can be selectively reduced by di-isobutyl aluminium hydride, [(CH 3 h CH2CH]2 AlH, (DIBAL-BI to 

imines which upon.hydrolysis gives aldehyde. 

R-C=N AlH(i-Buh)R_CH=NH H20 ) R-CH=O+ NH3 
Alkyl nitrile ~ ether Aldimine Hydrolysis Aldehyde 

DIBAL-B does not reduced ethylenic double bonds and hence unsaturated nitriles can be reduced to corresponding 
unsaturated aldehydes by using this reagent. 

CH CH=CHCH CH CN (i) AlH(i-Buh 
3 2 2 (")H 0 Hex-4-en-l-nitrile 11 2 

Similarly, esters are also reduced to aldehydes with DIBAL-B. . 

o 

)I CH3CH=CHCH2CH2CHO 
Hex-4-en-I-al 

II 
CH3 (CH2)9 -C-OC2HS (i) DIBAL-H )I CH" (CH ) -CHO 

(ii) HOH 3 ~I ' Ethyl undecanoate 
, , 

9. From acetoacetic ester (only for ketones) 
Ketones are prepared by the ketonic hydrolysis of acetoacetic ester or its alkyl derivatives by heating with dilute aqueous acid 

or dilute alcoholic solution of alkali, preferably acid solution. 
I I 

CH3COCH2lCOO:C2Hs + HOH ----)CH3COCH3 +002 +C2HsOH 
H: :OH Acetone 

Acetoacetic ester 

CH3 
I I I 

CH3COCHCoqC2Hs + HOH ----)CH3COCH2CH3 +002 +C2HSOH 
Hj : OH Ethyl methyl ketone 

Methyl derivative of aceto-
acetic ester 

10. Oxo process (only for aldehydes) 
It is an industrially important method for forming aldehydes and also called carbonylation or bydroformylation reaction. 

Under the influence of high temperature and pressure, an alkene reacts with CO and H2 (water gas) in presence of cobalt carbonyl 
. which acts as a catalyst. 

R-CH=CH2 +00+H2 [Co(COkb )R-CH-CH2 
Alkene l00"C, Pressure I I 

H C=O 
I 
H 

Aldehyde 
The net reaction appears to be an addition of formaldehyde through anti-Markownikoff's rule. 
The reaction always gives isomeric straight chain and branched aldehyde, straight chain aldehyde is a dominant product. 



and Ketones 

11. Wacker process 
This is a recent method for the manufacturing of acetaldehyde from ethylene. Both aldehydes and ketones can be prepared by 

this method. Alkenes are directly oxidised to their corre~ponding aldehydes and ketones by treating with an acidified aqueous 
solution of palladium chloride and cupric chloride in presence of oxygen or air. . . 

CuCI2 ... 
H2C=CH2 + PdCl2 + H20. ,. CH3CHO + Pd +2HCI 

Ethene Air or 02 Acetaldehyde 

[Pd+2HCI~PdCI2 +H2 

Pd +2CUC12 ~PdCI2 +2CuCI] 

o 
CuCI2 II.... 

CH3CH CH2 +PdCI2 +H20 . . )CH3-C-CH3 +Pd+2HCI 
Propene Air or 02 Acetone .. . 

During the reaction, PdCl2 is reduced to metallic Pd in presence ofCuCl2. 

12. By oxidation of 1,2-glycols with lead tetra-acetate or periodic acid (HIO 4) 
1,2~Glycols undergo cleavage to fonn carbonyl compounds. This reaction is not observed with non~vicinal glycols. 

OH OH 
I I 

R-CH-CH-R'+Pb(OOCCH3)4 ~RCHO+R'CHO+2CH3COOH+(CH3COOhPb 

13. Aldehydes from alkyl halides 

~ R' _/C-c( 
R' I I ....... R' 

OH OH 

, I .. 
Aldehydes 

R .. R' 
[0]) 'x=O + )C=O 

R/ .. RI/ . 

Kek.nes 

In this method DMSO (dimethyl sulphoxide) reagent is used. 1° alkyl halides give aldehyde, 2° alkyl halides give ketone, but 
3° alkyl halides do not participate in this reaction. . 

R-CH2X +(CH3hSO~RCHO+(CH3hS+HX 
10 alkyl halide 

R2-CHX +(CH3hSO~R2CO+(CH3hS+HX 
2°alkyl halide 

R3-CX +(CH3)2S0~Noproduct 
3°alkyl halide 

3° alkyl halides cannot undergo oxidation due to absence of reducing iH~ atom. 
14. Aldehydes and ketones from cadmium and lithium salts 

Dialkyl cadmium can be synthesized using Grignard reagents. 

2RMgX +CdCI2 ~ R2Cd + MgC12 + MgX2 
R2Cd + R'COCI---+ RCOR' + RCdCI 

Similarly, aryl carbonyl compounds can also be synthesized. Lithium salt of carboxylic acid can be used to synthesize 
carbonyl compound. 

OH 

- + I 
R-COOLi +CH3Li~R-C-CH3 

. I 
OLi 

OH 
I 

HOH ,. R-C-CH3 
H+ I 

(-LiOH) OH" 

-H20 

o 
II 

)R-. C-CH3 
. Ketone 
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11.5 GENERAL CHARACTERISTICS 
Physical:. (i) The fust member of the aldehyde series, formaldehyde, is a gas while next ten members of the aldehyde series 

are colourless volatile liquids at ordinary temperature. Ket0lles up to eleven carbon atoms are also coloUrless volatile liquids. The 
higher members of both the series are solids. . 

(ii) Lower aldehydes have unpleasant odour but the nigher membeJs have ftuity odour. Ketones possess pleasant smell. 
(iii) Lower-members of aldehyde and ketone series are soluble in water, as they can form hydrogen bond withwater. However, 

the solubility decreases as the molecular mass increases. The' members having more than five carbon atoms are somewhat 
insOluble. These compounds are freely soluble in organic solvents such as alcohol, ether, etc. 

(iv) The boiling points of aldehydes and ketones are comparatively higher than alkanes of similar molecular masses due to 
appreciable intermolecular attraction (dipole-dipole interaction) as the aldehydes and ketones are polar compounds. However, 
their boiling points are lower than corresponding alcohols due to absence of intermolecular hydrogen bonding. Boiling points 
increase with increase in molecwar mass. 

(v) Density of aldehydes and ketones is less than that of water. 
Relative reactivity of aldehydes and ketones' 

Aldehydes are more reactive than ketones on account of the following facts: 
(3) Aliphatic aldehydes and ketones . 
(i) InduCtive effect: . The ~vity of the carbonyl group towards the addition reactions depends upon the magnitude of the 

positive charge on the carbonyl carbon atom. Hence, any substituent that. increases the positive charge on the carbonyl carbon must 
increase itS I"e3Ctivity towards addition reactions. The introduction of negative group (-1 effect) increases the reactivity while 
introduction of alkyl group (+1 effect) decreases the reactivity, therefore~ greater the number of alkyl groups attached to the 
carbonyl group and hence, lower is its reactivity towards nucleophilic addition reactions. Thus, the following decreasing order of 
reactivity .is observed: . . . . 

H')t=O > 'H3HC)C=o > H3C~C=O > HsC2~C=O > HSC
2 ~C=O 

H/ . H3C....... H3C....... HSC2 fl. . 

Fonnaldebyde Acetaldehyde Acetone Ethyl methyl ketone Diethyl ketone 

(U) Stearic effect: In formaldehyde, there is no alkyl group while in all other aldehydes there is one alkyl group so here the 
. nucleophile attack is relatively more easy but in ketones there are two alkyl groups attached. to carbonyl group and these cause 

hindrance, to the attacking gro.up. This factor is also called stearic hindrance (crowding). In other words, as the hindrance 
.' increases, the reactivity decreases accordingly. Thus, the order of reactivity is: . 

H,C=O > R"",c=o > R,c=O; (CH3h
HC

,c=o > (
CH

3h
C
,c=o 

H/ H/ R/ (CH3hHC/ (CH3hC/ 
Formaldehyde Aldehyde Ketone Di-isopropyl ketone Di-tert-butyl ketone 

The chloral is more reactive than acetaldehyde as chlorine atoms increase the positive charge on the carbonyl carbon (-1 
effect). 

a H 
+ I 

CI-+C-C""":O > 
t 
CI 
Chloral 

(High -leffect) 

H H 
I I 

H-c---;'C=O 
I 
H 

Acetaldehyde 

(Note: . In aromatic carbonyl compounds, the -'-R groUp'Present in benzene ring at 0- and p-position increases reactivity and + R group present in 
. '. benzene tiDg at. 0- and p-position decreases reactivity • 

. "~HsCH2CHO > C6HsCHO >R-'-~-C6Hs > C6Hs-~-'C6Hs] 
(::hemical: . Both aldehydes and ketones contain a carbonyl group in their structures and their chemical properties are mainly 

governed by this group. 



0 0 
II II 

R C H R C R 
Alkyl Carbonyl Hydrogen Alkyl Carbonyl Alkyl 
group group atom group group group . . 

An aldehyde A ketone 

The carbonyl group is a highly reactive polar group due to resonance and permanent -/ effect of the negative oxygen atom, as 
the 1t-electrons of the double bond are shifted to the more electronegative oxygen atom. 

, 0 ,3+3-
/C=o~ /C-O 

The high dipole moments of methanal (2.27D) and acetone (2.85D) are in agreement with the polar nature of )C=O group. 
Mechanism of nucleophilic addition reactions . 

The carbonyl group has two active centres which can be easily attacked.· The positively charged carbon is readily attacked by 
electron rich nucleophiles. The negatively charged oxygen is attacked by electron deficient electrophlles. H~wever, duripg . 
addition reaction nucleophilic attack precedes the electrophilic attack because the anion produced is more stable than the 
cation. . 

)C00 + Nu
Nucleophile 

. (Slow)) 'C-Q- H+ )'C-OH 
/. I Electropbile;/' I 

Nu (Fast) Nu 
Intermediate Addition product 

(Anion) . . 
IfhQwever, the attacking nucleophiles are weak e.g.; ammonia and its derivatives, the reactions of aldehydes and ketones are 

usually carried out in weakly acidic medium. Such reactions are called aeid eatalysed nueleophilic addition reactions. . . 
Another point of similarity between aldehydes and ketones is that hydrogen atoms attached to a-carbon are reactive (acidic in 

nature). The release of hydrogen from a-carbon results in the formation of carbanion which is resonance stabilised. This is called 
enolate. Its formation is facilitated by strong base. 

B~OII b 
t. -0 II . 

-C-C --"'-'---+ -C-C ~ 

0-
I 

-C=C· 
I II I II 

.. Resonance stabilised enol ate ion . . .... 

The enolate ion can act as a nucleophile and can attackthe carbonyl group of the other molecule, i.e., giving condensation 
reactions. Thus, aldehydes and ketones show condensation re~ctions. 

The common structural part of the aldehydes (except formaldehyde) and ketones is an alkyl group and the carbonyl 
group, hence, the reactions due to these groups are more or less simOar. However, aldehydes differ from ketones in some 
respects due to the attachment of hydrogen to the carbonyl group. 

Chemical reactions ofaldehydes and ketones are, thus, studied under two broad headings: 
(A) Reactions conunon to aldehydes and ketones, (B) Reactions in which aldehydes and ketones differ. 

[AJ Reactions Common to Ndehydes and Ketones 
I. Substitution reactions of alkyl group (Halogenation). 
2. Reactions of carbonyl group: 

(a) addition reacti~ns, reduction reactions, 
(b) replacement of oxygen of carbonyl group. 

3. Condensation reactions. 
·1. Substitution reactions of Alkyl Group·· . 

(i) Halogenation: The a-hydrogen atoms of the alkyl group of aldehydes aM ketones can be replaced by halogen atoms 
when treated with halogens in presence of an acid. The moist chlori,ne or bromine reacts with acetaldehyde and acetone even at 
room temperature. For example, 
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CH3CHO +Ch· CH3COOH)o CICH2CHO + HCI' 
Acetaldehyde a -Chloroacetaldehyde 

. CH3CHO + 3C12 
Acetaldehyde 

NaOH)o CCl3CHO + 3HCl 
Trichloroacetaldehyde . 

(Chloral) 

CH3COCH3 +3c12 )0 CCl3COCHl +3HCI 
Acetone Trichloroacetone 

The excess of alkali decomposes the trihalogen compounds to give haloform .. 
CCl3CHO +NaOH )0 CHC13 + HCOONa 

CCl3COCH3 + NaOH ) CHCl3 +CH3COONa 
Similarly~ .when C12! or Br2 is bubbled through warm acetone, a mixture of a.-rulIogen~ derivatives is obt.ined. 

CH3COCH3.+CI2 )oCH3COCH2CI + CH3COCHCh 
Acetone a -Chloroacetone a ,a -Dichloroacetone 

Acetic acid 
CH3COCH3 + Br2 )0 CH3COCH2Br + HBr 

a-Bromoacetone 

The halogenation is always facilitated by the presence of an alkali. 
(ii) Haloform reaction: When an organic compound forms a haloform, CHX3 (X is Cl, Br or I), by the action of halogen 

and an alkali (NaOH + X 2) or sodium hypohalite (NaOX) and the reaction is known as haloform reaction. 
Acetaldehyde, acetone an. methyl ketones havingCB3CO-. group undergo haloformreaetion. The hydrogen atoms of 

the methyl group. are first replaced by halogen atoms. The trihalo derivative formed is then hydrolysed into haloform and an acid 
(containing one carbon atom less than the parent compound). 

o 0 
II . II 

R-C-CH3 + 3X2 +3NaOH~R-C-CX3 +3NaX +3H20 
(R may be H or alkyl group). (X -ct, Br or I) . 

o o 
~ ~ 

R-C-CX3 +NaOH~ CHX3 + R-C-ONa 
Halofonn 

Note: Theretative stabilityofcarbatiions is: CCl3 > Cf:3 > CBr3 > CI3 

ot with sodium hypoiodite, the reaction may be written as: 

2NaOH + 12 ~ NaI + NaOI + H20 
Sod. hypoiodite 

CH.COCH3 + 3NaOI ~CH3COCI3 + 3NaOH 
Acetone lri-iodoacetone· 

CH3C0CI3 + NaOH Hydrolysis)o CHI 3 +CH3COONa·· 
Iodolnnn Sod. acetate 

(Yellow ppt.) 

Haloform test is given by those alcohols also which on oxJdation give either acetaldehyde or methyl ketones. This reaction is 
used as a test ofCH3CO- group. Generally, a ?"xture of iodine and sodium hydroxide (NaOI) is used. 

NaOH ) CI CHO + 3Hl 
(Iodination) 3 

03CHO + NaOH Hydrolysis)o CHI 3 + HCOONa 
Iodal Iodofonn Sod. formate 

(Yellow ppt.) 
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The mixture is added to the compound, if yellow crystals ofiodofonn (Cm 3) are fonned, it will confinn thaiCH3CO-- group 
is present in the compound. This test is known as iodofonn test. The test is given by ethyl alcohol and thoseseeondary alcohols 
(CH3 -CHOH-R) which on oxidation give methyl ketones. 

(iii) Oxidation by selenium dioxide (SeOz) : Selenium dioxide oxidises the reactive methylene group adjacent to carbonyl 

group at the a-carbon to fonn dicarbonyl compounds. For example, 
'> 

H-CH2 -CHO + Se02 ---+ H-C-C-H +Se + H20 
Acetaldehyde > II II 

> 0 0 
Glyoxal 

o 
II 

HCH2-CCH3 +Se02 ---+H-C-C-CH3 +Se+H20 
, Acetone II II 

0,0 
Methyl glyoxal 

00000 
II II II II II 

CH3CCH2CH3 + Se02 ---+ H3C-C-C-CH3 + H-C-C-CH2CH3 + Se + H20 
Ethyl methyl ketone Butan-2,3-dione' Ethyl glyoxal . 

• (Dimethyl glyoxal) (Major) 
(\1inor) 

A reactive methylene group adjacent to >C=O group at thea-carbon forming a part of the ring also oxidises to a ketonic 
group. For example, > 

6°> cY0 .. Se02IHZO 
• 

Cyclohexanone -Cyclohexa-I ,2-dione 

2. Reactions of Carbonyl Group 

<a) Addition reactions: 
(i) Addition of hydrogen: Aldehydes and ketones react with hydrogen in a number of ways when different products are 

fonned. 
Molecular hydrogen in presence of a metallic catalyst such as Pt, Pd, or Ni reduces aldehydes and ketones ipto priniary and 

secondary alcohols respectively. 

R, ........ 08 R"'-.. 
H/C=O + H2 

Ni, Pt or Pd . 'c"""" or 
.) H/ "'-..H RCH20H 

Primary alcohol 
Aldehyde 

Ni, Pt or Pd 
CH3CHO + H2 ) CH3CH20H 

Acetaldehyde Ethyl alcohol 

, d R, ........ OH 
NI,PtorP 'C"""" RCHOHR' 

) R' / "'-.. H or Secondary alcohol 

Ketone 

)C=o 



/ 
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Reduction reac.tions '.' . . 
. Reagents which produce nascent hydrogen such as Zn and CJI3COOH, sodium and water, sodium arid alcohol, Zn and 

alcoholic. NaOH, LiAlH4, NaBH4 or LiBH4' etc., also reduce aldehydes and ketones to primary and secondary alcohols, 
respectively (Reduction to alcohols). 

RCHO + 2[H] LWH4) RCHzOH 
Aldehyde Ether Primary alcoool 

LWH 
H2C=CHCHO 4 ) H2C=CHCH20H 

Acrolein H+ Allyl alcohol 

. Unsaturated aldehydes can be reduced to unsaturated alcohols (1") without affecting C=C in presence of reducing agents 

LiAlH4 in dry ether or NaBH4 in alcohol. Catalytic hydrogenation however, reduces both C=C and )C=O group 

simultaneously. 

ffi.3CH=CHCHO+H2 
But-2-en-l-al 

( Crotonaldebyde) 

LiAlH4 
.-----+CH3CH=CHCH20H 

or NaBH.i But-2-en-I-01 
(Crotyl alcohol) 

Hz/Ni 
L..--::...--+CH)CH2CH2CH20H 

Butan-I-ol 

LiAlH C6 HsCH=CHCHO +H2 ___ 4,---+) C6HsCH=CHCH20H 
Cinnamaldehyde or NaBH4 Cinnamyl alcohol 

(3-Pbenylprop:..2-en-I~al) (3-Pbenylprop-2-en-l-ol) 

H2INi 

300"C 

Cyclohex-3-en-I-one Cyclohexanol 

Ethanol 

. NoH 
V· 

Cyclohex-3-en-l-ol 

Dicyclohexyl ketone Dicyclobexyl methanol 

NaBH4 has also the similar function. 

RCOR' +2[H] LWH4) RCHOHR' 
Ketone Ether Secondary alcohol' 

. Note: LiAII{4 reduces acid chlorides and esters to alcohol b1.Jt NaB~ does not reduce acidcblorides andesters to alcohol. 
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~ 
CH3 -C-CH2CH2COOC2Hs 

Ethyl4-0xopentanoate 

?H 
0I3-CHCH20120120H + C2HSOH 

Pentaoe-l,4-diol 

(Both )C=O and ester groups are reduced) 

OH 
I . 

CH3-CHCH2CH2COOC2Hs 
. Ethyl 4-hydroxypentanoate 

(Only)C=O group is reduced) 

Reduction to hydrocarbons: The carbonyl ()C=O) group of aldehydes and ketones can be reduced to methylene 

()CH2) group to form hydrocarbons by the following methods. 

)C=O 

Using reducing agents such as: 

R~uction» ........ ~H 
/'L 2 

(i) Zn-HglConc. HCI-Clemmensen's reduction 
(ii) HIIRed phosphorus at 150°C 
(iii) H2N-NH21K0H at 180-2000C-Wolff~Kishner reduction 

Clemmensen's reduction: Aldehydes and ketones are converted into alkanes when treated with amalgamated 'zinc and 
concentrated HCI. This reaction i~ known as Clemmensen's reduction. 

o 
II Zn-Hg 

CH3-C-H+4H---~»CH3--CH3 + H20 
Acetaldehyde- Cone. HCI Ethane 

Zn-Hg 
CH)COCH3 + 4H ~ CH)CH2CH3 + H20 

Acetone Cone. HCl .. ' Propane 

Clemmensen's reduction is not applicable to keto alcohols (containing acid sensitive -oH group), a-hydroxy ketones, 
unsaturated cyclic ketones and high molecular weight substrates in which activated Zn and gaseous HCI in organic solvents (ether 
or acetic anhydride) can be used. . 

. Clemmensen 's r~duction may also be carried out with Zn-Hg and DCI in D20 in place of HCI in H20. 

The same conversio~( )C=O ----»)CH 2 )·can be. made by heating aldeh)J~s and ketones with red phosphorus and conc. 

hydroiodic acid or basic solution ofhydJ;azine .. 

CH)CHO+ 4HI 
Acetaldehyde 

CH3COCH3 + 4HI Red P » CH)CH2CH) + H20 + 212 
Acetone 150"C Propane 

WoltT"'Kishner reduction: Aldehydes and ketones are conveniently reduced to hydrocarbons ~ the presence of excess of, 
hydrazine and strong base, KOH or potassium tert. butoxide On heating. The best solvent for the reaction is diethylene glycol' 
(HOCH2CH2OCH2CH20H). This reaction is also called Hunl-Milnon reaction. 

R-C=0+NH2NH2 --K!-cOH--t-)R-CH2 +N2 +H20 " . I 200"C I 
H . , H 

This reaction can be carried with sodium ethoxide or NaOH at bight temperature. Besides hydrazones,phenylhydrazones and 
semicarbazones respond to this reaction. . 



" H NNH......... " C2HsONa,200°C /C=O 2 2) /C=NNH2" ) )CH2 +N2 
(-H20) , Hydrazone Glycol M tb I " . " "e yenegroup 

Ketones can also be reduced to secondary alcohors with aluminium isopropoxide in propan-2-01 solution and this is 
Meerweili-Ponndorf-Verley (MPV) reduction. The mechanis~ of this reaction is the reverse of oppenauer oxidation. 

R R 
'-....C=O + 2H [(CH312 CHOhAl ) ~CH-OH 
R/" in(CH312CHOH R/ 

-.c. 

Ketone 

+2[H] MPVredoctiOO,Hc:r 
Cyclobex-2-en-l-one Cyclobex-2-en-l-ol 

Bimolecular reduction or Pinacol formation: Two molecules of ketones undergo reduction in the presence ofMglHg to 
form pinacol. Upon treatment with mineral acids, pinacol is converted into pinacolone. This transformation involves dehydration 
and rearrangement called pinacol-pinacolone rearrangement. 

Mechanism: 

CH) CH3 
1 1 

MWHg )CH3~C--CH3 
Benzene as 1 I 

solvent 0 0 

CH3 CH3 

HOH)CH3-1-1-CH) + Mg(OHh 
1 I 

""-../ 
Mg 

CH3 CH3 CH3 

OH OH 
2,3-Dimetbyl butane-2,3-diol 

(Pinacol) 

I 1 H+/A I 
CH3~-CH3--~=-~)CH3--C---C--CH) 

1 I -H20 " I II 

OH OH CH) 0 
Pinacol 

~ - . 3,3-Dimetbyl butan -2-one 
(Pinacolone) 

This reaction involves: ·l-Protonation, 2-deprolonation, 3-alkyl shift and 4-dehydration. 

CH3 CH3 CH) CH3 CH3 CH) 
1 " 1 H+ 1 I -H20 . 1 I" 

CH3-C~-CH3 -~) CH3 -C---C-· CH3 ) CH3 ~--CH3 
" 1·1 1 1 + 1 

OH OH +OH2 OH 1 OH 
Pinacol 

Alkyl Shift 

CH3 CH) 
. 1 . H+ 1 + 

CH3 -C-C-CH3 +-< --=-=--- CH3 --C---C-CH3 

." 1 "" I 1 
CH3 0 CH3(OH 
Pinacolone 

Migratory attitude of alkyl group lies in following sequence: 

C6HS-" > (CH3hC- > (CH3hCH- > -C2Hs > -"CH3 

(~) Addition of hydrogen cyanide: AMehydes and ketones react with hydrogen cyanide (KCNor NaCN + dil. H2S04) to 

form cYanohydrins. This reaction occurs very slowly with pureHCN. Therefore, it is catalysed at a pH 9-10 in presence of a base 
(Nucleophilic addition reaction). 
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Cyanohydrins' 

OH 
CH3-, y=::O + HCN pH 9-10 )' CHr-:-y<CN 

, HH 
Acetaldehyde Acetaldehyde cyanohydrin 

H3C~ H 9-10 H3C, /OH 
/C=O + HCN p ) ./C 

H3cr H3cr 'CN 
Acetone Acetone cyanohydrin 

HCN is too weak an acid, to add directly to a >C=O group. It requires slightly alkaline reaction conditions such as those 

found in NaCN-HCN buffer solution. In this way, the concentration ofCN - ion is increased and the CN - ion thus generated being 
a stronger nucleophile readily adds to carbonyl carbon to yield corresponding cyanohydrin .. '/to. ' 

HO- + H-CN ---+- -:CN + H20 

Addition ofCN- is in a slow step (rate determining step) and hence, nucleophilic addition. 

Mechanism 
Addition of hydrogen cyanide to >C=O group involves the following steps: ' 
Step 1. The hydrogen cyanide interacts with the base to form nucleophile, i.e., cyanide ion, 

.n 0. ' 
HO+ H~ ---+- H20 + CN

Nucleophile 

Step 2. The nucleophile attacks the carbonyl carbon to form an anion, 

"o~_ "r _' 
/C ~ +CN ) /C-O 

Step 3. The proton from the solvent (usually water) combines with the anion to form cyanohydrin (the addition product). 
CN CN In, i" 

>C-O- +H+ ftomH20orHCN »C-OH 

Cyanohydrin 

Note: All aldehydes fonn cyanohydrins but in ketones, only acetone, butanone, pentan-3-one and pinacolone fonn cyanohydrins. 

The cyanohydrins are good synthetic reagents as they can be converted into a.-hydroxy acids and a.-amino acids (Strecker'S 
synthesis). 
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Heat) H2C=CHCOOH 
H2S04 Acrylic acid 

a-Hydroxy propionic acid 
(Lactic acid) 

H 0 /NH2 
2 ) CH3CH( 

"CooH 
Alanine (a-amino propionic acid) 

H3C "", /OH H+/H20 H3C"", /OH 
C, ---=~) /C, 

H3C/ "CN H3C"""'" COOH 
Acetone cyanohydrin a -Hydroxy -a -methyl 

propionic acid 

CH3 

I 
) H2C=C-COOH 

Methyl acrylic acid 

(iii) Addition of sodium bisulphite (NaHS03): Crystalline solid derivatives are formed when aldehydes and aliphatic 

methyl ketones are shaken with saturated aqueous solution of sodium bisulphite. 

/OH 
Proton> 'C ........ 

'transfer /' ""'SOiNa+ 

Bisulpbite 
addition product 

. . . S03Na 
CH3-C=0+NaHS03 ~CHs-C<-' I Sodium I 'OH 

H bisulpbite • H 
Acetaldehyde Acetaldehyde bisulpbite 

H3C"", . H3C"", /S03Na 
/C=0+NaHS03 ~ ./C, 

H3C/ H3C"""" 'OH 
Acetone . Acetone bisulpbite 

Note: All ketones do not undergo this reaction. Only methyl ketones form additiQn products with SOdium bisulpbite. 

These bisulphite compounds on heating with NaCN yield cyanohydrins. 

)C(OH + NaCN' Heat) )C(OH + Na2S03 
"S03Na "CN' 

On reacting the bisulphite derivative with dilute HCI or alkali, the original aldehyde or ketone is regenerated. Hence, this 
property is used in the separation and purification of aldehydes and ketones. . 

Hel >C=o + S02 + NaCI + H20 

NaOH >c=o + Na2S03 + H20 

(iv) Addition of Grignard reagent: In these reactions, the alkyl (R-) group of Grignard reagent is transferred to the 
carbon atom of the carbonyl group and MgX adds to oxygen to form an addition product (Adduct) which on hydrolysis decomposes 
to yield alcohol (l0, 2° or 3° depending upon the nature of carbonyl compound). . 
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.. ~. 
0+ 0-' 0- 0+ ....... /R 

. >C VO + R -MgX ---+) /C"'" _ + . 
. OMgX 
Adduct 

FQr c\ample, formaldehyde forms a primary alcohol. . 
H . \lI 
\ .\ + /OH 

H-C=O + RMgI Ether) H-<>:cOMgI HOH, H ) . RCH20H + Mg/ .. 
Fonnaldehyde . ,1 '. Primary alcohol ""-I 

R· . 00) 
. I 

Higher aldehydes give secondary alcohols. 
H H "tr 

I I + ./OH 
Ether)R-C-OMgI HOH,H) RCHOHR' +Mg/ R-C=O+ R'MgI 

Aldehyde \ Secondary alcohol ""-1 
R' (20) 

Ke~nes give tertiary alcohols. 
R' R' 

R, \ . + \ . /OH 
"C=O + R" MgI . Ether ) R-C~MgI HOH, H ) R-C-OH + Mg/ 

R~ .1 I . ""-I 
Ketone R" R" 

Tertiary alcohol ' 
(3°) 

Y or o-Halogenated carbonyl compounds on treatment with Grignard reagent form a five or six-membered cyclic ether. For 
example. 

o R/CH2-CH2 . 
II y Ii a RMgK I \ 

CH3-C-CH2-CH2CH2-Br----+) CH3-C CH B 
5-Bromopentan-2-one Ether t~_v J 2\j.r 

.. ~ 

. HC,~ 
Intramolecular) 3 A,-) 
SN reaction R. 0 
(-MgXBr) Cyclic ether 

H 
o Y Ii a RMgK I/CH2 - CH2 
CH2 -CH2 -CH2 -CH2 -Br ---::;;..~) R-C "-
I . Ether I $ / CH2 

CH=O OMgX . CH2-VBr 
5-Bromo pentanal e~ 

Intramolecular) R~ 
SN reaction HAOJ 
(-MgXBr) 

(b) Replaeement of earbonyl oxygen: Some ammonia derivatives (NH2-Z), i.e., hydroxylamine (NH2-0H). 
hydrazine (H2N-NH1), phenyUiydrazine (H2N-NHC,Hs) and semicarbazide (H2N-NHCONHz)' etc., react with 
aldehydes and ketones in weak acidic medium. (PH = 3-4) to form compounds containing carbon nitrogen double bond (C= N) 
with elimination of water molecule. 

>~ \Jb+NH2-Z---+»u/~~ ~[>c('OH] H+) -"""-"""C=NZ +H20 
"'" NH2 -Z . " NHZ -H20 ,.-(mine derivative 

. .. Addition product 

(where Z = OR, NH2, NHC6HS. NHCONH2', etc.). These derivatives are crystalline solids and used for the identification of 
carbonyl compounds. 

(i) Reaetion with hydroxylamine~ lOR) : Aldehydes and ketones react with hydroxylamine (at pH = 3.5) to form oximes 
with the evolution of water. 



.. 
RCH=O+H2NOH 
Aldehyde 

R 
)C=O+H2NOH 

R'/ 
Ketone 
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H+ >RCH=NOH+H20 . 
Aldoxime 

R 
H+ ) )C=NOH+H20 

pH=3.5 R'/ 
Ketoxime 

CH3CHO + H2NOH W ) CH3CH=NOH + H20 
Acetaldehyde pH=3.5 Acctaldoxime 

(CH3hC=O+ H2NOH W ) (CH3hC=NOH + H20 
Acetone pH=3.5 Acetone oxime 

C)=0+H2NOH.--+ C)=NOH 

Cyclohexanone Cyclohexanoneoxime 

These oximes can be hydrolysed back to aldehydes and ketones by reaction with acids . 
. The reaction ofH2 NOH with a symmetrical ketone, R 2C=O gives one oxime, but the two isomeric oximes may form from the 

reaction of an aldehyde or non-symmetrical ketone because the rotation about the pi-bond in > C= N is not free and therefore, 

geometrical isomerism is possible when the two groups on the carbonyl carbon are different. For example, 
R OH R 

""'-C=N/ and ""'-C= N 
H/ •• H/ ~OH 

(Z)cis(syD-) 

R ' .. OH 
""'-C=N/ R/ .. and 

(E) trans( anti-) 

R ""'- .. 
/C=N, 

R/ 'OH 

Oximes are solids having specific melting points, so these are usedfor the separation and identification of aldehydes and ketones. 
Beckmann rearrangement: Ketoximes on treatment with acid catalyst such as conc. H2S04, PCls. H3P04, SOCl2 or 

C6HsS02C~ etc., undergo Beckmann rearrangement to form a substituted amide. For example, 

o 
H3C",,- SOCl2 II 

/C=NOH--~)CH3-C-NH--CH3 
H3C Ether. N -Methyl acetamide 

. Acetoxime 

Benzophenone oxime 

This rearrangement is intramolecular and involves 1,2-shift. It has been demonstrated that it is always the anti -R group that 
migrates in the Beckmann rearrangement. 

o 
II 

CH3CH2CH= NOH ~ H-C-NHCH2CH3 
Propionaldoxime N -Ethyl furmamide 

O=N-OH 

Cyclohexanoneoxime 

(YO 
. Caprolactum 
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(ii)Reaction with hydrazine (NH 2 NH:2) : Aldehydes and ketones form hydrazones with hydrazine (at pH = 3;5), A water 

molecule is eliminated. 

(CH3hC=0+H2NNH2 
Acetone 

H+ ) (CH3hC=NNH2 +H20 
Acetone hydrazOne 

(iii) Reaction with phenylhydrazine (H2 NNHC,Hs ): Aldehydes and ketones react with phenylhydrazine (at pH = 3.5) 

and form corresponding phenylhydrazones. 

H+ 
(CH3hC=0+ H2N-NHC6HS ) (CH3hC=NNHC6Hs + H20 

Acetone Acetone phenylhydrazone 

Substituted phenylhydrazines like 2,4-t:iinitrophenylhydrazine (DNP, Brady's reagent) react similarly with carbonyl 
compounds to form the corresponding hydrazones. These hydrazones have specific melting points and hence used for the 
identification of aldehydes and ketones. 

)cf_([_-i_~~1NNH-r\-N02 ---J> )C=NNH-r\-N02 
Carbonyl 'j='- '1'-

group N0
2 

N0
2 

.. 

2,4 - Dinitrophenyl
hydrazine 

Hydrazone 
(Orange yellow or red) 

(iv) Reaction with semicarbazide (H:2NNHCONH:2): Aldehydes and ketones combine with semicarbazide to form 

crystalline compounds called semicarbazones. 

Acetone . 

Control of pH during addition of ammonhi'derivatives to aldehydes and ketones. 
The reaction of ainmonia derivatives to aldehydes and ketones iscatalysed by acids. In acidic medium, the carbonyl oxygen 

gets protonated. Due to the presence of positive charge on the carbonyl carbon, the weak m,icleophiles like ammonia derivatives 
attack the carbonyl group very easily. 
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Mechanism: The addition-elimination reactions with ammonia derivatives (NH 2 -Z) are Carried out in weakly acid.ie 
medium (PH = 3-4). 

Step 1. In acidic medium, the carbonyl oxygen gets protonated. 

" •• + [" + '-. •• ] /C=O: + H ~. ......C=OH +-----+ ...... C-OH 
(From acid} /' • • /'. • 

Protonated carbonyl group 

Step 2. In ammonia derivative, the nitrogen atom has a lone pair of electrons (Nucleophile) attack the positively charged 
carbonyl carbon and results the positive charge on nitrogen atom. . 

>~~! --> [)c<~~i] 
Step 3. The unstable intermediate loses a proton, H+ and water molecule to form a stable product (imioes). 

[ >C<~.~H] -w) >C<~H -H2
0

) )c=N-· Z 
~,Z N-Z Product 
V'H I· 

H 
+ Now, if the medium is highly aeidie then the ammonia derivatives being basic in nature, may form their respective salts 

(NH 3 ZX - ) which cannot act as nucleophiles and consequently, the reaction does not occur. However, if the medium is basic, the 
protonation of carbonyl group will not occur and hence, the reaction is not favoured. Thus, to carty out such reactions we have to 
properly control the pH of the medium. The optimum pH of the medium is around 3.5. 

(v) Reaction with thioalcoho~s: Aldehydes and ketones combine with tbioalcohols more rapidly than alcohols and form 
thioacetalsand thioketals, respectively. . 

:-----li:SC
2
Hs 

CH CH='O + : 3 1____ 1 

Acetaldehyde L _ ~ SC2 H s 
Ethyl thioalcohol 

,..-----, 
: H:SC2HS 

(CH3hC==: 0 + : 
Acetone L ____ l!:SC2HS 

Etbanethiol 

These sulphur derivatives of carbonyl compounds are used as sedative sulpha drug. 
A lkaoe ditbiol reacts with both aldehydes and ketones in presence of BF3 -ether to give corresponding cyclic thioacetals 

(ditbianes) and cyclic tbioketals. . 

R,,- . HSCH2BR..._ether R, /SCH2 

/
C=O+ I OJ )/ 'c, I 

R HSCH2 (-H20) R 'SCH2 
Etbane-l,2-dithiol Cyclic thioketal 

(vi) Reaction with phosphorus pentachloride (pels) or thionyl chloride (SOC. z) : Oxygen atom of the carbonyl group 

is replaced by two chlorine atoms to form gem-dihalides. For example, 
., CI 

CH3CH=O + PCIs ----t CH3CH( + POCt3 
Acetaldehyde CI 

Ethylidene chloride 
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)C=O+ SOCl2 
Thionyl chloride 

•••• 

Isopropylidene chloride 

Pyridine '-..,r/CI SO· 
) /""', + 2 

........ CI 
(vii) Reaction with primary amines (R-NH2) : Aldehydes and ketones react with primary (10) amines to fonn 

azometbines (imines) known as S£kiff's base. 

Ketone Ketimine 
Schiff's base is pink in colour and it can be decolourised by passing S02 gas. The colourless solution obtained is known as 

S£hiff's reagent. . 
(viii) Reaction with secondary amines (R2NH): Aldehydes and ketones that have at least one a-hydrogen reacts with 

secondary amines to fonn enamines (a, p..unsaturated tertiary amine). 

. /R PTSorH+ /R 
H3C-C

1 
=0 + HN'R ) H2C=C

1
-N 'R 

........ (p-Toluene sulphonic acid) ........ 

CH3 20 Amine (-H20) CH3 
Acetone Enamine 

In enamines, the double bond is present between carbonyl carbon and a-carbon of carbonyl cQtnpound part. 
3. Condensation Reactions 

Aldol condensation (Reactions involving a-hydrogen) : It is a chemical reaction in which twoor more molecules of same 
or different carbonyl compounds containing a-hydrogen atom unite together in the presence of dilute bases such as NaOH, 
Ba(OHh or K2C03, etc., to fonn compounds calledaldols. The tenn aldol is derived from the combination of words aldehyde and 
alcohol, the two functional groups present in the product. In such condensation, the hydrogen of one molecule in a-position with 
respect to the carbonyl group enters into combination with the oxygen of the . carbonyl group of the other molecule forming a 
hydroxy group. So, aldol condensation is an important reaction based on the acidity of a-hydrogens of aldehydes and ketones. 
Characteristics of Aldol Condensation 

(i) This reaction may take place between (a) same or different aldehydes, (b) an aldehyde and a ketone, and (c) same or 
different ketones. The carbonyl compound must contain an a-hydrogen atom which is involved in aldol condensation in presence 
of dilute alkali (dU. NaOH, Na2C03 or Ba(OHh, etc.). However, formaldehyde though contains no a-hydrogen atom yet 
undergoes abnonnal aldol condensation in presence oflime water. 

(ii}New carbon to carbon linkage is fonned (an irreversible process). 
(iii) The condensation product, i.e., aldol, loses a molecule of water to fonn unsaturated aldehyde or ketone. 
Examples: (i) Acetaldehyde undergoes aldol condensation in presence of dilute caustic alkali or potassium carbonate to 

fonn p..hydroxy butyraldehyde or aldol. . 

H 
I 0-. 

CH3 -C....:..-O + H-CH2CHO 
Acetaldehyde Acetaldehyde 

(Two molecules of etbanal) 

. Dil.NaOH 

orK2C03 

H 
I 

) CH3-C-CH2CHO I . 
OH 

3-Hydroxy butanal 
[Aldol (Acetaldol)] 
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On heating with dilute acids, aldol loses a molecule of water to give a, J3-unsaturated aldehyde (Crotonaldehyde). 
H H 
I I 

CH3 -C--C-CHO 

r~----L-I 
IOH HI I _______ .l 

CH3 
I f\ I 
H 

CH3CH2-C=O +H-HC-CHO 
Propanal a . 

(Electrophile) (Nucleophile) 

Heat,H+ ) CH3CH=CHCHO 
(-H20) But-2-en-l-al 

(Crotonaldehyde) 

H CH3 
OW pi al 

--..;;;-=---+) CH3CH2 -C-CHCHO 
I 

OH 
3-Hydroxy -2-methyl pentanal 

(p-Hydroxy -a -methyl valeraldehyde) 
The aldol condensation of two molecules of same aldehydes or ketones is called self eondensation. It can also takes place 

between two different aldehydes or ketones or between one aldehyde· and one ketone is c.alled erossed (mixed) aldol 
eondensation. 

H H 

I 0-. OH- I 
CH3CH2-C=O + H-CH2CHO -~)CH3CH2 -C-CH2CHO 

Propanal Etbanal I· 
(Electrophile) (Nucleophile) OH 

3-Hydroxy pentanal 

In presence of base, the a-hydrogen atom in lower aldehyde is more acidic and so migrates, while in presence of an acid, the 
a-hydrogen atom in higher aldehyde is more basic. . 

H CH3 
I 0-. I H+ 

CH3-C=O +H-CH-CHO ) 
Ethanal a 

(ElecoopJiile) Propanal 
(Nucleophile) 

H CH3 
~ al 

Clh-C-·CH-CHO I . 
OH 

3-Hydroxy -2-methyl butanal 
(p-Hydroxy -a -methyl butyraldehyde) 

These J3-hydroxy aldehydes or ketones are collectively called aldols and the reaction is known as aldol eondensation. 

Generally with two different aldehydes, all possible condensation products are obtained; but by using different catalysts, one 
product may be made to predominate in the mixture. 

A common method used to obtained a single aldol product is to use LDA. to remove the a-hydrogen when creating the enolate. 
Because LDA is a strong base, all. the carbonyl compounds will be converted into an enolate, so there will be no carbonyl 
compound left with which to react. Addition will occur when the second carbonyl compound is added slowly to the reaction 
mixture. This aldol reaction is known as directed aldol addition. 
'. \ . 

CH ~O LDA) CH -CHO (i) CH3CH2CHO ) CH CH 4 HCH CHO 
3. (B) 2 ("") HOH 3 2 2 

ase 100% yield 1l 
. OH 

(ii) Acetone undergoes aldol condensation in the p~esence of Ba(OHh to form diacetone alcohol. 
OH 

0-. I 
(CH3hC=O+ HCH2COCH3 Ba(OHh) (CH3hC-CH2COCH3 

Acetone Acetone 4-Hydroxy -4-methyl pentan-2-one 
(Two molecules) (Diacetone alcohol) (Aldol) 

Diacetone alcohol loses a water molecule on heating in presence of little iodine and forms mesityl oxide. 
fOH--iI: 
-1----1-

(CH3)2C-. -CHCOCH3 12,Heat) (CH ) C=CHCOCH 
. (-H20) 3 2 3 

4-~ethylpent-3-en-2-one 

(~esityl oxide) 



A~l:::d=eh~}1,-=d=es~a~nd=.::K.,-=e~to"""nae",,-s _______________________________ """:""-"59S .... '=Jt '······ 

(iii) Formaldehyde undergoes abnormal repeated aldol type condensatil}n in presence of Ba(OHh or Ca(OHh to fonn 
formose sugar. ' 

H H H H H H H H H H HH H 
I I I I I I I With rrKke I I I I I I 

H-C=O + H-C=O ----1> H-C-C=O HCHO. H_C-C_C=O---:H,--C,-H_O~) H-C-C-C-C-C-C=O 
Fonnaldehyde Formaldehyde I Ba(OHh I I Ba(OHh·1 I I I I 

OH OH OH OH OH OH OH OH 
Glycollic aldehyde Formose (a mixture of sugars) 

(iv) Acetaldehyde reacts with benzaldehyde (which has no a-hydrogen) in the presence of a base to fonn an aldol which on 
heating yields cinnamaldehyde. 

H 

I "" OH-C6HsC. 0 +HCH2CHO ) Heat, H+ ) C H CH=CHCHO 
( H 0)' 6 5 Benzaldehyde Acetaldehyde - 2 . 3-Phenylprop-2-en-l-01 

(Cinnamaldehyde) 

(v) When aldehyde condensed with ketone, it is the a-hydrogen atom of the ketone which is involved in the condensation 
(crossed aldol condensation), e.g., 

H 0 H 0 
I ~ II OH- I /I 

CH3 -C=O + HH2C-C-CH3 -~) CH3 -C-CH2 -C-CH3 
Acetaldehyde Acetone I 

OH 
4 -Hydroxy pentan -2 -one 

(Low yield, 25%) 

Mechanism of aldol condensation (Acidity of a-hydrogen) : Aldol condensation involves th~ following steps through the 
formation of carbanion or the enolate ion which is stabilized by resonance in Step 1: 

Step 1. The base (OH-) ion removes one of the a-hydrogen atom (which is somewhat acidic) from aldehydes and ketones to 
form a carbanion or the enolate ion. 

~ _ Slow Y Yn. /~:. 
H-C-C=O + OH ~, ==''''' ~> H20+ H-C::-C=O ~H2C=C" 

, I ·U· H 
H 

Acetaldehyde Enolateion 

o 0 ~ 
/I e II I 

CH3 -C-R + Base ----1> CH2 -C-R ~ H2C=C-R 
Ketone Carbon nucleophile Enolate ion 

The acidity of a-hydrogen is due to resonance stabilization of enolate anion. 
Step 2. The enolate ion (nucleophile) attacks the carbonyl carbon of another aldehyde molecule to form the anion . 

•• 3-

cy~ ./0 Fast :,:- Y 
CH3-C-H + :CHr (........ :;;=,,==~> CH3-CHCH2C-H 

3+ ,'H Anion 
Acetaldehyde Enolate ion 
(Electrophile) (Nucleophile) 

Step 3. A proton from water is accepted by anion to form aldol and the OH- ion is regenerated. 
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(B) Reaetions'in which Aldehydes and Ketones Differ 
(i) Oxidation of aldehydes: Aldehydes are easily oxidisedand thus act as strong reducing agents. Aldehydes on oxidation 

fonn correspondfug'carOOxylic acids containing the same number of carbon atoms, 

RCHO Oxidant ) RCOOH 
Aldehyde [0] Acid 

Oxidising agents may be strong (such as acidified K2Cr207 or acidified Na2Cr207 or acidified KMn04) or mild (such as 
Tollens' reagent or Fehling's solution or Benedict's solution). 

Reduction of ToHens' reagent: It ism ammoniacal solution of silver nitrate~ It is prepared by adding NH40H to silver 

nitrate solution till the precipitates of Ag20first fonnedjust redissolves. When aldehyde is added to Tollens' reagent, silver oxide 
is reducedtometaUic silver which. deposits as a mirror (Reducing:charader of aldehydes). 

[

2AgN03 +2NH40H~Ag20+2NH4N03 +H20] 

Ag20+4NH40H.--..+2[A,g(NH3h]OH +3H20 
, ToUens' reagent , 

ReHO + Ag20~ RCOOH + 2Ag 
Aldehyde Acid Silver mirror 

[RCHO+2Ag(NH3)! +30H- ~RCOO- + ,2Ag +4NH3 +2H20] 
ADm. silver nitrate soln. Silver mirror 

, This reaction is known as silver mirror test for aldehydes. Both aliphatic and aromatic aldehydes reduce Tollens' reagent. 
Unsaturated aldehydes can·also be oxidised to unsaturated acids (C=C is not affected). 

CH3CH=CHCHO Tollens'reagent) CH3CH-CHCOOH 

Reduction of Fehling's solution: It is an allcaline solution of cupric ion complexed with sodium potassium tartrate. 
Aldehydes reduce the cupric ion (deep blue) to cuprous oxide (red). Two solutions are kept in laboratory in the name of Fehling 
solution I and Fehling solution ILFehling solutiolLI contains dilute solution of copper sulphate and solution II contains sodium 
potassium tartrate and sodium hydroxide. Equal volumes of both the solutions are taken and hea~d with organic compound. If a 
red brown precipitate of cuprous oxide appears, it confirttts that the organic compound is an aldehyde . 

. Fehling solution I ~ CUS04 solution. ' 

FehUng solution' n ~ Alkaline solution of sodium potassium tartrate also called Rochelle salt~ 
When both these solutions are mixed, we get deep blue:coloured solution. 

CuS04 +2NaOH~Cu(OHh + Na2S04 
, HO-CH-COONa /O-CH-' COONa 
Cu(OHh + I ~ Cu I 

HO-CH-COOK ""-O-CH-COOK 
Rochelle s3lt (Deep blue coloured solution) 

RCHO +2Cu0-4RCOOH + Cu 20 
Aldehyde Qlue Cuprous oxide (Red ppt.) 

[RCHO+2Cu 2+ +30H- ~RCOO- + 2Cu+ +2H20] 
, Redppt. 

Reduction of Benedict's solution : It is solution of copper sulphate, sodium citrate and sodium carbonate. When heated 
with an aldehyde, a reddish brown precipitate appears: So, all the organic compounds which give positive test with Fehling's 
solution, also give same testwith Ben.edict's solution [CuO or.Cu(0H)2]' 

Solution,I ~Alkaline solution of potassium or sodium citrate. 
Solution' U ~CuS04 I) 



CUS04 +2NaOH--1> Cu(OH)2 + Na2S04 
CH2~ONa CH2COONa 
I I . 

Cu(OH)2 + HO-C-COONa --1> HO-Cu-O-· C-COONa 
. I I 

CH2 -COONa CH2COONa 
Blue coloured complex 

Note: Benzaldehyde does not respond to Fehling's or Benedlcttests due' to alkaline nature of these reagents. Ketones.aIso do not reduce Tollens' 
. reagent, Fehllng'ssolution and Benedict's solution. Hence, these reagents can be used to distinguish between aldehydes and ketones. 

Oxidation of ketones: Unlike aldehydes, ketones do not have any hydrogen atom attached to >C=O group. and hence, 

they cannot be oxidised by weak oxidising agents such as Tollens' reagent or Fehling's solution. 
Ketones are, however, oxidised by strong oxidising agents like acidified dichromate, acidified or alkaline KMn04, . hot 

concentrated HN03, etc., to a mixture of carboxylic acids with lesser number of carbon atoms. . 

CH3COCH3 K2Cr207/H2S04) CH3COOH +C02 + H20 
Acetone +4[0] Acetic acid 

CH3CH2CH2COCH3 
Pentan·2-one 

(Methyl propyl ketone) 

K2Cr207/H2S04 ) CH3CH2COOH +CH3COOH 
[0] Propionic acid Acetic acid 

Oxidation of mixed ketones is governed by Popoff's rule according to which carbonyl group of the unsymmetrical ketone 
remains with the smaller alkyl group preferentially. 

o 0 o 
II [0] II II 

CH3-C-CH2CH3 ) CH3-C-OH + CH3-C-OH 
Butan-2-one Cone. HN03 Ethanoic acid Ethanoic acid 

Baeyer·Villiger oxidation: Aliphatic ketones undergo oxi~ation with Caro's acid (per monosulphuric acid, H2SO s) or per 

benzoic acid (C6H sCO 3 H) or m-chloro perbenzoic acid or per acetic acid (CH 3C03 H) or CF3C03 H, etc., to form esters or their 
hydrolysed products. . 

o 0 

R-!-R' CF3C03H) R-!-O-R' 
Ketone Ester . . 

This oxidation of ketones into ester is known as Baeyer-Villiger Oxidation. In case of unsymmetrical ketones, the preference 
of insertion of oxygen atom between carbonyl carbon and alkyl group in decreasing order is as follows: 

H> 30 alkyl> 20 alkyl >C6HS >CH3 

o 0 
II CF]C03H II. . 

C6HS-C-CH3 )CH3-C~-C6Hs 
Methyl phenyl ketone Phenyl acetate 

o 0 
~ . ~ 

(CH3 h C-C-CH3 CF3C03H ) CH3 -C~-C(CH3 h 

[RCOOR' . H+ )RCOOH+R'OH] 

R2CO + R' COOOH --1> RCOOR' + R.cOOH 
Ketone Per acid Ester Acid 

(0) Schiff's test of aldehydes: Schiffs reagent is a dilute solution of para-rosaniline hydrochloride whose red colour has 
been discharged by passing sulphur dioxide gas. Aldehydes when treated with Schiff s reagent (magenta solution in sulphuro~s 
acid, H2S03) restore its pink colour. 

Ketones do not give this test. .. \ 
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(iii) Reaction with ammonia: Except formaldehyde, other aldehydes form addition products with an etheral solution of 
ammonia. These addition compounds on heating with dilute acids regenerate the aldehyde. 

H H 

I . Ether I 
R-C=O + HNH2 .) R-C-NH2 

Aldehyde I 

H 
I 

CH3 -C=O + HNH2 ---7 

Acetaldehyde 

OH 
Aldehyde aminonia 

H 
I 

CH3-C-NH2 
I 

OH 
Acetaldehyde ammonia (Adduct) 

This addition product on warming with water, decomposes to give imines. 

CH3CH-NH2 
I 

Warming) CH3CH=NH 
(-H20) Acetaldimine 

OH 

However, formaldehyde forms a complex product with ammonia. The product is called hexamethylene tetramine or 
uro~pine, used as an urinary antiseptic. 

6HCHO +4NH3 ----+ (CH2)6N4 +6H20 
Fonnaldehyde Hexamethylene tetramine 

Ketones form complex ketonic amines. 
, . r------

H3C",,: H:NH2 H3C"" /NH2 
C=l::O + :+ 

/ 
I I 

H3C I. H ,CH2COCH3 .. ------ " 

Two molecules of acetone 

3C":'3COCH3 + NH3 
Acetone 

'~. (3 molecules). 

----+ /C"" . + H20 
'H3C CH2COCH3 

4-Amin0-4-methyl pentan-2-one 
(Diacetone amine) 

Triacetone amine 
(iv) Reaction with alkaU: Aldehydes having a-hydrogen atom on heating with concentrated alkali (except formaldehyde) 

give a brown resinous, mass of characteristic odour. The aldehyde-resin is formed (resinification) probably through a series of 
condensation reactions. 

2CH3CHO Conc.NaOH) CH3CH-CH2CHO Heat) CH3CH=CHCHO HH2CCHO ) CH3CH=CH-CH-CH2CHO 
. I (-H20) Crotonaldehyde I 

OH. OH 

Heat) CH3CH=CH-CH=CHCHO (i) HH2
CCHO 

) CH3CH-CH-CH=CH-CH=CHCHO 
(-H20) ... (ii) Heat, -H20 

Repeated . 
-----=---~) Brownresmous mass 

Ketones do not give this,reaction. 
Formaldehyde, benzaldehyde and other aldehydes containing no a-hydrogen atoms on heating with concentrated alkali 

solution (50%}undergo Cannizzaro's reaction. In this reaction, one molecule is oxidised to carboxylic acid at th~expense of 
. other vyhich is reduced to 1° alcohol, e.g.,formaldehyde undergoes disproportionation (oxidation-reduction), i.e., 

i -

.; 2HCHO :+ NaOli ---+ HCOONa + CH30H' 
Fonnaldehyde (50%) Sodium fonnate Methyl alcohol 

Some other examples of Cannizzaro's reactions are: 
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2C6HsCHO + NaOH ~C6HsCH20H +C6HSCOO-Na + 
Benzaldehyde (50%) Benzyl alcohol Sodium benzoate 

2CC13CHO+ KOH"-:'; CC13CH20H + CCl3COOK 
Chloral Trichloroethanol Trichloropotassium 

acetate 
2(CH3hCCHO +NaOH~ (CH3hCCHzOH +(CH3hCCOONa 

2,2-Dimethyl propanal (50%) 2,2-Dimethyl propan-l-ol 

The usual reagent for bringing about the Cannizzaro's reaction is 50 per cent aqueous or ethanolic alkali. 
Mechanism: Th~mechanism involves hydride ion transfer and one possibility being as follows: 
Step 1. The OH- ion attacks the carbonyl carbon to form hydroxy alkoxide (Nucleophilic attack), an anion (I), 

H H 

H-b f6 + OH- Fast) H-1-0-
"----/ . I 

OH 
Anion (I) 

Step 2. The anion (I) acts as hydride ion donor to the second molecule of aldehyde. In the final step of the reaction the acid 
and the alkoxide jon transfer H+ to acquire stability. 

~10 
H-C=O + H-C...L() 

H 

Hydride transfer) H-Lo- + H-C=O 
I I (Slow) I I 
H OH H OH 

(F"') 1 + If' 
H 
I 

(F"') l-If' 

H-C-OH H-C=O 
I I 

0-H 
(Alcohol) (Salt of an acid) 

Cannizzaro's reaction involves same or different aldehydes having no a.-hydrogen atoms and is proton (H+ )-hydride (H-) 
transfer reaction. . 

C6HSCHO + NaOH+ HCRO ~C6HsCH20H+ HCOONa 
Benzaldehyde Formaldehyde Benzyl alcohol Sodium formate 

This reaction is called crossed Cannizzaro'S reaction., 
In compounds containing two carbonyl groups, the intramolecular or internal Cannizzaro's reaction takes place, where 

one-half part of the molecule is reduced and the other half part (of the same molecule) is oxidised. 
CHO CH20H CH20H 
I +NaOH(conc.)~ I DiI.HCI) I 
CHO COONa COOH 

Glyoxal Glycollic acid 

CH3 -C-C-H + NaOH ~ CH3 -CH-COONa 
\I \I I 

.0 0 OR 
Methyl glyoxal Sodium lactate 

C6HS 

I 
C6Hs -C-C-C6HS + NaOH(conc.) ~ C6HS -C-COONa 

1\ II I o O· ·OH 
Diphenyl glyoxal Sodium benziUate 
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Exception:. Certain aliphatic monoalkylated aldehydes (havinga-hydrogen atoms) may undergo Cannizzaro's reaction 
(quantitative disprop0rtionation) when heated with aqueous NaOH. For example, 

CH3 CH3 CH3 

I . 170-200"C I I 
CH3 -CH-. CHO+NaOH )CH3 -CH-CH20H+CH3 -CH-COONa 

2-Methyl propanal 2-Methylpropan-I-ol Sod. 2-methyl propanoate 

'- This exceptional behaviour is probably due to +1 effect of the two alkyl groups. 
,(v) Tischenko's reaction: This is a modified form of Cannizzaro's reaction. All aldehydes with or without a-hydrogen 

'atoms undergo Cannizzaro's reaction in presence of aluminium ethoxide. The acid (by oxidation) and the alcohol (by reduction) 
formed react together to give the ester. 

2CH3CHO (C2HsOh
Al

) [CH3COOH +C2HsOH]~CH3COOC2Hs 
Acetaldehyde Ethyl acetate 

(C2HSOh Al 
2CH3CH2CHO ) [CH3CH2COOH +C3H70H]~C2HsCOOC3H7 
Propionaldehyde . Propyl propionate 

H2C=CHCHO (C2HSOh Al ) H2C=CHCOOCH2CH=CH2 
Acrolein Allyl acrylate 

(vi) Reaction with alcohols: Aldehydes combine with alcohols in presence of dry hydrogen chloride gas forming first 
hemi-acetals (unstable) and then the acetals (dialkoxy alkanes). The acid catalyst in most of the cases is p-toluene sulphonic acid 
(Ts-:-OH). 

H H H 
Dry HCI I HO~H5 I 
< > R-C-OC2HS < > R-C-OC2HS 

I DryHCI I 
I 

R-C=0+H-OC2Hs 
Aldehyde Ethyl alcohol 

OH OC2HS 
(Hemi-acetal) Acetal 

The reaction is reversible and therefore, the acetal formed can be decomposed by dilute mineral acids to give back to original 
. aldehyde. 

H3C"" /OC2Hs 

. H/
C

""'OC2Hs 
Acetal 

+ HOH 
H+ H3C"". 

') H /C=O +2C2HsOH 

Acetaldehyde 

A large excess of alcohol is used to shift the equilibrium in favour of acetal formation. Ketones do not readily react with 
monohydric alcohols. 

/ 
R......... . Dry HCI R......... /OH R'OH 

R/C=O + R'-OH <' 'R/C""'OR1 < ~lhO ' 

(Hemi-ketal) Ketal 

Ketals may however, be prepared by treating the ketone with ethyl ortho fonnate. 

R"" R"" /OC2 Hs . . 
/C=O + HC(OC2HSh ----10 /C"'" + HCOOC2Hs 

R . Ethyl ortho formate R/ OC2HS 

However, On treatment with ethylene glycol, cyclic acetal and cyclic ketal (1,3-dioxolans) are formed. 

R......... HO-CH . " R O-CH 
......... C=O + . I 2 p-Toluene sulphoruc aCId (PTS» ""C/ I 2 

H/ HQ-CH2 Reflux H/ ""'O-CH2 
Aldehyde Ethylene glycol Cyclic acetal 
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R"", HO-CH 2 p-Toluene sulpbonic acid (PTS) R ""'_ C /o-c,H 2 
........ C=O + I ) ........ ,. 

R/' HO-CH2. or Dry HCI gas, . .1 R /' 'o-CH2 
Ketone Cyclic'ketal 

Acetal and ketal fonnation is used for protection of carbonyl group. Aldehydic group is found more reactive than ketonic 
group. Let us illustrate application of protection of carbonyl groups. 

o OH 

~ N~~ • ~ 
~CHO' ~CH20H 

(Reduction Without protection of 
carbonyl group) 

~ >ROH ~ /OR 

~CHO • VCH'OR ~ . 
. N~~ 

(Protected aldehydic group) ..' 

2ROH + .,J:, . HOHnICI ,J:, /OR 

~CHO . ~CH'OR 
(Thus, this method can be used for preferential reduction of ketonic group.) 
(vii) Polymerisation: The lower aldehydes show a marked tendency to polymerise forming compounds in which several ,.,. 

molecules are linked together through oxygen. [For details see formaldehyde and acetaldehyde]. Ketones do not form polymers. 
(viii) Condensation with chloroform: Ketones condense with chloroformlbromoform in presence of caustic potash to 

form chlorohydroxy compounds (chlo~tonelbrometone) respectively. 
CH3"", . . CH3"", /OH 

........ C=O + CHCl3 KOH) ........ C, 
CH3/' CH3/' 'C03 

Acetone 1,1,1-Trichloro-2-methyl propan -2-01 .'-< 
(Chloretone) 

Aldehydes do not respond to this reaction. 
(ix) Formation of sodio-derivatives: Ketones yield sodio-derivatives when treated with sodium or sodarnide in ether 

solution. 

Ether . 
CH3COCH3 + NaNH2 - ) CH3COCH2Na + NH3 . 

Acetone Sodamide Sodio-derivative 
These sodio-derivatives can be treated with alkyl halides to produce higher methyl alkyl ketones. 
Aldehydes do not respond to this reaction. 
(x) Reaction with nitrous acid: Ketones when treated with nitrous acid form isonitroso derivatives. 

CH3COCHH2 +O=N-OH CH3 COCH = NOH +H20 
Acetone lsonitrosoacetone (Oximino acetone) 

This reaction is used for detecting the presence of -COCH2 - group and not observed in aldehydes. 
(xi) Reduction in neutral or alkaline medium: When ketones are reduced with Mg-Hg and water, pinacols are the main 

product which on heating with dit. H2S04 give pinacolone. This reaction is,called as Pinaeel-Pinacolone rearrange.ent. 

(CH3hCO+2H +OC(CH3h Mg/Hg) (CH3h C--C(CH3h . H+ ) (CH3hC-C---.CH3 + H20 
H20 I I .1. -II . Acetone 

OH OH 0 
Pinacol '. Pinacolone 
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(xii) Reformatsky reaction: This reaction involves the treatment of aldehydes or ketones with a-bromo acid ester in 
presence of metallic zinc to form j3-hydroxy ester, which can be easily dehydrated into a, j3-unsaturated ester. 

(a) BrCH2COOC2Hs + Zn (Benzene) Br-Zn-CH2COOC2Hs 
a-Bromoetbyl acetate Organo zinc compound 

(b) Addition to carbonyl group, 

(c) Acid hydrolysis of the adduct, 
CH3 

I 
CH3-C-CH2COOC2Hs 

I: 
O:ZnBr 
H:OH 

I 

(d) Dehydration to form a,j3-unsaturated ester, 

CH3 CH3 

I Cone. H2S04 ~I a 
CH3-C-CH2COOC2H5----~~~) CH3--C==CHCOOC2Hs I (Heat) a,~-Unsaturated ester 

OH 

(xiii) Claisen-Schmidt reaction: This condensation reaction (also known as Claisen reaction) is between an aliphatic 
aldehyde or·ketone containing a-hydrogen with benzaldehyde in the presence of dilute alkali to form an a,j3-unsaturated 
compound.· 

C6HSCH=0 + H2HCCHO NaOH) C6 HSCH=CHCHO 
Benzaldehyde Acetaldehyde Cinnamaldehyde 

C6HSCH=O + H2HCCOCH3 ~---+) C6HSCH ==CHCOCH3 

This reaction is similar to aldol condensation. 

AcetOne Benzylidene acetone 
(used in perfwnery) 

(xiv) . Reaction with diazomethane: In this reaction, aldehydes can be converted to ketone and lower ketones can be 
converted. to higher ketones or oxinmes. 

R-CHO+CH2N 2 --->-R-C-CH3 + N2 
. Diazo- II 

. methane 0 

o 0 
~ ~ 

R-C-R +CH2N 2 ----+) R-C-CH2-R 
Ketone (-N2) Higher ketone 

(xv) Pyrolysis of ketones : Pyrolysis of ketones give ketene. 
o 

or 
1\ 

R--C-CH2 

I 
R 

Oxirane 

II Pyrolysis 
CH3-C-CH3 ) H2C=C=O+CH4 

Acetone 100"C Ketene 
(xvi) Knoevenagel's reaction: This rea,ction involves condensation between active methylene group and carbonyl group in 

presence of base (pyridine). 



Aldehydes and Ketones· 

H 
I ~ _____ , /OOH 

CH3 -C==0+H2 IC, _ A ) CH3CH=CHCooH 
Acetaldehyde - -- - _I 'CooH - C02 Crotonic acid 

Malonic acid 

A ) C6 H SCH=CHCooH 
-CO2 Cinnamic acid 

(xvii) Schmidt reaction:. This is a reaction between a carbonyl compound and hydrazoic acid in presence of conc. H2S04. 

R-CHO+ N3H 
Hydrazoic acid 

R-CN + HCONHR + N 2 
Alkyl cyanide N -Alkyl formamide 

o 0 
II 'Cone. H2S04 II 

R-C-R+N3H )R-C-NHR+N2 
Ketone A 

o 0 

CH CII CH N H Cone. H2S04 CH cil NHC 3- - 3 + 3 ----=----..:.~) 3- -. H3 +N2 
Acetone A N -Methyl acetamide 

11.6 . TESTS OF ALDEHYDES AND KETONES (Distinction) 

'K.(ltones 

No colour. l. With Schiff's reagent 

2. With Fehling's solution 

Give pink colour. 

Give red precipitate. No precipitate is fonned. 

3. With Tollen's reagent Black precipitate of silver or silver mirror is fonned. No black precipitate or silver mirror is formed. 

4. With saturated sodium bisulphite Crystalline compound (colourless) is fonned. Crystalline compound (colourless) is fonned 
solution in water 

5. With 2,4-dinitrophenylhydrazine 

6. With sodium hydroxide 

Orange-yellow or red well defined crystals with Orange-yellow or red well defmed crystals with 
melting points characteristic of individual melting points characteristic of individual ketones. 
aldehydes. 

Give brown resinous mass (FonnaJdehyde does not No reaction. 
give this test). 

7. With sodium nitroprusside and few A deep red colour (Fonnaldehyde does not respond Red colour which changes to orange . 
. drops of sodium hydr!>xide to this test). 

11.7 SOME COMMERCIALLY IMPORTANT CARBONYL COMPOUNDS 
1. Formaldehyde or Methanal (HCHO). 

Formaldehyde is the first member of the aldehyde series. It is present in green leaves of plants where its presence is supposed to 
be due to the reaction of C02 with water in presence of sunlight and chlorophyll. 

C02 + H20--? HCHO+02 

Traces offormaldehyde are formed when incomplete combustion of wood, sugar, coal, etc., occurs. 
Manufacture: Formaldehyde is manufactured by controlled oxidation of methane by air in presence of various I!letallic 

oxides as catalyst. 

CH4 +02 Mo-oxide) HCHO + H20 
Methane Catalyst Formaldehyde 

It is also prepared by passing water gas at low pressure through an electric discharge of low intensity. 
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co + H2 
~ 

Water gas 

Elec.;~scbar~ HCHO 

- ': I rFonnaldebyde 
. .. 

Formaldehyde is manufactured by oxidation of methyl alcohol and also by dehydrogenation of methyl alcohol in presence of 
copper or silver catalyst at 300-4000C. . 

Laboratory preparation: Formaldehyde is prepared in laboratory by catalytic oxidation of methyl alcohol. 
Excess of methyl alcohol is removed by fractional distillation. The.tesultingmixture is called formalin which contains 40% 

formaldehyde, 8% methyl alcohol and 52% water. 
Physical properties: (i) It is a colourless, pungent smelling gas and is extremely soluble in water. Its solubility in water may 

be due to hydrogen bonding between water molecules and its hydrate. 
(ii) It can easily be condensed into liquid. Theliquid formaldehyde boils at -21°C. 
(iii) It causes irritation to skin, eyes, nose and throat. . 
(iv) Its solution acts as antiseptic and disinfectant. 
Chemical properties: Formaldehyde is structurally different from other aldehydes as it contains no alkyl group in the 

molecule. Though, it shows general properties of aldehydes, it differs in certain respects. The abnormal properties offormaldehyde 
. are given below: 

(i) Reaction with ammonia: Like other aldehydes, formaldehyde does not form addition product with ammonia but a 
crystalline compound, hexamethylene tetramine (Urotropine). . 

The reaction may be given as, 

H, ..... . 
/C=O+NH3 . 

H... . 
Fonna\debyde 

6HCHO +4NH3 
Fonnaldehyde Hexamethylene tetramine 

(Urotropine) 

Fig. 11.1 . Urotropine 

CH20H 

I 
/N"" 

CH2 . CH2 

I I 
HOH2C-N N-CH20H 

. ""CH/ 

~I~ 
CH2. CH2 . CH2 

'NH I 
_--=-3 -+) ......... N '-.. 

/CH2 CH2 
N/ 'N 

~/ 
. CH2 

Hexamethylene tetramine (Urotropine) 

Hexamethylene tetraminehas a cyclic structure. It is used as medicine in case of urinary troubles under the name of 
Urotropine or hexamine. Nitration of urotropine under controlled conditions gives an explosive RDX (Research and 
Development Explosive). 

(ii) Reaction with sodium hydroxide (Cannizzaro'sreaction)~ 
(iii) Aldol condensation: Formation offormose (hexose). 
(iv) Condensation with phenol: Formaldehyde condenses with phenol to give a synthetic plastic, bakelite. The 

condensation occurs in presence of dilute sodium hydroxide or ammonia at 80-90°C. Bakelite is used for preparing electrical. 
insulators, electric switches and toys, etc. 
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When phenol is treated with 40% formaldehyde in presence of dilute acid or alkali,amixture of ortho and para-hydroxy 
benzyl alcohol is formed, This reaction is called Lederer Manase's reaction. 

OR OR OR 6 + ilCHO N.OH ¢ 
Phenol CR

2
0R 

6-CH20H 
+ 

o-Hydroxy benzyl alcohol 

p-Hydroxy benzyl alcohol 

Cross linking of these compounds result into Bakelite. Overall equation can be represented as: 

OH OH 

{rCH2
-O-CH,-&. 

Base .y ... OH y .. OH 

6 o 
II · -¢-.. CH2.. . OH.· -¢-CH2 , ...... ~ ., .. . 

...... ICH2~cH2· ... I· 
OH . .. OH 

+H-C-H 
. Fonnaldehyde 

Phenol 

Fig. 11.2 Bakelite (Three dimensional product) 

(v) Condensation with urea: Formaldehyde also condenses with urea in acidic solution to form a plastic like product, 

I 
. CH

2 

I I 
-. CH2",- . /CH2-N-· CO-N-. 

. mH2NCONH2 + nCH20 --'---+ /N-CO-N, . 
Urea Fonnaldehyde -CH2 . . . 'CH2-N-CO-N-

. I I 
CH2 I . 

Formaldehyde-Urea plastic 

(vi) Reaction with alcohol :. Formaldehyde reacts with methyl alcohol in presence of dry hydrogen chloride or fused 
calcium chloride forming methylal which is used as soporific. 

-------ii:OCH3 

H2C=rO + : +. 
. ---~I H10CH 

.A)CH3 . 

. Dry) H C/ . + H 0 
2'. 2 

Hel ··'OCH3 
DimethoXy methane 

(Methylal) 

(vU) Polymerisation: Formaldehyde readily undergoes polymerisation. 

Fonnaldehyde • ____ 1 3 
Methyl alcohol 

(a) Para-formaldehyde: When an aqueous solution of formaldehyde (formalin) is evaporated to dryness, a white 
crystalline solid with fishy odour is obtained. It is a long chain polymer .. 

nHCHO ~ (CH20)n or +CH20-CH20-CH20-1n' 
(Aq. solution) Para-fonnaldehyde 

(n=6t050) 

On rapid heating, it gives back gaseous formaldehyde. 
When a formaldehyde solution is treated with conc. H2S04, a white solid, poiyoxy methylene (CH20 ) n ,H20 is formed, 

Cone. H2S04 
nHCHO " > 

Heat 
(CH20 )n,H20 

Polyoxy methylene 
n>lOO 
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This on heating gives back fonnaldehyde. 
(b) Meta-formaldehyde: On allowing fonnaldehyde gas to stand at room temperature, it slowly polymerises to meta

fonnaldehyde, (HCHOh. It is a white solid (m.pt. 61-62°C). It does not show reducing character and on heating gives back· 
gaseous formaldehyde. 

/0-. CH2'-.... 
3HCHO ~ (HCHOh or CH2, /0 

Formaldehyde Meta-formaldehyde 'O-CH2 

v· • 

(viii) Reaction with Grignard reagent: 

H-. C=O+RMgI 
I 
H 

or Trioxane Trioxymethylene 

Fonnaldehyde forms primary alcohol with Grignard reagent. 
R 
I 

Ether) H--C-OMgI 

I 
H 

HOH )RCH20H+Mg~~ 
H+ Primary '-....1 

alcohol 

Formaldehyde does not react with chlorine and phosphorus pentachloride. It does not give iodoform test. 
Uses: (i) The 40% solution of formaldehyde in water (fonnalin) is used as disinfectant, germicide and antiseptic. It is used 

for the preservation of biological specimens. 
(ii) It is used in the preparation of hex am ethylene tetramine (urotropine) which is used as an antiseptic and germicide. 

(iii) It is used in silvering of mirror and decolouring vat dyes. . 
(iv) It is employed in the manufacture of synthetic dyes such as para-rosaniline, indigo, etc. 
(v) It is used in the manufacture offormamint (by mixing formaldehyde with lactose)-a throat lozenge. 

(vi) It is used for making synthetic plastics like bakelite, urea-formaldehyde resin, etc. 
(vii) Rongalite-a product obtained by reducing formaldehyde sodium bisulphite derivative with zinc dust and ammonia and 

is used as a reducing agent in vat dyeing. 
(viii) As a methylating agent for primary and secondary amines, e.g., . 

C2HSNH2 +2HCHO >C2HsNH-CH3 +HCOOH 
Ethylamine Ethyl methylamine 

2. Acetaldehyde or Ethanal (CH3CHO) 
.. 

Acetaldehyde occurs in certain fruits and was first prepared by Scheele in 1774 by oxidation of ethyl alcohol. 
Itmay be prepared by any of the general methods already dealt in section 1104. 
Laboratory preparation: Acetaldehyde is prepafed in the laboratory by oxidation of ethyl alcohol with acidified 

potassium dichromate or acidified sodium dichromate. 
Manufacture: Acetaldehyde can be manufactUred by one of the following methods: 
(i) By air oxidation of ethyl alcohol. 
(ii) By dehydrogenation of alcohol. 
(iii) By hydration of acetylene. 
(iv) From ethylene (Wacker process). 
Physical properties: (i) Acetaldehyde is a colourless volatile liquid, b.pt is 21°C and has a characteristic pungent smell. 
(ii) It is soluble in water, chloroform, ethyl alcohol and ether. Its aqueous solution has a pleasant odour. In water, it is hydrated 

to a considerable extent to formethylidene glycol. 

CH3CHO+ H20~CH3CH(OHh 

Chemical properties: It gives all characteristic reactions of aldehydes (already discussed in section 11.5). Besides general 
reactions, acetaldehyde shows the following reactions also: 

(i) Haloform reaction: It responds to iodoform reaction due to the presence ofCH3CO group. 

(ii) Polymerisation: Acetaldehyde undergoes polymerisation forming different products under different conditions. 
(a) Paraldehyde: It is formed, when anhydrous acetaldehyde is treated with a few drops of conc. sulphuric acid. 

, 
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3CH3CHO ~ (CH3CHOh 
Acetaldehyde Paraldehyde, (trimer) 

CH3 
I 

CH 
0/ '0 
I I 

CH3--CH CH--CH3 ""/ o 
Paraldehyde 

(A cyclic trimer) 

It is a pleasant smelling liquid (b.pt. 124°C). It has cyclic structure and when heated with dilute sulphuric acid, it changes again 
into acetaldehyde. It is used in the medicine as a hypnotic and soporific (sleep producing). 

(b) Metaldehyde: Acetaldehyde on treatment with dry hydrogen chloride gas or a few drops of conc. H2S04 is converted 
into metaldehyde (CH3CHO)4' It is a white solid (m.pt. 246°C). On heating it sublimes but changes again into acetaldehyde when 
distilled with dilute sulphuric acid. It is used as a solid fuel. . 

CH3--CH ~ CH--CH3 

A) 
Ii} 

CH3~a~--CH--CH3 

I I 
o 0 
I I 

CH3 --C-H 0 CH--CH3 
Acetaldehyde (4 mol) 

CH3--CH~--CH--CH3 
Metaldehyde (A cyclic tetramer) 

It is used for killing slugs and snails. 
Uses: Acetaldehyde is used: 

(i) in the preparation of acetic acid, acetic anhydride, ethyl acetate, chloral, buta-I,3-diene (used in rubbers), dyes and 
drugs. 

(ii) as an antiseptic inhalant in nose troubles. 
(iii) in the preparation of paraldehyde (hypnotic) and metaldehyde (solid fuel) .. 
(iv) in the preparation of acetaldehyde ammonia (a rubber accelerator). 
(v) as a reducing agent in silvering of mirrors. 

Analytical Tests of Formaldehyde and Acetaldehyde 
(A) Common to both: 

(i) Both.restore the pink colour of Schiff's reagent. 
(ii) Both reduce Tollen's reagent to silver mirror. 

(iii) Both give red precipitate with Fehling's solution. 
(B) Special tests of formaldehyde: ,." 

(i) Pyrogallol test: When formalin is added to freshly prepared solution of pyrogallol containing excess of hydrochloric 
acid, a white precipitate is formed which soon acquires pink colour. 

(ii) Schryver's test: 1 mL of 1 % phenylhydrazine hydrochloride and I mL of 5% potassium ferricyanide solution is added 
to formalin. It is acidified by adding 5 mL,of concentrated hydrochloric acid. Appearance of rosy red colour confirms 
formaldehyde. 

(iii) Remini's test: 1 mL of 1 % phenylhydrazine solution is mixed with I mL of freshly prepared solution of sodium 
nitroprusside. It is now added to 5 mL of formalin. The solution is made alkaline by adding excess of sodium hydroxide solution. A 
deep blue colour develops which changes via green brown to red with time. 

(iv) Formaldehyde renders protein hard and insoluble. This property can also be used as a special test of formaldehyde as other 
aldehydes do not have this property. 

(C) Special tests of acetaldehyde: 
(i) It gives iodoform test. 

(ii) With sodium nitroprusside and piperidine, acetaldehyde gives blue colour. 
(iii) Acetaldehyde produces a deep red colour with freshly prepared sodium nitroprusside solution and excess of dilute 

sodium hydroxide. 
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Conversion of HCHO into CH3CHO and l'icB--l'ersa 

Ascent of Series : ·Conversion of formaldehyde into acetaldehyde 

(i) HCHO H2/Ni ) CH30H PCls) CH3CI KCN) CH3CN 
Formaldehyde Methyl· Methyl (Alc.) Methyl 

Na/Alcohol) CH3CH2NH2 NaN02) 
Ethylamine HCI 

alcohol chloride cyanide 

CH3CH20H H2S04(dil.» CH3CHO 
Ethyl alcohol K2Cr207 Acetaldehyde 

C H+O 
(ii) HCHO H3

M
gI)CH3CH20MgI 3 ) CH3CH20H Cu) CH3CHO 

Formaldehyde Ether . Ethyl alcohol 300"C Acetaldehyde 

(iii) HCHO K2Cr20\ HCOOH . Ca(OH)2) (HCOO)zCa (CH3COO}zCa) CH3CHO 
Formaldehyde H2S04 Formic acid. . Calcium formate Heat Acetaldehyde 

Descent of Series: Conversion of acetaldehyde into formaldehyde 

(i) CH3CHO K2Cr20 \ CH3COOH NH3) CH3COONH4 Heat) CH3CONH2 _B...:r2::.../K!_O_H~) CH3 NH2 
Acetaldehyde H 2804 Acetic acid Amm acetate Acetamide Methylamine 

NaN02 ) 
HCI 

CH OH Cu ) HCHO 
3 300"C Formaldehyde 

(ii) CH3CHO K2Cr20 7) CH3COOH NaOH) CH3COONa Sodalime) CH4 _CI-=-i~) CH3CI AgOH) 
Acetaldehyde H2S04 Acetic acid Sod acetate Heat Methane hv 

3. Acetone or PropaJione, CH3COCH3 or Dimethyl Ketone 

Cu ) HCHO 
300"C Formaldehyde 

It is a symmetrical (simple) ketone and is the first member ofthe homologous series of ketones. In traces, it is present in blood 
and urine. It may be prepared by any of the general methods already dealt in section 11.4. 

Laboratory preparation: Acetone is prepared in laboratory by heating anhydrous calcium acetate. 
Manufacture: Acetone is manufactured by following methods: 
(i) By air-oxidation of isopropyl alcohol. . 
(ii) By dehydrogenation of isopropyl alcohol. 
(iii) From propene: (a) Wacker's process. 
(b) Propene is absorbed in concentrated sulphuric acid and the resulting product is boiled'With water when isopropyl alcohol is 

formed. Isopropyl alcohol on dehydrogenation yields acetone. 

CH3CH=CH2 + H 2S04 ~CH3CH(HS04)CH3 H2?) CH3CH(OH)CH3 Cll) CH COCH 
Propene ' Bod Isopropyl alcohol 300°C lcetone 3 

(iv) From ethyl alcohol: By passing a mixture of ethyl alcohol vapour and steam over a catalyst, zinc chromite at 500°C, 
acetone is obtained. The yield is about 80%. . 

2C2HsOH + H20 Zn(
Cr0

2}z) CH3COCH3 + CO2 +4H2 

(v) From acetylene: By passing a mixture of acetylene and steam over a catalyst, magnesium or zinc vanadate at 420°C, 
acetone is obtained 

2HC==CH +3H20~CH3COCH3 + CO2 +2H2 

(vi) From pyroUgneous acid: Pyroligneous acid containing acetic acid,acetone and methyl alcohol is distilled in copper 
vessel and the vapours are passed through hot milk of lime. Acetic a~idcombines to form non-volatile calcium acetate. The 
unabsorbed vapours of methanol and acetone are condensed and fractionally distilled. Acetone distills at 56°C. 

The acetone thus obtained is purified with tHt help of sodium bisulphite as described in laboratory preparation. 
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Physical properties: (i) It is a colourless liquid with characteristic pleasant odour. 
(ii) It is inflammable liquid and boils at 56°C. 
(iii) It is highly miscible with water, alcohol and ether. 
Chemical properties: It shows general properties of ketones. Some special properties 'Of acetone are described below: 
(i) Haloform reaction: When heated with iodine and sodium hydro;rlde, it forms yellow crystals of iodoform. 
(ii) Acetone forms chloroform when heated with bleaching powder. 
(iii) Condensation reactions: Acetone forms a number of condensation products under different conditions. 
(a) Two molecules of acetone condense together in presence of barium hydroxide to form diacetone alcohol. 

(CH3hC=O + HCH2COCH3 
Acetone 

(2 Molecules) 

4-Hydroxy-4-methyl pentan-2-one 
(Diacetone alcohol) 

When diacetone alcohol is heated in presence of a little iodine; mesityl oxide is formed. 
12 .. 

(CH3hC-CH2COCH3 ~~) (CH3hC=CHCOCH3 
I Heat 4-Methyl.pent-3-en-2-one 

OH (Mesityl oxide) 

(b) When acetone saturated with Hel gas is kept at low temperature for few days, it forms mesityl oxide and phorone which can 
be separated by distillation. 

. HCI ) (CH3hC=CHCOCH3 
-H20 Mesityl oxide . 

HC} ) (CH3hC=CHCOCH=C(CH3h 
-H20 2,6·Dinlethyl hepta-2,5-dien-4-one 

(Phorone) 

(c) When acetone is distilled with concentrated sulphuric acid it forms mesitylene. 

H2S04 (conc.) .H3COICH3. 
3(CH3hCO ). +3H20 

Acetone '" . 
CH3 

1,3,5· Trimethyl benzene 
(Mesitylene) 

Uses: (i) As a solvent for cellulose acetate, cellulose nitrate, celluloid, lacquers, resins, etc. 
(ii) For storing acetylene. 
(iii) In the manufacture of cordite-a smokeless powder explosive. 
(iv) In the preparation of chloroform, iodoform, sulphonal and chloretone. 
(v) As a nail polish remover. 

(vi) In the preparation of an artificial scent (ionone), plexiglas (a tough transparent plastic) and synthetic rubber. 
Tests: (i) Legal's test: When a few drops of freshly prepared sodium nitroprusside and sodium hydroxide solution are 

added to an aqueous solution of acetone, a wine colour is obtained which changes to yellow on standing. 
(ii) Indigo test: A small amount of ortho-nitrobenzaldehyde is added to about 2 mL of acetone and it is diluted with KOH 

solution and stirred. A blue colour of indigotin is produced. 
(iii) Iodoform test: Acetone gives iodoform test with iodine and sodium hydroxide or iodine and ammonium hydroxide. 
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11:8 POLYMERISATION AND CONDENSATION 

Polymerisation: The process which involves union of two or more molecules of the same compound, without the elimination of 
a small molecule such as H20, NH 3 or alcohol, etc., reSUlting in the formation of a new compound whose molecular mass is simple 
multiple ofthe original compound is called polymerisatiou. The new compound formed is termed polymer (Greek: poly + meros = 
many parts). The original simple compounds from which polymers are made are called monomers. 

Cbaracteristics of Polymerisation 

(i) It is generally a reversible reaction, i.e., the polymer can be converted easily into original compound. 
(ii) No portion of reacting molecules is eliminated in any form. 

(iii) No new C-C and C-N linkages are formed. 
(iv) Polymer and the monomer both have the same empirical mass and formula but the molecular mass of the polymer is 

simple multiple of the molecular mass of the monomer. 
(v) The monomer usually consists ofa multiple bond (double or triple) in its molecule. 

Alkenes, acetylenes and aldehydes undergo polymerisation reactions. The polymer may be straight chain or cyclic. 
Examples: (i) On evaporation offormaldehyde solution, a solid para-formaldehyde is formed. On rapid heating, it is again 

converted into gaseous formaldehyde. 
(ii) On allowing formaldehyde gas to stand at room temperature, it slowly polymerises to meta-formaldehyde (HCHO)3, a 

white solid. This on heating is again converted into gaseous formaldehyde. 
(iii) When acetaldehyde is treated with few drops of cone. H2S04, a vigorous reaction takes place with the formation of 

paraldehyde, (CH3CHO)3' Acetaldehyde is regenerated when paraldehyde is distilled with dil. H2S04, 
(iv) Acetaldehyde on treatment with S02 or dry HCI gas at low temperature is converted into metaldehyde(CH3CHO)4' On 

distillation with dil. H2S04, it yields back acetaldehyde. 
Condensation: It is a process which involves union of two or more molecules of the same or different substances to form a 

more complex compound with or without the elimination of H20, HCI, NH3 or alcohol, etc., with a new carbon-carbon or 
carbon-nitrogen linkages through functional groups. 

Characteristics of Condensation 

(i) Condensation is irreversible reaction. 
(ii) Union occurs with or without elimination of H 2(): Hel, NH 3 or alcohol, etc. 

(iii) New C-C or C-N linkages are formed. 
(iv) Molecular mass of the final product may or may not be exact multiple of the molecular mass of the original substance. 
Examples: (i) Condensation of aldehydes and ketones with H2NOH, H2N-' NH2,H2N-NHC6HS, H2NNHCONHZ, 

etc. 
(ii) Acetone undergoes condensation under different conditions. [See page 607] 

ILLUSTRATIONS OF OBJECTIVE QUESTIONS 

1. Propene reacts with carbon monoxide and hydrogen in 
presence of cobalt carbonyl catalyst at high temperature and 
pressure, to form : 
( a) propanal 
(c) butanone 
(Ans. (b)] 

(b) butanal 
(d) butanoic acid 

2. If hexan-3-one is treated with NaBH4 followed by 

hydrolysis with D2O, the product will be: 
(a) CH3CH2CH (OD) CH2CH2CH3 
(b) CH3CH2CD (OH) CH2CH2CH3 
(c) CH3CH2CH(OH)CH2CH2CH3 
(d) CH3CH2CD (OD) CH2CH2CH3 
[Ans. (a)] 

3. The reaction, 

is welllsnown as: 

(a) Wurtz reaction 
( c) Kolbe reaction 

. [Ans. (d)] 

(b) Rosenmund reduction 
(d) Clemmensen reduction 

4. Propyne on hydroboration-oxidation gives mainly: 
(a) propanone (b) propanoic acid 
(c) propanal (d) propane 
[ADS. (c)] 

5. Which of the following does not react with NaHS03 ? 
(a) CH3COCH3 (b) CH3eHO 
(c) HCHO (d) None of these 
[Ans. (d)] 

6. CH3CHO HCN) (A) HOH) (B) 

The product (B) is: 
(a) malonic acid 
(c) glycolic acid 
[Ans. (b)] 

(b) lactic acid 
(d) malic acid 
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7. Wolff':Kishner reduction, reduces: 
(a) -COOHgroup (b) -C5i5ECgroup 
(c) -CHOgroup (d) -O-group 
[Ans.(c)] . 

8. Aldol condensation will not occur in: 
(a) HCHO (b) CH3CH2CHO 
(c) CH3COCH3 (d) CH3CHO 
[Ans. (a)] 

9. Acetone reacts with butan-2-01 in presence of aluminium 
tertiary butoxide to form: 

(a) butanone + propan-I-ol (b) butanone +propan-2-01 
(c) butanal + propan-l-ol (d) butanal + propan-2-o1 
[Ans. (b)] 

10. Acetoxime on heating in presence of conc. H2S04 undergo 

rearrangement and yields: 
(a) acetone hydrazone (b) aeetene. 
(c) acetone semicarbazone (d) N-methyl acetamide 
[Ans. (d)] 

SOME SOLVED PROBLEMS 

Problem 3. Both )C=Oand )C=C( bonds undergo addition reactions, give the basic difference in their nature. 

Solutiou: The )C=O grouping undergoes nucleophilic addition while )C=C( undergoes electrophilic addition 

reactions. The difference is due to the fact that C of )C=O grouping is more electrophilic than C of )C=C( grouping since 

oxygen is more electronegative than carbon. Thus, carbon of )C=O reacts with nucleophiles. The )c=c( grouping is 

nucleophile and hence reacts with electrophiles. 
Problem 4. Explain why aldehydes are more reactive than ketones. 
Solution: The carbonyl group IS polar in nature. 

Lower positive charge on the carbon of carbonyl group makes the aldehyde or ketone less reactive towards nucleophiles. In . 
ketones, the positive charge on the carbonyl carbon is lowered by high +1 effect of two alkyl groups in comparison to aldehydes in 
which one alkyl group is present. Further increase in the number of alkyl groups also increases the sterlc hindrance making it less 
reactive. Thus, in general, aldehydes are more reactive than ketones. < 

Problem 5. Under what circumstances may an aldehyde be prepared by oxidation of primary alcohol, ROH, with acid 
dichromate? . . 

Solution: If the aldehyde product is more volatile than the reactant alcohol and H20, it may be removed from the reaction 

mixture by distillation as it is formed. For example, acetaldehyde (b.pt. 21°C) can be prepared from ethyl alcohol (b.pt. 78°C) by 
this method. " 

Problem 6. RCOCI fails to give ketone when treated with R-Mg-". X but with R 2 Cd, a ketone is obtained easily. Explain. 

Solution : " No doubt, Grignard reagent reacts with acid halide to form a ketone but Grignard reagent further reacts with 
ketone readily and ultimately forms a tertiary alcohol. 

R 
RCOCI RMgX') )C=O 

" R 

R ",' 

.RMgX' )~~C-OMgX 

R2Cd reacts with RCOCI andforms ketone easily as Cd of R2Cd is sufficiently electrophilic to initiate the reaction. 

- + 
RCOCI + R2Cd ~ [R2CdCl +RC=O] ~ RCOR + RCdCl 

• 
Problem 7. Accountfor the boiling points_of2-propanol, propanone and 2-methyl propene (the molecular masses are 

approximat~lythe same) are 82°(" 5~C and - ~C respectively. 
Solution: The high boiling point of alcohol is due to hydrogen bonding. 

R--O-H---O-R 
I 
H 

The dipole-dipole attractive forces of carbonyl compounds cause them to have higher boiling points than alkenes. 
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Problem 8. How will you prepare the following? 
(i) Acetoxime from acetaldehyde, (ii) Propionic anhydride from propionaldehyde, 

(iv) a-HyrJroxy propionic acid from acetaldehyde. (iii) Acetone from acetylene, 
Solution: 

(i) CH3CHO K2Cr20?) CH~COOH Ca(~Hh) (CH3COOhCa Dry ) CH3COCH3 NH20Ii) (CH3hG=NOH 
Acetaldehyde H 2 SO 4 (dll.) Acetic acid . Calciwn acetate Distillation Acetone Acetoxime 

PO' CH3CH2CO, 
2 S) ""0 

Heat CH3CH2CO/ 
(ii) CH3CH2CHO K2

Cr
207) CH3CH2COOH 

Propionaldehyde H2S04) Propionic acid 
Propionic anhydride 

o 
II 

Problem 9. Complete the following reactions: (i) CH3CHO 
LDA ) (A) (i) CH3-C- CH\ (B) 

(ii)HOH 
o 

o 
\I 

(ii)CH3-C-CH3 LDA) (A) (iii)6 NaOH ) (A) Heat) (B) 
SOC 

" 

o 
II' 

(V)C6HS _' C-CH3 OH-) (A) Heat) (8) 

o 0 OH 

II LDA - (i) CH3 ~~-CH3 I " 
Solution:' (i)CH3-C-H (Base»CH2-CHO --=----~)CH3-C-CH2CHO 

(A) (ii) HOH' I 
CH3 

(B) 

o 0 0 0 OH 

. II LDA II - '(i)CH3-~-H 'II I 
(ii) CH3-C-CH3 -~)CH3-' C-' CH2 -....:--=-----+) CH3-C-CH2-CH-CH3 

(Base) " (A) (ii) HOH , (B) 

o~t 

. (iDle) 
o ' -. OH' 0 

i
A+1J'O::, ' ' O~ . 6-0' ,," fl "'06' ~' 

+ '. ". -'. ' ". soc ," (-H20) 

, ' Cyclohexanone ~-Hydroxy ketone (A) (B) 

(A) 
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4 .'.. .. ' 
(~H2<?) ) ,C~H~CH2C~!T~~0 
..' .. ', .. ' 'C6 H S . 

" ", .(IJ) , ., 
i 

.0 OH. ,. ·0 
a+ .. a- II ow I .. II 

+ H:-CHz-C-C6HS ":-,,---+>C6":S-Y-. -'-. CH2-. C-, C6Hs 
I ' . 

CH3 
(A) 

Problem io. An f,llhne, C6H12,ajter ozonolysis yielded two products. One of these gave a positive iodoform reaction but a 
negative Tal/ens' test. The othet: product gave a positive Tollens' test but a negative iodoform reaction. What is the structure and 
name of the alkene? . 

Solution: One product is methyl ketone as it gives positive iodoform test while other product is an aldehyde: The aldehyde 
does not have methyl group as it does not respond to iodoform test. Hence, the products of ozonolysis are, 

GH3COCH3 and CH3CH2CHO 

Therefore, the alkene is, 
CH3"- .' . . 

.. ./'C=CHCH2CH3 
CH3./' ' 

. 2-Methyl pent-2-ene 

. Problem 11. Co;"pound (A), Cs HlOO, forms a phenylhydrazone, gives' negative Tol/ens' and iodoform tes(s and is reduced 

to pentane. What is the compQund? 
Solution: (A) fonns a hydrazone, it is a carbonyl compound. It is a ketone as it does not reduce Tollens' reagent. The ketone-does 

no.t have methyl group as~t does not respond ,to iodoform test. Thus, the compound is: ' . 

o 

" 
CH3CH2--.C-CH2CH3 

Pl!i1tan -3-one, . 

Problem 12. Explain why the additiofl of hydrogen cyanide to carbonyl compounds is accelerate<lby bases and retarded by 
acids. . . ' [lIT 2003] 

Solution: . The addition ofRCN to)C=OcornpoUndsproceeds as f~ilows:. 
Oa- 0- OH 

R-·. ~-R +CN- <Slow> R-6-R -....-=H"-+~) R--6-R 
0+ I Fast I 

CN CN 

. In bases, CN- isfonned ~om HCNwhile in acidic medium, the ioni~~ltion ofHCN to give CN- is suppres~ed. 
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SUPPLEMENTARY READING 

11.9 ACROLEIN, ACRALDEHYDE OR PROP-2-EN-1-AL (H2C=CHCHO) 

It is obtained by dehydration of glycerol. Dehydration is donewith the help ofKHS04 or P20S or conc. H2S04' 

CH20H CH2 CH2 

~HOH KHS04) ~ lsomerises) ~H 
I Heat III 

CH20H -2H20 CHOH CHO 
Glycerol Unstable Acrolein 

Commercially, it is prepared by passing a mixture of ethanal and methanal vapours over sodium silicate (catalyst). 

HCH :9..~-j!i: CHCHO Sodiwn silicate) H2C=CHCHO + H20 

It is also obtained by direct oxidation of propylene over copper oxide. 

H2C=CHCH3 +02 --4 H2C=CHCHO + H20 

Acrolein is a colourless pungent liquid. It has very irritating smell. It causes watering of eyes and nose. 
It is the simplest unsaturated aldehyde. It shows properties of a double bond and aldehydic group. It gives addition reactions 

with halogens and halogen acids but contrary to Markownikoff's rule. 

H2C=CHCHO + Br2 --4CH2Br-CHBrCHO 
H2C=CHCHO + HCI--4CICH2 -CH2CHO 

+ -
. [This is due to resonance. H2C=CH-CH=0 +-----+CH2-CH=CH-0] 

Acrolein undergoes' oxidation with ammoniacal silver nitrate to give acrylic acid without affecting the double bond. 

o AgNO 
H2C=CH-CHO +[0] 3 ) H2C=CHCOOH 

'. Acrolein . NH40H Acrylic acid 

It undergoes reduction with LiAlH4 to give allyl alcohol, without affecting the double bond. 

LWH4 
H2C=CH-CHO '--~-+) H2C=CH-CH20H 

2H Allyl alcohol 

.' It undergoes Tischenko's reaction to fonn allyl acryl~te. 

2H2C=CHCHO (C2
H

sOn
Al

) H2C=CHCOOCH2CH=CH2 

. It does. not show normal ~ldol condensation with alkalies. The chain breaks at double bond. This type of reaction is 
characteristic of 0., p-unsaturate~ aldehydes. 

H2C=CHCHO NaOH. ) HCHO +CH3CHO 

It finds.tlseas tear gas, in the manufacture of insecticides and in the manufacture of resins. 
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IMPORTANT POINTS TO REMEMBER (SUMMARY) 
o Both aldehydes and ketones possess the same general 

fonnula CnH 2nO and contain a common carbonyl 

(>C=O) group. In aldehydes, the carbonyl group is 
linked to an alkyl group and a hydrogen atom (except 
formaldehyde, having no alkyl group), while in ketones it is 
attached with two alkyl (aryl) groups (same or different). 

o 
II o Aldehydes (-C-H) may be" regarded as the first 

oxidation product of primary (l0) alcohols and ketones are 
the first oxidation product of secondary (2°) alcohols. 

o The carbon atom of )C=O group is sp2 -hybridised and 

lie in the same plane (planar). The bond angles are 

approximately of 120° and )C=O bond distance is 1.24 A. 
o The position ofsubstituents on the parent chain is indicated 

by Greek letters a, ~ and y etc. The a-carbon is one which is 
directly attached to the -CHO group. 
o y ~ a 
C-C-C-C-CHO 

o The -CHO group is always present at the end of the 
carbon chain (C1) and in !UP AC system it is named as 
alkanal. When .,----CHO group is present as side-chain (with 
some other main functional group like -COOH," 
-COOR,-COX, ---CN etc.), it is called formyl group. 

o Aldehydes show chain isomerism amongst themselves and 
functional isomerism with ketones, cyclic ethers and 
unsatUrated alcohols. Tautomerism with unsaturated 
alcohols is also observed. Ketones show chain isomerism, 
functional isomerism, metamerism (position isomerism) 
and tautomerism. 
Methods of preparations for aldehydes and ketones 
(Carbonyl compounds) 

" 0 From alcohols: By controlled oxidation of I ° and 2° 
alcohols with acidified K2Cr207 or KMn04 or Mn02 or 
Cr03 in CH3COOH or chromic acid, H2Cr04, in aqueous 
acetone or pyridinium chlorochromate (pCC) etc. 

o By catalytic dehydrogenation of I ° and 2° alcohols over 
reduced copper heated to 300°C. 

o Ketones can be obtained from 2° alcohols by Oppenauer 
oxidation with aluminium tert.-butoxide [(CH3 h COh A1 
Unsaturated 2° alcohols can also be oxidised to unsaturated 

ketones (without affecting the )C=C<) by this 
reagent. 

o From carboxylic acids: By dry distillation of calcium " 
salts of fatty acids, e.g., calcium formate gives 
formaldehyde and calcium acetate gives acetone. A 
equimolar mixture of calcium acetate and calcium fonnate 
gives acetaldehyde. 

o Cyclic ketones are fonned when calcium salts of c;libasic 
acids are heated. . 

o By passing the vapours of fatty acids over heated MnO at 
3000C or thoria (Th02) at 3500C or Al20 3 at 400°C, 
aldehydes and ketones are fonned. 

o From gem-dihalides : By alkaline hydrolysis of 
terminal gem-dihalides, the aldehydes are fonned, while 
non-terminal one give ketones. 

o From alkenes: By reductive ozonolysis with03 to give.·· 
ozonide followed by decomposition with ZnlH20 or 
reduction by H2IPd gives aldehydes· and ketones. For 
example, but-2-ene (symmetrical alkene) gives· only 
acetaldehyde and 2,3-dimethyl but-2-ene yields acetone 
only. 

o Oxoprocess (only for aldehydes) :. By reacting an 
alkene with CO.and H2 (water gas) in presence of cobalt 
carbonyl as catalyst at 100°C under pressure 
(Hydroformylation). 

o Wacker process: Alkenes are directly oxidised to their 
corresponding aldehydes and ketones by n;eating with 
acidified aqueou~ solution of PdCl2 and Cu2Cl2 in 
presence of oxygen or air. 

o Alkenes can be oxidised to aldehyde by an oxidising agent 
NaI04 (Lemieux reagent). 

o Alkenes can also be·oxidised to aldehydes and ketones by 
an oxidising agent Cr02CI2 inCH2CI2. 

o From alkynes: By hydration with dil (aq.) H2S04 and 
HgS04 at about 60°C. Ethyne gives ethanal, propyne gives 
propanone and but-2-yne yields butan-2-one. 

o Hydroboration-oxidation: Hydroboration (BH3ffHF) 
of terminal alkynes followed by oxidation with alk. H202 
gives aldehyde, but non-terminal alkynesunder similar 
conditions yield ketone. 

o From Grignard reagents: On reaction with nitriles, 
i.e., Grignard reagents give aldehydes with HCN and 
ketones with RCN. 

o On reaction with esters i.e., formic ester (HCOOR) is used 
·to prepare aldehyde and all other esters (RCOOR) give 
ketone on treatment with Grignard reagent: 

o On reaction with acid halide and acid anhydride, i.e., 
fonnyl chloride (HCOCl) gives an aldehyde and all other 
halides (RCOCl) giv~s ketone. But acid anhydride 
(RCO) 2 0 gives ketone only with Grignard reagent. 

o Oli reaction with ortho esters, i.e.,ortho-formic ester or 
ethyl· ortho-fonnate, HC(OC2HSh, gives an aldehyde 
with Grignard reagen.t while all other ortho esters 
RC(OC2HSh give ketones. 

o Rosenmund's reduction :' Acid chlorides can be 
reduced ~to aldehydes with" hydrogen in boiling xylene 
using Pd or Pt catalyst supported on BaS04. Ketones 
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, cannotbepreparedby this method. The fimctionof BaS04 
. is tQ,p6ison the catalyst to prevent further reduction of 
aIde~yd~s 'to l°jalcohol. 

[J Lithium·.' ~;;t~butoxy 'aluminium' hydride 
·rLi.AIH:(O-t- BuhlOi-,tri-n-butyl tin (C4 fig hSnH alSo 

reduces RCOCI mto RCHO. ' '. 
[JS~di~m.aitiininium hydride, NaAlH4 also reduces esters 

into~~ld.ehYde. . 
[J' Ketbnes can be'prepared,by the. action of dialkyl cadmium 

on aCidchloricles. ' 
[J Stephen's reduction: The reduction. ~f alkyl cyanide by 

SnCl2 and conc. Hel followed by aCid hydrolysis to give 
aldehyde is known as Stephen's reaction. 

[J From acetoacetic ester: Ketones are prepared by the 
hydrolysis of acetoacetic ester or its alkyl derivative with 
dilute aqueous acid or dilute alcoholic solution of alkali. 

[J Fronl1,2-glycols: By oxidation with lead tema-acetate, 
(CH3COO)4Pb or periodic acid, m04' 

[J From alkyl halides': On treatment with dimethyl 
sulphoxide (DMSO), the 1 ° alkyl halides give aldehyde and 
2° alkyl halides give ketone., ' 

a Physical properties: Except HCHO (it is a gas), all 
other aldehydes and ketones are volatile liquids at ordinary 
temperature. U~wer aldehydes have unpleasant odour 
while ,ketones possess pleasant smell.' The carbonyl 
compounds are strongly polar in. nature which results in 
appreciable· intermolecular attraction. Therefore, their 
boiling PQints'are higher than those of non-polar substances 
of comparable molecular weightS. However, their boiling 
points are lower than corresponding alcohols. due to 1;he 
absence pf intermolecular hydrogen bonding. 

q Chemical properties :' Both aldehydes and ketones 

, contain a > C '0 group which is ,highly polar' due to 

n:sonance mid permanent -I effect of the negative oxygen 
atom. ' 

'" 0' , ,+ ;::./ , /c=o~/c-~., 
The p6~jtivelycharged carbon is readily attacked by the 
electron'rich nucleophiles, while the negatively charged 
oxygen is attacked by electron cleficient electrophiles. 

[J Relative reactivity of aldehydes and ketones' 

The reactivity of)C '. 0 gr()up for nucleophilic addition 

depends mainly on: , 
(i) ability of carbonyl oxygen to carry a negative charge, 
(ii) inductive effect of the groupSa~hed to the carbonyl 

, carbon atom and " 
(iii) siz~ of substituent group (sterlc '(actor). 

The decreasing order ofreactiyity of >C=O group is as 

follows:. 
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, H"CH3~' ' CH3"" 

/
C=O > ,/'<:=0 > "",-C=O 

H H CH3 , 

C2Hs....... ' C2 HS, 
> ~C=O > .."...C=O 

CH3_ C2 HS 

Thus, +1 effect of alkyl group decreases the reactivity 
whereas the introduction of negative group (-I effect) , 
increases the reactivity, e.g., chloral 
(trichloroacetaldehyde) is more reactive than acetaldehyde 
as the chlorine atoms increase the positive charge on the 
carbonyl carbon. ' 
The a-H atoms of aldehydes and ketones are reactive 
(acidic in nature). This is due to the fact that the anion 
resulting from removal of a-H atom by base gets stabilized 

.. by resonanee. 
Reactions common to aldehydes and ketones 

[J Substitution reactions: The a-H atom of alkyl group of 

>C=O ~ompounds can be replaced by halogen atoms 

(C12 .or Br2) even at room temperature. Acetaldehyde on 
halogenation (chlorination). gives trichloroacetaldehyde 
(chloral) and acetone yields trichloroaceton~. The excess of 
alkali ,decomposes the tribalogen compounds to ,give 
haloform (CHX3 ) •. 

[J Acetaldehyde, acetone and methyl ketones (-COCH3) 
undergohaloform (Iodoform) reaction with X2 (12) and , 

'NaOH. 
[J Oxidation by Se02: Seleniwn dioxide oxidises the 

reactive methylene gr.oup adjacent to carbonyl group at the 
a-caibon to form dicarbonyl compounds. Forexampte, 
acetaldehyde gives glyoxal and acetone yields methyl 
glyoxal. 
Reactions of carbonyl group (Addition reactions) 

[J Addition of hydrogen: Different products are obtained 
depending on the nature of reducing agents. 

[J Molecular hydrogen in presence of metallic catalyst (such 
as Ni, Pt and Pd) reduces aldehydes'and ketones into 10 and 
2° alcohols respectively. 

[J. With nascent hydrogen produced (such as Zn + CH3COOH, 
Na +C2HsOH, Na + H20, Zn + alc. NaOH, etc.) gives ]0 

and 2° alcohols (reduction to alcohols). 
[J With LiAlH4, NaBH4 or LiBH4 (complex metallic 
, hydrides), aldehydes give 1 ° alcohol while ketones give 20 

alcohol. 
[J' Unsaturated aldehydes can be reduced to unsaturated 

alcohols (1°) without affecting C=C in ,presence .of. 
reducing agents LiAlH4 in dry ether or NaBH4 in alcohol. 

[J Clemmensen's reduction: Aldehydes and ketones are 

converted into alkanes, (i.e., )C=O group is reduced to 

>CH2 grou~) when treated with Zn-Hg and conc. HCl. 

This reaction is known as Clemmensen's reduction. 
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a The same conversion ( )C=Ointo )CH2) can be made 
by heating aldehydes and ketones with red P and conc. m. 

a Wolff-Kishner reduction: Aldehydes and ketones are 
conveniently reduced to hydrocarbons in presence of 
excess ofhydrazine (H 2 N-, NH2) and strong base (NaOH 
orC2HsONa) on heating. 

""-C 0 H NNH -H20 ""-C-NNH C2HsONa / = + 2 2 )0/ - 2-----+-) 
(Hydrazone) ~, 200"C 

>CH2+N2 
a Meerwein-PonndorfVerley (MPV) reduction: Ketones 

can be reduced to sec. (2°) alcohols with aluminium 
isopropoxide [(CH3hCHOh Al in propan-2-01. 

a Bimolecular reduction (Pinacol formation) : . Two 
moles of ketone undergo reduC'tion in presence of 
Mg-HglHOH to pinacol which on heating with mineral 
acids, converted into pinacolone (pinacol-pinacolone 
rearrangement). 

a Addition of HCN: Both aldehydes and ketones add 
HCN (KCN + dil. H2S04) in presence of basic catalyst to 
fonn: cyanohydrins. 

a Cyanohydrins are good synthetic reagents and can be 
converted into a-hydroxy acids, esters and amino acids, 

a Addition of NaH803 : Aldehydes and ketones on 
shaking with a saturated solution ofNaHS03 gives a solid 
derivative of sodium bisulphite compound. 

D These bisulphite compounds on heating with NaCN yield -
cyanohydrins. 

a Addition of Grignard reagents: The >C=O group 
adds onto Grignard reagent and the addition product on 

. hydrolysis decomposes to yield 1°, 2° or 3° alcohol 
depending on the nature of carbonyl compound. For' 
example, HCHO forms 10 alcohol, higher aldehydes 
(RCHO) give 20 alcohols and ketones give 3° alcohol. 

D Reaction with alcohols : Aldehydes and ketones 
combine with alcohols and form acetals andketals 
respectively and can be easily hydrolysed by acids. 

.a Reaction with thioalcohols: Thioalcohols react more 
rapidly than alcohols and form thioacetals and thioketals. 
Replacement of carbonyl oxygen (Condensation 
reactions) 

a Reaction with NH20H: Aldehydes and ketones react 
with hydroxylamine (NH20H) to form. oximes 

(>t=NOH). ' 
a Beckmann rearrangement: Ketoximes on treatment 

with acid catalyst (conc. H2S04, H3P04 , SOCl2 or PCIs 
etc.) undergo Beckmann rearrangement to form a 
substituted amide (RCONH-R). 

a Reaction with NH2NH2 : Aldehydes and ketones form . 

, hydrazones ()C . NNH 2) with hydrazine. 
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a Reaction with H2NNHC6HS: Aldehydes and ketones 
,react with phenylhydrazine (H2NNHC6HS) to form 

phenylhydrazones ()C=NNHC6Hs). 
a Reaction_ with - 2,4-dinitrophenylhydrazine (DNP, 

Brady's reagent): DNP reacts similarly with carbonyl' 
compounds to form corresponding 2,4-dinitrophenyl
hydrazone. 

D Reaction with H2NNHCONH2 .: Aldehydes and 

ketones combine with semicarbazide (H2NNHCONH2) to 

form semicarbazone ( )C=NNHCONHz). 
. a Reaction with H 28 -: Carbonyl compounds react with 

H2S to form tbioaldehydes and tbioketones respectively 

()C=S). 
Condensation re~ctions 

D Aldol condensation (Reactions involving a-hydrogen) : 
It is a chemical reaction in which two or mQre molecules of 
same or different carbonyl compounds containing a-H 
atoms unite together in the presence of a dilute base such as 
NaOH, Ba(OHh or K2C03 etc., to form a new product 
which combines the properties of alcohol and aldehyde or 
ketone, is called aldol condensation. 

a Characterbtics of aldol condensation 
(i) This reaction may take place between (a) same or 
different aldehydes, (b) an aldehyde and a ketone, (c) same 
or different ketones. 
(ii) The carbonyl compound must contain hydrogen atom at 

a-carbon to the )C=O group which is involved in aldol 
condensation. However, formaldehyde though contains no 
a-H atom yet undergoes abnormal aldol condensation in 
presence of lime water. ' 
(iii) New C-C linkage is formed (an irreversible process). 
(iv) The condensation product (i.e., aldol) loses a molecule 

of water to 'give a, p..unsaturated )C=O compounds. 
Reactions in which aldehydes and ketones differ 

a Oxidation of aldehydes: Aldehydes are easily oxidised 
to corresponding carboxylic acids and thus acts as strong 
reducing agents. Oxidising agents may be strong (such as 
acidified K2Cr207 or acidified' Na2Cr207 or acidified 
KMn04 or hot conc. RN03) or mild (such as Tollens' 
reagent or Fehling's solution or Benedict's solution). 

a Reduction of Tollens' reagent : It is ammoniacal 
AgN03. Aldehydes reduce weak (mild) oxidising agents 
rike ammoniacal AgN03 (Tollens' reagent) to metallic 
silver which deposits as mirror (Reducing character of 
aldehydes). This reaction is known as silver mirror test. 

a Reduction of Fehling's solution : It is an alkaline 
solution of cupric ion complexed with sodium potassium 
tartrate. Aldehydes on heating with Fehling's solution give 
a ~eddish brown precipitate of cuprous oxide (Cu 20). 



a Reduction of Benedict's solution: It is· a solution of 
~pper sulphate, sodium citrate and sodium carbonate. 
When heated witlJ. an aldehyde, a reddish brown precipitate 
ofCu20'appears (similar to Fehling's test). 

~ a Ketones do not reduce Tollens' reagent, Fehling's solution 
and Benedict's solution (Distinction between aldehydes 
and ketones)~ . 

o Oxidation of ketones : Ketones are oxidised with 
difficulty. They are oxidised only on heating with a strong 
oxidising agent to a mixture of carboxylic acids with lesser 
number of carbon atoms. 

a Oxidation of mixed ketones is governed by Popoff's rule 

according to which, the > c=o group remains with the 

smaller alkyl group. 
a Baeyer-Villiger oxidation: Aliphatic ketones undergo 

oxidation with per acids such as Caro's acid (H2SOS) or 
per benzoic acid (C6HsC03H) or per acetic acid 
(CH3C03H), etc., to form esters or their hydrolysed 
products (carboxylic acids and alcohols). 

. a SchiWs test of aldehydes: Schiff's reagent is a dilute 
solution of p-rosaniline hydrochloride whose pink (red) 
colour has been discharged by passing S02 gas. Aldehydes 
when treated with Schiff's reagent (magenta solution in 
H2S03) restore its pink colour. Ketones do not give this 
test.' 

a Reaction with NH3 :. Except formaldehyde, other 

aldehydes form addition product with NH3 (aldehyde 
ammonia). . . 

a Formaldehyde on reaction with NH3 gives hexamethylene 
tetramine (urotropine) which is used as an urinary 
antiseptic. 

a Ketones on treatment with NH 3 form complex ketonic 
amine. 

a Reaction with alkali: Aldehydes having a-hydrogen 
atom on heating with conc. alkali (except HCHO) gives a 
brown resinous mass (resinification). Ketones do not give 
this reaction. . 

a Cannizzaro's reaction: HCHO, C6HSCHO and other 

aldehydes containing no a-hydrogen atoms on heatiDg 
with conc. alkali solution undergo oxidation reduction 
reaction. In this reaction, one molecule of aldehyde is 
. oxidised to carboxylic acid and the other is reduced to 10 

alcohol (disproportionation). This is known as 
Cannizzaro's reaction. 

a When an aldehyde (baving no a-H atom) is treated with 
HCHO and aqueous base, it is the formaldehyde that 
imdergo oxidation (rather than other aldehyde) and this 
reaction is knoWn as crossed Cannizzaro's reaction. 

a Compounds cOntaining two carbonyl groups undergo 
intramolecular or internal Cannizzaro's reaction. ' 

a Tischenko's reaction: All aldehydes (with or without 
a-H atoms) undergo Cannizzaro's reaction in presence of 
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aluminium ethoxide (C2HSO) 3Al The acid and alcohol so 
formed react together to give an ester. This is known as 
Tischenko's reaction (a modified Cannizzaro's reaction). 

a Formation of sodio derivative :. Ketones yield sodio 
derivatives when treated with sodium or sodamide 
(NaNH2) in ether solution. Aldehydes do not yield sodio 
derivatives. 

a Reaction with HN02 : Ketones when treated with 

nitrous acid (HN02) form isonitroso derivative. This 
reaction is not observed in aldehydes. , 

a Reduction in neutral or alkaline medium: When 
ketones are reduced with Mg-Hg and water, pinacols 
(dihydric alcohols) are the main product which on heating 
with dil: H2S04 give pinacolone.· It is called 
Pinacol-pinacolone rearrangement. 

a Reformatsky reaction : This' reaction involves the 
treatment of carbonyl compounds with a-bromo acid ester 
in presence of metallic zinc to form J3-hydroxy ester, which 
can be easily dehydrat~d into a, J3-unsaturated ester. 

a Claisen-Schmidt reaction (Claisen reaction) : This 
condensation reaction is between an aliphatic aldehyde or 
ketone containing a-hydrogen with benzaldehyde in 
presence of dilute alkali to form an a,J3-unsaturated 
compound (similar to aldol condensation). 

a Reaction .with diazo methane (CH2N2) : In this 

reaction, aldehydes can be converted to ketones and lower 
ketones can be converted to higher ketones. 

a Pyrolysis of ketones: PyrolYSIS of ketones at 700"C 
gives ketene (CH2 =C=O). 

a Knoevenagel reaction: A reaction between aldehydes 
and compounds with active methylene group (such as 
malonic ester, acetoacetic ester and cyanoethyl acetate, 
etc.) in presence of a base (pyridine) catalyst to give (1, 

J3-unsaturated acid is called Knoevenagel reaetlon. 

a Schmidt reaction: . This is a 'reaction between a carbonyl 
compound and hydrazoic acid (N 3 H) on heating in 

. presence of conc. H2S04 to form N-alkyl acidamide. 
a Condensation with CHCI 3 : Acetone condenses with 

CHC13ICHBr3 in presence of KOH to forDi 
chloretonelbrometone respectively. 

a Condensation with aniline: Aldehyde condenses with 
aniline and forms Schiff's base . 

RCHO+H2NC6HS ~RCH=NC6Hs +H20 
(Schiff's base) 

a Polymerisation : Lower aldehydes show {l marked 
tendency to polymerise forming compounds in which 
several molecules· are linked together through oxygen. 

a Para-formaldehyde : When' an aqueous solution of 
formaldehyde (formalin) is evaporated to dryness, it 
polymerises . to a white crystalline solid,' , 
para-formaldehyde (HCHO)n where n= 6 to 50. It is a long , 
chain polymer. 
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a Meta-formaldehyde: On allowing gaseous HCHO to 
stand at room temperature, a white crystalline· solid 
meta-fonnaldehyde (CH20h or trioxymethylene is 
formed. 

a Paraldehyde : It is formed, when anhydrous 
acetaldehyde is treated with a few drops of conc. H2S04' It 
is a cyclic trimer (CH)CHOh and has no properties of 
--CHO group and finds use as hypnotic and soporific. 

a Metaldehyde: Acetaldehyde on treatment with dry HCI 
gas or conc. H2S04 at O°C, is converted into a solid 
tetramer; oietaldehyde (CH)CHO)4' It is used as a solid 
fuel in spirit lamps and also used for killing slugs and 
snails. 

a Uses offormaldehyde: 
(i) The 40% solution of HCHO(formaJin) is used as 

disinfectant, germicide and antiseptic. It is used for the 
preservation of biological specimens. 

(ii) In the preparation of urotropine which is used as 
antiseptic and germicide. 

(iii) Phenol -HCHOcondensedproduct is used as 
synthetic plastic named Bakelite. 

(iv) In the manufacture of synthedc dyes such as 
para-rosaniline and indigo. 

a Uses of acetaldehyde: 
(i) In the preparation of paraldehyde used as· (hypnotic 

and sleep producing). 
(ii) In the preparation of metaldehyde (used as a solid 

fuel). 
(iii) In the preparation ofbuta-l,3-diene (used in rubbers). 

a Uses of acetone: 
(i) As a good solvent for cellulose acetate, cellulose 

nitrate and resins etc. 
. (ii) In the manufacture of cordite (a smokeless powder 

explosive). 
(iii) As a nail polish remover. 
(iv) In the preparation of an artificial scent, plexiglass and 

synthetic rubber. . 
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+ Very Short Answer Type 
1. Fill in the blanks: 

(a) To prepare a secondary alcohol usmg Grignard reagent, 
the other reagent required is ........... . 

(b) A 40010 aqueous solution of formaldehyde is. called 

(c) Formalin is used for the preservation of ........... . 
specimens. 

(d) Urotropine is formed by the action of ............. with 

(e) Aldehydes and ketones have . . . .. .. . . . . . as general 
fonnula. 

(f) Aldehydes undergo polymerisation while ketones 
undergo ........... . 

(g) The conversion of acid chlorides into aldehydes by 
reduction is tenned ............ . 

(h) The conversion of aldehydes into alkanes by reduction 
is tenned as ........... . 

(i) Schiff's reagent gives ............ colour with acetal-
dehyde. 

G) Acetone when distilled with a little cOnc. H 2 SO 4 forms 

(k) Ethanol vapour is-passed over heated copper and the 
product is treated with aqueous NaOH. The final 
product is .......... .. 

(I) Aldehydes show reducing properties due to their ready 
conversion into ........... . 

(m) The structure of the ,enol formofCH3COCH2COCH3 
, with intramolecular hydrogen bonding is ........... . 
(n) The carbon atom of the carbonyl group is ........... . 

hybridized. _ 
(0) The carbonyl group in aldehydes and ketones 

undergoes ..•......... addition reactions. 
(P) Trimer of acetaldehyde has a structure ........... . 
(q) Iodoform test is used to detect ............ linked to alkyl 

group or hydrogen. 
(r) Hydrazone of an aldehyde when heated with sodium 

ethoxide fQrnlS ............ This is known as ........... . 
reaction. 

(s) Cannizzaro's reaction is followed by those aldehydes 
which .......... ,. a-hydrogen atom. > 

(t) Two separate solutions, Fehling's solutionA( ...... ) and 
Fehling's solution B(NaOH + ...... ) are at first mixed 
up together and . is then heated with the aldehyde. 
A ............ precipitate is formed. 

(u) Tollens' reagent gives ............ with acetaldehyde. 
(v) A plastic bakelite is a compound of HeHO with 

(w) Acetyl chloride is reduced to acetaldehyde by ........ . 
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'. I . • iiiii ill 
(x) Aldehydes have boiling points low~r than those of ..... . 

...... and higher than those of ............ of comparable 
molecular masses. 

(y) When calcium acetate is distilled alone ............ is 
. formed. 

(z) Pentan-2-one can be differentiated from 3-pentanone 
. by. .......... .. 

2. State whether thefollowing statements are True or False: 
(a) The reaction of methyl magnesium bromide with 

acetone followed by hydrolysis gives secondary 
alcohol. 

(b) Aldehydes other than formaldehyde can be purified 
with ammonia. . 

(c) Aldehydes are more reactive than ketones. 
(d) Formaldehyde is used for making polymer, bakelite. 
(e) The yield of ketone, when a secondary alcohol is 

oxidised, is more than the yield of aldehyde when 
primary alcohol is oxidised. 

(f) Both aldehydes and ketones reduce Tollens' reagent. 
(g) Aldol condensation is given by all carbonyl com-

pounds. 
(h) Cannizzaro's reaction is shown by all aldehydes. 
(i) Aldehydes and ketones are functional isomers. 
(j) Acetaldehyde and acetone can be distinguished by 

iodoform test. . 
(k) Carbonyl compounds undergo nucleophilic addition. 
(1) Li~ converts ketones into secondary alcohols. 
(m) Methanol can be distinguished from ethanol by 

halofonn reaction. 
. (n) Trimethyl acetaldehyde undergoes Cannizzaro's reac-

tion. 
(0) Propanone does not show tautomerism. 
(P) Calcium formate on heating gives acetaldehyde. 
(q) Formaldehyde reacts with ammonia to· form 

hexarnethylene tetramine. 
(r) 2-Pentanone and 3-pentanone are position isomers. 
(s) Ketones restore pink colour of Schiff's reagent. 
(t) Aldehydes can act as strong oxidising agents since they 

themselves can be oxidised easily. 
(u)The class of compounds that get reduced to primary 

alcohols and also respond to Fehling's test is known as 
aldehydes. 

(v) Aldehydes are sweet smelling while ketones have 
pungent smell. 

(w) Acetaldehyde reacts with both nucleophiles and 
electrophiles. 

(x) A brown resinous product is formed when acetaldebyde 
is heated with conc. KOH. 

(y) Acetaldehyde is more reactive than chloral. 
(z) Tollens' reagent converts CH3CH=CHCHO to 

CH3 -fH-fH-COOH. [Roorkee 2001) 

OH OH 
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3. Match the following: 
(i) (A) Formaldehyde 

(B) Acetone . 
(C) 'Acetaldehyde 
(D) Halofonil reaction 
(E) Schiff's reagent 
(F) Clemmensen's reduction 
(G) Bakelite 
(H) Tollens' reagent 

(ii) (A) Cannizzaro's reaction 

(B) Rosenmund's reaction 

(C) Oxo process 

(D) Wacker process 

(E) Clemmensen's reduction 
(F) Aldol condensation 

(G) Tischenko's reaction 

(H) Fehling's solution 

(1) Iodofunn test . 
(2) Test of aldehydes 
(3) Ammoniacal silver nitrate 
(4) Polymer of phenol and formaldehyde 
(5) Calcium acetate 
(6) Urotropine 
(7) Boiling point 210C 
(8) Zinc amalgam and conc. HCI 

(1) H2C=CH2 + PdCI2· + H20 CuC12 ) CH3CHO+ Pd + 2HCl 

OH . 
Ba(0H)2 I 

(2) (CH3)2CO+ H'CH2COCH3 ---==-+) (CH3)2-C-CH2COCH3 

(3) ZoIHg + Conc. HCI 

(4) 2HCHO NaOH, HCOONa+ CH30H 

(5) H2/Pd-BaS04 
(6) (C2HSOhAl 

C02(CO)8 
(7) Alkene + CO + H2 . ) Aldehyde 

. (8) Red ppt. of Cu 20 

4. Complete the following equations and write down the names of the products: 

(i) CH3CHO H2S04(conc.»)? 

(ii) HCHO+ K2Cr20, + H2S04 -----.? 

(iii) HCHO + NaOH( cone.) ~ ? 

(iv) HCHO+NH3~? 

(v) CH3COCH3 H2S0~(~nc.»? 
Olsttl. 

(vi) 2(CH3hCO+ NH3 -----.? 

(vii) CH3COCH3 12 ) ? 
NaOH 

(viii) CH3CHO + NaHS03 -----. ? 

(ix) CH3CHO+Ag20-----.? 

(x) CH3CHO + HiNOH -----. ? 

(xi) R-COCI + Hz 

o 
1\ 

(xii) CH3 -C-CH3 

Pd-BaS°4 ) ? 

(i) Mg-Hg/HOH ) ? 
(ii) H+. ~ • 

(xiii) H2C=CHCHCH3 
I 
OH 

. (xiv) CH
3
CH

2
C==CH (i) SiazBHlTHF )? 

(ii) H20 2/NaOH 

o 
(xvii) CH3-~-CH2CH3 _N_aB_H...:..4-+)? 

O2° 

PdC12, CuC12 (xx) H2C=CHZ +02 )? 
H20 

(xxi) CH3COCH3 + CH3MgBr NH4a)? 
HOH 

(xxii) CH3CH2CHCl2 Boil, alkali) ? 

(xxiii) CH
3
CHO NaOH(dil.»? 

NOH 

II Ac:d' 
(xxiv) R-C-R' I Icreagent )? 

CH 3 CHz'- (i) KCN/HzS0
4 (xxv) ,)C-O ) ? 

H/ (ii) LiAlH4 

619 



'620 G.R.B. Organic Chemistry for Competitions 

5. Jdentify the (A), (B), (C) and (D) in the following reactions sequence: 

(i) HC==CH H2S04(dil.» (A) CH3Mg~r) (B) K2Cr20 7 ) (C) 
Hg2+ H20IH H2S04 

(iii) CH3COCH3 

(iv) CH3COCH3 

Cu ) (A) HCN) (~) H20IH+ ) (C) 
300·C Heat 

LiAlH4 ) (A) 'HBr ) (B) ,Ale. KOH ) (C) 

12+NaOH ) (A) Ag ) (B) H2S04(dil.» (C) 
Heat Heat HgSO 4 

(v) CH CH -CH-CHO (i) NaHS03 
3 2 I (ii) NaCN 

LiAlH 
) (A) 4 ) (B) 

CH3 

(vi) (HCOOhCa+(CH3COOhCa~(A) NaHS03 ) (B) Na2C03 )(C) 

(vii) CH3-CH=CH-CHO NaBH4 ) (A) HCl ) (B) KC: ) (C) 
ZnCl2 H 

B ' ~ 
(viii) CH3CH2CH2Br KOH(ale.» (A) ~ (B) KOH(ale.) ) (C) Hg ) (D) 

followed byNaNH2 H2S04(dil.) 

o 

H2 CH3Mgar , D 
) (C) H

2
0/H+) (, ,,) Pd/BaS04 

II 
(xii) CH3-C-CH3 +CH3CH2CHO 011 HA)~(B) , NaBH4 ) (C) 

(xiii) CH3CH2CHO NaOH) (A) NaHS04 ) (B), H2/Ni) (C) 
Heat " 

(xiv) 3(CH3 h C=O (A) ) (B)(in condensation reaction) 

(xvii) CH3-CH-CH3 KCN(ale.» (A) (i)SnCI2/HCI ) (B) 
I (ii) H20, OH, H20 2 

I 

(xviii) CH3CH2G5.CH N~NH2 in ) (A) CH3Br) (B) H2S04 ) (C) 
Llq. NH3 HgS04,333K 

(xix) (CH3hC=O+C6HSNH2 ~(A) H2/Ni) (B) 

(xx) (CH3hC=O NaCN) (A) H!O) (B) 
HCl Heat 

(Roorkee 2000) 

(CPMT2000] 
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o 
(xxi) 2CH3-~-CH3 Olr) (A) NaHS04 ) (B) 

Heat 
6. What happens when (Give equations only)? 

(i) Calcium acetate is heated. 
(ii) Acetaldehyde is heated with aqueous sodium hydroxide solution. 

(iii) Formaldehyde reacts with sodium hydroxide. 
(iv) Acetone is treated with HCNand the product is boiled with an acid. 

[
Hint: (CH3)2C=O + HCN ~ (CH3hC <OH H20) (CH3)2C(OH)COOH ] 

CN a-Methyl lactic acid 

(v) Fonnaldehyde is treated with methyl magnesium bromide and the product is then hydrolysed. 
(vi) Ammonia reacts with fonnaldehyde. 

(vii) Ammonia reacts with acetone. 
(viii) Chloral is heated with aqueous sodium hydroxide. 
[Hint: CCl3CHO + NaOH ~ CHCl3 + HCOONa] 

(ix) Acetaldehyde reacts with Fehling's solution. 
[Hint: CH3CHO+ 2CuO~ CH3COOH + Cu20 (Red ppt») 

(x) Acetone is distilled with conc. H2S04' 

+ShorflnswerType· . 
7. (i) Give an industrial preparation of (a) fonnaldehyde, (b) acetaldehyde and (c) acetone. 

(Hint: (a) CH30H + 026OO"C ) HCHO 
Cu 

(b) HC==CH or (Wacker's process) 

(Roorkee 2000] 

PdCI2• CuCI2 Z· date· 
(C)CH3CH=CH2+02 H ° ) CH3COCH3 (Wacker's process) or2HC==CH+3H20 lIlCvana ) CH3COCH3+C02+2H2) 

2 42O"C 

(ii) Give the methods by which ethyl alcohol may be converted into acetaldehyde. 
[Hint: (a) By oxidation with acidified K2Cr207 or acidified KMn04. 

(b) By catalyticdehydrogenation-vapours are passed over heated copper at 300°C.) 
(iii) How is an aldehyde obtained from an acid chloride? 

[Hint: By Rosenmund'sreduction, RCOCI + H2 Pd/BaS°4 ) RCHO + HCl) 

(iv) Write an equation for making aldehydes by the oxo process. 

[ Hint: R-CH=CH2 + CO+ H2 C02(CO)8) RCH2CH2CHO ] 

(v) How is impure acetaldehyde purified? 

[
Hint: CH3CHO+ NH3 ~ CH3CH(OH)NH2 H:zS04) CH3CHO+ ~HS04 ] 

Impure Pure 

(vi) How is impure acetone purified? 

[
Hint: (CH3)2.CO + NaHS03 ~ (CH3)2C(OH)S020Na Na2C03) (CH3)2CO ] 

. Impure . Pure 

8. (a) Write the structuralfonnulae and give the IUPAC names for all the aldehydes and ketones of molecular fonnula, CsHlOo. 

CH3 CH3 
I I 

[ Hint: Aldehydes: (i) CH3CH2CH2CH2C~O 
Pentanal 

(ii) CH3-CH-CH2CHO (iii) CH3CH2CH-CHO (iv) (CH3)3GCHO 
3-Methyl butanal 2-Methyl butanal 2,2-Dimelhyl propanal 

CH3 . . . I . 
Ketones: (i) CH3CH2CH2COC. H3 Oi) CH3CH2COCH2CH3 (iii) CH3-CH-CO-CH3 ] 

PenIlm-2-one Pentan-3-one 3-Methyl butan-2-one 

(b) Write the functional isomers ofCsHIOO, that can give Cannizzaro's reaction. 
[Hint: (CH3)3 C-CHO (2;2-Dimethyl propanal») 
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(c) A keto ester, C6HIO03 that forms oxime and by iodofonn test (with 12 andNaOH) forms CH2 (COONah and em). Give its 
structure. 

0. 
. ~ . 

[Hint: CH3-C-CH2COOC2Hs (Ethyl-3-ketobutanoate)] 

9. How will you differentiate between? 
(i) Acetaldehyde and acetone. 

[Hint: AcetaJdehyde responds to following tests while acetone does not give any of them: 
(a) Acetaldehyde + Schiff's reagent solution ~ Pjnk colour. 
(b) AcetaJdehyde + ToHens' reagent ~ Silver mirror. 
(c) AcetaJdehyde + Fehling's solution ~ Red precipitate. 
(d) Acetaldehyde + Sodium hydroxide (cone.) ~ Brown resinous mass.] 

(ii) Aldehydes and ketones with (i) Tollens' reagent (ii) Fehling's solution. 
tHint : Same tests as in (i)] . 
(iii) Acetone and diethyl ether. 

[Hint: Acetone forms yellow coloured iodoform when heated with 12 and NaDH, i.e., it gives iodoform test. Diethyl ether does not give this test.] 

(iv) Fonnaldehyde and acetaldehyde. 
[Hint: Acetaldehyde forms yellow precipitate of iodoform with an alkaline solution of iodine, i.e., gives iodoform test. Formaldehyde does. not 

give this test.] , 

(v) Ethyl alcohol and acetone. 
(Hint: Ethyl alcohol gives pink colour with eerie ammonium nitrate while'acetone does not Acetone gives pink colour with an alkaline solution 

. of sodium nitroprusside while ethyl alcohol does not.] . 

(vi) Formaldehyde and ethyl alcohoL 
(Hint: Formaldehyde resPonds to following tests while ethyl alcohol does not give any of them: 

(a) HCHo.+,Schiff's reagent ~ Pink colour 
(b) HCHD + Tollens' reagent ~ Silver mirror 
(c) HCHD + Fehling's solution ~ Red precipitate 
Ethyl alcohol gives iodoform test while HCHD does not.] 

(vii) Pentan·2-one and pentan-3.one.·. . 
[Hint: Pentan-2-one having -COCH 3 group forms a yellow precipitate ofiodof~ with an alkaline solution ofiodine, i. e. ,gives iodoform test 

while pentan-3-Olle does not.] 

10. How would you bring the following conversions? 
(a) Acetone from acetaldehyde. 

[
Hint: CH3CHD. . [0] + ) CH3COOH' Ca(OHh) (CH3CDDhCa 

Acetaldehyde K2Cr2071H Acetic acid Calcium acetate 
Heat ') CH3COC. H3 ] 

, . Acetone 

(b) Methanal to ethanal (not more than ~ steps). 

[
Hint: HCHD CH 3MgBr) CH3CH2DMgBr H20) CH3CH2DH [0]' +) CH3CHD ] 

. Addition product Ethyl alcohol K2Cr2~/H Ethanal 

(c) Acetaldehyde from acetyl chloride~ 
(Hint: Rosenmund's reaction. ] 

(d) Ethyl acetate from acetaldehyde. 
(Hint: Tis~henko's reaction. ] 

(e) Acetaldehyde to ethylene. 

Hint: CH3CHD .' ) CH3CH2DH ----=----'-~) C214 
[ 

~. ~H~ J 
Na/C2HsO~ Ethyl alcohol 11O"C Ethylene .. 

(t) Formaldehyde to n-butane. 
(Hint:· HCHD to CH3CH2DH as in (b). 

(g) Ethanol to acetOne. 

[ Hint: . GlHsDH ~ CH3CHD,then fullow (a)] 
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(h) Acetone from methane. 

[
Hint: CH4 ~ CH3CI Na . ) CH3 -CH) ~ CH3,CH2Cl NaOH(aq.) )' CH)CH20H, then fo1l9W (g) J 

hv Methyl cbloride Wurtz reactton Ethane hv Ethyl cbloride Ethyl alcohol 

(i) Butan-2-one from ethyl alcohol. 

CH
3 

' 

'H OfH+ I 
2 ) C2HS -CHQH 

G) Hexan-3-one from n-propyl alcohol. 

(k) Ethanal to 2-hydroxy but-3-en-l-oic acid. 

[ 

'H 0 " " 'H O/H+ ' 1 
-Hint: CHlCHQ ' HC~? ) CH3CHQHCHQ =--4 H2C=CHCHQ HCN) H2C=CHCH(QH)CN 2, ) H2C=CHCH(QH)COOH 

Sod. silicate, , ' ' , 
. . '. ,,' 

(I) Propanal to propyne., 

[ 

• PCl S' 
, Hmt:CH3CH2CHQ ~ CH3CH2CHCl2 

(m) Ethanal to crotonaldehyde. , 

[ Hint: Aldol condensation followed by dehydration, 

2CH3CHQ Dil. NaOH) CH)CH(QH)CH2CHQ 
3-Hydroxy butanal 

(n) Acetoacetic ester from acetaldehyde. 

[
Hint: CH3CHQ [0]) CH3CQOH C2HsOH) CH)CQQC2HS 

, Acetaldehyde Acetic acid Ethyl acetate 

CH3CQOC2Hs + HCH2COOC2Hs ----=--"----)0) CHlCQCH2CQQC2Hs 
C2HsONa J 

Ethyl acetate (2 moles) Claisen condensation Acetoacetic ester 

OH 
I 

(0) (CH3h-C-Ph from acetaldehyde; 

[
Hint: CH)CHQ ~ CH

3
CQQH Ca(0H)2) (CH3CQQ)2 Ca Drydistillation) (CH

3
hC=Q 

, Acetaldehyde Acetic acid Calcimn acetate Acetone 

_P_bM....;gB"-r~) (CHlh-C-QMgBr 
(GR) I ' 2 ) (CH3h-C-QH H O/H+ J 

, I 
Ph Ph 

(P) Propanal to (i) ~CHQ (ii) 

[
Hint: (i) CH3CH2CHQ + HHC-eHQ 

. Propanal I 
, CH) 

KOH(aq.» CH3CH2CH-CH-CHQ--_H .... ZO--+) CH3CH2CH=C-CHQ 
, I I ' I 

QH CH) CH3 
2-Methy\ pent-2-<:n-I..aJ 
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CH3 

[ 
. . I 

. . CH3 

Oil. NaOH) CH3-CH-CH-~-CHO ] Hint: CH3-CH-CHO + H-C-CHO 
I . I . I I I 

CH3 · CH3 
2-Methyl propanal 

CH3 OH CH3 
3-Hydroxy-2,2,4-trimethyI pentaDal 

(r)· Ethanal to 3-hydroxy butanal to butan-} ,3-diol. 

(Hint:. CH3CH=O + HH2CCHO ·Dil. NaOH ) CH3CHCH2CHO 
. Ethanal (Aldol condensation) I 

OH 
3-Hydroxy butanal 

(s) Ethyne or propyne to pent~3-yn-2-o1. . 

11. Acetaldehyde undergoes a reac~on to form a product which 
exhibits properties of aldehyde~ and alcohols. 

(i) Name the reaction and give equation. 
(ii) Write the structural formul. of the product formed. 
(iii) What are the reagents other than acetaldehyde required 

. for the reaction to take place? . 
12. Which of the following compounds would undergo aldol 

condensation, which the Cannizzaro's reaction and which 
neither? Write the structures of the expected products of 
aldol condensation and Canni~ro's reaction. 
(i) Methanal (ii) 2-Methylpentanal 
(iii) Benzaldehyde (iv) Benzophenone 
(v) Cyclohexanone (vi) I-Phenylpropanone 
(vii)Phenyl ethanal (viii) Butan-I-ol 
(ix) 2,2-Dimethyl butanal 

13~ (a) Four different bottles containing methyl alcohol, ethyl 
alcohol, acetic acid and acetone have lost their labels. 
What chemical tests would be performed to identify 
them? 

(b) Four different bottles containing isopropyl iodide, 
acetone, propionaldehyde and heptane have lost their 
labels. What· chemical tests would be performed to 
identify them? 

14. How will you obtain the pure products from the following 
mixtures? 
(a) Acetaldehyde and ethyl alcohol. 

(b) Acetone, acetic acid and methyl alcohol. 
(c) Ethyl alcohol,propanone and acetic acid. 

15. Explain the following with one example: 
(a) Aldol condensation 
(b) Cannizzaro's reaction 
(c) Wolff-Kishner reduction 
(d) Rosenmund's reduction 
(e) Clemmensen'sreduction 
(t) Polymerisation 
(g) HaIoform reaction 
(h) Tischenko's reaction 
(i) Beckmann rearrangement 
0) Meerwein-Ponndorf-Verley reduction 
(k) Pinacol-Pinacolone rearrangement 
(I) Refonnatsky reaction 
(m) Oppenauer oxidation 
(n) Claisen-Schmidt reaction 

16. How do you account for the following? 
(a) Boiling points of aldehydes lie between parent alkanes 

and corresponding alcohols. 
(b) Aldehydes and ketones have high dipole moments. 
( c) NaHS03 is used for the purification of aldehydes and 

ketones. 
(d) Iodoform is obtained by the reaction of acetone with 

hypoiodite but not with iodide. 
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(e) Hydrazones of aldehydes and 'ketones are not prepared 
in highly acidic medium. 

[Hint: (a) Alkanes have low boiling points as no hydrogen 

bonding and no dipole-dipole attractive forces are present. 
Alcohols have high boiling. points as intermolecular 
hydrogen bonding is present. In aldehydes, dipole-dipole 
forces are present due to polar nature of carbonyl group .. 
Thus, boiling points of aldehydes lie between alkanes and 
alcohols. 
(b) The large dipole moment is due tothe large contribution" 
of the polar structure (resonance) to the hybrid. 

........... ........... + -
/C=O~ /C-O· 

(c) Aldehydes and ketones form insoluble crystalline 
compound with NaHS03 whic~ can be filtered. These on 
distillation with saturated solution of Na2C03 again give 
the aldehyde or ketone. 

. OH 
........... . ........... / Na2C03 ""-
/C=O+ NaHS03 ----'> /C"'-- ----"-----"-~) /C=O 

17. 

S03Na 

(d) The reaction is initiated by the replacement of methyl 
protons (H+) by 1". 

CH3COCH3 + 310- ----'> CI3COCH3 + 30W 

(e) In highly acidic medium, the protonation ofhydrazine 
decreases its nucleophilic character.J 

Explain the following with proper reasoning: 
(i) Why do halogen acids which are easily added to 

)C=C <grouping, fail to give addition products 

with )C=O grouping? 

(Solution Halogen' acids readily combine to the 
polarised )C=O bond. 

. . OH 
........... ~ ........... + x- ........... /" 
/ C=O+ H+ ...---/C-O-H~ /C ............... 

X 

The addition product being similar to gem-dihydroxyl 
compound decomposes into the original substance. 

c(:!7
H 
~ >C=O+HX] eX 

(ii) Pure HCN fails to react with aldehydes. 
[Solution: HCN is a covalent compound and does 
not furnish CN- ions. However, in the presence of 
bases, it furnishes sufficient concentration of CN- ions 
and the reaction proceeds. 

HCN+OH- ~H20+~] 

(iii) Why only RCHO, RCOCH3 and cyclic ketones react 
with NaHS03 ? 
[Solution: S0:3-:- is a large ion. Its addition is 

possible only under the condition that ) C .0 

grouping is not sterically hindered as is the case for 
RCHQ RCOCH3 and cyclic ketones.] 

18. 

(iv) Chloral hydrate is a stablec.ompound even it is a 
gem-diol. 
[Solution: In chloral, the -/ effect of three chlorine 
atoms destabilise the> c=o structure .as it puts 0+ 

5" 
charge on the carbon adjacent to the carbonyl C In the 
chloral hydrate, adjacent ,positive charges are not 
present. As a result,' wea~ nucleophiies like water 
readily add to the >C=O group forming chlorill 

.< ' 
hydrate there by shifting the equilibrium almost entirely 
towards right. Besides this, the' intramolecular 
H-bonding betWeen CI and H atoms of the -OH group 
further -StabilIses the chloral hydrate molecule. The 
hydrog~n bonding in the molecule also increases its 
stability. . 

. Cl' 

.' '+0+ 0.+ 0"-
CI OH 

CI---+-C-C=O. 

t ~ 
I I ,] 

CI-,-,-,OH 

CI H 
-cI Chloral hydrate 

Chlonil 

(v) Formation of oximes and other ammonia derivatives 
from carbonyl compounds require slightly acidic media 
for maximum rate.' . 

. ./ 

[Solution: In weakly acidic medium, carbonyl group 
is protonated, 

........... + + 
r /C=O+H~ >C-OH 

This facilitates the addition of Lewis bases. However, 
in strongly acidic media, the nitrogen of the reagent is 
protonated through the unshared pair of electrons imd 
thus the reagtmt cannot attack the carbonyl group. In 
basic media, there is no protonation of carbonyl group. ] 

Arrange the following: 
(i) -CHO, -COCH3 ,-COOH, :"-tOCI, 

-CONH~, -COOCH3, -COO- in decreasing 

order of nucleophilic addition. 
(ii) CH3CHO, CH3COCH3, HCHO, C2H5COCH3 in 

decreasing order of nucleophilic addition. 
(iii) CH3COCH2CHO, c. CH3COCH3, 'CH3CHQ 

CH3COCH2COCH3 in increasing order of expected 
enol content. . . 

(iv) CH3CHO, C6f15CHO, (CH3hCO, FCH2CHO jn 
decreasing order of reactivity. 

<Vl!.d.6.6 
in decreasing order of reactivity; 
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190 ,Give the'JneChanis~ of: 
. (i) Additio~ of HCN to acetaldehyde. 

[ 
. ' .' , ', . '." ~t _ '. r +H+ '. yH ] 

Hint: HCN+OI{" ~ H20+CN"". ',CH3-C-, H+CN--+CH3-C-H~CH3-C-H 
" , 3+ , . I I 

CN CN 

, , (V). ,Alqol condensation. 

. '"'7 

.. 
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(Hint: 
CH3 CH3 CH3 

\ H+ \ -H20 \+ 
CH3-C-CH20H~ CH3-C-CH20H ---=--+ CH3-C-CH20H 

\ (l") If 
OH OHi 

(3D
) 

(3D is more basic than 1°) 

(x) Identify A, B and C in the following: 
Q 

3l A"A"77) 8 

1" Y """" T Olt ) (A) Heat) (B) LiA1H4) (C) 

o 
(Hint: Di-ketone can undergo internal aldol condensation reaction to form (A). 

o , 0, o , 
3 7 • 3 57 _ ~4 ,58"OW '~' 4 68 

3 57,---+-~'4 6,',8" 

1 / (-H20) 1, - , " ;) 

(a-c) 0 ',' 0 

0 0 

~ 
H+ • ~. 1 7 

5 
-0 8 ' HO 

(A) 

'20. Write the structural formulae and names of the four possible 
aldol condensation products from propanal and butanal.In 
each case indicate which aldehyde acts as nucleophile and 
which as electrophile. 

21. (a) Give two typical reactions of an aldehyde. 
(b) Give two typical reactions of a ketone. 
(c) What is the product formed when acetaldehyde acts as a 

reducing agent? 
(d) Give one use of the following reagents: 

(i) Schiff's reagent, (ii) Tollens' reagent, (iii) Fehling'-s 
solution, (iv) 2,4-dinitrophenylbydrazine. ' 

(e) What product is obtained when acetone is distilled with 
conc. H2S04? 

(~How is meta-formaldehyde, obtained from 
formaldehyde? 

ANSWERS 
1. (a) aldehyde (except HCHO); (b) formalin; (c) biological and 

anatomical; (d) HCHO, NH3; (e) CnH2nO; (f) condensation; 
(g) Rosenmund's reaction; (h) Clemmensen's IJ!3ction; (i) pink; 

1 ~+', 
0-

0 OH 

Heat • 0 liAIH.t 

~J • 

'(8) ; (C) , 

r .. 
(j) m:esitylene; (k) aldol; (I) carboxylic acids; 

, (m) CH3-C=CH-C-CH3; (n)sp2; (0) nUCleOphilic; 
, ',\ 1\, ,"', , ' 

" O-H---O, 

CH3 

\ 
CH 

'/", 

? ' ? " ~j,' '\ 

(P) CH3.,---'-~/CH-CH3; (~ CH3CP-;, (r) Il~es" 

-__ '0- ' 
, ,(paraldehyde) 

, Wolff-KisJuier reduction; (s) do not possess; (t) CuS04 solution" 
sOdium potaSsium tartrate or Rochelle salt, red-brown; {u)silver 
mirror; (v) phenol; (w) H 2/Pd - BaS04; (x) alcohols,alkanes; (y) 
acetone; (z) iodoform test. ' ' 

2. (a) False-gives tertiary' alcohol; (b) True; (c) True; (d) True; 
(e) True; (f) False---only aldehydes reduceTollens' reagent; 
(g) FalStl-'-ODly by thosewmch have a-hydrogen a~m; , 
(h) False-only by those which do not have a-hydrogen; 
(i) True; (j) False-both give iodoform test; (k) True; (I) True; 
(m)True; (n)"True; (oiFalse-shows,tautomerism; . 
(p }False-:-gives formaldehyde; (q) True; (r) False-metameI1!; (s) 



FaIse-do not restore pink colo.ur; (t) False-act as reducing 
ageiltssince tbey theD)selves can be oxidised; (u) True; (v) False; 
(w) True; (x) True; (y) Fals~hloral is -more reactive than 
acetaldehyde; (z) False-converts into CH3CH=CJ:ICOOR 

3. (i) (A-6); (B-5); (C-7); (I}-'--l); (B-2); (F-'---8); (0-4); (B-3). 
(ii) (A-4); (B-5); (C-7); ~l); (E-3); (F-2); (G--6); 
(H-3) -

4. (i) (CH3CHOh, Paraldehyde; (ii) HCOOH; Formic acid; 

(iii) HCOONa (sodium foimate)and CH30H (methyl alcohol); 
(iv) (C~)6N4' Hexamethylene tetramine; (v) C6H3(CH3h, 
Mesitylene; (vi) (CH3hC(NHz)CH2COCH3. diacetone amine; 
(vii) CHI3 (iodoform), CH3COONa (sodium acetate);' ,-' 
(viii) CH)CH(OH)OS02Na, bisulphite addition compound of 
aWUlldehyde; (ix) CH3COOH (acetic acid) and Ag (silver); 
(x) CH3CH=NOH, oxime;. (xi) R-CH() + HCI; 

o - . 
II 

(xii) (CH3l3C;-C-CH3; 

(xiii) H2C=CH-
rr
-CH3; ~(xiv) CH3CH2CHiCHO; 

0' : . 

(xv) CH3CHz ?H-CHO; 

D 
OD 

(xxii) CH3CH1CHO; (xxiii) CH:irH,-CHzCHO; 

OH 

'~ ~ " 

(xxiv). 'R'~C-NHR or R':"""C-'-NHR' (depending upon 
whether R or R' is trans to -OH of the ==N~OH); 

.' CH3CH2'-...,. /OH 
(xXv) ., /c,.' (1~Aminobutan-2-ol) 

, .. ' 1:1......-', 'C;H1NH2 

S. (i) (A)CH3CHO; (E)CH3CHOHCH3; (C) CH3COCH3' 

(ii) .(A)CH3CHO;(E)CH3CH(OfoCN;(C)CH3GH(OH)COOH 
" (iii) (A) CH3CHOHCH3; (E) CH3CHBrCH3; 

-(C) CH3-CH=CHz ' 
(iv) (A)CHl3; (E) HC==CH; (C) CH3CHO ' 
- OH 

, I, ' , 
'(v), (A) CH3CHz?H-;-Ca-CN ; 

, CH3 

. , OH' '. " 

_ (B) CH3~H2?H~ b~~CHZ~2 
CH3 ' 

(vi) (A) (:H3CHO;'(E) CH3CH(OI;l)OS02Na; (C) CH3CHO 
(vii) . (A) CH3CH' . CIfCH20H; (B) CFbCH =CHCHzCI; 

(0) CH3CH=CHCfhCOOH ' . . .. . 

G.R.B. Organic Chemistry (or Competitions 

(viii) (A) CH3CH=CH2; (B) CH3CHBr-CH2Br; 
(C) CH3C==CH; (D) CH3COCH3 _ 

(ix) (A) (CH3hC(OH)CN; (E) (CH3hC(OH)COOH; 

(C) H1C=C-COOH; (D) HOCH1-CHCOOH ' 
1 1 

CH3 CH3 

(x) (A) CHlCH2CHiCH-CH2COOC2Hs; 

1 
OH 

(E) CH3CH2CH1COCH2COOC1Hs; 

(C) CH3CH2CHZ CH2COOC2HS ; 

. ""-/ 
/c"b 
A 1 

H2C--CH2 

(D) CH3CH2CHz CH2CH20H ; 

""-c/ - /"0 
1 ' 1 

H2C--CH2 

~ 
(E) CH3CHzCH2C-CHzCH20H 

(xi) (A) CH3COOH; (E) CH3COCI; (C)CHlCHO; 
(D) CHl CHOHCH3 

~ 
(xii) (A) CH3CH2CHCH1C-CH3; 

! 
OH ' 

o 
II 

(E) CH3CH2CH=CH-C---,CH3; 
OH 
1 

(C) CH3CH2CH=CH-CH-CH3 

(xiii) (A) CH3CH2CH-CH-CHO; 
, I I 

OH CH3 

(El CH.CH1CH =C-CHO; 
.. 1 

CH3 

(C) CH3CH2CH2-CH-CH20H; 
, 1 

, ' . CH3 CH
3 

(xiv) , (A) Conc. H2S04 ; (E) 0 (Mesitylene) 
H3~CH3 

~ 
or (A) Dry HCI; (E) (CH3)zC=CH-C-CH=C(CH3h 

(Pborone) 

(xv) (A) CH3COCH3 (in Wolff-Kishner reduction) 
(xvi) (A)H2C=CH-CHO; (E) H2C=CHCH(OCH3h; 

(C) H2C:-CH-CH(OCH3h; (D) H2C-CH-CHO 
, 1 1 1 I 

OHOH - OHOH 
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(xvii) 

(xviii) 

(xix) 

(xx) 

(xxi) 

(A) CH3 -CH-CN; (B) CH3 -CH-CHO . 

I I 
CH3 · CH3 

(A) CH3CH2C==C-Na; (B) CH3CH2C==C-CH3;· 

W 
(C) CH3CH2CH2-C~CH3 

(A) (CH3hC=N-C6HS; (B) (CH3hCH-NH-C6HS 
/OH /OH 

(A)(CH3hC, ; (B}(CH3)2 C, 
'CN "-COOH 

o 
II 

(A) (CH3)zC-CH2-C-CH3; I . . 
OH 
Diacetone alcohol 

W 
(B) (CH3hC=CH-C-CH3 

Mesityloxide 
11. (i) Aldol condensation 

CH3CHO + HCH2CHO -----+ CH3CH(OH)CH2CHO 
H 
I 

(ii) Structure CH3-C-CHz'-CHO 

I 
OH 

(iii) Other reagent required is dilute NaOH or mild alkali. 
12. (A) Aldol condensation 

(ii) 2-Methylpentanal, (v) Cyclohexanone, (vi) I-phenyl 
propanone, and (vii) phenyl ethanal, have one or more 
a-hydrogen atoms and hence undergo aldol condensation. 
For example, 

Dil. NaOH 
. (ii) 2CH3CHzCH2 -CH-CHO -----~) 

1 
CH3 

2-Methylpentanal 
CH3 

76543 21 
CH3CH2CH2 -CH-CH-C-CH2CH2CH3 

I I 11 
CH3 OH CHO 

3-Hydroxy -2,4-dimethyl-2-propyl heptanal 

(V)~t:H:;r-\ . Dil.NaOH ~ ;-\.1: .. O~ 
~ . i~ ~ 

CyclQhexanone 2(1' -Hydroxy-l' -cydohexyl) 
(2 mols) 

cyclohexan-l-one 

CH3 

(vi) /Q'-c=6:"'HHL~-I(5\ 
~I fl II~ 

·DiI.NaOH 
~ 

CH2CH3 0 
l-Phenylpropanone (2 mols) 

OH CH3 . 

~L~~H-C~· 
~15 II~ 

CH2CH3 0 
3-Hydroxy-2-methyl-l,3- diphenyl pentan-I-one 

. CHO 

~ .", . I .. fN.. 
(vii) -Qr-CH2----SH=O + H-HC~ 

. ,Phenyl ethanal ' 

'DiI.NaOH 
II 

1 
CHO', 

'1(5\-' 4 3 21 ~O 
~CH:r-<;:H-CH~ I . 

. OH . 
3-Hydroxy-2,4-diphenyl butanal 

(B) Cannizzaro's reaction 
(i) Methanal, (iii) benzaldehyde, and (ix) 2,2-dimethyl~ 
butanal, do' not contain· a-hydrogen a,nd hence undergo 
Cannizzaro's reaction. For example, 

(i) . 2HCHO .. Cone. NaOH ) CH
3
0H + HCOONa. 

Methanal Methanol Sod. methanoate 

(iii) 2@--C~O ColIC. NaOH) @-CH20H 

Benzaldehyde Benzyl alcohol 

CH3 
I 

(ix) 2CH
3
CH

2
-C-CHO Cone. NaOH 

. I· ~ 
CH3 ' 

2,2.Dimethyl butanal 

+@-COONa 

Sod. benzoate 

CH3 CH3 
1 I 

CH3CHz-C-CH20H + CH3CH2-C-COONa 

I· I 
. CH3 CH3 
, 2,2·Dimethyl butan·l~1 ) Sod. 2,2-dimethyl butanoate 

(C) (iv) Benzo'phenone is a ketone having no a-hydrogen atom, 
while ., . 

(viii) butan-l-ol is aD 'alcohol. Both of these neither 
undergo aldol condensation nor Cannizzaro's reaction. 

13. (a) (i) Add N~C03' The one which evolves· brisk 
eifel'vescences contiUns acedc aeid. 

(ii) • Add NaHS03. The one which forms a white crystalline 
precipitateeontains acetone.· . 

(iii) Perform iodoform test in remaining two bottles. The one 
which forms a yellow product with· 12 and NaOH 
contains ethyl alcohol. ' 

(b) Isopropyli~dide with alcoholic. AgN03 gives yellow 

precipitate. Propionaldehyde gives pink colour with Schiff's 
reagent. Acetone respOnds to iodoform test. 

IS; (i) The tendency of nucleophilic addition incre~ with increase 
of positive partial cbarge on the carbonyl carbon atom.' 
-'COCI> -'CHO > -COCH3 > ~COOCH3 > 

. -CONliz > -COOH > -,000-
(ii) HCHO:> CH3CHO :> CH3COCH3 > CH3COC2Hs 
(iii) CH3CHO < CH3COCH3 < CH3COCH2CHO 

. < CH3COCH2COCH3 . .,. 
. (iv) FCijzCHO> CH3CHO > C6HsCHO > (CH3hCO 

(v)b>d>~>o 
[Hint: More is the angle strain in cyclic ketones, more is its 

. reactivity for nucleophilic addition reactions.]· . 
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)'" CH3 
. ~ I· OW· 5 4. 3 2 I 

20. (1) CH3CH2CHO + HHC'-CHO ~ CH3 CH2-CH-ZH-CHO 
Propanal Propanal ,I, 

(Electropbile) . (Nucleopbilej . ,OH . H3 
3 -Hydroxy -2-methylpentanal 

Propanal acts both aselectrophile as well as nucleophile. , 

(il) cH3CH2CH&:"HH(:---':"CHO OH-) tH3 tH2-~H-tH-tHO 
Propanal I '. I I 

(EI~pbile)' CH2CH3 ' OH CH2CH3 
~~I 2-Ethyl~3-hydroxypentanal 

, (Nucleopbile) , , 
Propanai as electrophile and butanal as nucleophile. 
,.~ 6 5 4 3 2 '1 

(iii) CH3CH2CH2CHO+ HHC-CHO CH3CH2CH2-ZH-CH-CHO 
Butanal I ,'I 

(Electropbile) CH3 fI CH3 
Propanal 3-Hydroxy-2-methylhexanal 

(Nucleopbile ) 
Butanal as electrophile and propanal as nucleophile. 

, ~ OH- 6 5 4 3 2· 1 
(iv) CH3CH2CH2CHO'+HijC-CHO ~ CH3CII2CH2-ZH-CH-CHO 

Butanal I " I, 
(Electropbile) . CH2CH3 H. CH2CH3 

'Butanal 2-Ethyl-3-hydroxybeXanal 
(Nucleopbile) , 

Butanal acts both as electrophile as well as nucleophile. 

:1 PFJOBLEMS,BASE~ ON STRUCTURE AND PROPERTIES I 
, 1. Compound (A), csHioo forms phenylhydrazone, gives negative Tollens' and iodof~rm tests and reduces to pentane. What is the 

structure of the compound (A)? , . ..: 
[i\ns. Pentan-3-one, CH3CH2COCH2CH3] 

2. A ketQne (A) gives iodoform on reacting with. iodine and sodium hydroxide. (A) on reduction gives (B) which on heating with 
sulphuric acid gives (C). (Cj on ozonolysis gives acetaldehyde and acetone. IdentifY (A), (B) and (C). 
[Ans. (A) CH3COCH(CH3h; (8) CH3CHOHCH(CH3h; (C) CH3CH=C(CH3h] 

3. An organic compound (A) adds Br2 to give CsHgBr2Q It ddes not react with Tollens' reagent but enters into reaction with phenyl 

hydrazine. Ozonolysis of (A) gives an acetaldehyde and C3~02 which readily loses CO to form acetaldehyde. What is (A)? 
[Hint: 'Ilte compound reacts with Br2 and.-adds one molecule ,of bromine. Thus, it con~ists one double bond. The comvound is a ketone as it 

reacts with phenylhydrazine but does not react with Tollens' reagent. The ozonolysis of (A) gives acetaldehyde and,C3H402' 
Thus, the compoimd (A) is, 

CH3CH= CHCOCH3 Ozonolysis) CH3CHO+ CH3COCHO -CO) CH3CHO 
. (A) 

a.~ketoaldehydes lose CO readily to form aldehyd!'ls.] 
4; Two or8anic compounds (A) and (B) with molecular formula, C3H6O, react with HCN in different manner to produce (C) and (D) 

respectively. On subsequent hydrolysis of'(C) and (D) gives optically active 'substances (E) and (F). Both (E) and (F) on 
decarboxylation give propano!-l. What are (A), (B), (C), (D), (E).and (F)? 
{Ans. (A) CH3CH2CHO; (8) H2C=CH·CH20H; (C) CH3CH2CH(OH)CN; (D) CH3 -CH(CN)CH20H; . ~ . . . 

(E) CH3CHiCH(OH)COOH; (F) CH3-:-CH(COOH)·CH20H] 
. Optically active Optically active 

5. An organic compound having molecul~ formula, C6Hl20does not reduce Tollens' reagent, but gives a crystaliine derivative with 

. 2,4-dinitrophenylhydrazme. It also gives iodoform test and produces 2-methyl pentane on Clemmensen's reduction. Assign a 
structural formula to the organic compound. 
[Ans. (CH3hCHCH2COCH3 (4-Methyl pentan-2-one)] . 

6, An organic compound (A) obtained by the hydrolysis of dichlorobutane, gives a positive test with Schiff's reagent and forms an 
, oXtme. Compound (A) on oxidation yields (B) which gives propane with soda lime, Suggest the structural formulae ofvarious 
. compounds. 
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~ 

" /Cl, H3C, /Cl 
CH3CH2CH2-CH........ or' .....,CH-CH ........ 

......... 0 H3C........ ' ......... 0 
(Hint: Dicblorobutane is, 

Thus, (A) is -' CI:I3CH2CH2CHO or (CH3hCHCHO 

! Oxidation ! Oxidation 

CH3CH2CH2COOH (CH3hCHCOOH 

! NaOH/CaO ,! NaOH/CaO 

CH3CH2CH3 CH3CH2CH3 ] , , 
7. An organic compound having molecular formula CsH100exists in two chain isomers, (A) and (B). ISomer (A) Undergoes the 

, . . -, , 

Cannizzaro's reaction to give 2,2-dimethyl propanoic acid and2,2-dimethylpropan-l-oI.Compound (B) in the presence of dilute 
alkali undergoes aldol condensation to form 3-Iiydroxy-2-propyl heptanal. Give graphic representations of (A) aDd (B). 

[ Hint: Isomers have, f~nnula C4H~HO. -

(A) undergoes Cannizzaro's reaction, thus it does not have a-hydrogen. The structure of (A) is (CH 3):iCCHO. 

(CH3hCCHO NaOH. (CH3)3CCOOH + (CH3hCCH20H 
2,2-Dimethyl propanoic acid 2,2-Dimetby1 propjIn~l-ol 

(8) ~oes aldol condensation, it possesses a-hydrogen atom. The structure of (8) is CH3CH2CH2CH2CHO. 

CH3CH2CH2CH2CHO + HFCH2CH2CH3 ---tCH3CH2CH2CH2f-fCH2CH2CH3 ] 

CHO ' , CHO CHO 
" 3·Hydroxy·2·propyI heptana1 

8. An organic compound (A) having mOlecular formula C4HS. decolourises bromine water. (A) W~eD treated 'with carbon monoxide 
and hydrogen in the presence of a suitable catalyst undergoes oxo-reaction, to give aldehydes (B) and (C). (B) on reduction forms 
pentan-I-ol, while 2-methyl butan-l-ol is obtained by the reduction of (C). Give the structural formulae of (A), (B) and (C). 

[ Hint: (A) is an alkene having a double bond behveen carbon 1 and carbon 2. ' 

CH) 
COa(CO)g I 

CH3-CH2-CH=CH2 + C() + H2 )'CH3CH2Cl~ifH2CHO + CH3~6CHl CHO 

H2 ' H2 

CH3CH2CH2CH2CH20H CH)CH2CHCH20H ] 
PenhIn -1-01 I ' 

CH) 
2-MetbyI buIIm-l-ol 

9. An organic COM()Ound (A) having molecular formula CSHIOO can show various properties depending on structures. Draw them if 
it: 
(a) shows CannizzAro's reaction. 
(b) gives iodoform test and converted into isobutyric acid. 
(c) reacts with Na and deeolourises Br2 water. It can also show geometrical isomerism. ' 
(d) reduces Tollens' reagent and has chiral carbon. 
(e) is obtained by ozonolysis of3,4-diethyl-3-hexene. 

, 0 OHH,," QH 
, " ,I I ' , ,I ' 

I Ans. (a) (CH)hC-CHO; (b) CH3-C-CH(CH3h; (c) CH) -C=C.,-CH2CH3; or CH3CH2 -C=CH-CH); 

H 
I 

(d)CH3-,-CH2CH); (e) CH3CH2-y, y-CH2CH3] 

CHO C2HS C2HS ' 

.-}, -
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OBJECTIVE OUESTIOMS 
SET I: This set contains ,questions 'with: single correct answer. 

. 1. The general formula of both aldehydes and ketones is: 
(a) Cn H 2n+20 0 (b) Cn H 2n O .0 
(c) Cn H 2n - 20 0 (d) Cn H2n+40 . 0 

2. The grouping )CO is Rresent in: 
(a) ethers 0 (b) alcohols 0 
(c) ketones 0 (d) rione of these 0 

3. Aldehydic group can occur: 
(a) anywhere in the carbon chain 0 
(b) in the middle of carbon chain 0 
( c) only at the second carbon atom of the chain 0 
(d) only at-the end carbon atomofthe carbon chain O. 

4. The carbon atom of the carbonyl group is: 
(a) sp-hybridizedO (b) sp2 -hybridized 0 

(c) sp3-hybridized 0 (d) dsp2_hybridized 0 

5. When acetylene is passed through .diL H2S04 in the 

presence of HgSO,., the compound formed is: 
(a) C2Hse:f:l 0 (b) acetone 0, 

'(c) CH3CHO 0 (d) carbide'ofHg 0 
6. Aldehydes are frrst oxidation products of: 

(a)' primary alcohols 0 (b) secondary alcohols 0 
, (c) tertiary alcohols 0 (d) monohydric alcohols D' 

7. Isopropyl alcohol on oxidation fohns: 
(a) acetone 0 (b) ether 0 

, (c) acetaldehyde 0 (d) ethylene 0 ' 
8. Dry heating of calcium acetate will give: ' -

, -[AFMC 2097; CMC Ludbiana (Meel.) 2008) 
(a) CH3COOH 0 (b) CH3CHO 0 
(c) C2H6 . 0 (d) 'CH3COCH3 0 

9. When a mixtUre of calcium acetate and calcium formate is 
heated. It yields: 
(a) acetone 0 (b) acetaldehyde 0 
(c) formic acid .0 (d) acetic acid 0 

10. When propyne is treated with aqueous sulphuric acid in 
, presence of mercuric sulphate, the major product is: 

(a)propanal 0 
(b) propyl hydrogen sulphateD 
(c) propanol' 0 
(d) acetone D 

11. Which of the following compounds, is oxidised to prepare 
ethyl methyl ketone? 
(a), Propan-2-o1 0 (b) Butan-I-ol 0 
(c), Butan-2-o1 '_"'_ 0 (d) Tert. butyl alcohol 0 

12. When but-2-yne is treated with dil. H2S04/HgS04, the 
product formed "is: 

. (a) butan-I-ol 
(c) acetone 

13. ~he reaction, 

o (b) butan-2-o1 
o (d) butanone 

RCOCI + H2 ----'--\> RCHO + HCI 

iscaJled: 

o 
o 

(a) Cannizzaro's reaction 0 
(b) Rosenmund' s reaction 0 
(c) Haloform reaction 0 
(d) Clemmensen's reaction 0 

14. At room temperature, formaldehyde is: 
(a) a gas 0 (b) a liquid D 
(c) a solid 0 (d) not known D 

15. Formalin is the commercial name of: 
'[MHCET (Med.) 2007] 

(a) formic ac~d D 
(b) fluoroform D 
(c) 40% aqueous solution of methanal D 
(d) paraformaldehyde D 

16. The reagent with which both acetaldehyde and acetone react 
eaSily is: . - ' 
(a) Fehling's solution 0 (b) Grignardreagent 0 
(c) Schiff's reagent 0 (d) Tollens'reagent D 

17. A compound that gives a positive iodoform test is: 
(a) pentan-I-ol 0 (b) pentan-2-one D 
( c) pentan-3-one 0 (d) pentanal D 

18. 2HCHO + NaOH -----7 CH30H + HCOONa 

The abpve reaction is ,known as: 
(a) Wurtz reaction 0 (b). Rosenmund's reaction D 
(c) Frankland reaction 0 (d) CannizZaro'S reaction D 

19. An aldehyde on oxidation gives: 
(a) analcohol 0 (b) an· acetone D' 
(c) an ether 0 (d) an acid D 

20. The compound that will not give iodoform test on treatment 
with alkali and iodine, is: 
(a) acetone . 0 (b) ethanol. D 
(6) diethyl ketone 0 (d) isopropyl alcohol D 

21. Main product(s) of the reaction is/are: 

H3C",,- H 
/C=O~? 

H3C/ Pd 

(a) CH3COOH+ H2 0 (b) CH3CH2COOH D 
(c) CH3CH(OH)CH3 , 0 (d) CH3CH20H . D 

22. Tollens' reagent is: 
(a) alkaline mercuric chloride D 
(b) alkaline potassium permanganate D 
(c) ammoniacal silver nitrate D 
(d) ,ammonium citrate 0 

23. When dihydroxy acetone reacts with mo4 , the product 

is/are: 'InPMER (Med.) 2008) 
(a) HCHO 0 (b) HCHO and HCOOH D 
(c) HCHO and C02 0 (d) HCOOH 0 

24. Schiff's reagent is: 

(a) magenta solution decolourlsed with sulphurous acid 0 
(b) magenta solution decolourised with chlorine D 
(c) ammoniacal cobalt chloride solution 0 
(d) ammoniacal manganese sulphate solution 0 
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25. Fehling's solution is: 
(a) acidified copper sulphate solution 0 
(b) ammoniacal cuprous chloride solution 0 
(c) copper sulphate and Rochelle salt + NaOH 0 
(d) none of the above 0 

26. Which one of the following reagents can distinguish 
aldehydes and ketones? 
(a) Fehling's solution 0 (b) HZS04 solution 0 
(c) NaHS03 0 (d) NH3 . 0 

27. When acetaldehyde is' heated with Fehling's solution, it 
gives a red precipitate of: 

(EAMCET (Engg.) 2006; AFMC 2010) 
(a) Cu 0 (b) CuO 0 
(c) CuS04 0 (d) CuzO 0 

28. Which statement is incorrect in the case of acetaldehyde and 
acetone? 
(a) Both react with hydroxylamine 0 
(b) Both react with NaHS03 '0 
(c) Both react with hydrazine, 0 
(d) Both reduce ammoniacal silver nitrate 0 

29. Which statement is incorrect in the case of acetaldehyde and 
acetone? 
(a) Both react with HCN 0 
(b) Both give iodoform test 0 
(c) Both react with NaOH to form poly,mer 0 

. (d) Both can be reduced into alcohols 0 
30. Acetyl chloride.is reduced to acetaldehyde by: 

(a) NalCzHsOH 0 (b) LiAlH4 0 
(c) HzlNi 0 (d) HzIPd-BaS04 0 

31. Acetaldehyde is: 
(a) oxidising agent 0 
(b) reducing agent 0 
(c) both oxidising as well as reducing agent 0 
(d) none of the above 0 

32. When . formaldehyde is treated with ammonia, the 
compound formed is: 
(a) formaldehyde ammonia 0 
(b) hexamethylene tetramine 0 
(c) formalin 0 
(d) methylamine [] 

33. When acetaldehyde is treated with ammoniacal silver nitrate 
solution, we get: 
(a) silver mirror 0 (b) a brown precipitate 0 
(c) red colouration 0 (d) no precipitate 0 

34. A plastic bakelite is a compound of phenol with: 
[BHU (Screening) 2008] 

(a) CH3CHO 0 (b) HCHO 0 
(c) acetal 0 (d) chlorobenzene 0 

. 35. Compound 'A' undergoes formation of~yanohydrin which 
on hydrolysis' gives lactic acid [CH3CH(OH)COOH]. 
Therefore, compound 'A' is : (DUMET 2010] 
(a) acetone 0 (b) benzaldehyde '0 
(c) formaldehyde 0 (d) acetaldehyde 0 

36. An unknown compound gives a positive haloform test and a 
positive Fehling's test The compound is: 

(a) acetaldehyde 0 (b) acetone 
(c) diethyl ketone 0 (d) formaldehyde 

37. When acetone is treated with conc. HZS04, we get: 

o 
o 

. [PET (Raj.) 2003; JEE (WB) 20081 
(a) mesitylene 0 (b) benzene 0 
(c) phorone 0 (d) mesityloxide 0 

38. In bakelite, the rings are joined to each other through: 
(AMU (Engg.) 2010] 

(a) -CHz
OH 

o (b) --0- 0 
o 
II o (d) -C-

I 
(c) -C-H 

I 
o 

H 

39. The composition ofurotropine is: 

(a) (CHZ)4N6 [] (b) (CHz)sNs 0 
(c) (CHZ)6N6 [j (d) (CH2)6N4 0 

40. Urotropine is formed by the action of ammonia on: 
[BHU2002) 

(a) acetaldehyde 0 (b) formaldehyde 0 
(c) acetone 0 (d) phenol 0 

41. Hydrocarbons are formed when aldehydes and ketones are 
reduced with amalgamated zinc and conc. He!. The reaction 
is called: [CBSE (Med.) 2007] 
(a) Dow reduction 0 
(b) Clernmensen's reduction 0 
(c) Cope reduction 0 
(d) Wolff-Kishner reduction 0 

42. The catalyst in Tischenko reaction is: 
(a) CzHsONa 0 (b) HZS04 0 
(c) (CZHSO)3Ai O'(d) NaOH 0 

43. When acetaldehyde is treated with aluminium ethoxide, it 
forms: 
(a) ethyl acetate 0 (b) ethyl alcohol 0 
(c) acetic acid 0 (d) methyl propionate 0 

44. Chloretone is formed when chloroform reacts with: 
(a) formaldehyde 0 (b) acetaldehyde 0 
(c) acetone 0 (d) benzaldehyde 0 

45. Which of the following reagents reacts differently with 
HCHO, CH3CHO and CH3COCH3? 

(a) HCN 0 (b) NH20H 0 
(c) C6HSNHNH2 0 (d) NH3 0 

46. In the following sequence of reactions, the end product is: 
z+ 

CaC2 HzO) (A) Hg /HZS04) (B)~ 

(C) Ca(OH)2) (D)~ (E) 

(a) acetaldehyde D (b) formaldehyde 0 
( c) acetic acid 0 (d) acetone 0 

47. In the following sequence of reactions, the end product is: 

H z+/H so CH MgX ] 
HC==CH g 2 4) (A) 3 ) (B)~ (C) 

[H20] 



(a) acetalde,hyde 
(c) acetone 

o (b) isopropyl alcohol 
o (d) ethyl alcohol 

o 
o 

48. In the following sequence of reactions, the end product is: 

CH3CHO HCN) (A) H20) (B) 

(a) CH3COOH 0 (b) CH3CHOHCOOH 0 
(c) CH3CH2NH2 .0 (d) CH3CONH2 0 

49. In the following sequence of reactions, the end product is: . 

CH CHO Condensation) (A) Dehydrating agent) (B) 
3 Mild alkali Heat 

(a) aldol o (b) crotonaldehyde . 0 
(c) paraldehyde 0 (d) metaldehyde' 0 

50. Which of the following is an example of aldol condensa
tion? 

(a) 2CH3CHO NaOH(dil.» CH3CHOHCH2CHO 0 

(b) HCHO ~aOH(dil.» CH30H 0 

(c) C6HSCHO+ HCHO NaOH(dil.» C6HsCH20H 0 

(d) C~HsCHO NaOH(conc.» C6HsCH20H . 0 

51. Formaldehyde can be distinguished from acetaldehyde by 
the use of: [UPSEAT 2004] 
(a) Schiff's reagent 0 
(b) Tollens'reagent 0 
(c) Fehling's solution 0 
(d) Iodine in presence of base 0 

52. Which compound does not react with PCIs? 

(a) CH3CHO 0 (b) CH3COCH3 0 
(c) HCHO 0 (d) C2HSOH 0 

53. Diacetone alcohol is obtained from acetone by the use of: 
. (a) conc. H2S04 0 (b) Ba(OHh 0 

(c) dil. H2S04 . o (d) dil. NaOH 0 
54. Which of the following reactions is a condensation 

reaction? 
(a) HCHO ---4 Paraformaldehyde 0 . 
(b) CH3CH0---4Paraldehyde 0 
(c) CH3COCH3 ---4 Mesityl oxide 0 
(d) H2C=CH2---4Polyethylene 0 

55. Which of the following would undergo aldol condensation? 
(a) CH3CHO 0 (b) CCl3CHO 0 
(c) HCHO 0 (d) (CH3hCCHO 0 

56. Methyl ketones are characterized through the: 
(a) ToIiens'reagent 0 (b) iodoform test 0 
(c) Schiff's test 0 (d) Benedict'sreagent 0 

57.· Treatment of prop ion aldehyde with dB. NaOH gives: 
(a) CH3CH2COOCH2CH2CH3 0 
(b) CH3CH2CHOHCH2CH2CHO 0 . 
(c) CH3CH2CHOHCH(CH3)CHO 0 
(d)CH3CH2COCH2CH2CHO .0 

58. Formaldehyde gives an additive product with methyl 
magnesium iodide which on aqueous hydrolysis yields: 

[BHU2005] 
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(a) ethyl iodide 0 (b) ethyl alcohol 0 
(c) methyl alcohol 0 (d) methyl iodide 0 

59. Paraldehyde is formed by the polymerisation of: 
[CPMT2004] 

(a) ,CH3CHO 0 (b) HCHO 0 
(c) CH30H 0 (d) (CH3hCO 0 

60. Which of the following is used as a hypnotic? [AFMC 2005] 
(a) Paraldehyde 0 (b) Metaldehyde 0 
(c) Acetaldehyde 0 (d) Formaldehyde 0 

61. The enolic form of acetone contains: 
(a) 9 sigma bonds, I pi bond and 2 lone pairs 0 
(b) 8 sigma bonds, 2 pi bonds and 2 lone pairs 0 
(c) 10 sigma bonds"1 pi bond and I lone pair 0 
(d) 9 sigma bonds, 2 pi bonds and I lone pair 0 

62. The formation of cyanohydrin from a ketone is an example 
of: [CET (J&K) 2007; JEE (WB) 2008] 

(a) electrophilic addition 0 
(b) nucleophilic addition 0 
(c) nucleophilic substitution 0 
(d) electrophilic substitution 0 

63 •. Paraldehyde is used as a: 

(a) medicine 0 (b) poison 0 
(c) polymer 0 (d) dye 0 

64. A compound (A) has molecul8l' fonriula C2C130H. It 

reduces Fehling's solution and on oxidation gives a 
monocarboxylic acid. (A) is obtained by the action ofCl2 on 
ethyl alcohol. The compound (A) is: 

(a) chloroform . 0 (b) chloral 0 
(c) trichloro ethanol 0 (d) . trichloroacetic acid 0 

H3C©CH3 ' 65. Thecompound . . is a condensation product. It 

CH3 

. is obtained either by treating 3 molecules of acetone witti 
conc. H2S04 or passingpropyne thr~)Ugh a red-hot tube. 
Theproduct is: 
(a) phorone 0 (b) . diacetonyl alcohol 0 
(c) mesityloxide 0 (d) t;nesitylene 0 

66. A compound (A), CsHlOo, forms a phenyl hydrazone and 

gives negative Tollens'. and iodoform testS. The compound 
on reduction gives n~penflm:e. The compound (A) is: 

[AMU2002] 
(a)' pentanal o (b) pentan-2-oneO 
(c) pentan-3-one o (d) amyl alcohol 0 

67. The product Z in the series is: 

. H'-'-l' Na CO 
H2C= CH2 ~X ywvyslS >Y 2 3 )Z 

12 (excess) 

. (a) C2HsI 0 (b) C2HsOH 0 
(c) CHI3 0 (d) CH3CHO 0 

68. Ifformaldehyde and KOH are treated together, we get: 
(a) methane o (b) methanol . 0 
(c) ethyl acetate 0 (d) acetylene [j 
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69. Wolff-Kishnerreduction is: 
. (a) reduction of carbonyl compounds into hydrocarbons 0 

(b) reduction of carbonyl compounds into alcohols 0 
(c) reduction of nitrobenzene into aniline 0 
(d) reduction of carbohydrates into alcohols 0 

70. In which of the following reactions, aldehydes and ketones 
are distinguished? 
(a) Reaction with phenyl hydrazine . 0 
(b) Reaction with hydroxylamine . 0 
(c) Reaction with sertrlcarbazide 0 
(d) Reaction with silver nitrate mixed Witharnmonia 0 

71. The aldol condensation of acetaldehyde results in the 
formation of: (CPMT 2004; DCE 1008] 

(a) CH3 -C-CH---":CH3 0 
II I 
0' OH 

(b) CH3CH-CH2-CH 0 
I II 
OH' 0 

(c) CH3CH2CH-CH . 0 
I II 
OH 0 

(4) CH3CH2CH2CHO 
72. Match the following lists: 

(A) Grignard reagent 
(B) qemmensen's'reduction 

(1) H2IPd-BaS04 
(2) N2~IKOW 

CH20H-CH20H 
(C) Rosenmund's reduction (3) CH3MgX" 
(D) Wolff-Kishner reduction (4) Zn-Hglconc. Hel 

'(5) H2/Ni 

o 

the correct answeris: [EAMCET (Engg.) 2006) 
(a) A-3, B-4, C-l,D-2 0 (b) A-3, B-4, C-2, D-l 0 
(c) A-2, B-1, C-4, D-5 0 (d) A-5, B-3, C-2, D-l 0 

73. Ethanal reacts with alkali to give 3-hydroxy butanal. The 
reaction is: 
( a) polymerisation O· (b) Claisen condensation 0 
(c) aldol condensation 0 (d) none of these 0 

74, Arrange the following compounds in increasing order of 
their reactivity in nucleophilic addition reactions: ' 

(JEE (WB) 20U)) 
Ethanal (I), Propanal (II), . 
Propanone (III), Butanone (IV) 
(a) I<II<III<IV 0 (b) IV<III<II<I 0 
(c) III<II<I<IV 0 (d) U<I<III<IV 0 

75. Clemmensen's reduction will conv~rt cyclohexanon~ into: 
. (a) n~hexane 0 (b) benzene' 0 
(c) cyclohexane 0 (d) cyclohexanol 0 

76. For obtaining butan-2-one from acetyl chloride which of the 
following reagents can be used? 
(a) Grignard reagent 0 (b) HI· 0 
(c) H2, Pd-BaS04 0 (d) Diethyl cadmium 0 

77. To distinguish between 2-pentanone and 3-pentanone 
which reagent can be used? (JEE (WB) 20091 

(a) NaOWI2 0 (b) Se02 0 
(c) K2Cr207/W 0 (d) Zn-Hg, HCI 0 

78. Which of the following reagents can help in separating a 
mixture of acetone and isopropyl alcohol? 
(a) NaOH 0 (b) NaCI 0 
(c) NaHS03 D' (d) None of these 0 

79. In the group :,)C=O, th~ carbonyl carbon is joined to 

other atoms by: 
(a) two sigma and one pi bond' 0 
(b) three sigma and one pi bond 0 
( c) two sigma and two pi bonds 0 
(d) three sigma and two pi bonds 0 

80. Acetaldehyde cannot show: 
(a) Iodoform test 0 (b) Benedict's test 0 
'(c) Tollens' test 0 (d) Lucas test 0 

81. Which one of the following statements is wrong? 
(a) . Aldehydesand ketones are good reducing agents 0 
(b) Aldehydes and ketones are polar 'compounds 0 
(c) Aldehydes are more reactive than ketones 0 
(d) Aldehydes and ketones are reduced to alcohols 0 

82. Dialkyl cadmium reacts with a compound to form a ketone. 
The compound is: 
(a) an acid - 0 (b) "'an acid chloride 0 
(c) an ester 0 (d) carbon monoxide 0 

83. Out of butane, butan-l-ol, butanal and butanone, the 
decreasing order of their boiling point is: 
(a) butane> butanol> butanal > butanone 0 
(b) butanol> butane> butanal > butanone 0 
(c) butanone > butanal > butanol> butane 0 

, (d) butanol> butanal > butanone > butane 0 
84. Acetaldehyde is converted to ethane by Wolff-Kishner 

reduction. Acetaldehyde is treated with: 
(a) LiAlH4' 0 
(0) NaB~ 0 
(c) NH2NH2 and NaOC2HS 0 
(d) H2 with PdlBaS04 0 

85. Acetone is mixed with bleaching powder to give: 
[AFMO 2004] 

(a) ethaJ:tolD (b) acetaldehyde 0 • 
(c) chloroform 0 (d) phosgene 0 

86. Ketones react with Mg-Hgover water gives: [AFl',IC 20051 
(a) alcohols 0 (b}. pinacols 0 
(c) pinacolones 0 (d) none of these 0 

87. Cyanohydrin of which of the following gives lactic add on 
hydrolysis? [PMT (MP) 2000] 
(a) CH3COCH3 0 (b) CH3CHO 0 
(c) C6HsCH2CHO 0 (d) HCilO 0 

88. Aldol condensation between which . of the following 
compounds followed by dehydration gives mesityl oxide? 
(a) Two molecules ofCH3COcH3 0 
(b) Two molecules ofCH3CHO 0 
(c) CH3CHOand HCHO 0 
(d) CH3CHOandCH3COCH3 0 



89. A natural compound (X), C4HS02, reduces Fehling's 

solution, liberates hydrogen when treated with sodium metal 
and gives a positive iodoform test. The structure of (X) is: 
(a) CH3CHOHCH2CHO 0 
(b) HOCH2CH2CHO 0 
(c) CH3COCH2CHO 0 
(d) CH3COCH2CH20H 0 

/OR 
90. Compounds of general fontmla, ")C, are called: 

. '" "OR 

(a) diesters 
(c) hemiacetals 

91. In the reaction, 

o (b) acid anhydrides 
o (d) acetals 

o 
o 

(CH3 h C~O + X ~ (CH3 h C(OC2HS h + HCOOC2Hs, 
Xis: 
(a) ethyl oxalate 0 (b) propan-2-01 0 
(c) ethylorthoformate 0 (d) none of these . [J 

92. Major product obtained when acetone is reduced with 
MglHg, H+ in neutral or alkaline solution: 

(b) CH3CH2CH3 
(c) CH3CHOHCH3 
Cd) (CH3hC-CH2COCH3 

I 
OH 

(PET (Raj.) 2003] 

o 

o 
o 
o 

93. During reduction of aldehydes with hydrazine and potas
sium hydroxide, the first is the formation of:· 

(CBSE (Med.) 2002] 
(a) RCH-NNH2 0 (b) RCONH2 0 
(c) RCH NH 0 Cd) R-C=N 0 

94. Acetaldehyde' and ethyl alcohol reacts in presence of dry 
HCl gas. The product obtained is: 
(a) CH3CH2CH20H 0 
(b) CH3-CH(OH}-CH3 0 
(c)CH3 -CH(OH}-C2HS 0 
(d) CH3CH(OC2H s h 0 

95. A bad smelling yellow insoluble resin is obtain.ed by boiling 
NaOH solution with: . 
(a) HCHO 0 (b) CH3CHO 0 
(c) CH3COCfl3 0 (d) C2HsCOCH3 0 

96. Acetals are: . 
(a) aldehydes 0 (b) ketones 0 
(c) diethers 0 (d) hydroxy aldehydes ' 0 

97. Which of the following compounds give a ketone with 
Grignard reagent? 
(a) HCHO 0 (b) CH3CH20H 0 
(c) CH3CN 0 (d) CH31 0 

98. Reduction of acetonitrile in presence of SnCI2IHCI, 

followed by hydrolysis gives: 
(a) HCHO 0 (b) CH3CHO 0 
(c) CH3CH2CHO 0 (d) CH3COCH3 0 
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99. If pentan-2-one is reacted with NaBH4, followed by 

hydrolysis with D20, the product will be : 
(a) CH3CD(OD)CH2CH2CH3 0 
(b) CH)CD(OH)CH2CH2CH3 0 
(c) CH3CH(OH)CH2CH2CH3 0 
(d) CH3CH(OD)CH2CH2CH3 0 " 

100. Aldol condensation between. following compounds,. 
followed by dehydration gives methyl vinyl ketone: 
(a) fOrfnaldehyde and acetone . 0 
(b) formaldehyde and acetaldehyde 0 
(c) two molecules of acetaldehyde 0 

. (d) two molecules of acetone 0 
101. Aldol condensation will not take place in: 

(a) HCHO 0 (b) CH3CH2CHO 0 
(c) CH3CHO 0 (d) CH3COCH3 0 

102. In the reaction, CH3CHO+ HCN-----+CH3CHOHCN, a 

chiral centre is produced. The product is:. 
(a) meso compound O,(b) laevorotatory 0 
(c) dextrorotatory o (d) racemic mixture:O 

103. Which of the given compounds will give positive test with 
Tollens' reagent? 
(a) Acetamide 0 (b) Acetaldehyde 0 
(c) Acetic acid 0 (d) Acetone 0 

104. The haloform reaction of acetone with sodium hypobromite· 
yields: 
(a) acetic acid 0 (b) propio~ic acid 
(c) acetaldehyde 0 (d) isopropyl alcohol 

105. Which is the best solvent? 
(a) HCHO 0 (b) CH3CHO 
(c) CH3COCH3 0 (d) CH3COOH 

106. When formaldehyde is treated with ethylamine, it gives: 

o 
o 

o 
o 

(a) ethyl alcohol 0 (b) propionaldehyde 0 
(c) dimethylamine 0 (d) ethyl methylamine 0 

107. When formaldehyde is treated with methanol in presence of 
dry HCI gas or fused CaCI2, it yields: 
(a) acetaldehyde. 0 (b) mercaptal 
( c) methylal 0 (d) dimethyl ether 

108. Formaldehyde is used: 
(a) as antiseptic and germicide 
(b) for making synthetic plastics and resins 
'(c) for the preservation of biological specimens 
(d) all of the above 

109. Polarization of electrons in acrolein may be written as: 

o 
o 

D· 
o 
o 
o 

[CBSE (Med.) 2002) 
8- 8+ 

(a) H2C=CH-CH=O 
- 8+ .s-

(b) H2 C=CH-CH 0 
.s- .s+ 

(c) H2C=CH-CH:-O 
.s- .s+ 

(d) H2 C=CH-CH=O 

o 

o 

o 

o 
110. Acetoacetic ester on hydrolysis by boiling with dil. acid 

yields: 

.. 
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(a) acetic acid 0 (b) acetaldehyde 0 
(c) propanal 0 (d) propanone 0 

111. Grignard reagent reacts with (X) to give aldehyde, (X) may 
be: 
(a) acetyl chloride 0 (b) acetic anhydride 0 
(c) ethyl formate 0 (d) water 0 

112. Acetone on condensation gives: 
. (a) mesitylene 0 (b) phorone 0 

(c) mesityloxide 0 (d) all of these 0 
113. A carbonyl compound with molecular weight 86, does not 

reduce Fehling's solution but forms crystalline bisulphite 
derivatives and gives iodoform test. The possible compound 
can be: 

, (a) pentan-2-one and pentan-3-one 0 
(b) pentan-2-one and methyl butan-2-one 0 
(c) pentanone and pentanal 0 
(d) pentan-3-one and 3-methyl butan-2-one 0 

114. Which has minimum reactivity towards nucleophiles? 
(a) Butanone 0 (b) Propanone 0 
(c) Ethanal 0 (d) Methanal 0 

115. CH3CH=CHCHO is oxidised to CH3·-CH=CHCOOH, 

using oxidising agen~ as: 

(a) alkaline KMn04 0 
(b) K2Cr207/conc. H2S04 0 
(c) ammoniacal AgN03 0 
(d) dilute HN03 0 

116. Propanal on aldol condensation with aqueous K 2C03 gives 

mainly: 
(a) 3-hydroxy butanal 0 
(b) 3-hydroxy-2-methyl pentanal 0 
(c) 3-hydroxy propanal 0 
(d) 4-hydroxy-4-methyl pentan-2-one . 0 

117. Which will give a yellow precipitate with iodine and alkali? 
(a) Ethyl methyl ketone 0 (b) Acetophenone 0 
(c) 2-Hydroxy propane 0 (d) AU of these 0 

118. The product(s) obtained via oxymercuration 
(iIgS04 + H2S04 )of but-I-yne would be: 

(a) CH3CH2CH2CHO 0 
(b) CH3CH2COCH3 0 
(c) CH3CH2CHO+ HCHO 0 
(d) CH3CH2COOH + HCOOH 0 

o 
II 

119. Ketones R-C-R'. Where, R=R'=alkyl group can be 

obtained in one step by: 

(a) oxidation of primary alcohols 
(b) hydrolysis of esters 
(c) oxidation of tertiary alcohols 
(d) reduction of acid chloride with alcohol 

tJ 
o 
o 
o 

120. Among the given compounds, the most-susceptible to 
nucleophilic attack at the carbonyl group is: 

(a) MeCOCI 0 (b) MeCHO 0 
(c) MeCOOMe 0 (d) MeCOOCOMe 0 

121. 

122. 

123. 

124. 

631" 

In the Cannizzaro's reaction given below, 

2Ph-CHO~ PhCH20H + PhCOO-

the slowest step is: , [AIEEE 2009] 
(a) the attack ofOH- at the carbonyl group 0 
(b) the transfer of hydride to the carbonyl group 0 
(c) the abstraction of proton from the carboxylic acid 0 
(d) the deprotonation ofPh-CH20H' 0 
In the following sequence of reactions, the alkene affords 
the compoundB. The compound 'B' is: [AIEEE 2008] 

CH3CH=CHCH3 ~A~B 
. Zn 

(a) CH3CHO 0 (b) CH3CH2CHO 0 
(c) CH3COCH3 0 (d) CH3CH2COCH3 0 
Among the following compounds, which will react .with 

acetone to give a product containing >C=N-? 

(a) C6HSNH2 0 (b) (CH3 hN 0 
(c) C6HSNHC6HS 0 (d) C6HsNHNH2 0 
In a Cannizzaro's reaction, the intermediate that will be the 
best hydride donor is: 

H H 

(a) oio- o (b) 0+0
- o 

H H 

(e) D+o- 0 (d) D+o-
MeO 02N 

o 

125. The reagent of choice for the selective reduction of a ketone 
in the presence of an ester is: 
(a) LiAlH4 0 (b) NaBH4 0 
(c) H2/Pd-C 0 (d) Na-C2HsOH 0 

126. The 'enol' form of acetone aftertreatrnent withD2O, gives: 

[PET (Kerala) 2006] 
OD 0 
I II 

(a) CH3-C=CH2 0 (b) CD3-C-CD3 0 

OH OD 
I I 

(c) H2C=C-CH2D 0 (d) D2C=C-CD3 0 

127. Oxidation of acetaldehyde with selenium dioxide produces: 

(a) ethanoic acid 0 (b) methanoic'acid 0 
(c) glyoxal 0 (d) oxalic acid 0 

128. Which of the following does not give formaldehyde on 
heating or distillation? [PMT (MP) 2000] 
(a) Formalin 0 (b) Trioxan 0 
(e) Paraldehyde 0 (d) Paraformaldehyde 0 

129. The appropriate reagent for the following transformation 
[IIT(S) 2000] 



. " ~. ::" . 

,'638. 

o 

("yCH2CH3 . 

HO 
trCHl 

HO 
,)---J IS: 

130. 

131. 

132. 

133. 

134. 

135. 

136. 

137. 

(a) Zn(Hg), HCI 

(c) H2INi 

o (b) NH2NH2,OH-

o (d) NaBH4 

Which of the following has the most acidic hydrogen? 

o 
o 

(UT(S) 2000] 
(a) Hexan-3-one 0 (b) Hexan .. 2,4-dione 0 
(c) Hexan-2-one 0 (d) Hexan-2,3-dione 0 
Which of the following is correct? [CBSE (Med.) 2001) 

(a) Reduction of any aldehyde gives secondary alcohol 0 
(b) Reduction of vegetable oil with H2 SO 4 gives glycerine 

,0 
(c) Alcoholiciodine with NaOH gives iodoform 0 
(d) Sucrose on reaction with NaCI gives invert sugar 0 
Which of the following is the industrial method of 
preparation of acetaldehyde? , (AMU (PMT) 2009] 

(a) H2C=CH2 + H20 Pd++) CH3CHO 0 

(b) CH3COCI+H2 ~CH3CHO+HCI 0 
BaS°4 

SnC! ' H 0+ 
(c) CH3CN---4CH3CH NH~CH3CHO 0 

HC! 
(d) None of the above ' 0 
Acetone, formaldehyde and' acetaldehyde can be distin-
guished when treated with:, [CPMT 20021 
(a) H2NNH2 0 (b) NH3 0 
(c) NH20H 0 (d) C6HsNHNH2 0 
When three molecules of acetone condense in presence of 
dry HCI, the product formed is: [MGIMS (Wardha) 20031 
(a) mesityloxide 0 (b) glyoxal 0 
(c) mesitylene 0 (d) phorone 0 
Ozonolysis of C1Hl4 gave 2':'methyl pentan-3-0~e. The 

alkene is: (DPMT 2000] 
(a). 2-ethyl-3-methyl but-I-ene 0 
(b) 2-methyl-3-ethyl but-3-ene 0 
(c) 2,5-dimethyl-3,4-diethyl hex-3-eneO 
(d) 2-methyl-3-ethyl but-I-ene 0 
In th~ reaction, 

CH3CHO+HCN~CH3CH(0H)CN HOH) 

. CH3CH(0H)COOH 
an asymmetric centre is generated. The acid obtained will 
be~ [UPSEE (Engg.) 2007; JCECE (Med.) 20081 
(a) (L)-isomer 0 
(b) (D)-isomer 0 
(c) 20% (D) + 80%(L)-isomer 0 
(d) 50% (D) + 50% (L)-isomer 0 
Which of the following will be most easily dehydrated in 
aCidic conditions? . (llT (S)2000] 
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o OH 

(a) /~~ 
o 
II 

(c) /CY" 
OH 

OH 
O(b)~ 

o 

O(d)~ 
OR 

.0 

o 

'138. A substance C4HlO0 yields on oxidation, a compound 

C4HsO, which gives an oxime and positive iodoform test. 
The original substance on treatment with conc. H2S04 
gives C4HS' The structure of the compound is: 

(SCRA2000] 
(a) CH3CH2CH2CH20H 0 

OH 
I 

(b) CH3CHCH2CH3 0 
(c) (CH3hC-OH 0 
(d) CH3CH2-O-CH2CH3 0 

'.,,} 

139. (CH3hCO NaCN )(A) HjO )(D) 
HC! t:. 

In the above seque~ce of reac~ons, (A) and (D) are: 
. [CPMT 2000] 

(a) (CH3hC(0H)CN, (CH3 hC(0H)COOH. 0 
(b) (CH3hC(0H)CN, (CH3hC(0H)2 . 0 
(c) (CH3 hC(0H)CN, (CH3hCHCOOH 0 
(d) (CH3hC(0H)CN, (CH3hCO 0 

140. Aldol condensation will not be observed in: (GATE 2001] 
(a) chloral 0 (b) phenyl acetaldehyde 0 
(c) hexanal 0 (d) nitromethane 0 ' 

. 141. The most reactive compound towards formation of 
cyanohydrin on treatment with KCN followed by acidifica-
tiotiis: [GATE 2001] 
(a) benzaldehyde 0 
(b) p-mtrobenzaldehyde 0 
(c) phenyl acetaldehyde 0 
(d) p-hydroxy benzaldehyde 0 

142. A mixtur~ of benzaldehyde and formaldehyde on heating 
. withaqueousNaOHgives:. [lIT (S) 2001] 

(a) benzyl alcohol and sodium fonnate . 0 
(b ) sodium benzoate and methyl alcohol 0 

. (c) sodium benzoate and sodium formate 0 
(d) benzyl alcohol and methyl aloohol 0 

143. Which of the following reacts with NaOH to produce an 
acid and an alcohol? [MGIMS (Wardha) 2001] 
(a) HCHO 0 (b) CH3COOH 0 
(c) CH3CH2COOH 0 (d) C6HsCOOH 0 

144. Which of the following is not correctly matched?,. 
[SCRA2001] 

Clemmensen's )""-CH 
Reduction ,/ 2 

o 

Wolff-Kishner )""-CHOH 
Reduction ,/ 

o 
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(c) -COCI Rosenmund's) -,.CHO 
Reduction 

o 

(d) -C N stephen's) -CHO 0 
Reduction 

145. Compound 'A' (molecular formula C3HSO) is treated with 
acidified potassium dichromate to form a· product 'B' 
(molecular formula C3H60). 'B' forms a shining silver 
milror on warming with ammoniacal silver nitrate. 'B' when 
treated with an aqueous solution of NH2CONHNH2·HCI 
and sodium acetate gives a product 'C'. IdentifY. the 
structure of 'C': [lIT (S}2002] 
(a) CH3CH2CH ·NNHCONH2 0 
(b) CH3-C=NNHCONH2 0 

I 
CH3 

(c) CH3-C=NCONHNH2 0 
I 
CH3 

(d) CH3CH2CH=NCONHNH2 0 
146. The product of acid hydrolysis of [P] and [Q] can be 

distinguished by: (lIT (S) 2003] 
. /,OCOCH3 CH3 

[P]~H2C:=(' , [Q]~ ~. . 
,""CH3 . '\ 

OCOCH3 

(a) Lucas reagent 0 (b) 2,4-DNP 0 
(c) ,Fehlirig's solution 0 (d) NaHS03 0 

147. A compound does not react with 2,4-dinitrophenyl hydra-
zine, compound is: [UPS EAT 2003] 
(a) acetone o (b) acetaldehyde 0 
(c) CH30H 0 (d) CH3CH2COCH3 0 

148. Which one of the following does not form sodium bisulphite 
addition product with sodium bisulphite solution? 

149. 

150. 

151. 

[CET (J&K) 2009] 

(a) CH20 0 (b) C6HsCOCH3 0 
(c) C6HsCHO 0 (d) CH3CHO 0 
Acetone reacts with Grignl!l'd reagent to form: 

(AFMC2004] 
(a) 3° alcohol 
(c) ether 

o (b) 2° alcohol 0 
o (d) no reaction 0 

The correct order ofreactivity of PhMgBr with, 

o 0 0 
II II II 

Ph-C-Ph CH3-C-H CH3-C-CH3 is: 
(I) (II) (III) 

(a) I>II>ill 
(c) II>ill>I 

o (b) ill> II> I 
o (d) I>ill>II 

(lIT 2004] 
o 
o 

Which one of the following can be oxidised to the 
corresponding carbonyl compounds? [CBSE (Med.) 2004] 
(a) 2-Hydroxy propane 0 
(b) Ortho nitrophenol 0 

(c) Phenol 
(d) 2-Methyl-2-hydroxy propane 

639. 

o 
o 

152. Acetone reacts with iodine to form iodoform in the presence 
of:· [BHU 2004] 

(a) CaC03 0 (b) MgC03 0 
(c) KOH 0 (d) NaOH 0 

153. Which one of the following gives positive haloform and 
l?ositiveTollens'tests? (PET (MP) 2004] 
(a) Formaldehyde 0 (b) Acetone 0 
(c) Propionaldehyde 0 (d) Acetaldehyde 0 

154. In the reaction, 

CH C C CH (i) x ) CH -C-C-CH 
3 =. - 3 (ii) "201Zn 3 ~ ~ 3 

Xis: 
(a)HN03 
(c) 03 

[DCE2005] 
o 
o 

155. Which of the following reagents converts both acetaldehyde 
and acetone to alkanes? [EAMCET (Med.) 2005] 

(a) Ni!H2 0 (b) LiAlH4 0 
(c) 12INaOH 0 (d) Zn-Hglconc. HCI 0 

156. Which reagent is used to convert 2-butanone into propanoic \ 
acid? . [lIT 2005] 

(a) NaOH,I2/W 0 (b) Tollens'reagent 0 
(c) Fehling's solution 0 (d) NaOH, NaIIH+ 0 

o 0 
~ , ~ 

157. The diketone CH3 -C-(CH2 h -C-CH3 on 

158. 

159. 

intramolecular aldol condensation gives the final,product: 
. (PMT (Kerala) 2006] 

(a) 6° I D~) & 0 (c) & 0 
CH3 CH3 

~OH 
(d)Ll 

CH3 

o o (e) 

The increasing order. of the rate of HCN addition to 
compoundsA-Dis: [AIEEE2006] 
(A) HCHO (B) CH3COCH3 (C) PhCOCH3 (D) PhCOPh 
(a) A<B<C<D 0 (b). D<B<C<A 0 
00 D<C<B<A O~ C<D<B<~ 0 
Which of the following. compounds is obtained when 
acetone is reacted with HCN? • [CET (Gujarat) 2006] 

(a) (CH3hC(OH)NC 0 (b) CH3CH2 CH-CN 0 
. I, 

OH 



(c) CH3-CH-CN 0 (d) (CH3hC(OH)CN . 0 
. I 

OH 

160. Aldol condensation is: [PMT (HP) 2006) 
(a) self condensation of aldehydes only having atleastone 

alpha hydrogen 0 
(b) self condensation of ketones only having atleast one 

alpha hydrogen 0 
( c) self condensation of both aldehydes and ketones having 

atleast one alpha hydrogen 0 
(d) self condensation of both aldehydes and ketones having 

no alpha hydrogen 0 
161. Cannizzaro's reaction is not given by: [BHU 20061 

(a) CH3CHO 0 (b) HCHO 0 
(c) benzaldehyde 0 (d) triethyl acetaldehyde 0 

CH3 

I 
162. CH3-C-CHO does not show aldol condensation 

I 
CH3 

because: [BHU 2006) 
(a) carbon is bounded by 3-heavy methyl groups 0 
(b) due to the absence of a.-hydrogen 0 
(c) it is a neutral molecule . 0 
(d) due to hindrance created by methyl group for carbanion 

o 
163. What reagent is used in.the Ros.enmund's reduction? . 

. [EAMCET (Med.) 2006] 
(a) H2fPd-BaS04 0 
(b) LWH4 0 
(c) NH2NH2IKOHlCH20H-CH20H 0 
(d) Zn-Hg/HCI 0 

164. A carbonyl compound reacts with hydrogen cyanide to form 
cyanohydrin which on hydrolysis forms a racemic mixture 
of a.-hydroxy acid. The carbonyl compound is: 

. [CBSE (Med.) 2006] 
(a) diethyl ketone 0 (b) formiildehyde 0 
(c) acetaldehyde 0 (d) acetone 0 

165. Nucleophilic addition reaction will be mostfavoured in: 
[CBSE (Med.) 20061 

(a) CH3CH2CHO 0 
(b) CH3CHOD 

° II 
(c) CH3CHzCH2-C-CH3 0 
(d) (CH3hC=O 0 

166. The smallest ketone and its next homologue are reacted with 
NH20B to fOnn oxime: [UT 2006] 
(a) two different oximes are formed 0 
(b) three different oximes arefonrted 0 
(c) . two oxime!! are optically active 0 
(d) all oximes are optically active 0 

167. The product formed in aldol condensation is: 
[CBSE (Med.) 20071 

168. 

169. 

170. 

171. 

172. 

173. 

174. 

175. 
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(a) an alpha-hydroxy aldehyde or ketone 0 
(b) an alpha beta unsaturated ester 0 
(c) a beta-hydroxy acid 0 
(d) a beta-hydroxy aldehyde or a beta-hydroxy ketone 0 
(A) and (B) in the following reactions are: 

R /OH 
R-C-R' HCN)(A)~ "'C/ 

II KeN R'/ " CH2NH2 J ° [AMU (Engg.) 20071 
/OH 

(a) (A) = RR' C" ,(B) = LWH4 D 
CN . 

. OH 
(b) (A)=RR'C( ,(B)=.NH3 0 

"COOH 
/OH 

(c) (A) = RR' C~CN' (B) = H30+ o 

(d) (A) =RR' CH2CN, (B) NaOH 0 
Clemmensen's reduction of ketones is carried out in: 

[BCECl (Med.) 2007] 
(a) LiAlH4 in H20 0 (b) glycol and KOH 0 
( c) Zn-Hg and HCI 0 (d) H2 and Pd catalyst 0 
Which one of the following on treatment with 50% aqueous 
sodium hydroxide yields the correspondirig alcohol and 
acid? [CBSE(Med.)2007) 

° II . 
(a)CH3CH2CH2CHO 0 (b) CH3-C-'-CH3 0 

(c) C6HsCH2CHO 0 (d) C6HsCHO 0 
WhiGh one of the following reactions is called Rosenmund 
reaction? [EAMCET (Med.) 2007; CPMT 2008) 
(a) Aldehydes are reduced to alcohols 0 
(b) Acids are converted to acid chlorides 0 
(c) Alcohols are reduced to hydrocarbons 0 
(d) Acid chlorides are reduced to aldehydes 0 
Bakelite is prepared by the reaction between: 

[BCECE (Med.) 2007) 
(a) phenol and formaldehyde 0 
(b) urea and formaldehyde 0 
(c) ethylene and glycol 0 
(d) tetramethylene and glycol 0 
CH3COCH3 and CH3CH2CHOcan be distinguished by: . 

[DeE (Engg.) 2007) 
(a) FeCl3 0 (b) Tollens'reagent 0 
(c) NaHS03 0 (d). 2,4-DNP 0 
On reaction with hydroxylamine, aldehydes produce: 

[CET (J & K) 2007) 
. (a) ketoxime 0 (b) hydrazone 0 

(c) semicarbazone 0 (d) aldoxime . 0 
Aldehyde with NH2' NH 2 forms: [BCECE (Med.) 2008] 
(a) aniline' 0 (b) hydrazones 0 
(c) nitrobenzene 0 (d) none of these 0 
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176. The most suitable reagent f~r the conversion of primary 
al(X)hol into aldehyde with the same number of carbon is: 

" . [PET (Kerala) 2007] 

(a) acidifiedK2Cr207 0 
(b) acidified KMn04 0 
(c) alkaline KMn04 0 
(d) pyridinipm chlorochromate 0 
(e) cr03 0 

177. Which of the products is formed when acetone is reacted 
with barium hydroxide solution? [AFMC 2008] 

o CH3 

II I 
(a) CH3-C~CH2-C-CH3 0 

, I 
OH 

o 

o 
II 

(c) CH3-C-CH-CH-CH3 
I I 

o 

OH CH3 
OH oil, 
I I 

(d) CH3-C--C-CH3 
I I . 

o 

CH3 CH3 

1.78. CH3CH2C==N --4 CH3CH2CHO 

the compound Xis: [AIIMS 2008] 
(a) H21Pd-BaS04 IJ (b) SnCI2IHClIH20,boil 0 
(c) LiAlH4/ether 0 (d) NaBH4/etherIH30+ 0 

179. Reduction of aldehydes and ketones into hydrocarbons 
using hydrazine and sodiuni ethoxide is called: 

. [BHU (Mains) 2008] 
(a) Clemmensen reduction 0 
(b) Cope reduction 0 
(c) Dow reduction 0 

. (4) Wolff-Kishner reduction 0 
i80. 3 .. Hydroxy butanal is formed when X reacts with Yin dilute . 

. Z solution. What are X, Yand Z?·· [AIIMS 2008] . 
X Y Z 

(a) CH3CHO (CH3hCO NaOH 0' 
(b) CH3CHO CH3CHO NaCI 0 
(c) (CH3hCO' (CH3hCO HCI 0 
(d) CH3CHO CH3CHO NaOH 0 

1~1. A Wittig reaction with an aldehyde gives: [VITEEE 2008] 
(a) ketone 0 (b) a long chain fatty acid 0 
(c) olefin compound 0 (d) epoxide . 0 

182. A strong base can abstr.act an a-hydrogen from: 
, [CBSE (Med.) 2008] 

(a) alkane 0 (b) alkene 0 
(c) alkyne 0 (d)' ketone, '. ci 

183. Which of the following pathways produ~es 2-hexanone? 
, , [PMT (Kerala) 2008] 

(i) I-Hexyne is treated with H2S04, HgS04 and water 
(ii) 3-Methyl-2-heptene is treated with 0 3 followed by 

, hydrolysis . 
(iii) n-Butyl magnesium brorriide reactS .with acetaldehyde 

followed by hydrolysis and then chtomic acid oxidation 
(iv) Hydroboration oxidation of l-hexyne 
(a) (i), (ii) and (iii), 0 (b) (i) and (iQ only 0 
(c) (i) and (iii) only '. 0 (d) (i), (ii) and (ivf 0 

. ( e) . all the four methods ' , 0 
184. In a reaction RCHO is reduced to RCH 3 using amalgamated 

zinc and concentrated-Hel and warming the solution. 1(he 
reaction is known as: [nCE 2009] 
(a) Meerwein-Ponndorfreaction 0 

. (b). Clemmensen's reduction 0 
, (c) Wolff-Kishner reduction . 0 
. (d) S~hif'f's reaction 0 

LiAIH '. '. -
18S. CH3COOH 4 ) (X) Cu )'(Y) dilute >(Z), 

. . 300"C . NaOl:l . 

In the above reaction; (Z}is: [CET (Karnataka) 2009] 
(a) aldol; . 0 (b) ketol 0 
(c) 'acetol 0 (d)lmtanol ". ' 0 

186. The synthesis of crotonaldehyde from acetal~hyde is an 
example of .... ;. reaction: [EAMCET 2009] 
(a) nucleophilic addition 0 
(b) elimination 0 
(c) electrophilic addition 0 
(d) nucleophilic addition elimination. ' 0 

187. In which of the following reactions n~w ~bon-carbon 
bond is not formed? [JEE (WB) 2009] 
(a) Canilizzaro reaction 0 (b) Wurtz reaction 0 
(c) Aldol condensation 0 (d) Friedel-Ctaf\s reactio~ ci 

188. Compound (A) undergoes Cannizzaro reaction : and (B) 
uildergoes positive iodofonn test. Therefore, [DPMT 2009] 
(a) A = Acetaldehyde; B = l-Pentanal. .' 0 
(b) A = C6HsCH2CHO; B = 3-Pentanone 0 
(c) A = Fomialdehyde; B == 2-PentanoIk . '. 0 
(d) A =;;-Propiona.Idehyde; B=Fp'entanol 0 

189. The compound which is not formed duritig the dry 
distillation ofa mixture of calcium fonnate arid-calcium 
acetate is: . '.' [CET(Karnataka) 2009] 
(it) propanal ' 0 (b) propanone . 0 
(c) ethanal. 0 (d)' methanal '. 0 

190. Aldol condensation does not occur b¢tween: . [DPMT 2009] 
.' (a) two·different aldehydes' ,I .' ,., . - 0 

(0) two different ketones 0 
(c) aD aldehyde and ketone 0 
(d) an aldehyde and an ester '0 ' 

191. Which factor/s will incieas~ the reactivity of>e=Ogroup? : 

[AMU(Engg.) 2009] 



(i) Presence of a group with positive inductive effect 
\. (ii). Presence of a gtoup with negative inductive effect 

(iii) Presence oflarge alkyl group 
(a) only (i) . 0. (b) only(ii) 0. 
(c) (i) and W) 0. (d) (ii) and (iii) 0. 

192. The major oi:ganic product fonned from the followiitg 
reaction . 

'r-(0. (i) CH
3
NH

2
' 

. ) 
. (ii) LiAlH4 (iii) H20 

is: [AFMC2010] 

X
ONHCH3 

(a) 

K NHCH3 
(c) 

OH 

:0. (b) X· 
. ~CH3 

o 
. NHCH3 

0. (d) X· 
. OH 

o 

193. Which· of the following reaction will· not result in the 
formation of carbon-carbon bonds? .. 

[CBSE (Med.) Prelims] 2010 . 

(a) Reimer-Tiemann reaction' 0. 
(b) Cannizzaro reactic;)fi 0. 
(c) Wurtz reaction 0 
(d) Friedel-Crafts acylation 0 

194. Which of the following statements is not correct? 

[DUMET 2010] 

(a) Aldehydes and ketonescontain polar carbonyl group 0 
(b) Aldehydes and ketonesuridergo nucleophilic .addition 

. 0. 

(c) Aldehydes and ketones undergo electrophilic 
. substitution 0 

(d) Lower members of aldehydes and ketones are soluble 
in water due to hydrogen bonding 0 

SET n: This set contains. the questions. with· .two or more correct 

answers. 

195 •. Which compounds undergo Cannizzaro's reaction? 

(a) Methanal 0 (b ).Ethanal 0. 
(c) Propanone 0 (d) Benzaldehyde 0 

196. Reaction of Grignard reagent with ...... gives alcohol. 
(a) carbon dioxide 0 (b) formaldehyde· 0. 
(c ) acetaldehyde 0. (d) acetone 0 

. 197. Which Rf the following reagents react in a same manner 
with HCHo~ CH3CHO and CH3COCH3? . 
~a) HCN O.'(b) NH20H . 0. 

.. t(c) Schiff's reagent o (d) NH3 0. 
198. ~ plastic bakelite is obtained from: 

(a) benzene' 0. (b) fOrmaldehyde 0. 
(c) ammonia . 0 (d) phenol O.' 

.. 1~9. Which ~tateineDts are correct in the case of acetaldehyde and 
, acetone? 

(a) Both react with NaHS03 0. 
. (b) Both give io,dofonn test 0 
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(c) Both can be reduced into alcohols 
(d) Both undergo aldol condensation 

200. Which are mixed ketones? 
(a) Propan-2-one 0. (b) Butan-2-one 
(c) Pentan-3-one' 0. (d) Pentan-2-one 

201. CH2Cl2 on heating with NaOH solution gives: 

(a) CH30H 0 (b) HCOONa 

//0 
(c) HCHO 0 (d) CHz, 

........ OH 

202. Which gives nucleophilic addition reactions? 

0. 
0. 

0. 
0. 

o 

0. 

. (a) Methanal. . 0. (b) Ethanal D. 
( c) Propanone 0. (d) None of these 0 

203. Gem dihalides on hydrolysis fonn: 
(a) alkenes . 0. (b) aldehydes 0. 
( c) ketones 0 (d) 'alkynes d 

204. Which of the following compounds win give positive 
iodofonn test? 
(a) C61:1sCOCH3 0. (b)CFhmC2HS 0 
(c) CH3CHOHC2Hs 0 (d) CH3COOCOCH3 0. 

i05. Grignard reagent can give aldehyde with: 
( a) ethyl formate . 0. (b) ethyl 0t:tho formate 0. 
(c) methylcyanide 0. (d) hydrogen cyanide 0. 

206. Which of the following reagents react in a same manner 
with HCHO and C6HsCHO? 
(a) NaOH 0. (b) NH3 0. 
(c) HCN 0 (d) Fehling's solution 0. 

. ·207. The names of the compound, CH3CH2CH2CH2CHOare: 

(a) butyraldehyde 0. (b) 4-methyl butanal 0 
(c) valerilldehyde 0 (d) pentanal 0 

208. Which of the following methods can be used to prepare 
aldehydes? 
(a)' By the reduction of acid chlorides in presence ofPd or 

/ ~ 0. 
(b) By passing the vapours of fatty acids with formic acid. 

'0. 
(c) By interaction of formic ester with Grignard reagent 0. 
(d) By the reduction of alkyl cyanide with SnCl2IHCI and 

hydrolysis 0. 
. 209; Ketones can be prepared by: 

·(a). heating calcium propionate with calcium formate 0. 
(b) dry distillation of fused calcium acetate 0. 
(c) hydrolysis ofpropyJidene chloride with alkali 0. 
(d) action of dialkyl cadmium on acid chloride 0 

210. Which of the following compounds will give Fehling's 
solution test? 

.' (a) Acetone 0. (b) Benzaldehyde 0 
(c) Acetaldehyde 0 (d) Propanal 0 

2U; Which of the following compounds will undergo aldol 
condensation? 

(a) Acetaldehyde 0 
(P) Benzaldehyde 0. 



A:..:.l=:::a:!::eh::;.Yt:::d~e~'S~and~Kt~et:lo::o~ne:::.'S:..· __ ------_-_____ :---.,......----------------""'-='=' ,····~j:»L{ 

(c) Propionaldehyde ' 0 
(d) Trideutero acetaldehyde 0 

'212. Which of the following compoun9s will not undergo aldol' 
condensation when treated with an aikali? ' 

(a) Acetone 0 (b) Formaldehyde 0 
( c) Acetaldehyde 0 (d) Benzaldehyde 0 . 

213. Acetone gives addition elimination reaction with: 

(a) NH20H 0 (b) NaHS03 0 
(c) NH2NHCONH2 0 (d) NH2NHC6Hs 0 

214. Aldol condensation takes place'between: 
(a) two moles offormaldehyde 0' 
(b) 'two moles of acetaldehyde 0 
(c) two moles of acetone . 0 
(d) one mole of acetaldehyde and one mole of acetone 0 

215. Acetone molecules oncondeilsation can give: 
(a) mesityloxide 0 (b) phorone 0 
(c) , croton aldehyde 0 (d) mesitylene , 0 

Following questions consist of an Assertion (A) and the 
. Reason (R). Use, the following keys to choose the 

appropriate answer: 
(a) Ifboth (A) and (R) ~e correct and (R) is tb,e correct 

explanation of (A), ' 
(b) Ifboth (A) and (R)are correct but (R)is not the correct 

explanation of (A). . , 
(c) If (A) is correct but (R) is incorrect. 
(d) If (A) is incorrect but (R) is correct. 

1. (A) Carbonyl compounds take part in nucleophiliC addition 
reactions. , 

(R) These reactions are initiated by nucleophilic attack' at 
the electron deficient carbon atom. 

2. (A) Primai-Y alcohols can be easilyoxidisedto aldeh~es. " 
(R) Aldehydes are prone to further oxidation to carboxylic 

acids, 
3. (A) The addition of ammonia derivatives on carbonyl 

compounds is carried in weakly acidic medium. 
(R) hi weakly acidic medium, attacking nucleophile-is also 

protonated. ' ' 

216. "Acetone on condensation with chloroform in presence of 
caustic po~h foims: 

(a) chloretone 0 
(b) trichlOronitromethane 0 

,,(c) 1,1,I~tricbloro~2-methylpfopan-i-ol 0 
, (d) chloropicrin 0 

217. Choose the-correct statements: 

(a)' Acetaldehyde on polymeriSiltiongives para~dehyde' 0 
(b) Formaldel;lyde gas on polymerisation gives meta-

fOl'lllaldehyde 0 
(c) Acetaldehyde forms Schiff's base with formaldehyde 0 
(d)' Benzaldehyde does not polymerise 0 

218. An aldehyde can give nucleophilic'addition reaction with: 

(a) HCN 0 (b) NaHS03 ' 0 
(c) R-Mg-XD (d) NH2NH2 0 

4. (A) Fehling's reagentis a test for all aliphatic aldehydes. 
(R) Aliphatic aidehydescan be easiiy oxidised even with 

mild OXidising agents. . 
5. (A), 2-Metbyl propanalundergoes Canniziaro's reaction. 

(R) It has an a-hydrogen atom. ' 
, 6. (A) Formaldehyde is a planar molecule. 

(R) Carbort ato~ in formaldehyde is sp2 -hybnm:zed. ' 

7; (A) Nitromeibane can give aldol cond.eIlsation., 
(R) a-hydrogen of nitromethane is acidic.' , 

8. (A) Chloral hy~te i~ stable." " 
(R) It is stable due to its high molecular weight., . 

9. (A) Acetaldehyde does not show aldol condensation. 
(R) CompoundS havingatleast ()ne a-hydrogen give aldol 

condensation. . . 
10., (A) Loweraldehydes and ketones are solubleiQ water'but 

the' solubility. decreases as, the . molecular mass 
increases. . ' ,.' j . , 

(R) Distincti5)D .between aldehydes and ketones can be 
fuade qy'Toilens' reagent; 
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OBJECTIVE QUEsnONS· ': 
'! 

1. (b) 2. (c) ., 3. (d) . 4.' (b) ,5:(c) 6. (a) 7. (a) 8: (d) 9; (b) 10. (d) 
" . -. \: 

11. (c) 12. Cd) 13. (b) (4. (il) IS. (c) 16.-(b) 17.J») l~. (d) 19. (d) . 20. (c) 

21. (c) 22. (~~ ~3~0».. i4~ (a), 25. (c) ~6~ (a) 27. (d) 28. (d) .,~;9~(e) 30. (d) 

31. (c) ,32 .. (bl ,33 •. (a) • 34. (b) ;35. (d) 36 .. (a) 37. (a) 38. (a) 39. (d) 40. (b) 

41. (b) 42. (c) . 43. {a) 44.~ (4:)45. (d) 46:'(d) 47. (er 48. (b) ·49. (b) 50. <a) 

51. (d) 52~ (c) 53. (b) ) 54. (el 55. (a) 56. (b) 57. (c) 58. (b) 59. (a) 60. (a) 

61. (a) ,62. (b)~3; <a) :' 64:<(bL: .65. (d) 66. (c) . 67. (e) 68. (1) . 69. (a) 70. (d) 

. n. (b) .. 72. (a) 73. (c) 74. (b) 75 •. (c) 76. (d) 77. (a) 78. (el 79. (b) 80. (d) 

81. ;(a) 82. (b). 83.(d) 84. (c) 85. (c) .. 86 •.. (b) 87. (b) 88. (a) 89.(.) 90. (d) 

91. (e) 92. (a) 93. (af . 94. (d) 95. (1,) '96. (cl . - 97. (C) 98. (b) 99. (d) ,100: (a) 

101. (a) 102 .. (d) 103. (b) 104. (a) 't05. (cl .106. (d) 107. (c) .108; (d) 109. (b) 110: (d) 

Ill. (e) 112. (d) 113> (b) 114. (a) 115. (c)·· 116. (b) 117. (d) 118. (b) 119. (c) , 120. (a) 

121, (b) 122. (a) i23. (a.cl) 124. (c) 125~(b) 126. <a) 127. (c) 128: (c) 129. (b) 130. (b) 

131. (e) 132. (a)' 133. (b) 134. Jd) .135; (a) 136. (d) 137. (a) 138/(b) 139; (a) i40. (a) 

141. (b) 142. (3)143. (a) '. 144: (I) .145. (a) 146. (c) 147. (c) 148. (b) 149. (.) 150. (e) 

1~1. (a) 152.(0) 153.(d) 154; (c) 155 •. (d) 156. (a) .. 157. (c) 158. (c) 159. (d) 160. (c) 
, ,~, i -' ' .' ~ , . 
16l.' (a) 162. (b) .163; (a) )64. (e) 165. (b) 166. (b) 167. (d) 168. (a> 169. (c) 170. (d) 

171. (d) 172.(1l) ·173. (bl ;174~'(d).. 175. (b) 176. (d) . 177. (a) 178. (b) 179. (d) 180. (d) 

181. (e) 182. (d) '. 183. (a' .1~4. (b) 185. <a) 186. (dlI87 .. (a) 188. (c) 189: (a) 190. (d) 

191. (b) . 192 .. (b) '193; {b) ,194. (e) 195. (a.d), 196. (b,e,d) 197: (a.b) 198. (b,d) 199; (a.b,e,d) 200~' (b,d) 

201. (a.b,c) 202. (~b,c) 203.tb.e)204;(a.b,e) 205. (a.b,d) 206. (a.e) 207. (e,d) , ,208. (a.b;c,d)209.(b,d) 210. (c,d) 

211~ (a,e,d) 212. (b,d)213. (a.~d) ';21i.(b,~.dl2,15. (a.b,d)· 216. (a,e) 211. (~b.d)218:(a.b,c) 

ASSERJJON.REASONTYPeaUESntiNS· -

, 4.~(a) ': S.(d)' 6. (a> 7. (a)' 8. (e) 9. (d) . 10. (b) 

; 

, , 

,~ . 



Aldehydes and Ketones 

BRAIN STORMING PRO]JLEMS 
1. What happens when? 

(i) Cyclohexanone reacts with morpholine. 
(ii) Acetaldehyde reacts with a-chloro ethylacetate in presence of Zn.' 
(iii) Acetaldehyde is heated with acetic anhydride. . 
(iv) 4,4-Dimethylpentan-2-one is treated with Brz in presence ofNaOH. 
(v) 2-Benzylcyclohexane-I,3-dione reacts with benzyl chloride in presence of potassium ethoxide and ethanol. 

'0' r-\ 0+ HN 0 
. '--/ 

(Ans. (i) 

Cyclohexaoone Morpboline 

CH3CHO + Zn + CICH2COOC2HS ~ CH3-CH=CH-COOH ' 
(Reformatsky i-eadion) CrotODic acid ' 

(ii) 

, (iii) CH3CHO+ (CH3COhO~ CH3-CH=CH-COOH 
'. Hi> Crotonic acid . 

(iv) 
i 

(CH3hCCH2-C-CH3 (i) Br2, NaOH" (CH3hCCH2COOH +' CHBr3 
(ii) H+ 3,3-Dimethyl butanoic acid Bromofonn . 

(v) 
° Q~,c ... , 
o 

• +HCI] 

2-Benzyl cyclohexane-l,3-dione 

/-. ' 

2. Give a reaction which involves botb Claisen-Schmidt and Cannizzaro's reactions. 
'OR 

How will you prepare penta erythritol? 
'. 

(Ans. Formaldehyde and acetaldehyde combine to form trihydroxy aldehyde (Claisen-SclmUdt reaction) which reacts with alkali to ford. penta 
erythritol (Cannizzaro's reaction) .. " i 

CH20H . CH20Ji CH20ti 

NaOH HCHO, OH- ,. I 'HCHO. OW . I ' OH- I 
HCHO+CH3CHO~ CH2CH2CHO ' ~ HOH2C-CH-CHO . ':HOCH2-C-CH~ HOH2C-C-CH20H] 

, I " . .' '. I > I . 
OH 'CH20H CH20H 

3. Complete the following reaCtions: 

• 

(i) o C::. 6Cl 

....,;;;.;DM;.;.;;,SO;;;.;....? 
[AJ 

(ii) 6 m~·6 
CJlsCH=PPhJ • ? + PPbp 

(8) 

.Po~.? ' 
(DJ 

, , Pent8 erydaitol 

' . 



;' ~~.",,',:' . T:':::s~{,~:,;~:t ~:,,'. :;'; 

i§~~~~~~~~~~. __________ ~--------------~-------------------G-.R-.-B-.O-~~a-nl-c-C-h-e.m-i-sby~fi_or_C_o_m~w_e_nn_o __ m 

~~J15 0 

0 .. (ii)[C) ~ ~ , [D]~ Nylon-6] 

Caprol\lCtum 

[9]~ 

. . 

4. Compldte the folloWing reactions: ." 

CH3CH3 
. I I 

(i) C6H5-?-?-C6HS _·.--'H2=-SO....:.4~. ) (A) (ii) 

CH3CH3 
I I ~ 
C-C-,- CH3 

I I 
H SO 

2 4) (B) . 

~ OH OH OH.OH 

5. 'Identify (A), (B) and (C) : 

o 
(Ans •. (A) OBr, . 

6. Complete the followingteactionsi .. 
. . 0 . . II . 

(b) @-CHO+ CH3 -C~ -""=-+ (B) 

. . .'. - ~ 

(Ans. (a) (A) @-CH CH-C7~H3; 
o 

;-;:::\\ II . ;-;:::\\ 
. (b) (9) ~CH . CH-C~] 

..,. Identify (A), (B), (C), (D) and (E) it) the following reactions: 

(a)O.o .Dil.NaOH ) (A) Sn(Hg)+CollC.HCI )(B) 

. '( (b) <0 >-CH2CHO '. NaO» .) (C). A, NaHS04 ) (D) H2/Ni) (E) . 

. 0 . OH 

[An,. (aJ (A)q-b; . (1/)q-b ; 
.' ;' OH .' OH " 

(b)(C) 0-' '. 'CH2-CH-CH-o' ; .--' I I --
. OH CHO 

(D) (}-CHz-CH=f-< ) ; 

CHO' 

(E) 0-' CH2-CH2--'--CfI-o'] --. 1--
CH20H 



Aldehydes and Ketones 

8. IdeIltify (A) to (F) : 

Q 
.. ~ .'1 

H2SO4 • ~ (D) . °3/H20/Zn 
A 1· ... · (i)BH3-1HF 

. (ii) H20 2,Qll· 

(F) 

Cl 0 

25
H 

6 (B) 0 (C) , . lAns. (A) (D) c5 
CH3· 

I 210B c=o 
/ 

CH2 CHO 

I I (F) 
CH2 .CH2 

(E) 

9. Provide a detailed reaction mechanism for the following;.. 

10. What are the reduction products of the following: . 

Using (i) 1 equivalent of1I2 with Pt, (ii)H2 with Raney Ni, (iii) NaBH4/CH30H? 
(Hint: See the text for reduction. ] 

11. In the reaction, 

, NaNH2 H-C=:C-H . ) A 

the fmal product 'C" is : 

(a) CH3CHO D (b) CH3CH2CHO D, 
o 
II 

(c) CH3-C-CH3 D (d) CH3CH2COOH D . 

·647 

) (E) 



'" .~ 

12. Match the List I with List II and select the correct answer 

from the given codes: 
List I List II 

(Reaction) . (Reagent/catalyst) . 
• -- A. Cannizzaro reaction (i) SnChlHCI . . 

B. Stephen's reaction' '(ii) NaOH 
C. Clemmensen reduction (iii) ZnlHg-conc. HCI ,. 

, D. ' Rosenmund's method (iv)P~!BaS~4 ' 
, Bm mg xy ene 

13. 

Codes: 
A B C D 

(a) (i) (ii) (iii) (iv) 

(b) (ii) (i) (iii) (iv) 

(c) (iv) (iii) (ii) (i) 

(d) (i) (iv) (ii) , (iii) 

Which bf the following reactions is not correct? 

(a) CH3-CHO 
se02 

0 (b)cr Se02 

) CHO-cao (glyoxal) 

C( ~ 

0 
Cyc1ohexan-I,2-dione 
o 

(c) 0 ... SoO, > 6 

; ,0 

(c) cr 

if 
if 
~.o ......... , ..... . 

~ 

o 
o 
o 
o 

o 

o 

o 

, '0, 

o 

o 

o 

G.R.B. Organic Chemistryfor Competitions 

o 

15. What is the product formed when cyclohexanone undergoes 
aldol ~ondensationfollowed by heating? 

(a).qD. 
OH 

'<'>--r)' 
(c) "-( "--./ 

OH 
Plint: 

~(b)O=p 
o O(d)W 

o ° 

NaOH 
----+ ~ 

Ill-H20 

O=pl 
o 

o 

o 

16. A carbonyl compoU)ld 'A' reacts with hydrogen cyanide to 
form a cyanohydrin 'B' which on hydrolysis gives an 
optically active alpha hydroxy acid 'C. 'C gives positive 
iodoform test. A,B and C respectively are given by the set: 

. H"", ~H H""'cC°H 0 
(a) HCHO, H',/C""'CN' H/ "COOH 

. CH3' /OH CH3"'" /OH 
(b) CH3CHo, /C"", " /". 0 

, ,H CN' H 'COOH 

~H5' /OH' 
(c) C1I3CH2CHo, JC, 

R ... r - "CN' 

o 

o 



Aldehydes and Ketones 

17. Acetone + A ---+ mrime ofacetone 

Acetone + B ---+ diacetone amine 
Acetone + C ---+ mesitylene 
Acetone + D ---+ isopropylidene chloride 
A,B,C aridDare: 
(a) NH20H,NH3,Conc.H2S04, SOCh 0 
(bJ HN02,NH3,Conc.H2S04,PCls 0 
(c) HN02,NH3,Conc.H2S04,Ch 0 
(d) NH20H,NH3,H2S04,CI2 0 

18. Which of the following is/are example(s) of aldol 
condensation? 

. OH 

(a) 2CH3CHO Dil. NaOH) CH3-6H-CH2-CHO 0 

V 
(b) 2CH3~C-CH3 Oil. NaOH) 

OH 0 
III 

CH3-C-CH2-C-CH3D 
I . 
CH3 

(c) 2HCHO I)iI.NaOH)CH30H+HCOOH 0 

(d)C6HsCHO+HCHO DiI.NaOH)C6HsCH20H 0 

19 .. Select the incotrectly matched options: 
. Zn/Hg 

(a) R-CO-CH3 )R-:--CH2-CH3 0 
Cone.HCI 

(Clemmensen reduction) 

/ COOH Pyridi 
(b) R"-CHO+CHT-.. ne ) 

. - 'CooH -H20, -CO2 

R-CH-:-CH-CooH (Knoevenagelreaction) 0 

(c) R-CHO+N H Cone. H2S04 ) 
,3 . (330 _ 340 K) 

R - CN+ RNHCHO+N2 (Schmidt reaction) 0 

(d) BrCH2COOC2HS + Zn Dry ether) 

BrZn -. CH2COOC2Hs (perkin reaction) 0 
CHO . 

20. I· + NaOH -4 Product(s) 
CooH 

. IdentitY the product(s): 
. CooNa 

(a) I 
CooNa 

(c) both (a) and (b) . 

CH20H 
o (b) I 

COONa 
CHO 

o (d) I 
COONa 

o 

o 

[Hint : This ~ction involved Cannizzaro reaction hence, two 
products are obtained, 

CHO COONa CHzOH 
1 + NaOH-.-.+ I + I] 
COOH COONa COONa 

21. Methyl-n-propyl ketone on oxidation with K2Cr207 and 

. H2S04 gives mainly: 
(a) CH3CH2CooH + CH3COOH 0 
(b) CH3CH2CH2COOH + HCooH 0 
(c) CH3COOH + HCooH 0 
(d) CH3CH2CooH + CO2 + H20 0 

22. Structure ofCsHsCl2, which on aqueous alkali hydrolysis 
gives a product which does not give positive iodoform test, 
but gives silver mirror test, is: 

CI . 
. I 

(a)~. C-C2HS 
LJ -·1 

CI 
CH2Cl 

(e) 0 
YCI 

CH3 

Cl 
I 

o (b) C6HS-C-CH3 
. I . 

Cl 

o 

o 

NaOH(aq.) /OH -H20 
. plint: C6HsCH2CHCI2 ) C6HsCH2CH, ---=--i' 

'OH 
C6HsC1I2CHO 

Final product will give silver mirror test but not iodoform 
test] 

23. Which one ~f the following reagents is used to get spl -

hybridised carbon atom from-sp2 -hybridised carbon atom? 

(a) Zn/Hg and Conc. HCI 0 
(b) Red PIHI 0 
(c) NH2-NH2/KOH 0 
(d) All of the above 0 

24. Aldehyde 

. • A' (C4HSO) AI-t~rl.-butoxide). B' (ester) HOWH+, 
Tlschenko 

H3C,,-· H3C,,-
. /. CH-COOH+ /CH-CH20H 
H3C .. H3C 

• A.' and • B' are : 
'.-, H3<\ . H3C" jCH3 

(a) /'CH-CHO, . /CH-CooCH2CH, . 
H3C H3C ~H3 

o 
H3C,,- .. ./CH3 

(b) /CH-CHO,CH3CHCOOCH2CH, 0 
~C . CH3 

(c) both (a) and (b) are correct 0 
(d) none is correct . 0 

25. An alkene (A) on ozonolysis gives (B) as one of the product, 
(B) can perform Cannizzaro reaction. (A) is : 
(a) but-2-ene 0 
(b) isobutene 0 
(c) (CH3hC=C(CH3)2 0 
(d) C6HsCH2CH=CH-CH3 .0 



.. 
26. One mole of a hydrocarbon (A) on ozonolysis gives two 

moles of dicarbonyl compound (A) is : 

<a) 0 o (b) 0 0 

(c) f:J o 

27. Which of the following alkanes cannot be prepared by the 
Clemmensen reduction of ketone? 
(a) Neopentane 0 (b) Neohexane 0 
(c) Both of these 0 (d) None of these 0 

.28. Reaction of acetaldehyde with NH20H will be fastest at 

which of the following pH ? 
(a) I 0 (b) 7 0 
(c) 8 0 (d) 6 0 

. . CHO CHO 

19. Tischenko reaction of < ) (:) gives 

. < )CH'O(CrH < )CH'O?C)OH 
(a) O. 0 o (b) 0 0 0 

o . 

(c) <o~<o> o (d) (oQ6> o 

30. In the reactions : 

Zn/Hg 
A 

Cone.HeI 

)C. 0 NH2-NH2 B 
KOH 

Red P/HI C 
423K 

(a) A is an aldehyde; B is ketone andC is an alkene 0 
(b) A ,B and C are alkenes 0 
(c) A,B and C are alkanes 0 
(d) A and B arealkenes while C is an alkane 0 

31. The Cannizzaro's reaction of formaldehyde involves an : 
(a) intramolecular shift of proton . 0 
(b) intramolecular shift of hydride 0 
(c) intermolecular shift of proton 0 
(d) intermolecular shift of hydride 0 

W y-
(Hint: H-C-H+OW-4H-C-H~ 

I 
OH 

32. (I) 

G.R.B. Organic Chemistryfor Competitions 

O-H Q 
I + II. + 

H-C ~H-C-OH+H 

I 
O-H 

o OH 
II YT+ I +HOH . 

H-C-H+n ~H-C-H~CH30H+OW] 
+ 

R _COCI __ Pd_',.....Ba_S_O--'-4~) R -CHO 
Boiling xylene 

(II) R -CN SnCI2!HCI) R -CHO 
HOH 

Reaction (I) and (11) are ...... and ...... respectively. 
(a) Oxo-process, Wacker's process 0 
(b) Rosenmund's reaction, Stephen's reaction 0 
(c) Gattermann's synthesis, Stephen's reaction 0 
(d) Reimer-Tiemann's reaction, Wacker's process 0 

33. Consider two aldehydes containing a-hydrogens, 
(I) CH3CH2CHO 
(II) H2C=CH-CHO 
The correct statement(s) is/are : 
(a) both. undergo aldol condensation 0 
(b) both do not undergo aldol condensation . 0 
(c) only aldehyde (I) undergoes aldol condensl;ltion 0 
(d) only aldehyde (II) undergoes aldol condensation 0 

34. An organic compound (A) of molecular formulaCsHlOO 

forms a phenyl hydrazone and gives negative Tollens' and 
iodoform test. Compound (A) on reduction gives n-pentane. 
Compound (A) is : 
(a) pentanal 0 (b) 2-methoxy hexanone 0 
(c) pentan-3-one 0 (d) amyl alcohol . 0 

35. The fmal product' B' in the following sequence of chemical 
reaction is: . 

CH OH Cn ) A NaOH) B+CH30H 
3 300.C 

(a) an alkene 0 
(b) a carboxylic acid 0 
(c) an aldehyde 0 
(d) sodium salt of carboxylic acid 0 

36. The fmal product (III) obtained in the reaction, 
CHj 

I OH-
CH3-C-CHO+ CH3CH2CHO~(I) 

11' CH3 . A 
". . -H

2
0 COne. H2S04 

(III) (NaBH4 (II) 

is : 
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CH3 
I 

(b) CH3-C-CH=C-CH20H 
I' I 
CH3 CH3 

CH3 
I 

(c) CH3-C-CH2-CH-CH20H 
. 1 I 

CH3 CH3 
. CH

3 
I 

(d) CH3-C-CH2CH2CH20H I . 
CH3 

37. Which of the following four hydrogens is most acidic? 
0, 

_ . (ii) II \ 

QJ CH2-C-CH2-CH3 
(iii) (iv) 

. (i) H . 

o 

o 

o 

(a) (i)- 0 (b) (ii) 0 
(c) (iii) 0 (d) (iv) 0 
(Hint> Hydrogen (ii) will be most acidic because'it is attached to 

two electron withdrawing groups, i.e., phenyl group and 
carbonyl group.] , 

38. Match the List I with List IT and Select the correct answer 

from the codes given below the lists: 
List I (Reaction) 

A. CH3CH=CHCHO~CH3CH=CHCOOH 

B. CH3CH=CHCHO ~ CH3CH CHCH20H 

C. R-COOH~R~CH20H 
D. CH3CH2Coa ~CH3CH2CHO 

List IT (Re!lgeni) 
1. LiAlH4 · 

2. NaB~,Li~ 
3. Ammoniacal AgN03 
4. H2 ; PdlBaS04 
Codes: A B C 
(a) 4 3 2 
(b) 2 3 

D 
I 0 
4 0 

ANSWERS: BRAIN STORMING PROBLEMS: 
., . 

11. (c) ·12. (b) 13. (d) 14. (a) 15. (b) 
21. (a) , 22. (d) 23. (d) 24. (a) 25. (b) 

31. (b) 32. (b) 33. (c) 34. (c) 35. (d) 

(c) 
(d) 

3 
2 

2 
3 

4 
4 

o 
o 

o 

o 

o 

(d) all of the above 0 
40. In acidic medium, in presence of conc. H2S04, 

acetaldehyde will give : 
OH 
I 

(a) CH3-CH-CH2CHO 0 

(b) CH3-CH-:-CH-CijO 0 

CH3>C~'C<H 
(c) H b. ) CH3 .0 

""C 
eH0H 

CH3 H 
I I 

1I-C-0-C-CH3 
. I . I . 

. (d) o .0 
I I 

o 
CH3-C- 0 - C - H 

I I· 
H CH3 

16. (b) 17. (a) 18. (a,b) 19. (b) , 20. (c) 

26. (d) 27. (a) 28. (d) 29. (d) 30. (c) 

36. (b) 37. (b) 38. (c) 39. (b,c) 40. (c,d) 
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LINKED.COMPREHENSION TYPE QUESTIONS 
Passage 1 

, Aidehyd~,,~~i',~~~!1~~,"~e<sPecially'~p~~le to 
Ilucleophilic adttiii4~:~~t\se '~~n;igroUP><f,:' 6' is, polar 

(due toelectronegativity <i1fference between carbon and oxygen). 

'< 'L'~·~t, ,'. , ' 
Positive charge QJl¢arbon ~e,s it reactive towards the 

nuclenphile., This addition iscl\talyse4,~yac.id. 
Reactivity, of" carbonylcotppOund toWJlfd$iDucle9philic 

addition', increases with' increase iD:ilieelettron deficiency at 
carbonyl carbon. Thus, (-lE.) gr0:m?~;:itt~ while (+1.E.) 
gj'bllPS d~ the reactivity of~nyl cori!P9tmd.c; 

Answer the following queStions:' "'. ' 
1. Which among the following is most reactive to give 

nucleophilic addition? 
(a) FCH2CHO ~) CICH2CHO 
(c) BrCH2CHO (d) ICH2CHO 

2. Carbonyl compounds show nucleophilic addition with: 
(a) HCN ~) NaHS03 
(c) (CH30H + HCI) (d) a1lofthese 

3. Which among the following carbonyl co~unds is most 
polar? 

HSC2,,-
(a) /C=O, 

H3C 
H3C, 

(c)H/C=O 

,4. Select the least reactive. carbonyl compound for 
nucleophilic addition: 

00· 
~ ~ 

(a) C6Hs,..-C-C6HS ~) C6HS-C-CH3 
o 0 

" ~ (c) C6HS-C-H (d) CH3-C-H 

5. Which among the following isomeric compounds is most 
reactive? 

° II 
(a) CH3-CH2-CH2-CH2-C-H 

° II 
~) CHr-..,CH2-CH2-C-CH3 

o , II 
(c) CH3-CH2-C-CH2,..-CH3 

(d) All are equally reactive 

Passage 2 

Carbonyl compounds give different oxiW¢on products with 
• different reagents. Several oxidising agents can be used to oxidise 
carbonyl compounds.' . AmmQniacal silver nitrate (Tollens' 

reag~nt) oxidises alipb8ticilSwell ;Is aromatic ~Ideliyd~. 

R-CHO -, Tollens' reagent ) RJ' booH /Ag (Silvennirror) 

Strong oxidising agents like KMrto4/H+, lIN03, 

KiCr207/H+ oxidi~:~deliydek' $wen~k~tories.~~chain 
ketones on oxidation give ~tpre of two carboxylic acids. 
Oxidation of unsymmetrical ketones takes;placeaccordingl'p 
Popoff ~s rule. AccorQjng to tbis'ruIe, d~n whose,bond 
Qreaks in oxidation alwaYS'~!Q~gs:19tqe;aIky! gro.U,P'whl,ph has 
more number of carbolls. '," , , 

Answer the following questions: 
1. Tollens' reagent gives positive test with: 

(a) RCHO ~) R-C=CH 
(c) HCOOH (d) all of these 

2. The reagent which oxidise only aliphatic ketone is: 
(a) Tollens' reagent ~) Fehling's so~ution 
(c) Baeyer reagent (d) K2Cr207/H+ 

o 

3. The product of given reactio.,n 6 [0] )? is: 
KMn04 /(H+) 

4. 2-Methyl cyclohexanone on oxidation will give: 
(a) HOOC-(CH2 )s-COOH 

CH3 
I 

~) HOOC-(CH2)3-CH-COOH 

CH3 
I 

(c) HOOC-CH2-CH-(CH2)2-COOH 

CH3 
I 

(d) CH3-CH-CH2-CH2-CH2-COOH 

.. 

5. Which of the following is most reactive towards oxidation? 
(a) HCHO ~) CH3CHO 

o 

(c) CH3-~-CH3 
Passage 3 

Aldehydes witli atlelistone a~hydiOgenUriaergoaldol 
condensation. Two molecules of same or different aldehydes take 
part in such condensation. One of the two aldehyde molecules 
must have an a-hydrogen. Ketones under similar condition' give 
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., ' 

ketol condensation. These reactions take' place, inp~ence of 
NaOH; KOH. Ba(OHh.The ketOl cond~sationis best done with 
Bit.(OHh ... Intramolecular . aldol .• contiensati()n )is .. given .. by 
dialdehydes, diketones or keto ald~hydes.TI,le.,tlilceWriesshoUld 
,be. 2,5; 2,6;. 2,7 and 2,8..mk:etones.Intr.ltildlecwaraldol 

. cOndensation is the bestiliethOd for Prepant'ti6h of five and .six 
membered ring. For example: . ' 

o O. 
. .11 ..II'i N' ""O"H' (:.alp 
CH -C--..,H+CH-C---'H .... "~"'. 3 . 3 h.?-'~-'< . 

OR I . 
.CH3'::...."C+"CH2CHO .... ' . I 

H 

Predict whetberthe folJqwingsqrt~ents are tJ:ue orfit.lse. 
1. CCI3-CHOgives aldol condensation. 

(a) True (b) False 
2. Cyclohexanone when treated with Ba(OHh gives, 

[ &6 ]$ a re~tIDaMol ~~~oo. 
(a) True (b) False 

. 3. When mixture of ethanal and propanal is treated with 
aqueous NaOH, the product contains 4 aldols. 
(a) True (b) .False 

4. In the reaction, 

. 0 0 ~O 
II 1\ NOH HO 

CH3-CCH2CH2C-CH3 ~ ,. 
CH 

the product formed is due to' intramolecular ketol 
condensation. 
(a) True' (b) False 

5. Mixture of HCHO and CH3CHO will not give aldol 

condensation.-, 
, (a) True (b) False 

Passage 4 

, . Aldehyde~ undergo disproportionaP-on re@tion:inpresence 
of aqueous NaOH. Simultanebtisoxiilimon and. reduction 'of a 
compound is scientifically called as dispropOrUona6on. . 

Aldehydes having no a-hydrogtm.s}lo~ this reaction called 
Cannizzaro's reaction. Few excepti<msare ':hlsO there to this 
generalisation. .,.' . '. . 

. The feacifoiiiriitY be reptbsentedliS: 

::;....; . N"aOH 
. C6HsCH<?+C,~~sCHO ~ C6HsCOONa + C6HsCH20H 

JDtramolecular Cannizzaro's reaction is also pOssible. 
'J': . 

0(. 'IQIO"'Nabii')'r'Y;~~Q\lc; . 
;.~ .. ··clIb·· •. .• <.~COONa·· 

. Answer the folJowing questions: 
1. The aldehyde which shows CanniZzaro's reaction is: 

(a) HCHO (b) C6H5CHO 
(c) CCl3-CHO (d) all of these 

-2; The aldehyde having a-hydrogen which gives Cannizzaro's 
reaction is: 
(a) CH3-CH2-CHO (b) CH3-CH-CHO 

I 
CH3 

(c) CH3-CH-CHO 

bl 
(d) C2H5-CH2-CHO 

3. The product formed in the following reaction will be: 
CHO 
I NaOH ) Product 

CH20H 
(a) I 

CH20H 
COONa 

(c) I 
COONa 

CHO 

(d) all of these 

4. Mixture of C6H5CHO and HCHO is treated with NaOH 

then Cannizzaro's reaction involves: 
(a) oxidation ofHCHO 
(b) reduction of HCHO 
(c) oxidation ofC6H5CHO 
(d) reduction ofC6H5CHO 

5. Which of the following' compounds gives internal crossed 
Cannizzaro's reaction? 

o . 0 
II II 

(a) C6HS-CH2-C-H(b) C6Hs-C-CHO 

a CHO 
CHO 

(c) I (d) I 
~, CHO CH2-CHO 

Passage 5 

. A tertiary alco,hoLH op ;lc.id98talysed<lehy4m,~op;,gives a 
product/. Ozonolysis ofilead$'to cotDP9oodS".f atidK. Coin pOund 
J upon reaction with {(OH gives benzyl alcohol and a compound 
L, whe{eas ~ onreacQon~thKOH' gjv~ Qnly M. 

•. ····M~H~ ... 

Answer the following questions: 



I. Compound H is formed by the reaction of: 
o 0 

(a) A +PhMgBr (b) A + PhCH2MgBr 
Ph CH3 Ph CH3' 

o 0 Me 

(c) A + PhCH2MgBr (d) A + A 
Ph H Ph H Ph MgBr 

2. The structure of compound 1 is: 
'. Ph>=<CH3 H3C, /. Ph 

(a) _. (b) ~ 
HPh H Ph 

3. The structures of compounds J, K and L, respectively, are: 

(a) PhCOCH3, PhCH2COCH3 and PhCH2CoOK+ 

(b) PhCHO, PhCH2CHOand PbCOOK+ 

(c) PhCOCH3, PhCH2CHOand CH3cOOK+ 

(d) PhCHO, PhCOCH3 and PhCoOK+ 

Passage 6 

Two aliphatic aldehyd~~' P and Q react in~e,pre~ce of 
aq1;le9~K2CO'Jt<>give.compollllc;tR,.\V~i(:hQ~nm;a~twith 
HeN-provides COmpOuD(S.On aCidification, andh~finfs gives 
the pro' ductshownbelow:';- "," "'.;'."." 

, .. ~ ~ 

Hfi3C ,,:', :OH'; 
H3C .' : 

"'0' 0 

Answerthefollowing questions: [iIT2010] 
I. The comopund P and Q respectively are : 

CH3 I . 
(a) H3C-CH-E-.HandH3C-[-H 

fH3 

(b) H3C-CH-C-Hand H-C-H , t t' 
(c) H3C-CH-CH2-C-HandH3C-C-H 

. . bH3 . ~ , ~ 
(d) H3C-CH-CH2 C-HandH-C-H 

bH3 ~ t 
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2. The compound R is : 
o 

H3
C>' II . (a) . C-C-H 

H3C I 
H2C 

I 
OH 

o 
H3C II 

(b) >C-C-H. 

~3C I 
H3C-CH-OH 

fH3 W 
(c) H3C-CH-CH-C-H I . 

H2C 
I 
OH 

fH3 W 
(d) H3C-CH-r-C-H 

H3C-CH-OH 

3. The compound S'is: 

f"3 W 
(a) H3C-CH-r-C-H 

H2C-CN 

o 
H3C II 

(b) , »r-C-H 

. H3C . \ . 

H 2C-CN 

fH3 F 
(c) H3C-CH-r-CH-OH 

. H2C- OH 

CN 
'H3C I 

(d) >C-CH-OH 
H3C .\ 

a2C- OH ' 

K ZC03 (aq,) HCN 
[Hint:p+Q , )R~S 



Aldehydes and Ketones 

R reacts with HCN so, it !DUSt contain >C=O group. 

Since the compound S gives the given product formed on 
treatment withW followed by beating.thus S must have a 
-COOH group with one carbon more than that in R. 
Therefore, P and Q are (CH3hCHCHO and HCHO 
respectively. 

CH3 0 H 
I II I K:zC0 3(aq.) 

H3C-CH-C-H + H-C=O ) 
2-MetbyJpropanaJ Methanal 

(P) (Q) 

, 

ANSWERS: LINKED COMPREHENSION TYPE QUESTIONS I 

Pass~ge 1 . 1. (a) - 2. (d) 3. (d) 4. (a) S. (a) 

rassage 2 1. (d) 2. (d) 3. (a) 4. (b) S. (a) 

Passage 3 1. (b) 2. (a) 3. (a) 4. (a) S.(b) 
Passage 4 . 1. (d) 2. (b) 3. (b) 4. (a,d) S. (b) 

Passage 5 1. (b) . 2. (a) 3. (d) 
Passage 6 1. (b) 2. (a) 3. (d) 
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12 
CARBOXYLIC ACIDS 

12.1 INTRODUCTION Monocarboxylic acids of alip~atic series are commonly 

o 
II 

Organic compounds containing carboxylic group (-C-OH) 

or groups are called carboxylic acids. The name, carboxyl is 

derived from ~~onyl ()C=O) and hydr ~;'..YIJ( -0H) 

because in this group both carbonyl and hydroxyl groups are 
directly linked to each other. 

. called as fatty acids as many of them, particularly higher. 
members (C12 -CIS), such as pahnitic llCid (CIsH]ICOOH) ". 
and stearic 'acid (CI,H]sCooH) are constituents of oils and 
fats. Monocarboxylic acids may be satuf8ted or 'unsaturated 
depending on the nature of the carbon chain attached to the 
carboxylic group. 

o : 
II: 

-C----1..: -----JOH. 
Carbonyl I· Hydroxyl 

group : group 

However, the properties of the carboxylic group are not 
simply the combined properties of these groups but it has its 
own distinctive properties. The acidic character in carboxylic 
acids is due to the presence of a replaceable hydrogen atom in 
the carboxylic group. 

Carboxylic acids are further classified as monocarboxylic 
acids, dicarboxylic acids, tricarboxylic acids, etc., depending 
on the number of -CooH groups present in the molecule. • 
Since, -CooH group has one replaceable hydrogen atom, its 
basicity· is one and the acid having one carboxylic group is, 
thus, a monobasic acid. Similarly acids containing two or three 
carboxylic groups in their molecules are designate~ dibasic, 
tribasic acids, respectively. 

CH]COOH 
Monocarboxylic acid 

(Monobasic) 

CH2CooH 
CH2CooH I . 
I' '; CH-CooH 

CH2COOH I 
Dicarboxylic acid CH2CooH 

(Dibasic), Tricarboxylic acid 
(Tribasic) 

CH]CH2CooH H2C =CHCOOH 
Saturated acid Unsaturated acid 

Saturated monocarboxylic acids fonna homologous series 
which has a general formula, CnH2n+ICOOH or CnH2n02' 
.Formic acid (HCOOH) is the first member of the series. 
Saturated ~onocarb9xylic acids may be cOnsidered as derived 
from paraffms by the replacement of one hydrogen atom with 
one carboxylic group. 

CH4 -Ii) CH3COOH 
Methane +COOH . Acetic acid 

H. '. 
C2H6 - )C2HsCOOH 
Ethane +COOH Propionic acid '. 

H . ' 
C3HS - ) C3 H,COOH 
Propane +COOH . Butyricacid 

Thus, first member of the series, formic acic.i (HCOOH)· 
has no corresponding paraffin. To consider formic acid also as 
the derivative of paraffins, monocarboxylic acids may,·be 
alternatively considered as obtained by .the' oxidation of 
-CH] group, i.e., the third oxidation product o(paraffins ... 

. /H 3[0] . ./OH -H20' .'. ~O 
CH]-C, H )CH]CE-OH . )CHjC,_ . 

"H . ' "OH, , .. vft 
Ethane . Unstable ACetic iu)id 

/ H 3[0] . AlH -H 0 . . ~O . 
H-C-H ) H-C-/ OH 2 ) H-C?: 

""-H ·'-..OH .. 'OR , 
Methane . Unstable Fonnicacid . 
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or CH3CH3 [0])CH3CHzOH. [0]) CH3CHO . [0]'1 
Ethane . Ethyl alcohol Acetaldehyde. 

CH3COOH 
Acetic acid 

H-CH3 [0]) HCHzOH [0]) HCHO [0]) HC~OI~ 
Methane Methyl alcohol Formaldehyde Fortnlc aCid 

So, saturated monoearboxylie acids are the first oxidation 
products of aldehydes or second oxidation products of primary 
alcohols. , 

[MonoearboxyIic acids may also be regarded as the 
derivatives of carbonic acid in which .one -OH group has 
been replaced by an alkyl group. 

HO' 
"C=O 

HO/ 

HO 
-OH) "C=O] 
+R . R/ 

Carbonic acid Monocarboxylic acid 

Monocarboxylic acids are represented by the general 
formula, RCOOH, where R may be either a hydrogen atom or 
an alkyl group. RCOOH are also called monoprotic acids 
because they give one proton in the solution. 

12.2 NOMENCLATURE 
The monoearboxylic acids are named according to the 
following systems: 

1. Common or trivial names: The names of lower 
members are derived from the Latin or Greek words that 
indicate the source of the particular acid. The common names 

, . have ending -ic acid. 

Formula Source Common name 

HCOOH Red ant (Latin; Ant Formica) Formic acid 

CH3COOH Vinegar (Latin; Vinegar Acetum) Acetic acid 

C2HsCOOH Proton-pion (Greek; Proton"" First, Propionic acid 
Pion = Fat) 

C3H7COOH Butter (Latin; Butter Butyrum) Butyric acid 

C4H9COOH' RoOt of Valerian plant Valeric acid 

The higher members are named on the basis of number of 
carbon atoms. Incase of substituted acids, the position of the 
substituent is indicated by Gre(,':k letters a, ~, 'Y, 8, etc. 

y P a a 
CH3-CH-. CHz-COOH CH3-CH-COOH 

1 1 
CH3 CH3 

~-Methyl butyric acid a-Methyl propionic acid 
(Isovaleric acid) (Isobutyric acid) 

2. Derived system: Monocarboxylic acids may be 
named as alkyl derivatives of acetic acid. 

CH3CHzCOOH 
Methyl acetic acid 

CH3 -CH-COOH 
1 

CH3 
Dimethyl acetic acid 

(CH3hCHCHzCOOH 
Isopropy~ acetic acid . 

CH3 

I \ 
CH3 -C-'cOOH 

I 
,CH3 

Trimethyl acetic acid 

3. IUP AC system: Acids are muiied as alkanoic acids 
(Alkane '7 e + oie acid), The name is derived by replacing 'e' of 
the corresponding alkane by -oic acid. 

HCOOH Methanoic acid (Methane e + oie acid) 

CH3COOH Ethanoie acid (Ethane - e + oie acid) . , 
CzHsCOOH Propanoic acid (propruie e + oie acid) 

In case of substituted acids, the longest chain including the 
carboxyl group is selected and numbering is done from the side 
of carboxyl group, i. e., carbon atom of the carboxyl group is' 
numbered as 1. 

s 4 3 Z I 
C-C-C-C-COQH 

For example, 
Br 

S 4 3 Z I .4 31 z 1 
CH3 -CH-CH-CHzCOOH; CH3 -CH-CH-COOH 

I 1 I 
CH3 CH3 CH3 

3,4~Dimethyl pentanoic acid 3-Bromo-2-methyl bUf!'U1oic acid 

12.3 ISOMERISM 
Monocarboxylic acids show chain and functional isomerism. 

1. Chain isomerism: This is due to the difference in ~e 
structure of carbon chain. 

CH3 
I, 

CH3CHzCHzCOOH ;. CH3 -CHCOOH 
Butanoic acid . 2~Methyl propanoIc acid 

2. Functional isomerism: Monocarboxylic acids show 
functional isomerism with the esters of the acids,hy<1r?xy 
carbonyl compounds and )lydroxy oxiranes. 

(CZH40 Z) : CH3COOH; HCOOCH3 ; 
Acetic acid 'Methyl formate 

CHzOH ' 
1 ; 

CHO 
Glycolaldehyde 

(C3H60Z): CH3CHzCOOH; 
Propionic acid 

HCOOCzHs; 
Ethyl formate 

CHz~HzCHO 

I ; 
OH 
3-Hydroxy propanal 

.
CHz """':'<':;H-OH 
, ""-/ 
". 0 

. Hydroxy ethylene oxide 

CHz-CH~HzOH; 
'~/ . 

o 
2,3-EpoX)IPropan-I-01 

CH3COOCH3; 
Methyl acetate 

CHZ-C-cH3 

I II 
OH 0 

I-Hydroxypropan-2-one 
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3. Optical isomerism: Monocarboxylic acids having atleast one chiral atom exhibit optical isomerism. 

CH3CH2, * /H 'cc 2 - Methyl butanoic acid 
H3C/ . 'COOH (Activevaleric acid) 

12.4 GENERAL METHODS OF PREPARATION 
1. Oxidation of alcohols, aldehydes· and ketones: Primary alcohols and aldehydes on oxidation form mono carboxylic 

acids with the same number of carbon atoms. The primary alcohol is first oxidised to an aldehyde and then to an acid. The oxidation 
is best done with a mixture of potassium dichromate and dilute sulphuric acid, alkaline or acidified potassium permanganate etc. 
The oxidation with Cr03 -H2S04 (lone's reagent) or air in presence of catalyst can also be used. 

RCH20H [0]) RCHO [0]) RCOOH 
PrimarY alcohol Aldehyde_ Acid 

K2Cr20· (i) KMn04• OH-, L1 
CH3CH20H 7 ) CH3CHO .. + .. ) CH3COOH 
Ethyl alcohol H2 SO 4 (di!.) Acetaldehyde (1l) H Acetic aci" 

The oxidation withK 2Cr207 orCrO j in acidic media often gives small amount of esters. Therefore, oxidation with KMnO 4 in 
neutral or alkaline medium is preferred. 

KMn04/KOH - + H 0+ 
RCH20H. ) RCOO K _-=.3_~) RCOOH 
10 Alcohol L1 Pot. carboxylate . Carboxylic acid 

CH3CH2CH2CH20H (i) KMn04/KOH, L1 ) CH CH CH COOH 
(ii) Dil. H2S04 3 2 2 

Butan-l-ol Butanoic acid 
[Aldehydes can be oxidised to corresponding carboxylic acids even with mild oxidising agents such as ammoniacal silver 

nitrate solution, Ag 20 {or Ag(NH3)!OH-.}] . 

. Unsaturated alcohols (containing C=C orC==C) can be oxidised to corresponding acids (without affeCting the unsaturation) 
by using oxidising agents such asCr03, H2S04 in acetone solution. 

. . . .Cr03,H2S04 
HC=G-CH=CH-CH20H ) HC=C-CH=CH-COOH 

Acetone 

On the other hand, secondary alcohols are selectively oxidised to ketone. 

Primary alcohols are selectively oxidised to aldehydes with Mn02 in acetone. 

MnO 
HC==C-CH=C-CH20H 2) HC=sC-CH=C-CHO I CH3COCH3 . I 

CH3 CH3 . 

Note: Ketones and secondary alcohols can also form acids with fewer carbon atoms. Oxidation of ketone occurs with difficulty by using strong 

oxidising agent like Cr20;- . 

[0] ) CH3COOH 
Acetic acid 

. K2Cr207 
CH3COCH2CH3 ) 2CH3COOH 
Eth)(l methyl ketone H2S04 Acetic acid 

CH3COCH2CH2CH3 [0]) CH3COOH + CH3CH2COOH 
Pentan-2-one Ethanoic acid Propanoic acid 



Carboxylic Acids 

Methyl ketones can also be converted to carboxylic acids through the haloform reaetion~ 
o 0 
II (i) X 2INaOH II 

R-C-CH3 >R-C-OH+ CHX3 
Methyl ketones (ii) H20 Halofonn 

o o 
II 

R-C-CH3 +312 +4NaOH 
II 

Heat ) R-C~Na +CHI3 + 3NaI + 3H20 

o 
II 

CH3CH2CH2-C-CH3 + 3NaOI --+CH3CH2CH2COONa+CHI3 +2NaOH 
Pentan-2-one Sod. hypoiodite Sodium butanoate 

The sodium salts of carboxylic acids (containing one carbon atom less) on acidification give the corresponding acids. 

- +' Hydrolysis 
CH3CH2CH2COONa + HCI ) CH3CH2CH2COOH + NaCI 

Butanoieacid 

2. Hydrolysis of alkyl cyanides or nitriles: When an alkyl cyanide' or nitrile is hydrolysed with hydrochloric acid or 
sulphuric acid mixed with an equal volume of water, the .-CN group is hydrolysed to a carboxyl group. This is a very useful 
method for the synthesis of acids. 

R-C-N + EOE H' o~ow +-<:] -"""" 
Unstable imidol 

CH3C==N + 2H20 
Ethane nitrile 

(Methyl cyanide) 

HCI (dil.) ) CH3COOH + NH4Cl 
J1 Ethanoic acid 

(Acetic ~id) 

Acid 

. +. 
So, in acidic medium, the products are RCOOH and NH! (NH 3 + H+ --+ N H4) and in alkaline medium, RCOO-

(RCOONa --+ RCOO- + Na +) and NH3 are the products. 

Note: (i) Hydrolysis ean be dene with an alkali also, CH3C~N + NaOH + H20 
Methyl cyanide .. 

CH3COONa + NH3 
Sodiwn acetate 

(ii) Alkyl halides are actually used, CH3Br NaCN) ,CH3CN _H....;.p=--~) CH3COOH + NH3 
MethyJbromide or KCN Methyl cyanide H+' A Acetic acid 

The acid fonned by this .method contains one carbon atom more than the original alkyl halide. With 20 alkyl halide the yield of nitrile is very 
poor, however, in case of3° alkyl halide, elimination takes place at the place of nucleophilic substitution. . 13 112 ' 

CH3-C-Br + NaCN ~ CH3-C + NaBr + HCN 
I . I 
CH3 . . CH3 

2-Methyl propene 

(iii) HCN on hydrolysis fonns fonnie acid, . HCN + 2H20 + Htl ~ HCOOH + NH4CI : : 

Mild conditions are used to stop the reaction at the amide stage. 

o 
Cold II 

R-C==N +H20 )R-C-NH2 
Cone. HCI Acid amide 

o 
Dissolved in COl1C. H2S04 • II 

CH3 -C=N + H20 -------=---:.--+) CH3 -C-NH2 
Ethane nitrile and then pour in water Ethanamide 
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3. Hydrolysis of terminal tribalogen derivatives ~f alkanes: Trihalogen derivatives of alkanes in which all the three 
halogen atoms are attached to the tenninal carbon atom, ~n hydrolysis with aqueous alkali solution, form monocarboxylic acids. 

R ~/§ +3NaOH . : )[R-.:c~g~] -H20) RCOOH :3NaX 
~x (aq.) -3NaX ...... OH 1 

NaOH '. 
Unstable . 

RCOONa 

CHCl3 + 3NaOH -~) HCOOH + 3NaCI 
Chloroform (aq.) Formic acid 1 NaOH 

HCOONa 
Sodium formate 

CH3CCl3 +3,KOH(aq.) . )CH3C(OHh ~CH3COOH+H20 
l,I,I-TrichlorOethane /:-3KCI. Unstable Acetic acid 

4. From Grignard reagents and carbon dioxide (carbonation of Grignard reagents): When carbon dioxide is passed 
through an ethereal solution of Grignard reagents, an addition product is formed which on hydrolysis with a mineral acid yields a 
fatty acid. . 

O=C=O. + RMgK --'--~ 
Carbon dioxide 

Dry 
)O=C-OMgX 

H2O /x 
ether H+ ) RCOOH + Mg """ 

I OH 
R 

Addition product 

~.f) 
CH3 -MgBr +O=C=O 

Dry H2O 
. OH 

)CH3COOH+Mg( )O=C-OMgBr 
ether. I . . H(;:l Acetic acid Br 

. CH3 

This synthesis of carboxylic acids is applicable to primary, secondary and tertiary (allyl, benzyl and aryl) halides, provided 
they have no groups inconsistent with a Grignard reaction. , . . . 

Mg (i)C02 (CH3hC-C1 )(CH3hCMgCI ..... ) (CH3hC-COOH 
Tmt. butyl chloride . (Ether) (11) HOH 2,2_Dimethyl propionic acid 

QMgCI+C02 ---+)o-~-OMgCI HOH 

(HCI) 

~l 
)Q-C-OH+Mg, 

II . "OH 
CyclohexyJ magnesium 0 o .. 

chloride 

M nCO' 
R-CH2 -x g) RCH2MgX .. ~ 2) RCH2COOH 

. . (Diethyl ether) . (11) HOH Higher acid 

! Note:. The acid for:tnedhas one carbon atom more than the alkyl group present in ·the Grignaid reagents. . 

5. Hydrolysis of esters: Esters ,on hydrolysis with mineral aci4s or alkali form fatty acids. So, e~ters not only undergo acid 
hydrolysis, but they also undergo a base-prolnoted hydrolysis. 

RCOOR' +.H20 HCI ) RCOOH+ R' OH 
"8. 

RCOOR' + NaOH '----+) RCOONa + R' OH 
Est~ . 8. Sodium carboxylate 

. .' WorOH-
CH3COOC2HS + fl20 . . ) CH3COOH + C2HsOH 

. . Ethyl acetate. i 8. Acetic acid Ethyl alcohol 

Hydrolysis in acidic medium is reversible but in basic medium it is irreversible. Mechanism Of ester hydrolysis in basic and 
acidic Dledium may be given as, . . 

.. 



Carboxylic Acids 

(Acidic medium) 

o ,OH 0 
II .' H+ I '/tStIJ- OH- II. : 

R-C-OR' )R-C-OR"~R-C {$ ---+)R-C-OR'+H10 
Protonation + " \----

'OR' . 

o 0- 0 

(Basic medium) 
II OH- I. II 

R-C-OR'---+) R-C-OR'~R-C-O-' +R'OH 
I 
OH 

This method is particularly useful for the preparation of higher fatty acids from oils. ~d fats which are triesters of glycerol. 
When oils and fats are heated with an alkali, they.;ire hydrolysed forming salt (soap) and glycerol. The process is known as 
saponification. 

CH2ooCC17H35 CHzOH· 
I . I 
CHOOCC17H35+3NaOH ) CHOH +3C17H35CooNa 
I I Sodium stearate 

CHZOOCC17H3S CHzOH (soap) 
Tristearin (fut) Glycerol 

o. Action of heat on gem c!icarboxylic acids: Th~icarboxylic acids of malonic acid series, iti which two carboxylic 
groups are linked with the same carbon atom, on heating eliminate a molecule of carbon dioxide giving fatty acids. 

, /COOH Heat 
CHZ'- ) CH3COOH 

'-COOH -C02 Acetic acid 
Malonic acid 
/COOH 

R-CH, 
"COOH 

Substituted malonic acid 

Heat) R-CH1COOH 
-C02 Monocarboxylic acid 

The reaction is actually carried out between an alkyl halide and the sodium'derivative of diethyl malonate. The substituted 
malonic ester formed is hydrolysed and then heated to get the monocarboxylic acid. 

R-X + NaCH/COOC2Hs -NaX) R_CH/COOC2Hs H20) RCH/
CooH

' Heat) RCH1CooH 

Alkyl halide ",",COOC2HS "'"'COOCzHs H+ . "'"'CooH -C02 MonocarboxyIicacid 
Sodium diethyl malottate 

The acid obtained contains two more carbon atoms than the starting alkyl halide. 
7. Carbonylation of alkenes (Koch reaction): When a mixture of an alkene, carbon monoxide and steam is heated under 

'pressure at 350°C in presence of phosphoric acid (H3P04 ), monocarboxylic acid is formed. ' 
H PO 

HzC=CHz +CO+ HzO 3 4 . )CH3-CH1CooH 
. Ethene . Steam Pressure, 350"C . Propionic acid 

H PO 
3 4 ) CH3 -CH-CooH 

Pressure, 350°C . I CH3CH=CH2 +CO+ H20 
Propeile Steam 

CH3 
'2-Methyl propanoic acid 

This is a recent method of making carboxylic acids and this acid-catalysed hydrocarboxylation of alkenes is calledKocb 
reaction. 

8. Heating sodium alkoxide with carbon monoxide:· By the action of carbon monoxide on heating with sodium alkoxide 
under pressure, a sodium salt of the carboxylic acid is obtained which 9n treatment with an acid yields carboxylic acid. , . . 

RONa +CO Heat,160"C) RCooNa En) RCOOH 
Sod. alkoxide Under presSure Sod. salt Acid 

CH30Na +CO~CH3COONa HCI) CH3COOH 
Sod. methoxide Sod. acetate Acetic acid 



9. From acid amides, acid halides and anhydrides: 
Acid amides when boiled with mineral acids or alkalies are 
hydrolysed into corresponding fatty acids and ammonia. They 
also react with nitrous acid (NaN02 + HCI) to form fatty acids. 

RCONH2 + H20 H+ or OH- ) RCOOH + NH3 
Amide A Acid 

RCONH2 + HN02 ~RCOOH+N2 +H20 
Amide Nitrous acid 

CH3CONH2 +HN02 ~CH3COOH+N2 +H20 
Acetamide Acetic acid 

Acyl chlorides and anhydrides are easily hydrolysed with 
water or alkalies. 

RCOCI + HOH ~ RCOOH + HCl 
Acid chloride Carboxylic acid 

o 0 
II II 

CH3-, C-=-CI+NaOH(aq.)~CH3-C-ONa+HCI 

o 0 
II + II 

CH3 -C-ONa -+:HOH ~CH3 -C-OH + NaOH 

o ' 0 0 0 
,~~ ,~ ~ 

R-C-O-C-R' + HOH ~ R-C-OH + R'-C-OH 
Anhydride Carboxylic acids 

10. Oxidation of long chain hydrocarbons: Long 
chain hydrocarbons are oxidised by air at 120°C in presence of 
a catalyst manganese acetate or manganous stearate. It is a ' 
recent method of preparing higher fatty acids. 

2RCH3 + 302 ~2RCOOH+2H20 
Higher alkane Fatty acid 

Manganous stearate 
, ) 
1 00-1 60°C 

2CH3(CH2)n CH3 +302 
Long'chain alkane 

2CH3 (CH2 )n COOH + 2H20 
MonO carboxylic acid 

(CH3hC-CH3 + 402 Conc.HN03 )2CH3COOH+C02 
Neopemane 

+H20 

11. From malonic or acetoacetic esters: Many fatty 
acids are synthesised from malonic and acetoacetic esters. 
Alkyl substituted acetoacetic ester .on.hydrolysis with conc. 
ethanolic KOH yields corresponding alkyl acetic acid. 

CH3CO i CHRCO :OC2H5 + 2H20' Hydrolysis) CH3COOH 
OH:H OH:H (KOH) 

I I 

+ RCH2COOH +C2H50H 
12. Oxidation of alkenes and alkynes: Alkenes can be 

oxidised to carboxylic acids with acidified or hot alkaline 
KMn04 or K2Cr207' 
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K2Cr207/H2S04 . ' 
RCH=CHR'+4[0] -=---==--:...--=--.:...~) RCOOH + R' COOH 

. Alkene. A 

(i) KMn04/0H- ,A 
CH3CH=CHCH3 .., ) 2CH3COOH 

But-2-ene (n) DIl. H2S04 Acetic acid 

Cyclic alkenes can also be oxidised to dicarboxylic acid. 

I [0]) I O CH2-CH2-COOH 

Hot alkaline KMn04 CH2 -CH2 -COOH 
Cyclohexene . Adipic acid 

Alternatively, ozonides can be subjeCted to oxidation with 
H20 2 to give carboxylic acids. Alkynes on ozonolysis also 
give carboxylic acids. 

KMnO/H+ 
R-, C=C-R' + 3[0] + H20 4) RCOOH 

Alkyne 
+R'COOH 

R-C=C-R' {i)03 )R-COOH+R'COOH 
Alkyne (ii) HP2 

12.5 GENERAL PHYSICAL PROPERTIES 
(i) The lower fatty acids upto CIO are colourless liquids. 

The higher ones are colourless waxy solids. 
(ii) The first three members have a sharp pung~t odour. 

The middle ones, C4 to C9, have an odour of rancid butter. The 
higher members do not possess any smell. . 

(iii) The lower members are highly soluble in water but the 
solubility decreases with the rise of molecular mass. The acids 
fromClO'onwards are insoluble in water. Carboxylic acids are 
polar and readily soluble in alcohol and ether, as they have the 
tendency to undergo hydrogen bonding with each other and 
with other kinds of molecule. 

(iv) Boiling points of carboxylic acids increase regularly 
with increase of molecular mass. Boiling points of carboxylic 
acids are higher than those of alcohols of same molecular mass. 
This is due to the intermolecular hydrogen bonding between 
two acid molecules. 

Hydrogen bonding 

./ 
~ - - - H-O"", 

R-C"", ~-R 
O-,-~--O 

Hydrogen bonding 

The lower members exist as dimers in vapour phase and in 
aqueous solution, but in liquid phase they exist as polymers. 

Ether, alcohol and acid having same molecular mass have 
boiling points in following sequence: 

CH3CH2 -O-CH3 < CH3CH2CH20H < CH3COOH 
M,ethoxy ethane , Propanol Ethanoic acid 

II 

Increasing hydrogen bond strength and boiling point. 



Carboxylic Acids 

Electronic Structure of the Carboxylic Group 

The electronic structure of a carboxylic acid is: 

o 
II .. 

R-C-O-H or R:C:O:H .. 
(where, R is H or any alkyl group) 

In carboxyJic group, the carbon atom and the two oxygen 

atoms are sp2 -hybridized. The two sp2 -hybridized orbitals of 

the carboxyJic carbon atom overlap with one sp2 -hybridized 

orbital of each oxygen atom while the third sp2 -hybridized 

orbital of carbon atom overlaps with a sp3 -hybridized or1?ital 

of carbon atom of the alkyl group to form three cr-bonds. One 
unhybridized p-orbital is perpendicular to the cr-bonding 
skeleton. 

All the bonds to the carboxylic. carbon atom lie on one 
plane and are separated by about 120° from each other. The 
molecule of carboxylic acid can be represented as a resonance 
hybrid of the following structures: .. 

~: R-C'<!. 
0·-

R-C/··· -

'o-H O-H 

II 

From these structures, it is clear that the carbonyl part of 
the carboXylic group is electrically neutral (compare it with . 
aldehydes and ketones in which only one structure is 
electrically neutral) and does not have a double bond character 
but a reduced double bond character. Thus, carboxylic acid 
does not give the reactions of the carbonyl group. 

The stability of carboxylate ion can also be explained in 
terms of delocalization of n-electron density. As the carbonyl 

carbon involves sp2 -hybridization leaving one unhybridized 

n-orbital, therefore, this n-orbital can overlap sidewise with 
either of the n-orbitals of oxygen atom forming n-bond[as 
shown below in the figures (a) and (b)]. The resulting n-orbital 
cloud is spread over both oxygen atoms and carbon atom. 

(a) 

(Delocalized n-closed in carboxylate ion) 

This delocalization gives stability to.the carboxylate ion. 

12.6 ACIDITY OF CARBOXYLIC ACIDS 

The strength of an acid depends on the ability of the acid to lose 
a proton when dissolved in water. It is expressed in terms of 
dissociation constant (Ka). 

o 0 
II. II _ + 

R-C-OH + H20 R-C-{> + H30 

K _ [l{COO-][Hio+] 
a - [RCOOH] 

The dissociation constant is generally called acidity 
constant because it measures the relative strength of an acid. 
The stronger the acid, the larger will be its Ka value. 

The acidic nature decreases with increase in molecular 
mass as Ka value decreases. Thus, fonnic acid is the strongest 
of all fatty acids. 

HCOOH > CH3COOH > C2HSCOOH 
Ka value at 25°C 17.7 x 10-5 1.75 xl0-s 1.4 xlO-s 

The carboxylic acids have Ka values in the range of 

10-4-IO-s(pKa =4-5). ThepKa of water is about 16 and 

the apparent pKa ofH2C03 is about 7. These relative acidities 
mean that the carboxylic acids react readily with aqueous 
solutions ofNaOH and NaHC03. to form soluble sodium salts. 

Table--Ionisation constant of some CarboxyJic acids 

Name of A.~; ;:·.\ .... , ..... ,: .. M .• ·. 0.· .. 1: eeularFonn~.:· ···.,~}'}~tteD . . '. ." . ,,;,;,!stutK .. 
Trichloroacetic 
acid 

Dichl()f08l;:etic 
acid 

Oxalic acid 

Fluoroacetic acid 

Malonic acjd 

2-Chlorobutanoic 
aCid 

Chloroacetic acid 

Bromoacetic acid 

Iodoacetic acid~ 

Formic acid 

Acetic acid 

Propanoic acid 

n-Butyricacid 

CCl3COOH 

Cl2CHCOOH 

COOH 

I 
COOH 

FCH2COOH 

CH2(COOH)2 

CH3CH2CHCOOH 

I" I . . CI 

CICH2COPH 

BrCH2COOH' 

ICH2COOH 

HCOOH 

CH3COOH 

CH3CH2COOH 

CH3CH2CH2COOH 

.. 23200 x 10-s 

5530~10-5 

5400 x lO-s (Kal ) 

for first ionisation 

260 x 10-s 

140xlO-$(Kal ) 

for first ionisation 

139xlO-s 

136xl0-~ . 

125 x 10-$ 

67 xl 0-5 

17.9xl0-s 

175xlO-S ' 

140 x 10-$ 

132 x 10-$ 



Cause of acidic nature: The molecule of the carboxylic 
acid can be represented as a resonance hybrid of the following 
forms: 

C:? . :0:-
II n· I + 

R-C-O-H ~ R-C=Q-.:....-.-H 

I II 

Due to electron deficiency on o~ygen atom of the hydroxyl 
. group (structure II), there is displacement of electron pair of the 
0-H bond towards the oxygen atom. This helps in release of 
hydrogen as proton. The. resulting ,carboxylate ion is also 
stabilised by resonance as resonance energy of the carboxylate 
ion is mucn'higher than that ofundissodated acid. 

R---C~_ 
Resonance forms of 

carboxylate ion 

Thus, the acidity of the carboxylic acid is due to powerful 
resonance stabilization of the anion. 

[Resonance is confrrmed' by measUring bond leJigth in 
formic acid and sodium formate] , , 

/ 1.23 A ,1.\ A _ 

H~ [H-c~~l Na+ 
, ,/' Q-,-H I OJ 
1.36 A .. 1.27 A 

F011lllC aCl,d Sodimn formate 

Atkoxideanion from alcohol does not show resoitance and 
is not stabilized since, the alkyl group has.electron repelling 
inductive effect. This lack of stabiliZation is respoJisible for a 

. very weak aciditY of alcohols .. 
, R-O-H 

Alcohol' 
J(-O- +H+ 

No resonance 
hybrid 

Effect of substituents on acidity : ... Any factor that 
stabilizes the ariion more than it stabilizes the acid should 
increase, the, acidity and any factor that makes the anion less 
stable should decrease the acidity of the carboxyiic acid. 

An electron withdrawing group, EWG (having -1 effect) 
stabilises the anion by dispersing the negative charge and 
therefore. increases the acidity. On the other hand, electron
donating group, EDG (+1 ,effect) intensify the negative charge 
on the' anion resulting in the decrease of stability and thus 
decreases the acidity of the acid. 

'G ~c/f':' '. 0J-
, "-'cr 

G-electron withdrawing 
group, acidity increases 

G ---7 c/·~,]
"'0' 

G-electron releasing 
. group, acidity decreases 
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Hence, the following sequences are observed. 
HCOOH > C6HsCOOH > CH3COOH > C2HsCOOH 

pKa 3,77 4.17 . 4.71 4.88 
. orKa (l7.7xlO-5) (6.3 x 10-5) (1.75 x 10-5) (1.30 x 10-5) 

COOH /COOH CH2COOH 
I > CH2 > I 

COOH "'-COOH CH2COOH 

[Alkyl group is electron releasing group and decreases 
acidity as size increases.] 

CH3 <CH3CH2-«CH3hCH-«CH3hC-, 
[Chlorine is electron withdrawing group_ The acidity of 

the acid increases as the number of chlorine atoms increases in 
the a.-position.] 

CI3CCOOH> Cl2CHCOOH> CICH2COOH > CH3COOH 
pKa 0.64 . 1.48 2.85 4.71 . 

[Electron withdrawing nature of halogens decreases from 
fluorine to iodine, i. e., F > CI > Br > I] 

FCH2COOH>CICH2COOH> BrCH2COOH> ICH2COOH 

[Inductive effect is stronger at a.-position than j3-positio,n. 
Similarly, at j3-position it is more stronger than at y-position.] 
y ~ a y~ a 
CH3CH2CHCICOOH>CH3CHCICH2COOH> 
pKa 2.86 4.05 

y ~ a 
CH2CICH2CH2COOH 

4.52 
·Relative acid-strength: 
(a) RH< NH3 <HC=eCR<R-OH<H-OH 

< Ar-OH <R-COOH 
(b) CH3CH2COOH< HCHicOOH <C6HsCH2COOH < 

pKa 4.87 4.76 4.31 
HOCH2COOH <CICH2COOH 

pKa' 3:87 287 
'Relative basic-strength (of conjugate bases): 
. RCOO- < HO- < RO- < HC=C- < NH:2 < R 

12.7 GENERAL CHEMICAL CHARACTERISTICS 
OF FATTY ACID~ 

A molecule of a monocarboxylic acid is composed of (i) car
boxylic group; the functional group and- (ii) an alkyl group. 

. Hence, the chemical properties of monocarboxylic acids are 
due to these groups. The chemical reactions, in general, may be 
discussed under following heads: 

o 
II 

1. Due to carboxyl group (-C-OH) 
(i) Reactions involving proton (removal of hydrogen of 

. the -OH group). _ 
(ii) Reactions involving hydroxyl group (-OH). 

(iii) Reactions involving carbonyl group ( )C=O). 

(iv) Reactions involving carboxyl group as a whole. 
2. Reactions due to alkyl group. 



Carboxylic Acids 

1. Reactions due to Carboxyl Group 

(i) Reactions Involving Proton: 
(a) Reaction "ith strongly electropositive metals : 

Monocarboxylic acids react with strongly electropositive 
metals (such as Na, K, Ca, Zn, etc.) evolving hydrogen and 
forming corresponding salts (acidic character). 

R-COOH RCOO- +H+ 
+ 

R-COOH+H20 RCOO- +H30 
They exhibit acidic character due to their ability to ionise 

to give proton (H+ ). . 

2HCOOH +2Na ---+ 2HCOONa +:H2 
Formic acid Sodium formate 

2CH3COOH + 2K ---+ 2CH3COOK + H2 
Acetic acid Potassium acetate 

2CH3COOH + Zn ---+ (CH3COOh Zn + H2 
Acetic acid Zinc acetate 

(b) Reaction with alkalies: Monocarboxylic acids 
neutralise hydroxides to form corresponding salts and water. 

CH3COOH + NaOH ---+ CH3COONa + H20 

CH3COOH + NH40H ---+ CH3COONH4 + H20 
Acetic acid Ammonium acetate 

Carboxylic acids can be regenerated by treating these salts 
with dilute mineral acids. 

CH3COONa + HCl---+ CH3COOH + NaCI 
Sodium acetate Acetic acid 

(c) Reaction with carbonates and bicarbonates 
Monocarboxylic acids react with weaker bases such as 
carbonates and bicarbonates forming corresponding salts with 
evolution of carbon dioxide (effervescences). It is a 
laboratory test of -.-COOH group. 

CH3COOH + NaHC03 ---+ CH3COONa + C02 + H20 

2CH3COOH + Na2C03 ---+2CH3COONa +C02 + H20 

2CH3COOH +CaC03 ---+ (CH3COOhCa + CO2 + H20 
Calcium acetate 

During the reaction of carboxylic acids with N~C03 or 
Na2C03, the CO2 evolved comes from NaHC03 orNa2C03 
and not from the carboxylic group as shown below: 
000 
II(\~II 11_+ 

R-C-O-H+ NaO-C-OH ---+R-C-O-Na 
Acid Sodium bicarbonate 

o 
~IID 

+ H-O-C..!-Q-H ---+ CO2 + H20 
Carbonic acid 

This reaction can be used to distinguish carboxylic acids 
from phenols (because phenols do not give effervescence with 
aqueous solution of NaHC03 ). 

(d) Reaction with organo-metallic reagents: Carbo
xylic acids react with Grignard reagents extremely rapidly to 
give hydrocarbons and the magnesium salts of the acids. As 

most of these salts are insoluble and precipitate in the reaction 
mixture, no reaction occurs with additional quantities of 
Grignard reagents. ' 

R'CH2MgBr + RCOOH Ether) R'CH3 + RCOOMgBr 

However, lithium alkyls react to give lithium salts which 
are often soluble and further react to form a dilithium salt 
which gives a ketone with acid. 

RCOOH +CH3Li ---+CH4 + RCOOLi 

RCOOLi +CH3Li ---+ RC(OLih --='--+ RCOCH3 
. I 

CH3 

(ii) Reactions Involving Hydroxyl Group: 

(a) Formation of esters (Reaction with alcohols) : 
When carboxylic acids are heated with alcohols in presence of 
dehydrating agents like conc. H2S04 or dry HCI gas, esters are 
formed. 

R-COOH + HOR' RCOOR' + H20 
Cone. H2S04 Ester 

CH3COOH + HOC2Hs ... '> CH3COOC2Hs + H20 
Acetic acid Ethyl alcohol Ethyl acetate 

This reaction is termed esteritication. It is a reversible and 
slow reaction, but is speeded up by the presence of small 
amount of inorganic acids as catalyst, e.g., 

Cone. 
R-COOH + HOR' ---=-~ R-COOR' + H20 

Sin<;:e, esterification is an equilibrium reactio!l, therefore, 
to shift the equilibrium in the forward direction, water is 
removed as soon as it is formed and either carboxylic acid or 
the alcohol is used in excess. The rate at which a carboxylic 
acid is esterified depends primarily upon the stearic hindrance 
in the alcohol and the carboxylic acid. . 

:The reactivity of alcohols towards esterification increases 
as: 

Tertiary (R3C...,--QH) < Secondary (R2CH-OH) 

< Primary (R-CH20H) < CH30P 
Similarly, reactivity of carboxylic acids increases as: 

R3C-COOH< R2CH-COOH < RCH2COOH 
< CH3COOH< HCOOH 

(Mechanism of esterification 1''' ~arboxync acids See 
Problem 8 on page 675-676.) 

(b) Formation of acid chlorides (Reaction mth 
phosphorus halides or thionyl chlorides): Acid chlorides 
are formed when :;nonocarboxylic acids are heated with 
phosphorus chlorides or thionyl chlorides in pyridine. Similar 
reactions are observed with phosphorus bromides. 

CH3COOH + PCIs Pyridine) CH3COCI + POCl3 + HCI 
Acetic acid A . Acetyl chloride 

3CH3COOH + PCl3 ~3CH3COCI + H3P03 



CH3COOH + SOCl2 Pyridine) CH3COCI + S02 + HCI 
Ethanoic acid Thionyl Ethanoyl chloride 

chloride 
In, laboratory, acetyl chloride is prepared by this method. 
Thionyl chloride is preferred because the other two 

products (S02 and HCI) are gases and easily escapes. 
(c) Formation of acid anhydrides (Dehydration) : 

Monocarboxylic acids, when heated with a dehydrating agent, 
such as conc. H 2S0 4 or (Phosphorus pentoxide) or when their 
sodium salt is heated with acid chloride, form acid anhydride. 

R-' COO 'I H~, RCO, P20S'~ , + ,-I 1 ). /0 + H20 
R-CO:QIi~ or conc. H2S04, ~ RCO/' 
Carboxylic acid Acid anhydride 
(Two molecules) 

P20 S
' ~ CH3CO,,- . 

2CH3COOH ) /0 + H20 
Acetic acid or conc. H2 SO 4' ~ CH 3 CO 

Acetic anhydride 

CH3CO, 
CH3COONa + CIOCCH3 Heat) "0 + NaCl 
Sodium acetate Acetyl chloride CH3 CO / 

Acetic anbydride 
Note: Formic acid does not form an anhydride. 

(d) Formation of ami des and nitriles: Monocarboxylic 
acids when treated with ammonia form ammonium salts. 
Ammonium salts on heating lose a water molecule and are 
converted into corresponding acid amides. 

RCOOH + NH3 ---7> RCOONH4 Heat) RCONH2 
Acid Ammoniuin -H2 0. Amide 

salt 

CH3COOH+ NH3---7>CH3COONH4 Heat )CH3CONH2 
Acetic acid Ammonium acetate -H20 Acetamide 

The amide on heating with phosphorus pentoxide loses 
one more water molecule fonning a cyanide (nitrile). 

PO 
RCONH2 2 5) RCN + H20 

Amide Heat Alkyl nitrile 

P20 S . 
CH3CONH2 ) CH3CN + H20 

Acetamide Heat Methyl cyanide 
(Ethane nitrile) 

A mixture of carboxylic acid and ammonia vapours on 
passing over 4.e1l!e.d_lll!l!Ilina giyes alkane nitrile. 

oJ.O H2~ Al ° 
CH3 -C~: +.: /N 2 3) CH3 -C=N + 2H20 

'-lOH H·I"'" 350"C Ethane nitrile 1 _______ • 

Ethanoic acid 

(iii) Reactions Involving Carbonyl Group ()C=O): 
'. 0 

. II 
. The carbonyl grOl,lP of-C-OHdoes not give the usual 

reactions of )C=O group, mainly due to reduced double 
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bond character of the carbon-oxygen bond (because of 
resonance). 

Reduction to alcohols: It depends on the nature of 
reducing agent. With LiAlH4 (lithium aluminium hydride) in 
ether solution or with hydrogen in presence of copper chromite 
(CuCr204) catalyst or BH31THF (Of diborane,BzH6) or 
H21Ru, etc., reduce monocarboxylic acids easily into primary 
alcohols. 

. RCOOH+2H2 
Acid 

4RCOOH + 3LiAlH4 ---7> 4H2 + 2LiAl02 + (RCH20)4 LiAl 

(RCH20 )4 LiAl + 4H20---7> 4RCH20H + LiOH + Al(0H)3 
IOAlcohol 

. LiAlH4/ether . 
CH3COOH+2H2 >CH3CH20H+H20 
Acetic acid or B2H6/ether, W Ethyl alcohol 

o 
II " (CuO-Cr203) 

R-C-OH+2H2 ) R-CH20H+HzO 
Acid 10 Alcohol 

(iv) Reactions Involving Carboxyl Group as a Whole: 

(a) Decarboxyla"tion: The reaction whereby a carbo
xylic acid loses C02 is called decarboxylation. 

o 
. II (-CO) 
R-C-OH 2 ) R-H 

Although, the unusual stability of carbon dioxide means 
that decarboxylation of most acids is exothermic,but in 
practice the reaction is not always easy to carry out because the 
reaction is very slow. When anhydrous alkali salt of a 
carboxylic acid is heated with sodalime (NaOWCaO in the 
ratio 3 : 1), an alkane is formed. 

RCOONa + NaOH _Ca---,-O~) R-H + NaZC03 
Sodium salt Heat Alkane 

CH3COONa + NaOH CaO) CH4 + N\2C03 
Sodium acetate Heat Methane 

When two carboxylic groups are attached to the same 
carbon atom (gem. dicarboxylic acids), decarboxylation takes 
place simply on heating. 

H2C<COOH 140-160"C) CH3COOH + COz 
"COOH Heat Acetic acid 

Malonic acid 

a-Keto acids 011 heating with conc. H2S04 undergo 
decarboxylation to give monocarboxylic acid. 

o 
II 

CH3-C-COOH ~ )CH3COOH + C02 
a-Keto acid Cone. H2S04 

In case of some ~keto acids, the decarboxylation takes 
place simply by heating. 



Carboxylic Acids 

o 0 
~ ~ 

R-C-CH2COOH A) R-' C-CH3 +C02 
[3-Keto acid Ketone 

/>:Keto acids are unstable acids. These readily undergo 
decarboxylation through a cyclic transition state. 

R-C-CH2-C=0 ~ R-C-Q-C=O ' 
II I ell I~ o H-O OH+ O-} 
'--./ ' 

R-C-CH3 

! 
(enol) 

Similarly, if unsaturation is present at p and y-positions 
then again decarboxylation takes place simply on heating. 

y f3 (l Heat' 
H2C =CH-CH2 -COOH ----+ H2C=CH-CH3 +C02 t 

(b) Dry distillation of calcium salts of carboxylic acids: 
When calcium salts of fatty acids other than calcium formate 
are heated, ketones are fonned. 

(RCOOhCa Dry) RCOR +Cac03 
Calcium salt distiL Ketone 

Dry 
(CH3COOhCa .. ) CH3COCH3 +Cac03 

Calcium acetate distIl. Acetone 

When calcium formate is heated, formaldehyde is eVolved. 

(HCOOh Ca Heat) HCHO + Cac03 
. Formaldehyde 

However, when a mixture of calcium salt of a fatty acid 
(other than formic acid) and calcium formate is heated, an 
aldehyde is formed. 

(CH3COOhCa+ (HCOOhCa Heat) 2CH3CHO + Caco3 
Calcium acetate Calcium formate Acetaldehyde 

Note: Instead of calcium salts, vapours offatty acids can be passed over 

manganous oxide at 300"C orA120 3 at 400°C when similar 
aldehydes and ketones are obtained. 

(c) Electrolysis of sodium or potassium salts of 
carboxylic acids (Kolbe's synthesis) : Electrolysis of 
sodium or potassium salts (concentrated aqueous solution) of 
fatty acids yields alkanes. 

RCOONa ~ RCOO- + Na + 

At anode 2RCOO- ----+R-R +2C02 +2e-

At cathode 
+ 2H20 ' 

2Na + 2e - ----+ 2Na ) 2NaOH + H 2 

2CH3COOK + 2H20 Electrolysis) CH
3 

- CH3 
Potassium acetate Ethane 

, +2C02 +2KOH + H2 
(d) Formation of aikyJ halides (Hunsdiecker's 

reaction) : An alkyl halide is formed when the silver salt of 
monocarboxylic acid is heated with halogen. 

CCI 
CH3COOAg + Br2 4) CH3Br + AgBr + CO2 t 
Silver acetate Heat Methyl bromide 

A carboxyl radical is produced in a two-steps process as 
follows: 

o ' 0 

II CCI II 
(i) R-C-OAg + Br2 4 ) R-C-OBr + AgBr 

o 0 
II II . . 

(ii) R-C-OBr + Br2 ----+ R-C-O + Br 

o 
II. . 

R-C-O ----+ R + C02 . . 
R + Br ----+ R-Br 

(e) Formation of amines (Action of N3H): Primary 
amines containing one carbon atom less than the parent acid 
are formed when monocarboxylic acids react with hydrazoic 
acid (N 3 H) in presence of concentrated sulphuric acid. 

H2S04 (conc.) 
RCOOH+ N3H ---=--~--~) RNH2 +C02 +N2 

Acid Hydrazoic Primary 
acid anIine 

. H2S04 (conc.) . 
CH3COOH+N3H ) CH3NH2 + C02 +N2 
Acetic acid Methylamine 

This reaction is call~d Schmidt reaction. 
(t) Reaction with CH2N2 : Diazomethane undergoes 

condensation with carboxylic acid to give an ester. 

R-COOH+CH2N2 ~R-COOCH3 +N2t 

(g) Reaction with ketene: Forms acid anhydride. 

CH3COOH + CH2CO ----+ CH3CO· o· COCH3 
Acetic acid Ketene Acetic anhydride 

(h) Reduction to alkanes: On heating with conc. HI 
and red P at 2000C or by catalytic reduction, the --COOH 
converts into -CH 3 to form an alkane. 

RCH2COOH +6Hl RedP) RCH2CH3 +2H20+312 
200°C Alkane 

RCOOH+3H2 ~RCH3 +2H20 
A 



.li68. 

(i) Arndt-Eistert reaction: This reaction is a method 
for converting an acid RCOOH to a homologous series, 
R-CH 2COOH; in which Wolff rearrangement is the key step. 
In this reaction; R-COCI from R-COOH is converted to 
R-CH2COOH by diazomethane via formation of 
a-diazoketone. 

PCI CH N 
R-COOH 5) R-COCI 2 2 ) RCOCHN 2 

or SOCl2 Diazo ketone 

--=.;;;..;..;;..~RCH2COOH 
Higher acid 

RCOOH (i) SOCl2 
(ii) CH2N2 
(iii) R'OHI Ag20 

) RCH2COOR' 
Ester 

o 
II RCOOH (i) SOCl2 ) RCH2 -C-NHR 

Amide (ii) CH2N2 
(iii)R'NH2/Ag20 

2. Reactions due to Alkyl Group 

(i) Halogenation: The a-H atoms are highly reactive 
due to the presence of electronegative -:-COOH group. 

. Cl 
CH3COOH+CI2 RedP) CH2CICOOH ------4 

A Chloroacetic acid 
CI2 CHCl2COOH ~ CCl3COOH 

Dichloroacetic acid Trichloroacetic acid 
When a carboxylic acid that contains a-hydrogen atoms is 

treated with Cl2 or Br2 in presence of a catalyst (p, I, Fe, etc.), 
the a-hydrogen atoms are replaced by chlorine or bromine 
atoms. The reaction occurs in presence of sunlight or on 
bOiling. This reaction is known as HeU-Volhard-Zelinsky 
(HVZ) reaction. 

RCH2COOH +C12 Redl\ RCHClCOOH 
Carboxylic acid ~HCI a-Chlorinated acid 

RedP/C12 
) 

-HCI 

RCCl2COOH 
a ,a ' -Dichloro acid 

Br2/PBr3 . Br2/Red P 
CH3CH2COOH --=----=-~) CH3CH2COBr ) 

Propionic acid or SOCI2 Acid bromide 

CH3CHCOBr 
r 
Br 

a.-Bromo acid a-Bromo acid 
bromide 

Mechanism ofHVZ reaction: Red P reacts with Br2 to 

form a little of PBr3 which converts carboxylic acid into 
carboxylic acid bromide. The acid bromide thus formed 
undergoes enolisation. 

2P + 3Br2 ~ 2PBr3 
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. PBr3 /0 
R-CH2-' COOH ) R-CH2-CZ 

.' "Br 

Enolisation /OH 
~=====' R-CH=C" 

Br 

Enol thus formed undergoes further bromination. 
OH 0 

R-CH=C( + Br2~R-CH-C~ +HBr 
"Br I "Br 

Br 
, (A) 

Intermediate (A) reacts with another molecule of 
carboxylic acid by interchange of -Br and -OH to fonn a 
halogenated acid. ' 

/0 / 
R-CH-C........ + R-CH2-C, _ ~ 

I "Br ~H 
Br . 

o 0 
R-CH-c(" + R-CH2---Ct( 

I "OH "Br 
Br Acid bromide 

a -Bromocarboxylic 
acid 

a-Halogenated acids act as starting materials for preparing 
other substituted acids. 

Cl 
I 

CH3 -CH-COOH-
a-Cbloropropionic acid 

CI 
I 

NaOH(aq.) 

-NaCI 

, OH 
I 

CH3-CH-COOH 
Lactic acid 

r 
I---.:.;;Na=CN:.:.:....~ CH3 -CH-COOH 

-NaCI a-Cyanopropionic acid 

NH2 
I 1--_2_NH~3'---t CH3 -CH-COOH 

-NH4CI a-Amioopropionic acid 

N02 

I 
CH3-CH-COOH 

a-Nitro acid 

CH3 -CH-COOH + KOH(alc.) 

H2C=CH-C00H + KCI + H20 
Prop-2-en-l-oic acid 

Note: Fonnic acid does not show this reaction. . 

(ii) Oxidation: Monocarboxylic acids except fonnic 
acid are extremely resistant to oxidation. Formic acid on 
oxidation gives carbon dioxide and water. 

HCOOH+~02~C02 +H20 

However, prolonged heating with powerful oxidising 
agents oxidises acids into carbon dioxide and water. 
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With 3% H202, they are oxidised to ~-hydroxy acids. 
.. y ~ a [0] 

CH3CH2CH2COOH ) CH3CHOHCH2COOH 
Butyric acid H20 2 I)-Hydroxy butyric acid 

q~idation of a-methylene group takes place by Se02 to 
give a-keto acid. 

o 
II 

) RCCOOH + H20 +Se 
a-Keto acid 

When oxidised with KMn04, thea-H atom is oxidised to 
-OHgroup. 

a KMnO 
(CH3hCHCOOH+[O] __ ...;.4~) (CH3hC-COOH 

Isobutyric acid I. 
OH 

12.8 GENERAL TESTS FOR CARBOXYLIC GROUP 

(i) The aqueous solution of the acid turns blue litmus into red. 
(ii) The aqueous solut,ion of the acid gives effervescence of 
carbon dioxide with sodium bicarbonate and sodium 
carbonate. 
(iii) On heating with alcohol and concentrated sulphuric acid, a 
fruity smell of ester is formed. 

12.9 FORMIC ACID OR METHANOIC ACID (HCOOH) 
Formic acid is the ftrst member of monocarooxylic acids series. 
It occurs in the sting of bees, wasps, red ants, stinging nettles 
and fruits. In traces, it is present in perspiration, urine, blood 
and in caterpillars. It was ftrst prepared by the distillatIon of red 
ants (Latin: ant = formica) and hence the name was given 
formic acid. 

Methods of preparation :. The following general 
methods can be used for its preparation: 

(i) Oxidation of methyl alcohol or formaldehyde passed 
over platinum black. . 

The oxidation is also done with acidifted dichromate 
(potassium or sodium) or alkaline potassium permanganate. 

CH30H [0] >HCHO [0] )HCOOH 

(ii) Hydrolysis of hydrocyanic acid. 
(iii) Hydrolysis of chloroform or iodoform. , 
(iv) Hydrolysis of methyl formate. 
(v) Hydrolysis of ethyl isocyanide in acidic medium. 

H+ 
C2HSNC + 2H20 )C2HSNH2+ HCOOH 

Ethyl isocyanide Ethylamine Formic acid 

Laboratory preparation: Formic acid is conveniently 
prepared in the laboratory by heating glycerol with oxalic acid 
at 100-120°C. 

CH20:H+HO:OC-COOH CH200Cic:'OO:H 
I -----Oxalicacid -H

2
0 I L____ -C0

2 CHOH >CHOH 
I I 110°C 

rn200 c~oo 
Glycerol Glycerol 

monoxalate 

CH20H CH200CH 
I I 

CHOH + HCOOH +-( _(C_O_O_H),=.2_2H-=2c-°_CHOH 
I Formic acid I 

CH20H rn20H 
Glycerol Glycerol 

monofonnate 

The following procedure is applied for obtaining 
anhydrous formic acid. 

2HCOOH+PbC03 -->(HCOOhPb+C02 +H20 
Lead fonnate 

(HCOOh Pb + H2S --> PbS + 2HCOOH :1 
ppt. Formic acid '\ 

Industrial preparation: Formic acid is prepared <>.1 

industrial scale by heating sodium hydroxide with carbon 
monoxide at 210°C under a pressure of about 10 atmospheres. 

CO + NaOH --> HCOONa 
Sodium fonnate 

Sodium formate thus formed is distilled with sodium 
hydrogen sulphate, when anhydrous formic acid distils over. 

HCOONa + NaHS04 --> HCOOH + Na2S04 

Physical properties: (i) It is a colourless pungent 
smelling liquid. 

(ii) It melts at 8.4°C and boils at 100SC. 
(iii) It is miscible with water, alcohol and ether. It forms 

azeotropic mixture with water (b.pt. 107.1 0c). 
(iv) It is strongly corrosive and causes blisters on skin. 
(v) It exists in aqueous solution as a dimer involving 

hydrogen bonding. 
Chemical properties: Formic acid is the strongest acid 

among all the members of the homologous series. It exhibits 
some characteristics which·are not shown by other· members. 
This' unique nature is due to the fact that it . contains both 
aldehyde and carboxyl groups. 

o I 

II : 
H-C~H 

Aldehyde I 

H_~O 
"OH 

I 0 

: " H-:-C-OH 
I Carboxyl 

Formic acid group : : group 

(i) Acidic properties: It is a monobasic acid. Its disso
ciation constant value is 18 x 10-5. at 25°C. Its acidic properties 
are due to its ionisation in an aqueous solution. 

HCOOH ~ HCOO- +H+ 
Formic acid Fonnate ion 
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(ii) Action of heat: When heated above 160"C, it 
- decomposes to give carbon dioxide and hydrogen. 

HCOOH~C02 +H2 

(iii) Dehydration: When fonnic acid is warmed with 
conc. H 2 SO 4 it decomposes to give carbon monoxide and 
water. 

H SO 
HCOOH 2 4) CO+ H20 

Note: L Formic acid does not fonn an anhydride. 

2. The above reaction is used for the preparation of CO in the 
laboratory. 

(iv) Action of heat on formates: (a) When sodium 
formate is heated to 360°C, it decomposes to form sodium 
oxalate and hydrogen. 

COONa 
2HCOONa Heat) 

Sodium formate 360·C 
I + H2 

COONa 
Sodium oxalate 

(b) It does not form a hydrocarbon when sodium formate is 
heat ~d with soda lime or its aqueous solution is electrolysed 
but hydrogen is evolved. 

HCOONa + NaOH CaO) Na2C03 + H2 
l!. . 

(c) Formaldehyde is formed when dry calcium formate is 
heated. 

(HCOOhCa ~ HCHO + CaC03 
Drycalcium funnate Fonnaldehyile 

(d) Formamide is formed when ammonium formate is 
heated. 

HCOONH4 ~ HCONH2 + H20 
Amm funnate Formamide 

(v) Reducing properties: Like aldehydes, fonnic acid 
behaves as a reducing agent. It is oxidised to an unstable acid, 
carbonic acid? whichdecomposes into CO2 and H20. 

o 0 

H-~-OH [OJ) HO-~-OH ~C02 + H20 
Carbonic acid 

(a) It decolourises acidified potassium permanganate 
solution and lllms K2Cr207 solution green. 
2KMn04 +3H2S04~K2S04 +2MnS04 +3H20+S[0] 

[HCOOH+0~C02 +H20]xS 

2KMn04 +3H2S04 +SHCOOH~K2S04 +2MnS04 
+SC02 +8H20 

(b) It reduces mercuric chloride to mercurous chloride 
which change to mercury black. 

HCOOH + 2HgCl2 ~ Hg2Cl2 +C02 +2HCI 
Mercuric chloride (White ppt.) 

HCOOH + Hg 2Cl2 ~C02 +2HCI + 2Hg 
Formic acid Mercurous chloride Mercury 

(black) 
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(c}Itreduces ammoniacal silver nitrate (ToUens' reagent). 

HCOOH + Ag 20 Heat) 2Ag + CO2 + H20 
Silver mirror 

(d) It reduces Fehling's solution, i.e., gi~es red precipitate 
of cuprous oxide. 

HCOOH+2CuO~ Cu20 +C02 +H20 
Red ppt. 

Uses: Fonnic acid is used, 
(i) in the labomtory for preparation of carbon 

monoxide. 
(ii) in the preservation of fruits. 
(iii) in textile dyeing and finishing. 
(iv) in leather tanning. 
(v) as a coagulating agent for rubber latex. 

(vi) as an antiseptic and in the treatment of gout. 
(vii) in the manufacture of plastics and water proofing 

compounds. 
(viii) in electroplating to give proper deposits of metals. 

(ix) in the preparation of nickel formate which is used as 
a catalyst in the hydrogenation of oils. 

(x) asa reducing agent. 
(xi) in the manufacture of oxalic acid. 

(xii) as a strong irritant. 

. Tests of Formic Acid 

(i) It tiuns blue litmus red. 
(ii) . Its aqueous solution gives effervescences with 

sodium bicarbonate. 
(iii) Its neutral solution gives red precipitate with 

Fehling's solution. 
(iv) Its neutral solution with Tollens' reagent gives silver 

mirror or a black precipitate. 
(v) It giv~ white precipitate with mercuric chloride 

which changes to grey. 

, HgCl2 ~ Hg2Cl2 ~ Hg 
White ppt. Grey 

(vi) When heated with conc. sulphuric acid, it evolves 
CO which burns with blue flame on the mouth ofthe test tube. 

(vii) Its neutral solution gives greenish-blue colour when 
treated with sodium bisulphite and sodium nitroprusside 
solution. 

(viii) On adding a freshly prepared ferric chloride solution 
to a neutral solution of the acid, a red colour is produced which 
changes to a brown precipitate on heating. . 

12.10 ACETIC ACID, ETHANOIC ACID, CH 3 COOH 
Acetic acid is the oldest known fatty acid. It is the chief 
constituent of vinegar and hence its name (Latin; acetum = 
vinegar). In free state, it occurs in a number of fruit juices, 
which have undergone fermentation and have turned sour. In 
the combined state, it is present in biological fluids and plant 
extracts. Acetic acid was the first organic compound, 
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synthesised in the laboratory from its elements by Kolbe in 
1844. 

Preparation: It can be prepared by any of the general 
methods described in section 12.4. 

Manufacture of Acetic acid 

(i) From pyroligneous acid (An old method) 
(il) From ethyl alcohol (Quick Vinegar process) 

CH3CH20H+02 
Ethyl alcohol 

Mycoderm~ aceti) CH
3
COOH + H20 

Bactena Acetic acid 

It is a slow process and takes about 8 to 10 days for 
completion. 

(iii) Modern Methods: 
(a) From acetylene: Acetylene is fIrst converted into 

acetaldehyde by passing through 40% sulphuric acid at 60°C in 
presence of 1% HgS04 (catalyst). 

H2S04 (dil.) 
HC=CH+H20 ) CH3CHO 
Acetylene HgS°4 Acetaldehyde 

The acetaldehyde is oxidised to acetic acid by passing a 
mixture of acetaldehyde vapour and. air over manganous 
acetate at 70°C. 

Manganous acetate) 2CH COOH 
2CH3CHO+02 700C 3 

In the laboratory, it can be prepared by: 

Na2Cr207/H2S04 C COO CH3CHO ) H3 H 
[0] 

Pt. black ) 2CH3COOH 
or cobalt acetate at 80°C 

Note: Acetylene required for this purpose is obtained by action ofwater 
on calcium carbide. 

CaC2 + 2H20 ~ Ca(OH}z + C2H2 

The yield is very good and the strength of acid prepared is 
97%. The method is also quite cheap. 

(b) By air oxidation of n-butane: The oxidation of 
butane is done by air at 200°C in presence of catalyst cobalt 
acetate, (CH3COO)2CO. The butane required for this purpose 
is obtained from petroleum. 

(CH3 COO)2 Co 
CH3CH2CH2CH3 +02 ) CH3COOH 

n-Butane 200°C Acetic acid 
Besides acetic acid, formic acid, propionic acid and 

acetone are also formed. 
(c) By the action of CO on methyl alcohol: Methyl 

alcohol and carbon monoxide react together under a pressure 
of 30 atmospheres and 200°C in presence of a catalyst cobalt 
octacarbonyl, C02 (CO)g to form acetic acid. 
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CH30H +CO Co2(CO)g) CH3COOH 
Methyl alcohol 30 atm. 200°C Acetic acid 

Physical properties: (i) At ordinary temperature, acetic . 
acid is a colourless, corrosive liquid with a sharp pungent 
odour of vinegar. It has a sour taste. 

(ii) Below 16.5°C, it solidifIes as an icy mass, hence it 
is named glacial acetic acid. 

(iii) It boils at 118°C and is miscible with water, 
alcohol and ether in all proportions. 

(iv) It is a. good solvent for phosphorus, sulphur, 
iodine and many organic compounds. 

- Chemical properties: Acetic acid is a typical member 
of fatty acids. It shows all the general characteristics of 
monocarboxylic acids (see Section 12.6). 

Uses: Acetic acid is used: 
(i) as a solvent and a laboratory reagent. 

(ii) as vinegar for table purpose arid for manufacturing 
pickles. 

(iii) in coagulation of rubber latex. 
(iv) for making various organic compounds such as 

acetone, acetic anhydride, acetyl chloride, acetamide and esters. 
(v) for making various useful metallic acetates, such as: 

(a) basic copper acetate which is used for making 
green paints. 

(b) AI, Fe and Cr acetates which are used as mordants 
in dyeing. 

(c) lead tetra-acetate which is a good oxidising agent. 
(d) basic lead acetate which is used in the manufacture 

of white lead. 
(e) aluminium acetate which is used in the 

manufacture of water-proof fabrics. 
(f) alkali acetates which are used as diuretics. 

(vi) for making cellulose acetate which is required for the 
manufacture of artifIcial silk and celluloid. 

(vii) for making various dyestuffs, perfumes and 
medicines. 

Tests: (i) Its aqueous solution turns blue litmus red. 
(ii) Its aqueous solution gives effervescences with 

sodium bicarbonate. 
(iii) The neutral solution of the acetic acid gives a wine 

red colour with neutral ferric chloride solution. 
(iv) When heated with ethyl alcohol in presence of a 

small amount of concentrated sulphuric acid, it. 
forms ethyl acetate which has a fruity smell. 

(v) Acetic acid does not ~how reducing properties like 
formic acid, i.e., it does not reduce Tollens' reagent, 
Fehling's solution and mercuric chloride. 
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Conversion of Ac~tic acid into other Organic Compounds 

AgOH ) CH3CH20H ~ CH3CHO 
Ethyl alcohol Acetaldehyde 

AgOH ) CH OH ~ HCHO ~.HCOOH NliOH 
M~ FonnaIdebyde Formic acid~ 
alcohol 
. COOH H SO COONa . 

I (2 4. I ( Heat HCOONa 
COOH COONa Sodium formate 

Oxalic acid Sodium oxalate 

(CH3COO)2Ca Heat ~ CH3COCH) . H2/Ni ) CH3CHOHCH) 
Calcium acetate Acetone Isopropyl alcohol 

lI2,+N.oH 
. CHI3 ~ HC==CH 
Iodoform Acetylene 

Ale. KOH ) CH3CH=CH2 
Propene 

500'+' 
CICH2CH = CH2 

Allyl cbIoride 

CH)COCI L.-__ C-=-2H--,fJ~H __ ---+ CH3m~H5 

Acetyl cbI0Il

1

' .d' E""I ="" OH 

L.;... --::;&"",osenmund=='",-s _.-+) CH)CHO··. HCN) CH)CH C' H20) CH3C. HOHCOOH 
.. reduction . AcetaldehYde Cyanohydrin "CN H+ Lactic acid 

CH2CICOOH NH)alc.) CH2NH2COOH 
CbIoroacetic acid a-Aminoaccli.c acid . 

CH2COOH 
I 

CH2COOH 
Succinic acid 

CH20HCOOH 
a-Hydroxy acetic acid 

a -Cyanoacetic acid Malonic acid 
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12.11 .• ' INTERCONVERSIONS 
1. Ascent of series: . . Conversion of formic acid into acetic acid. 

Ca(OH) ..... .... . Heat . . CHMgB~' H20' .. [0] 
HCOOH " .. 2J (HCOOhCa ). HCRO·. 3 ... )CH3CH20MgBr + )CH3CH20H~CH3CHO 

Formic acid 'Calciwnfonnate Fonnaldehyde .. <Addition product H Ethyl alcohol Acetaldehyde 

HCHO 
Formaldehyde 

.,', ",',.: 

H2/Ni ) CH O~' Hl CH I KCN(Alc,} CH CN . H20) CH3COOH . 3 )3 ) 3 
Methyl M;e$yl ; Methyl H+ Acetic acid 

.. alcohol .. Iodide . cyanjde 

[O])CH COOH 
.' 3 

Acetic acid 

Arndt-Eistert homologation: Thi~ isa con~e~i,ent Im~thQd qfco~v~rting an acid, RCOOH into its n~xt higher h~mologue, 
RCH2COOH. 

SOCl2 CH2N2 . EtOH Hydrolysis, 
RCOOH . ) RCOCI ) RCOCHN2' ) RCH2COOEt . ) RCH2COOH 

,--_____ .,--__ ------'1 Ag20 

o 
'. Ag20,6. . B+ B~. HO [ . <. OH] 
. . . )R-CHCO.. 2) R-.. CH=C .. OH 

T . 'II 
automenses) R-CH2-.-,C-OH 

(Wolff rearrangement) Ketene" Higher acid 

l. Descent of series': Conversion of acetic acid into formic acid .. 

N3H .. . NaN°2/HCI [0] [0] ) HCOOH 
~ CH3NH2 )CH30H) HCHO I H2S04 . MethylFne. Methyl alcohoi . Formaldehyde Formi~ acid 

NH3 · H t Br2/KOH I 
CH3COOH )CH3COONH4 ea) CH3CONH2 . .) CH3NH2 
. Acetic acid Amm. acetate Acetamide Methylamine 

I· NaOH ) CH3COONa Soda lime) CH
4

' C12 ) CH3CI AgOH) CH30H . [0] ) HCHO [0]) HCOOH 
Sodiwnacetate Heat Methane hv Methyl Methyl Na2Cr207 + H2S04 Formaldehyde Fornlic acid 

chloride alcohol 

SOME SOLVED PROBLEMS 

Problem 1. Convert acetic acid to propionic acid. 

Solution: 
NaOH . Electrolysis Cl2 CH3COOH ) CH3COONa -----=-4) C2H 6 ---=-4) C2H sCl 

Acetic acid Sodiwn acetate Ethane h v Ethyl chloride 

C2 H sCI 
Ethyl chloride 

KCN(alc.) ) C2H SCN _H--=2=--04)C2HSCOOH 
Ethyl cyanide H+ Propioni.c acid 

Problem 2. Convert propionic acid to acetic acid. 

Solution: 'CH3CH2COOH NaOH )CH3CI:I2COONa SO:lime )CH3CH3 
Propionic acid Sodiuillpropionate' eat Ethane 

AgOH )CH3CH
2
()H [0]) CH3CHO 

Ethyl alcohol Acetaldehyde 

[0] ') CH3COOH .' 

Acetic. add 
, ' 

or 
N3H 

CH3CH2COOH . ) CH3CH2NH2 [0] ) CH3CHO 
Acetaldehyde 

[0] )CH COOH . 3 
H2S04 Ethylamine Acetic acid 

Problem 3. Account for the following: 
(a) Boiling points of carboxylic acids are higher than those of corresponding alcohols. 
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(b) TheC-O bond in RCOOH is shorter than in R-OH 
(c) Acetic acid in the vapour state has a molecular"mass 0/120. , 
Solution: (a) The intennolecular hydrogen bonding and dipole-dipole attraction are greater in carboxylic acids and exists as 

a dimerthari in idcohols. 
These for~es are responsible for higher boiling points of carboxylic acids~ 

r (b) Resonance exists in carboxylic acids. The main contributing resonance structures are: 

" Co· '0'-, / • .----!- • 
R-C~, ( ) R-C~ 

C·O·-H +O-H . .. .. 
, (I) (II) 

,(II) Resonance structure suggests that there is some double bond character in C-O bond of the acid. This is 
responsible for the shorter bond length ofC-O bond in RCOQH 

(c) Acetic acid undergoes intennolecular hydrogen bonding and exists as a dimer. 

. -,O---H-O" 
CH3-C'~ /C-CH3 

O-H---O 

Thus, the molecular mass of acetic acid is 120 in vapour state. 
Probl~m 4.. Explain: (a) Acetic acid isa stronger acid than ethyl alcohol. (b) Trichloro acetic acid is a stronger acid than 

acetic acid. ' 
Solution: ,(a) Acetic acid is a stronger acid than ethyl ~lcohol because the acetate ion fonned by ionIsation is stabilized by 

resonance while, the ethoxide ion has no resonance. The negative charge in acetate ion is delocalized over two oxygen atoms while 
the negative charge in ethoxide ion is localized on the single oxygen atom. 

, f, 
Acetate ion 

(Resonance structure) 

H 
I 

CH3-C-0:-I •• 
H 

Ethoxide ion 
(No resonance is present) 

, Hence, CH 3 coO- ion is more stable and aweaker base than CH 3 CH 20- ion. As a weaker base has a stronger conjugate acid, 

CH3COOH isa stronger acid than CH3ClhOH. 
(b) ElectroQ withdrawing 'substituents decrease the negative charge on the carboxylate ion and stabilise it, i.e., loss of proton 

becom~s relatively easy. Three chlorine atoms are electron withdrawing substituents in trichloro acetic acid' and thus, it is a 
stronger acid than acetic acid. 

Problem 5~ How will you obtain? 
(a) Butanoic acid from 'l-bromoprojJane, 
(c) 2-Midhylbutanoic 'acidfrom butan':'2-01, 

(b) Propanoic acid/rom ethyne, 
(d) Butanoic acid/rom ethyl bromide. 

,. .'~. KCN H30 + , 
SolutIOn: (a) CH3CH2CH2Br )CH3CH2CH2CN >CH3CH2CH2COOH 

Mg CO2 + ' 
, . or CH~CH2CH2Br >CH3CH2CH2MgBr >CH3CH2CH2COOMgBr H ) CH3CH2CH2COOH 

Ether 

(b) HCs=G,H :;;~) H2C=CHCI Mg) H2C=CHMgcl CO2 ) H2C=CHCOOMgCl H+) HiC=CHCOOH H2/Pd) 
Ether 
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C~JH2 
(d) CH3CH2Br +\Mg ~CH3CH2MgBr --0-=--~)CH3CH2CH2CH20MgBr 

H
3
0+' , " ,) 

) CH3CH2CH2CH20H-, -I 

Problem 6. (a) Write a note on Hell-Volhard-Zelinsky 
(HVZ) reaction. 

(b) Write a short note on Koch reaction. 
Solution: (a) When a carboxylic acid that contains 

a-hydrogen atoms is treated with chlorine or bromine in 
presence of phosphorus, the a-hydrogen atoms are replaced by 
halogen atoms. This reaction is called Hell-Volhard-Zelinsky 
(HVZ) reaction. This reaction is used for the synthesis of 
a-substituted carboxylic acids. 

CH3COOH Cl2 ) CICH2COOH + HCI 
(P) , 

RCH2COOH + Cl2 ~ RCH(CI)COOH ~ RC(CI2)COOH 
, (P) , 

(b) This reaction is used for the conversion of alkenes into 
monocarboxylic acids., When a mixture of alkene, carbon 
monoxide and steam is heated under pressure at 350°C in 
presence of ortho phosphoric acid (H 3 PO 4), monocarboxylic 
acid is fonned. 

H3P04 H2C=CH2 + CO + H20 ) CH3CH2COOH 
Ethene Pressure, 350°C Propionic acid 

Problem 7. Arrange thefollowing in order of increasing 
acidity: 

(1) HCOOH, CICH2COOH, CH3COOH 
(ii) CH3COOH, (CH3 h CHCOOH, (CH3h CCOOH 

(iii) CICH2COOH, CI2CHCOOH, CI3CCOOH. 
(iv) CICH2COOH, CH3CH2COOH, CICH2CH2COOH, 

(CH3hCHCOOH, CH3COOH 
(v) CH3COOH, CI2CHCOOH, CH3CH2COOH, 

CI3CCOOH, CICH2COOH 
(vi) HCIO, HCI02, HCI03, HCI04. 'lIlT 2001) 

Solution: (i) CH3COOH < HCOOH <CICH2COOH 

(ii) (CH3hCCOOH«CH3hCHCOOH<CH3COOH 
(iii) CICH2COOH < Cl2CHCOOH < C13CCOOH 
(iv) (CH3hCHCOOH<CH3CH2COOH<CH3COOH 

< CICH2CHiCOOH <CICH2COOH 
(v) CH3CH2COOH <CH3COOH <CICH2COOH < 

Cl2CHCOOH <CI3CCOOH 
(vi) HCIO<HCI02 < HCI03 < HCI04· 

Problem 8. Explain the mechanism of esterification of 
carboxylic acids. 

CH 3CH2CH2COOH «-< _--=-[0...;;]_---'. ' 
KMn°4 /H2S04 

Solution: Mechanism of esterification of carboxylic 
acids: It is a kind of nucleophilic acyl substitution . .The. 
mechanism of esterification involves the following steps: 

Step I.' Protonation of the carbonyl group. 
In presence ofminera,l acids (conc. H2S04 or HCI gas), 

the carbonyl oxygen of carboxylic acid accepts a proton to 
form protonated carboxylIC acid (I). ' 

'/O~ ~(>H '+/OH 
R-C, +H+ ~R-C, ~R-C, 

"'OH "OH' "OH 
Carboxylic acid Protonated ' 

carboxylic acid 
(I) , 

Step II. 'Nucleophilic attack by the alCohol molecule. 
The electron rich. oxygen atom of alcohol molecule 

attaches itself at positively charged carbon atom to form 
tetrahedral intermediate (H). 

, H 

/OH' I 
R-' C~:O-' R' ~ , 

, "'-OH' •• 
Alcohol 

Step Ill. Transfer of proton. 

OH H 
I I 

R-C-O-R' 
I •• 
\, + 

OH. 
Tetrahedral intermediate 

(II) 

From the resulting intermediate, a proton shifts to -OH 
and forms another tetrahedral intermediate (Ill). 

O[~ O[H2 .~ T Proton 

R-C-O-R' " ' R-C-O-R' I, + Transfer' I 
OH OH 

(III) 

Stcp IV. Loss afwater molecule. 
The intermediate (HI) loses a molecu'Ie of water to afford 

protonated ester (IV). 

~
+ 
OH2 
I -H20 

R-C-O-R' '~ R-C-O-R' 
I II' COH :OH • + 

(III) Protonated ester 
(IV) 
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, Step V. Loss of proton. 

The protonated ester finally loses a proton to fonn an ~ster (Y). 
, -H+ ' 
~R-C-OR' R-C-O--R' 

II 
:2..,) H 

(IV) 

II 
o 

Ester 
(V) 

The mechanism is supported by the isotropic tracer studies that esterification involves the cleavage of H of O-H bond of' 
alcohols and-OH of-CO-OH bond of carboxylic acids as suggested by the above mechani~m. For example, when acetic acid 

is esterified with isotopiCally labelled methanol (CH 3
18 

OH), the, ester (i. e., methyl acetate) thus fonned was found to contain 18 0 

, while water fonned did not have any isotopiC oxygen. 

o ° II 18 H+, II 18 
CH3-'C-OH+CH3-0-H'~ CH3-C-OCH3 + H20 

Acetic acid Methyl alcohol Methyl acetate (Ester) 

(180-labelled) (180-labelled) 

o ° II 18 H+ II 18 
C6HS-C-OH+H-O-C2HS ~C6H5-C-OC2Hs+H20 

Benzoic acid Ethyl benzoate 

ILLUSTRATIONS OFOBJEC1'IVE QUES1'IONS 
1. What'is obtained when acetic acid is heated with chlorine in 

presence of red phosphorus? [BVP (Med.) 2004] 
(a) Acetyl chloride (b) a-Chloroacetic acid 
( c) Trichloroacetic acid (d) Chloral 
[Ans. (b)] , 
(Hint: HVZ reaction] 

SOCI 2 'LiAlH4 2. CH3CH2COOH -----=+ (A). , .. ~(B), 
, ' , (Tert but. oXlGe) 

HOCH2-:--CH20H ) (C) (PMT (Raj.) 2004] 

What is C? 
/OCH2 

(a) CH3CH2CH, ,I (b) CH3CH2COCI 
- , "OCH2 

(c) CH3CH2CH2NH2 (d) None of these 
[Ans., (a)] 

3. Which 'of the following acids cannot be prepared from 
Grignard 'reagents? 
(a) Acetic acid (b) Propioqic acid 
(0') Formic acid (d) Isobutyric acid 
[Ans. (c)] 

4. Carboxylic acid undergoes ionization due to: 
• ' (a) hydrogen bonding 

(b) absence of a-hydrogen 
(c) hfgh reactivity of a-hydrog~n· 
(d) resonance stabilization of carboxylate ion 
[Ans'. (d)] , 
(Hint,: Resonance energy of carboxylate ion is much higher than 

that of Uildissociated acid:] 

( 180:labelled) 

S. What will be the final product (B) in the given reaction? 

,HgS041H2S04 [0] 
HC=CH ". ,,', ) (A) , " ) (B) 

(a) CH3COOH 
(c) CH3CH20H 
[Ans. (a)] 

(b) HCOOH 
(d) CH4 

6, Which of the following compounds is the strongest acid? 

(a) HCOOH 
(c) C12CHCOOH , 
~s. (c)] 

(AMU (Engg,) 2004] 
(b) CH3COOH 
(d) C6HsCOOH 

7. Aqueous 10% NaHC03 solution is us~ as a reagent for 

identifying X. Which one of the following compounds 
yields X on hydrolysis? [EAMCET (Moo.) 2004) 
(a) CH3C02C2Hs (b) C2HS-O-C2HS 
(c) CH3CH,O (d) CH3CH20H 
~s. (a)] 
[Hint: Acetic acid liberates CO2 gas on teaction with 10% 

NaHC03 solution. Ethyl acetate hydrolyses to give acetic 
, acid.] 

8, The compounds formed at anode in the electrolysis of an 
aqueous solution of potassium acetate.are: 

(a) C2H6 and C02 
(c) CH4andH2 
[Ans. (a)] 

[EAMCET (Med.) 2005) 
(b) C2H4 and C02 
(d). CH4 and C02 ' 
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9. Which of the following is an unsaturated fatty acid? 
(a) Lauric acid (b) Linolic acid 
(c) Stearic acid (d) Palmitic acid 
(Ans. (b)] 

12.12 DICARBOXYLIC ACIDS 
The acids containing two carboxylic groups are called 
dicarboxylic acids. Both the carboxylic groups are present at 
the end carbon atoms of the carbon chain. The saturated 
dicarboxylic acids are represented by the general fonnula 
CnH2n (COOHh where n = 0, 1,2,3, etc. 

o 0 
II II 

HO-C-(CH2)n-C-OH or HOOC(CH2)nCOOH 

The dicarboxylic acids are generally called by their 
common names. The common names are usually based on their 
source from which they are obtained, e.g., oxalic acid as it is 
found in plants of oxalis group. 

According, to IUP AC system, the suffix -dioic acid is 
added to the name ofthe parent alkane, i. e.~ ~Ikanedioic acids. 
The fonnulae and names of some 'lower members are given 
below: 

Formula 

HOOC--COOH 

Common name 

Oxalic acid 

HOOCCH2COOH Malonic acid 

HOOCCH2CH2COOH Succinic acid 

HOOC(~H2h COOH Glutaric acid 

HOOC(CH2)4COOH Adipic acid 

COOH 
I 

IUPACname 
Ethane-l,2:'dioic acid 

Propane-l,3-dioic acid 

Butane-i,4-dioic acid 

Pentane-l,5-dioic acid 

Hexane-l,6-dioic acid 

677 

10. Which type of organic compound is most resistant to 
oxidation bY,acidified potassium dichromate? ' 
(a) Alkene (b) Alcohol 
(c) Aldehyde ' (d) Acid 
(Ans. (d)J 

Unsaturated Dicarboxylic Acids 
The molecular formula of the simplest) unsaturated 

dicarboxylic acid is HOOC-CH =CH-COOH ,This 
formula, however, represents two c.hemical, compounds, 
maleic acid and fumaric acid, which are geometrical isomers. 

H-C-COOH HOOC-C-H 
II II 

H-C-' COOH H-C-COOH 
Cis-form Trans-form 

(Maleic acid) (Fumaric acid) ,< 

Chemically, both the acids give the reactions of alkenes 
and dibasic acids except that the maleic acid on heating forms 
an anhydride while fumaric acid does not give anhydride. 

CHCOOH CHCO, 
II Heat) . II "0 +- H20 
CHCOOH CHCO~ 
Maleic acid Maleic, anhydride 

Both form succinic acid on reduction with spdium 
amalgam. They undergo addition reactions with bromine, 
hydrobromi~ acid, water, etc." and form salts, esters and acid 
chlorides as usual. With alkaline KMnO 4' solution, they get 
oxidised to tartaric acid. 

COOH 
I 

H-' CI-OH Alk.KMn0
4 

H-C-COOH 
Br2 water 

H-C-Br 
( 

H-C-OH (Syn-addition) 

I 
COOH 

Tartaric acid 
(Meso) 

COOH 
I 

H-CI-OH Alk. KMn0
4 

( 

HO-C-H (Syn-addition) 

I 
COOH 

Tartaric acid 
(Racemic mixture) 

12.13 HIGHER FAITY ACIDS 

) II 
H-C-COOH 

I 
Br-C-H (Anti-addition) 

Maleic acid 
(Cis) 

H-C-COOH 
, II 

HOOC-C-H 
Fumaric acid 

(Trans) 

r 
COOH 

(Racemic mixture) 

COOH 
I 

H-C-Br 
Br2 water) I 

(Anti-addition) H-C-Br 

I 
COOH

(Meso) 

Palmitic, stearic and oleic acids are found in natural fats and oil~ as glyceryl esters. They have derived their names from the 
natural source from which they are prepared by hydrolysis with alkali. 

Palmitic acid takes its nanw from Palm oil, stearic acid from Stear (meaning tallow) and oleic acid from Olive oil: The 
molecular formulae of these acids are: 
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Palmitic acid CH3(CH2)14COOH Saturated acid 

Stearic acid CH3 (CH2h.6 COOH Saturated acid 

Oleic acid CH3(CH2hCH=CH(CH2hCOOH Unsaturated acid 

Palmitic and stearic acids are waxy colourless solids with melting points 64°C and 72°C, respectively. They are insoluble in 
water but soluble in ethanohnd ether. They fmd use in the manufacture of soaps and candles. Soaps contain sodium or potassium 
salts of these higher fatty acids. ' 

Oleic acid has low melting point, i.e., 16°C. It is insoluble in water but soluble in alcohol and ether. Besides the reactions of 
acids, it aJso gives reactions of alkenes. Two aldehydes are formed on ozonolysis. ' 

, (i) 0 
CH3(CH2hCH , CH(CH2hCOOH .. 3 ) CH 3 (CH2hCHO+HOOC(CH2hCHO 

Oleic acid ,(11) Zn + H20 

It is used for making soaps, lubricants and detergents. 

• SOME SOLVED PROBLEMS 

Problem 9. How will you distinguish between: 
(a) Formic acid and acetic acid? 
(b) Oxalic acid and acetic acid? 
(c) Succinic acid and oxalic acid? 
Solution : (a) (i) Formic acid produces silver mirror with ammoniacal silver nitrate solution. Acetic acid does not give this test. 

HCOOH +2Ag(NH3hN03 ~ 2Ag +C02 +2NH4N03 +2NH3 
, Formic acid Tollens' reagent Silver mirror 

(ii) Formic acid forms a white precipitate with HgCI2 solution. Acetic acid does not respond to this test. . 
(b) ,(i) Oxalic acid when heated decomposes and evolves C02. The gas when passed through lime water forms a white 

precipitate. ' 
,~, 

,COOH 

I ~ HCOOH +C02 
COOH Formic acid .' 

Oxalic acid 

CO2 +Ca(OHh -----+CaC03 + H20 

Acetic acid does not give this test. 
(ii) Oxalic acid acts as a reducing agent. The decolourisation of acidified KMnO 4 solution occurs when oxalic acid is added to 

it and the solution is warmed. This test is also not given by acetic acid. 

2KMn04 +3H2S04-+K2S04 +2MnS04 +3H20+50 
COOH 
I +[O]-+2C02 +H20 

COOH 

',iii) Oxalic acid in solid while acetic acid is a liquid with characteristic odour. 
( c) Both the chemical tests used in part (b) of this question can also be employed to make distinction between oxalic acid and 

succinic acid. . 
Problem 10.' Compare the products/ormed on heating the/ollowing dicarboxylic acids: 
(a) Oxalic acid, (b) Malonic acid, (c) Succinic acid, (d)Adipic acid. ' 
Solution! (a) Oxalic acid on heating loses a molecule of COl and is converted into formic acid. 

COOH 
I HCOOH +C02 

COOH Formic acid 

,(b) Malonic acid, on heating undergoes decarboxylation. 

/COOH' 
CH2~ Heat) CH3COOH + C02 

COOH Acetic acid 
Malonic acid 
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(c) Succinic acid fonns anhydride by eliminating a water molecule. 

CH2COOH. CH2CO, . 
I Heat) I "0 

CH2COOH -H20 CH2CO/ 
Succinic acid Succinic anhydride 

(d) Adipic acid on heating at 300°C is converted into a cyclic compound, i.e., cyclopentanone. 

H C/~2 . 
Heat 2 I ""-

HOOC(CH2)4COOH > . /CO +C02 + H20 
Adipic acid H2 C, 

CH2 
Cyclopentanone 

Problem 11. Using diazomethane (CH 2 N 2) and any other appropriate reagents how can RCOOH be converted into: 

(a) R-CH2COOH (b) R-COCH2Cl (c) R-COCH2NH2 (d) R-CfI2COOC2H5 (e) R-. COCH20H -
Solution: Diazomethane is used in the Arndt-Eistert synthesis. This is a method of converting an acid (aliphatic,. aromatic, 

alicyclic or heterocyclic) into the next higher homologue. 

o 0 0 
II' . SOC12 .11· CH;zN 2 II AgP 

R-C-OH >R-C-Cl·· >R-C-CHN2 >R-CH C=O+Nz 
-HCI Diazok,;etone Heat Ketene 

This rearrangement of diazoketone is .called Wolff rearrangement. 
(a) When the rearrangement of diazoketone is carried out in the presence of water, a carboxylic acid is fonned. 

(b) 

. (c) 

(d) 

(e) 

Problemll. 

Solution: 

R-CH=C=O + H20 Heat) R-CH2COOH . 
Ketene 

RCOCHN 2 + HCl---'t RCOCH2Cl + N 2 
Diazoketone Chloromethyl ketone 

Ag
2
0 . 

RCOCHN 2 + NH3 ) RCH2CONH2 + N 2 
Catalyst Amide 

Ag20 . 
RCOCHN 2 +C2H50H ) RCH2COOC2H5+N 2 

Ester 

RCOCHN 2 +H20 HCOOH) RCOCH20H' +N 2 
Heat Hydroxy methyl ketone 

Write down structure of that dicarboxylic acid which on reaction with alk. KMn04 gives meso tartaric acid. 

lAIPMT (Mains) 2009) 

H-C-COOH 

II 
H-C-COOH 

Maleic acid 
(Cis) 

A1k...KMn°4 · 

(Syn -addition) 

COOH 
I 

H-C-OH 
) I 
H-C-OH 

I 
COOH 

Tartaric acid 
(meso) 

12.14 SUBSTITUTED CARBOXYLIC ACIDS 
The compounds fonned by the replacement of one or more hydrogen atoms of the hydrocarbon chain part of the carboxylic acids . 
by atoms or groups such as X (halogen), OH or NH2, are referred to as substituted acids. 

For example, CH2CICOOH CH20HCOOH CH2NH2COOH 
Chl.oroacetic acid' Hydroxy acetic acid Amino acetic acid . " 

The position of the substituents on the carbon chain are indicated by Greek letters or numbers .. 
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For example, 
a 

CH3CHOHCOOH 
a-Hydroxy propionic acid 

-2-Hydroxy propanoic acid 

The following are important hydro.xy acids .. 

6' ·54 . '3 2 I· 
C-C-C-C-· C-OOOH. 
B 6 .J .~, a 

!3 
CH3CHOHCH2COOH 

!3-Hydroxybutyric acid 
3-Hydroxy butanoic acid 

CH(OH)COOH CHOHCOOH 
CH20HCOOH; 

Glycollic acid 
CH3CHOHCOOH ;. 

·Lactic acid 
I .. ; 

CH2COOH 
I 

CHOHCOOH 
Malic acid . Tartaric acid 

CH2COOH 
I 

C(OH)COOH 
I···· . 

CH2COOH 
Citric acid 

Hydroxy acids when heated in presence of a little mineral acid (HCtor H 2S0 4) yield a number of products depenqing on the 
distance between OH and COOH groups. . . . 

Alpba bydroxy acids form an intermolecular cyclic die stet .called a lactide • 

. 0 
. I-----~-I II 

/OIH __ HO:::.I-C" . . .... 
CH3CH"" -------- / CHCH3 

~~IOJL_Rb ':. . .. 

o 
Lactic acid 

Beta bydroxy acids foqn uDsaturated acids. '. ,---'---1 
,OR __ H.!· 

.. . I· i· 'H b·-
eH3 -CH-CHCOOli .: 2 ...... , CH3CHCHCOOH 

!3-Hydroxy b:utyric acid·:· ... H; Heat . . ... ·.crotonic acid· 

. Gamma and delta bydroxy acids form internal esters known.asJactones •. 

o 
\I 

CH2CH2CH2 -C 
r~-----------,I 
~Qa ________ a'O 
y-Hydroxy butyric acid y-Lacklne . 

Epsilon and longer bydroxy acids form linear polymers. 

. O. 0 .0 .. . 
II ,------,. II I-:'-,..~-;"'--'"i .11 ..•. 

HO(CH 2)s C'"--""!-_QH_+_H.:!-o( CH 2)s ·-C-t:01I;.':f;1I+0( CH 2) 5.",-0-.. OHf .... 
Polymer 
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IMPORTANT POINTS TO REMEMBER 

o 
II 

OOrganic .compounds contammg carboxylic (-C-OH) 

functional group are called carboxylic acids. The -COOH 
group has its own distinctive properties and has no relation 

· with )C=O and -OH compounds. 

OCarboxylic a";ds are further classified as mono, di and tri 
carboxylic acids depending on the number of -COOH 
groups present in the molecule. . 

. OMonocalboxylic acids of aliphll.tic. series are commonly 
called as '.fatty acids because the higher members of 
homologues series (palmitic acid, stearic acid; oleic· acid) 
are obtained from fats. . . 

One saturated m()n~carboxylic acids are the first oxidation 
products of aldehydes or second oxidation products of 
p~(lO) alcoh()ls or third oxidation products of alkanes. 

ClRCOOa are also called monoproticacids because they 
give one proton in solution or due to on,e ionisable H -atom, 
they are also caIleqas monobasic acids. 

I:l Isomerism : . Monocarboxylic acids show chain iso
merism (due to. the difference in the structure of C-chain) 

· and functional isomerism (with esters· of the acids, hydroxy 
carbonyl compounds and hydroxy oxiranes). 

· General methods of preparation· 
o By Oxidation of alcohols, aldehydes and ketones : 

Using oxidising agents K2Cr2071H2S04(dil.) or alkaline 
KMn04 or air in presence·of catalyst. Aldehyd(!S can be 
oxidised to corresponding carboxylic acid even with mild 
oxidising agents such as amtnoniacal· AgNo.3{TolIens' 
reagent). . . ... 

Cl Ketones and 2° alcohols can also fOrln acids with less . 
number of C-atoms. Oxidation of ketone occurs with 
difficulty using strong oxidising agents ·like acidified 
K2Cr207 .. ' Cr03, H2S04 in acetone solution selectively 
oxidise .1° alcohols to -COOH and 20 alcoholic group to 
ketone respectively without affecting -C C-' and 
'C=C/' . 
/" ,', 

Cl Mn02 in acetone selectively oxidises 10 alcohols to 

aldehydes. . '. 
o By hydrolysis of alkane nitriles : Compounds 

containing a~ group can be hydrolysed to -C001l 
group in presence of H+(HCI or 'H 2 Sb 4) or WIth alkali. 

o By hydrolysis. of terminal trihaloalkanes: With an 
aqueous albJi solution. 

Cl By hydrolysis of esters: With a mineral acid or alkali. 
Cl By hydroiysis of amides,anhydridesa~d acid halides : 

With a boiling dil. acid or alkali., 

o By carbonation ofGrignard reagents: WhenC02 (solid 

ice) is passed through an etheraI solution of R-MgX, an 
addition product is formed. which on hydrolysis with a 
mineral acid yields a carboxylic acid. 

ClBy gem-dicarboxylic . acids .: On heating eliminates a 
molecule of CO2 to give monocarboxylic acid. 

o From alkenes (Bycarbonylation): A mixture of an 
. alkene, CO and steam is heated under pressure at 350°C in 

presence of catalyst H3P04, monocarboxylic acid is 
formed. This reaction is called Koch reaction. 

Cl ByheatingsodiuID alkoxide with CO: Sodium salt of 
the fatty acid is obtained which on treatment with an acid 
yields .a fatty acid ... 

o By oxidation of higher alkanes: Long chain hydro
carbons. on oxidation with manganous st~arate at 
lOO-160°C give long chain fatty acids. Neo-alkanes can be 
oxidised by conc. HN03 . 

Cl By oxidation of alkenesand alkynes: Using oxidising 
agents .such as acidified or hot alkaline K.Mn'04 or acidified 
K2Cr207' Oxidative cleavage takes place to form mono
carboxylic acids .. 

o By oxidation of methyl ketones : WithX2INaOH 

followed by hydrolysis, methyl ketones can be converted 
into carboxylic acidS through.the haloform reaction. 

Cl Front malonic ester or acetoacetic ester: On hydrolysis 
. with conc. alcoholic KOH yields fatty acids.· 

Physical properties 

ClFitst three members (C1-C3) have a sharp pungent odour. 
The middle ones (CC C9 ) have an odour of rancid butter. 
The lowennembets are highly soluble in water but the 
solubility decreases with increase in molecular mass. The 
solubility in water is due to the formation of H-bonds with 
water. 

ClBoiling points of carboxylic acids are higher than those of 
alcohols of same molecular mass. This is due to 
intermolecular H~bonding between two acid· molecules 
(DimerS). The lower members exist as dimers in vapour 
phase and in aqueous solution, but in the liquid phase they 
existas polymers. 
Acidity of carboxylic acids 

o The acidiC character decreases with the rise of molecular 
. weight. HCOOH is the strongest 'acid of all fatty acids. 
Thus, the acidity of carboxylic acid is due to powerful 
resonance stabilization of the anion. 

o Electron attracting group (-JetTect) stabilises the anion and 
therefore increases ionization. of the acid. The greater is the 
-1 effect, greater will be the acidic strength, i.e., 
C13CCOOH> C12CHCOOH> CICH2COOH>CH3COOH 
and 
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FCH2COOH>CICH2COOH> BrCH2COOH> ICH2COOH 
(because F > CI > Br > I). 

(J Inductive effect is stronger at a -position than j3-position and 

than y-position. 
(J Electron releasing group (+1 effect) destabilises the anion 

and so decreases the acidity. i.e .• 
HCOOH > CH3COOH>CH3CH2COOH> 

(CH3hCH-COOH> (CH3hC-COOH 

Chemical properties 

o 
II 

(1) Reactions due to -C-OH group 
(a) Reactions involving proton (removal of H-atom of 
-OHgroup) : 

(J Salt formation: Monocarboxylic acids react with Na. K, 
NaOH. NaHC03 or Na2C03. etc .• with the evolution of 
hydrogen and fonn corresponding salt. 

(J Reaction with organometallic reagents: RCOOH reacts 
with R'MgX (GR) rapidly to give an alkane (R'H) 
corresponding to the alkyl group of Grignard reagent. 
(b) Reactions involving -OH group: 

. (J Ester formation: RCOOH reacts with ROH in presence 
of dehydrating agents like cone. H 2 SO 4 or dry HCI gas,. to 
fonn esters. 

(J Formation of acid chlorides: By the action of PCls• 
PCI3. SOCl2/pyridine or C12/Br2 in presence of red P on 
carboxylic acids. acid halides are fonned. 

(J Formation of acid anhydrides: Dehydration of mono
carboxylic acids on heating with P20 S gives acid anhydride 
or when sodium salt of acid is heated with acid chloride, 
acid anhydrides are fonned. 

(J Formation of amides and nitriles: Monocarboxylic 
acids on treatment with NH 3 fonn ammonium salts which 
on heating lose a molecule of water to fonn corresponding 
amides. 

(J The acid amide (RCONH2) on heating with P20S loses one 
. more water molecule forming a cyanide (RCN) or nitrile. 

o 

(c) Reactions involving -~- (carbonyl) group: 
(J Reduction· to alcohols: Reduction products depend on 

the nature of reducing agent. By using LiAlH4 (LAH) in 
ether solution or ruthenium (Ru) and carbon as catalyst, the 
-COOH group is reduced to -CH20H (10 alcohol). 
BH 3 ITHF or H 2 in presence of copper chromite 
(CUO +Cr203) also reduces -COOH into -CH20R 
(d} Reactions involving -COOH group as a whole: 

(J Decarboxylation: On heating anhydrous salt of acid with 
sodalime. forms an alKane with the elimination of CO2 . 
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When sodium fonnate is heated with sodalime, hydrogen is 
evolved. 

(J By dry distillation of calcium salts of monocarboxylic 
acids : Calciunl. acetate gives acetone and calcium 
fonnate gives fonnaldehyde. However, when a mixture of 
calcium acetate and calcium formate is heated, acetaldehyde 
is fonned. 

(J By passing the vapours of fatty acids over MoO at 300°C or 
Al20 3 at 400°C similar aldehydes and ketones are obtained. 

(J By Kolbe's electrolytic reaction: Electrolysis of Na or 
K salts (concentrated aqueous solution) offatty acids yields 
alkanes. 

(J By Borodine Hunsdiecker reaction: An alkyl halide is 
. fonned when the silver salt of monocarboxylic acid is 

heated with halogens. 
(J By Schmidt reaction: Monocarboxylic acids react with 

hydrazoic acid (N 3 H) in presence of conc. H2S04 to give a 
primary amine containing one C-atom less than the parent 
acid. 

(J Reaction with diazomethane (CH2N2): Diazomethane 
undergoes condensation with fa~ acids to give methyl ester 
with the evolution ofN 2. 

(J Reaction with ketene (CH2C=O) : Fonns acid 
anhydride. 

r.J Reduction to alkanes: On heating with conc. HI and red 
P at 200°C or catalytic reduction. the -coon converts 
into -CH3 to fonn an alkane. 

(J Arndt-Eistert reaction: This reaction is a method for 
converting an acid RCOOH to a homologous series, 
RCH2COOH and its derivatives such as esters and amides. 
In this reaction, R-' COCI from R-COOH is converted to 
RCH2COOH (by hydrolysis), RCH2COOR' (by reacting 
with R'OHlAg20) and RCH 2CONHR (by reacting with 
R' NH21 Ag 20). .; 
(2) Reactions due to R (alkyl) group 

(J Halogenation :. The a-hydrogen atoms are highly 
reactive due to the presence of electronegative -COOH 
group. On halogenation (C12 or Br2) hi presence of a 
catalyst (red P or Fe, etc.,), the a-H atoms are replaced by 
chlorine or bromine atoms. The reaction occurs in presence 
of sunlight or on boiling.· This reaction is known as 
HeD-Volhard-Zelinsky (HVZ) reaction. 

(J Direct iodination can be done in presence of an oxidising 
agent like HI03 or HgO. 

(J Oxidation : Carboxylic acids having at least one 
j3-hydrogen convert into P-hydroxy carboxylic acids on 
oxidation with H20 2. Oxidation of a-methylene group 
takes place by Se02 to give a-keto acid. 
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.:. Very Short Answer Type 

1. Fill in the blanks: 

(a) Formic acid when heated with conc. H2S04 produces 

(b) Formic acid is ............ acid than acetic acid. 
(c) Formic acid ............ Tollens' reagent. 
(d) Ka value of chloroacetic acid is ............ than the Ka 

value Ji acetic acid. 
(e) O",allc acid when heated with glycerol at 110°C forms 

(f) Oxalic acid is a ............ carboxylic acid. 
(g) ............ acetic acid is called glacial acetic acid. 
(h) ............ is formed when acetic acid is heated with 

phosphorus pentoxide. 
(i) Sucrose on heating with concentrated nitric acid forms 

G) When carbon monoxide is passed on NaOH under 
pressure, the compound formed is ........... . 

(k) Sodium formate when heated, forms ........... . 
(1) Neutral solution of acetic acid gives ............ colour 

with neutral ferric chloride. 
(m) LiA1~ reduces acetic acid to ........... . 
(n) Electrolysis of an aqueous solution of sodium 

propionate will form ............ .. 
(0) Ethanoicacid when reacted with sodium carbonate 

liberates ........... . 
(P) . Propionic acid and ethyl fonnate are ........... . 

isomers. 
(q) Acid hydrolysis of alkyl nitriles gives ........... . 
(r) The reaction in which an alkene is converted to 

monocarboxylic acid with CO and steam in presence of 
H3P04 is called ............ . 

(s) Substitution of chlorine in the alkyl group of a 
carboxylic acid ............ the strength of the acid. 

(t) Monocarboxylic acids have higher boiling points than 
the corresponding alcohols due to ........ , .. . 

(u) Carboxylic acids can be obtained from the reaction of 
carbon dioxide and ........... . 

(v) Malonic acid on heating yields ........... . 
(w) The formula ofthe main product obtained when PCIs 

reacts with acetic acid is ........... . 
(x) Kolbe's electrolysis of ............ produces n-hexane on 

anoM 
(y) In Hell-Volhard-Zelinsky reaction the carboxylic acids 

are halogenated at the ...... : ..... position by using 
. ; ........... and .......... .. 

683. 

(z) Ammonium salts of carboxylic acids on heating form 

2. State whether the following statements are True or False: 
(a) Monocarboxylic acids are called fatty acids. 
(b) The lUP AC name of acetic acid is methanoic acid. 
(c) Formic acid is not the typical acid of the mono-

carboxylic acids series. 
(d) Acetic acid like formic acid shows reducing properties. 
(e) Oxalic acid is non-poisonous in nature. 
(f) Calcium oxalate is soluble in acetic acid. 
(g) Hydrolysis of an ester in presence of a dilute acid is 

known as saponification. 
. (h) When some insect like honey-bee bites, irritation is felt 

due to formic acid. 
(i) Formic acid undergoes halogenation. 
G) Methyl fonnate is the isomer of acetic acid. 
(k) Oxalic· acid is used for the removal of ink and rust 

stains. 
(I) I-Iell-Volhard-Zelinsky reaction is given by those acids 

which have a-hydrogen atoms. . 
(m) The boiling point of propionic acid is less than that of 

n-butyl alcohol, an alcohol of comparable molecular 
mass. 

(n) Acetyl chloride on heating with anhydrous sodium 
acetate forms acetic anhydride. 

(0) A carboxylic acid shows the reactions of carbonyl 
group also. 

(P) Acetic acid exists as a dimer in vapour state. 
(q) 2-Chloropropanoic acid is weaker than 3-chloro

propanoic acid. 
(r) Formic acid is decomposed into carbon monoxide and 

H20 when treated with cone. H2S04' 
(s) Formic acid when heated with P20 S forms an anhy

. dride. 
(t) Formic acid is the only acid which gives reactions of a 

carboxylic acid as well as an aldehyde. 
(u) Acetate ion is a stronger base than methoxide ion. 
(v) All the C-O bond lengths in carboxylate ions are 

identical. 
(w) Formic acid acts as a reducing agent while acetic acid 

does not show this property. 
(x) Lower carboxylic acids are highly soluble in water. 
(y) Highly branched carboxylic acids are more acidic than . 

unbranched acids. 
(z) The reaction between an acid and alcohol is termed 

saponification . 

3. Match the following: 
(A) Acetic acid 
(B) Formic acid 
(C) Decarboxylation 

(1) Soda lime 
(2)· Poisonous 
(3) Phosphorus 

(M) CICH2COOH 
(N) . Dicarboxylic acid 
(0) Soap .. 

(0) Hell-Volhard-Zelinsky reaction (4) Kolbe's synthesis (P) Fermentation of sugar 



(E) Oxalic acid 
. (F) Electrolysis ofCH3COOK 

(G) CH3COOCzHs + NaOH 
(H) Formic acid + conc. HZS04 

4. Write the final product in the following reactions: 
LWH ., 

(i) CH3COOH-~...;..4~) 
Ether 

(U) CH3COOH_N--=3,-H~) 
HzS04 

(iii) CH3 COONa _CH--,3,-C_OC_l~) 
Heat 

(iv) CH3COONa Soda lime) 
Heat 

(v) CH3COOK· Electrolysis) 

(vi) (CH3COOh Ca ~ 
. (HCOO)zCa 

(vil) (CH3COOhCa ) 
Heat 

(viii) ·CH3COO~ ~ 

(ix)NaOH+CO 210"C ) 
8 to 10 atm. 

COOH· 
(x) I Glycerol) 

COOH 1l0"C 

CH2COOH NH3 
(xi) I -:'". -~ 

CHzCOOH Heat 

HC-COOH 
(xii) HzC=CH-CH=CH2 + II ~ 

HC-COOH 

. 0 

. . ,. 14"' Cr20~-
(xiii) CH3CHCH2- CCH3 -~~) , ' I .. Heat 

CH3 

H3P04 (xiv) CH3 -C=CH-CH3 + CO + H20 ) ,I ." 350°C 

CH3 

(xv) HOOC-COOH+HOCH2-CH20H. Heat) 

. (xvi) R-((= C2-R + HCI04 ~ 
,. \/ . 

C 
II 
o 

CH2CH2COOH 
(xvii) \ (CH3CO)20 ) 

, CHzCH2COOH 

., /CH2COOH (CH3CO)20 
(xviii) CH3CH, ' ) 

, ","CH2COOH 

(5) Saponification 
. (6) Vmegar ' 

(Q) Carbon monoxide 
(R) Alkane 

(7) Dehydration 
(8) Red ants 

(S) Reducing acid 
(T) Ethane 

, . 

(~ix) HzC=C-COOH ,~i)BH3' THF) (Roorkee2001) 
I (II) HzOz,Oli 

CH3 

o ' 
II 18' H30+ 

(xx) CH3-C-O CzHs ~(A)+(B) (lIT 2000) 

5. Complete the following equations by writing the missing 
(A), (B), (C), (D), etc.: 

(i) HzC=CHz ~(A) KCN) (B) HzO/H+) (e) 
Ethylene ' 

. PCI H O/H+ 
(ii) CZH50H --4 (A) KCN) (B)·z ) (e) 

Ethyl alcohol 

~(D)~(E) 

(iii) CH3MgBr co:) (A) ~ (B) LWH4) (e) 
Methyl magnesium . Ether 

bromide 

(iv) HC==CH Oil. HzS04 ) (A) ~ (B) SOCI2) (e) 
Acetylene HgS04 . 

() C H OH Na2Cr207) (A) Nazcr207) (B) 
v 25 H2S04 H

2
S04 Ethyl alcohol 

NaHC03 ) (e) Soda lime) (fJ) 

(vi) CH3COOH Ca(OH)2) (A) ~ (B) KCN) (e) 
Acetic acid 

H2~) (D) 
H ' 

'(vii) CH3COOH~ (A) NaCN) (B) H20/H+) (e) 
Acetic acid (P) 

CH2 . B .. ,. + 
(viii) II ~ (A) NaCN) (Ii) HzO/H ) (e), 

CH2 
Ethylene 

(ix) CH3CHO HCN) (A) H20/H+) (B) K2Cr
207) (e) 

H2SO4 

Pd/BaSO , K CO 
(x) CH3COCI 4) (A) 2 3) (B) Heat) (e) 

(xi) CH CH COOH P/Br2) (A) (i)A1c. KOH(excess» (B) 
3 2 (ii) H+ 

(xii) (A)-~.LHB) LWH4) (e) HBr/H2S04) (D) 

Na· . 
~ CH3CH2CHzCH3 

Ether 
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(xiii) HC-CH (i) 2NaNH2) (A) HgS04 )(B/2/NaO~ (C) 
(ii) 2CH31 . H2S04 

(xiv) CH3CH2MgBr+(A)~ CH3CH2CH2CH20MgBr 

.' lH30 + 

(lJ)KMn04 ) (C) 

. .' . .~ . 

(xvi) H2C=CHCHCH2 (A) 0:' Mg/Ether +) (B) 
.. . (11) C021H30 

Red P Br2 . KOH . 
(xvii) CH3COOH '..) (A)~(B) 

Excess . H30 

(xviii) CgHlO (A)~· 2C3f1sCOOH (B) 
H30 .. . 

Glycerol ) (C) 
26O"C 

CH2COOH P/B 
(xix) 1 ~ (Al· 

.. O· 
Alc.KOH ) (B)~(C) 

H30 CH2COOH 

SOCI H IPd D'l N OH 
(xx) CH3COOH-~-'::~-HA) 2 ) (B) 1. a >(C) 

BaS04 Heat . 

... Ag20~(D) 

. . 0 . . 
. cr0

3
· Warm . ··11 . 

(XXI) C4H803(A)~(B)~CH3-C-CH3 +~02 

[Roorkee 2000) 
6. What happens when? 

(i) Formic acid is heated with conc. H2S04-
(ii) Dry chlorine is passed through acetic acid in presence 

of sunlight. 
(iii) Oxalic acid is heated with glycerol. 
(iv) Formic acid is reacted with ammoniacal silver nitrate 

solution. 
(v) Acetic acid is heated with phosphorus pentoxide. 

(vi) Formic acid is heated with Fehling's solution. 
(vii) Ammoniumacetate is dry distilled. 

(viii) Acidified potassium permanganate is added to oxalic 
acid. 

(ix) Oxalic acid is heated. 
(x) Maleic acid is heated. 
(xi) A carboxylic acid is treated with lithium aluminium 

hydride. 

(xii) Acetic acid reacts with thionylchloride. 
(xiii) Tartaric acid is treated with hydrogen iodide. 
(xiv) Lactic acid is heated. 
(xv) Citric acid is refluxed with hydriodi~acid. 

+:+ $l:Iort Answer Type 

7. Give the structural formulae, common names and IUPAC 
names forthefrrst sixstraightcl:!ain aliphatic carboxylic· 
acids. 

8. Defmethe term fatty acids. Give the common and IUPAC 
names for the following fatty acids: 
(i) CH3(CH2)14COOH, 
(ii) CH3(CH2)16COOH, 
(iii) CH3(CH2hCH=CH(CH2hCOOH 

9. Give th~ common and IUPAC names of the dicarboxylic 
acids, HOOC(Cl-:h)n COOH,n 0,1,2,3,4 and 5. 

10. How will you obtain formic acid from the following 
reagents? . 
(a) Formaldehyde, (b) Oxaiic acid, (c) Carbon monoxide, 
(d) . Acetic acid. 

11. How will you obtain acetic acid from the following 
reagents? 
(a) Methyl cyanide, (b) Methyl magnesium bromide, 
.(c) Acetylene, (d) Malonic acid, (~) Ethyl alcohoL 

12. Suggest five possible . compounds from· which 
(CH3hCHCOOH can be prepared in goOd yield by 
oxidation. . . . 

13. How would you distinguish between:, . 
(a) solutions of acetic acid, formic acid and ethanol? 
(b) calcium formate and calcium acetate? 
(c) maleic acid and fumaric acid? 
(d) acetic acid and acetone? 
(e) acetic acid and acrylic acid? 
(t) tartaric acid and citric acid? 

14. Give two chemical tests and two uses of each of the 
following: 
(a) Acetic acid. 
(b) Formic acid_ 
( c) Oxalic acid. 

15. How will you synthesise? 
(i) Acetic acid from methyl iodide. 
(ii) Iodoform from acetic acid. 

(iii) Acetic acid from propionic acid. 
(iv) Glycine from acetic acid. 
(v) Butylamine from propionic acid. 

(vi) Ethylamine from propionic aCid. 
(vii) a-Hydroxy propionic acid from acetaldehyde. 

(viii) . Acetamide from acetone. 
(ix) Acetaldehyde from acetic acid. 
(x) Methyl cyanide from acetic acid. 

(xi) Crotonic acid frOm acetaldehyde. 
(xii) Pyruvic acid from ethyl bromide. 

(xiii) Succinic acid from ethyl bromide .. 
(xiv) Oxalic acid from methyl alcohol. 
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(xv) ~Hydroxy propionic acid from ethylene oxide. 
(xvi) Tartaric acid from ethylene. 

(xvii) Malonic acid from acetic acid. 
(xviii) Lactic acid from acetic acid. 

16. How are the following conversions made? 
(i) -COOH to H 
(ii) -CN to -COOH 
(iii) -CONH2 to -NH2 

17. What is the action of heat on the following? 
(i) Oxalic acid, (ii) Ammonium oxalate, 

(iii) Calcium fonnate, (iv) Calcium acetate, 
(v) Sodium fonnate, (vi) Malonic acid, 

(vii) Adipic acid, (viii) Succinic acid. 
18. Arrange the following in order of increasing acidity: 

(i) Propanoic acid, chloroethanoic acid, 3-bromo
propanoic acid and trichloroacetic acid. 

(ii) 2-Fluorobutanoic acid, 2-iodobutanoic acid, 
2-bromobutanoic acid and butanoic acid. 

(iii) Acetic acid, 2-methyl propanoic acid, 2,2-dimethyl 
propanoic acid. 

(iv) Oxalic acid, malonic acid, succinic acid, glutaric acid. 
19. Write short notes on the following: 

(i) Decarboxylation of fatty acids. 
(ii) Kolbe's synthesis. 
(iii) Relative strength of the acids. 
(iv) Koch reaction. 
(v) Schmidt reaction. 

(vi) Hunsdiecker'sreaction. 
20. Answer the following: 

(i) Why 100% pure acetic acid is named glacial acetic 
acid? . 

(Ans. The melting point of pure anhydrous acetic acid is 17°C. It 
is solid below this temperature and looks like 'icy', i. e., 
glacial.] . 

(ii) What is vinegar and how is it made? 
(Ans. Vinegar is 5% aqueous solution of acetic acid. It is fonned 

by fermentation of sugars and starch. Ethanol is the 
intermediate product.] 

(iii) Why the bond length of c=o in carboxylic acids is a 
bit longer than in aldehydes? 

(Ans. Due to resonance, there is considerable contribution of the .. 0:- . 
resonance form, R-C<' to the hybrid form, 

+~-H 

i.e., there is some single bond character in c=o bond 
which makes it somewhat longer than in aldehydes.] 

(iv) Why the C=O in RCOOH is less reactive towards 
nuc1eophiles than in aldehydes and ketones? 

(Ans. In RCOOH, there is less positive charge on carbon atom of 
the c=o group. Thus, this carbon is less electrophilic in 
RCOOH in comparison to aldehydes and ketones and so is 
less reactive towards nucleophiles.] 

21. Account for the fOllowing: 
(a) Carboxylic acids with five or fewer carbon atoms are 

water soluble but, higher ones are insoluble. 

G.R.B. Organic Chemistryfor Competitions 

(Ans. The solubility of RCOOH in water is due to hydrogen 
bonding of -COOH group and water. R-portion being 
lyophobic resists solubility. As R gets large, this factor 
prevails over the first factor and thus, higher acids become 
insoluble.) '. . 

(b) Highly branched carboxylic acids are less acidic than 
unbranched acids. 

(Ans. The -COOHgroup of the branched acid is shielded from 
solvent molecules and cannot be stabilized by solvation as 
effectively as unbranched acid like the acetate anion.] 

(c) Acetic acid can be halogenated in presence of phos
phorus and chlorine but fonnic acid cannot be 
halogenated in the same way. 

(An'S. This is HVZ reaction. It occurs only in those carboxylic 
acids which have a-hydrogen atoms. Acetic acid 
possesses three a-hydrogen atoms but formic acid does 
not have even a single a-hydrogen atom. Thus, formic 
acid does not undergo this reaction.]' 

(d) Carbon-oxygen bond lengths in formic acid are 1.23 A 
and 1.36 A but in sodium fonnate both carbon-oxygen 
bonds have same value, i. e., 1.27 A. 

(Ans. The formate ion present in sodium formate is a resonance 
hybrid of the following two structures: 

H-C-O-~ H-C=O 

n I o 0-

Thus, in resonance hybrid the bond length of C-O are 
id~tical. In formic acid, no such resonance exists and 
thus, the bond lengths are different.] 

(e) Formic acid is stronger than acetic acid. 
(Ans. In acetic acid, methyl group is present which exerts +1 

effect and thus increases negative charge on the 
carboxylate ion and destabilise it. The loss of proton 
becomes comparatively difficult in comparison to formic 
acid. Hence, acetic acid is a weaker acid than formic acid..] 

(f) Fluoroacetic acid is stronger than chloroacetic acid. 
(Ans. Both fluorine and chlorine are electron withdrawing 

substituents. However, the capacity of fluorine is more 
than chlorine as it is more electronegative than chlorine. 
The fluoroacetate ion is more stabilised and thus, 
fluoroacetic acid has higher tendency to lose its proton. 
Hence, it is a stronger acid than chloroacetic acid.] 

(g) Formic acid shows reducing properties. 
(Ans. Formic acid is easily oxidised to carbon dioxide and water 

and thus acts as a reducing agent. 
HCOOH + [0] ~ H20 + CO2 

It reduces Tollens' reagent, Fehling's solution and 
mercuric chloride solution.] 

(h) ~Keto acids undergo decarboxylation easily. 
(Ans. j3-Keto acids are unstable acids. These readily undergo 

decarboxylation through a cyclic transition state. 

R-C-CH2-C=0 
II I 
o H-O 
'-./ . 
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ANSWERS 

1. (a) carbon monoxide; (b) stronger; (c) reduces; (d) higher; (e) 
fonnic acid; (1) di; (g) pure or 100%; (h) acetic anhydride; (i) 

. oxalic acid; (j) sodium formate; (k) sodium oxalate; (1) red; (m) 
ethyl alcohol; (n) butane; (0) carbon dioxide; (P) functional; (q) 
carboxylic acids; (r) Koch reaction; (s) increases; (t) inter
molecular hydrogen bonding; (u) Grignard reagent; (v) acetic acid; 
(w) CH3COCI; (x) potassium butyric acid; (y) alpha, phosphorus, 
halogen; (z) amides. 

2. (a) True; (b) False-ethanoic acid; (c) True; (d) False-acetic acid 
does not show reducing properties; (e) False-poisonous in nature; 
(f) False-insoluble in acetic acid; (g) False; (h) True; (i) False; 
(j)True; (k) True; (1) True; (m) False-higher; (n) True; (0) False; 
(P) True; (q)False-stronger; (r) True; (s) False-formic acid does 
not form an anhydride; (t) True; (u) False-acetate ion is weaker 
base than metboxide ion; (v) True; (w) True; (x) True; (y) 
False-highly branched acids are less .acidic than unbranched 
acids; (z) False-esterification. 

3. (A---6---P); (B-8-S); (C-I-R); (D-3--:M); (E-2-N); 
(F--4--:-T); (0-5-0); (H-':"'7-Q). 

4. (i) CH3CH20H, (ii) CH3NH1" (iii) (CH3COhO, (iv) CH4, (v) 

C2H6, (vi) CH3COCH3, (vii) CH3CHO, (viii) CH3CONHZ' (ix) 
CH1CO",,- COOH 

HCOONa, (x) HCOOH, (xi) I·· /NH. (Xii)C( 
CH2CO • 

. . Q COOH 

. . II 
(xiii) CH3-CH-COOH + CH3~14C-OH. 

I 
CH3 
COOH . ,./0, 

. I CH2 C=O 
. (xiv) CH3-C-CH2CH3. (xv) I I, (xvi) RCOOH, 

I CIb C=O 
CH3 ............ 0/ 

CHz-CH2 
(xvii) I ')C=O, 

CH2-CH2/ 
Cyclo pentanone 

/CH2-CO, 
(xviii) CH3CH( /0, (xix) H2C-CHCOOH, 

......... CH2-CO/ I I 
OH CH3 

(xx) (A) CH3CooH; (B) C2Hs0 1SH 

5. (i) (A)CH3CH2Br; (B) CH3CH2CN; (C) CH3CH2COOH 

(ii) (A) C2HsCI; (B) CzHsCN; (C) C2HsCooH; 
(D) C2HsCOO~4; (E) C2HsCONH2 

?i 
(iii) (A) CH3-C-OMgBr;(B)CH3COOH;(C)CH3CH20H 

(iv) (A) CH3CHO; (B) CH3CooH; (C) CH3COCI 
(v) (A)· CH3CHO;(B)CH3COOH; (C) CH3COONa; (D) CH4 

(vi) (A) (CH3COOhCa; (B) CH3COCH3; 
(C) (CH3hC(0H)CN;(D) (CH3hC(0H)COOH 

(vii) (A) CICH2COOH; (B) NCCH2COOH; 
(C) CH2(COOH)2 (Malonic acid) 

(viii) (A) BrCH2-CH2Br; (B) NCCH2-CH2CN; 
(C) HooCCH2-CH2COOH(Succinic acid) 

(ix) (A)CH3CH(OH)CN; (B) CH3CHOHCooH; 
(C) CH3COCOOH(Pyruvic acid) 

(x) (A) CH3CHO; (B) CH3CH(0H)CH2CHO; 
(C) CH3CH":-CHCHO (Crotonaldehyde) 

(xi) (A) CH3CHBrCOOH; (B) H2C=CHCOOH 
(xii) (A) CH3COOH; (B) CH3COC1; (C) CH3CHzOH; 

(D) CHlCH2Br 
(xiii) (A) CH3CaeC-CH3; (B) CH3CH2COCH3; 

(C) CH3CH2COOH 

(xiv) (A) CH2-CH2; (B) CH3CH2CH2CH20H; 

""-/ . o 
(C) CH3CH2CHzCOOH. 

(xv) (A) Br'-CH2-COOH;(B) CHzCOOH ; 

I. 
CN 

(C) HOOC-CH2COOH 

;i687 

(xvi). (A) CH3CH =CHCH2Br; (B) CH3CH =CHCH2COOH 
(xvii) (A) CBr3-COOH; (B) HOOC-COOH; 

(C) H2C=CHCH20H 

(xviii) (A) [:>-C55C-<:]; (B) [::>-COOH 

Br-CHCOOH CHCOOH CooH 
(xix) (A) I ; (B) II ; (C) I 

CH2COOH CHCOOH COOH 

(xx) (A) CHlCOC1; (B) CH3CHO; (C) CH)CH=CHCHO; 
(D) CH)CH=CHCOOH 

?i ?i?i 
(xxi) (A) CH3CHCH2COH; (B) CH3CCH2COH 

I 
OH 

(xxii) (A) HCaeC-MgBr; (B) HCaeC-COOMgBr; 
(C) HCaeC-COOH; (D) OHC-CH2COOH 

. (xxiii) (A) CH3CH20H; (B) CH3COOH 

6. (i) HCOOH H2S04(Conc.)) CO + H20 

(ii) CH3COOH elz ) CH2CICooH 
Sun.ligbt 

(iii) At IIO"C, formic acid is formed. 
.At 230"C, allyl alcohol is formed. 

(iv) HCOOH + Ag(NH3)2N03 ~ Ag + 2NH4N03 + CO2 

(v) 2CH3COOH P20S) (CH3CO)20+ HzO 

(vi) HCooH + 2~ ~ CU20 + CO2 + H20 
Red 

(vii) CH3COONH4 Heat) CH3CONH2 + H20 

(viii) 2KMn04 + 3H2S04 ~ K2S04 + 2MnS04 + 3H20 + 50 

[
iOOH + 0 ~ 2COz + H20 ] x5 
COOH .. 

COOH 
(ix) I Heat ) H~OOH + CO2 

COOH 

. CHCooH CHCO ........ 
(x) II ~II )0 

CHCOOH CHCO/ 

LiAlH . . 
(xi) RCOOH + 4[H) 4 ) RCHzOH + H20 



(xii) . CH3COOH 80C12 ) CH3COCI . 

CHOHCOOH CH2COOH 
(xiii) f·.·· . + 4m ~ ,I + 2H20 + 212 

CHOHCOOH CH2COOH· 

(xiv) Lactide is formed. 
CH2COOH CH2COOH 

. I. . 
(xv) . HO:-:;-:C-COOH + 2m 

1 
Reflux) CHCOOH ... . I 1 . 

CH2COOH CH2COOH 
. Tricarballylic aCid .. 

7. Formula Common name IUPAC name 
HCOOH Fonnic acid Methanoicacid 
CH3COOH . Acetic acid Eihanoic acid 
CH3CHzCOOH . Propionic acid Propanoic acid 
CH3CH2CH2COOH Butyric acid. Butanoic acid 
CH3CH2CH2CH2COOH Valeric acid. . Pentanoic acid 
CH3CH2CH2CH2CH2COOHCaproic acid Hexanoic acid. 

s. Fatty acids are long chain aliphatic aCids· obtained by hydrolysis 
from naturally occurring oils and fats: . 

(i) Palmitic or hexadecanoic acid 
(ii) .Stearic or octadecanoic acid . 
(iii) Oleic or cis-9-octadecanoic acid .. 

9. Formula Cominonname IUPAC name 
HOOC-;-COOH . . Oxalic acid Ethane-l,2:..dioic acid 
HOOC:-CH2COOH Malonic acid Propane-I,3-dioic acid 
HOOCCH2CH2COOH Succinic acid Butane-l,4~dioic add 
HOOc(CH2)3 COOH Glutaric acid Pentane-I,5-dioic acid 
HOOC(CH2)4COOH Adipic acid Hexane-I,6-dioic acid 

. HOOC(CH2)s COOH Pimelic acid Heptane-I,7-dioic acid 
10. See preparation offonnic acid. 
11. See preparation of acetic acid. 

. H O/H+ 
15. (i) CH31 + KCN ~ CH3CN 2 ) CH3COOH 
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, K _,CEZ07 . K2Cr207 
12.· (a) (CH3hCHCH20H· ) (CH ) CHCHO .. ) 

(i) H2804 · . 3 2 . .. H2S04 . 

.. . .... (CH3hCHCOOH 
. [0].· . . . 

(b) (CH3hCHCHO ~ (CH3hCHCOOH 
(ii) 

(4 (CH3hCHCH .. CHCH(CH3)z ozonol~~(CH3hCHCHO 
(iii}'· . ZnlH. ., . 

.• [0]) (CH) CHCOOH 
. 3 2. .. . 

(d) (CH3hCHC .. CCH(CH3)z . Oxidative) (CH3hCHCOOH . 
. (iv) ·qeavage ... 

(e) (CH3hCHCQCH3 NaOH/lz) (CH3)2CHCOONa+CHI3 
(v) . . 

13. (a) Both fqnnic and acetic acid solutions will give effervescences 
with NaHC03. Formic acid reduces Fehling'S solution and . 
Tollens' . reagent while acetic acid do not give these tests. 
Ethanol neither reacts with NaHC03 nor with Fehling's 
solution and Tollen's reagent. . 

(b) Calcium formate on heating forlns a gas with pungent smell. 
Calciuni. acetate on heating formS vapours of pleasant odour. 

(c) Maleic acid on heating gives maleic anhydride; No anhydride 
is formed by fumaric acid. 

(d) Acetic acid reacts with NaHC03 to give effervescence; 
. Acetone gives iodoform test and yellow crystalline 

compound with 2,4-dinitrophenylhydrazine. 
(e) Acrylic acid decolourises bromine water in.CC14 and purple 

colour of dilute KMnO 4 solution. These tests are not given by 
acetic acid. . 

(t) Tartaric acid with Tollens' reagent gives silver mirror. Citric 
acid does not give this test. 

(ii) CH3COOH Ca(0H)2) (CH3COO'2Ca~ CH3COCH3 NaOH/I2) CHI3 

NH3 . Heat Br2/KOH HN02 · Na2Cr207 
(iii) CH3CH2COOH ~ CH3CH2COONH4 ~ CH3CH2CONH2 ) CH3CH2NH2 ----=+CH3CH20H ) 

(iv) CH3COOH e12) CH2CICOOH . NH3 ) CH2NHZCOOH 
(P) 

H 2S04 

CH3CHO ~ CH3COOH 

(v) CH3CH2COOH LiAlH4) CH3CH2CH20H~ CH3CHzCH2CI KCN) CH3CHzCH2CN Reduction) CH3CH2CHzCH2NHZ 

(vi) CH3CH2COOH NH3) CH3CH2COONH4 ~ C2HsCONH2 __ B""r2--» C2HsNH2 
KOH 

(vii) CH3CHO HCN) CH3CH(0H)CN Hf) CH3CHOHCOOH 
H . 

I . H+ NH H 
(viii) CH3COCH3 __ L+CH3COONa ~ CH3COOH --4 CH3COONH4 ~ CH3CONH2 NaOH . 

LiAlH 
(ix) CH3COOH 4 ) CH3CH20H ~ CH3CHO 

(x) CH3COOH ~ CH3CONH2(as in viii) P20S) CH3CN 
Heat 
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(xii) C2HSBr ~ CH3CH2MgBr (~~ co2 
+) CH3CH2COOH ~ CH3CH-C;OOH NaOH) CH3CHOHCOONa !HCI 

(11) Hp/H (P) 1 
Br 

CH COCOOH (K2CrP7 CH3CHOHCOOH 

(xvi) C214 to succinic acid as in (xiii). 
CH2COOH B CHBrCOOH 
1 -41 

CH2COOH (P) CHBrCOOH 

CHOHCOOH 
AgOH ) I 

CHOHCOOH 

(xvii) ~H3COOH Br2/PB\ CH2COOH KCN) CH2COOH H20IH+) CH2COOH 
I I . I 
Br CN COOH 

3 H+ 

(xviii) CH3COOH PCls ) CH3COCI . H2/Pd ) CH3CHO .HCN )CH3CHCN HPIH+) CH3CHCOOH 
BaS°4 I I 

OH OH 
16. (i) Decarboxylation with soda lime, (ii) Hydrolysis in presence of acid, (iii) Hofinann bromide reaction with Br2 and NaOH. 

17. (i) HCOOH + CO2, (ii) Oxamide + 2H20, (iii) HCHO + CaC03• (iv) CH3CHO + CaC03, (v) (COO)2Na2 + H2, (vi) CH3COOH + CO2, 

. . CH2CO, 
(vii) Cyclopentanone + CO2 + H20, (viii) 1 /0 + H20 

.CH2CO 

18.· (i) CH3CH2COOH < BrCH2CH2COOH < CICH2COOH < Cl3CCOOH 

(ii) CH3CH2CH2COOH < CH3cH2CmCOOH < CH3CH2CHBrCOOH < CH3CH2CHFCOOH 

(iii) (CH3hOCOOH < (CH3hCHCOOH < CH3COOH 

(iv) HOOCCH2CH2CH2COOH < HOOCCH2CH2COOH < HOOCCH2COOH < HOOC-COOH 

PROBLEMS BASED ON STRUCTURE AND PROPERTIES 
1. Compound (A) CSHg02liberated carbon dioxide on reaction with sodium bicarbonate. It exists in two forms neither ofwbich is 

optically active. It yields compound (B) CSHlO02 on hydrogenation. Compound (B) can be separated into two enantiomorphs. 
Write the structural formulae of (A) and (B) giving reason. 

I Ans; 
H3C"", /CH3 H3C"", /COOH 

H/C=C~OOH and H/C=C'CH
3 . 

(A) Geometrical isomers 

CH3 

I 
(B) CzHs-C-COOH or 

I 
H 

One asymmetric carbon atom is present.] 

2. An unsaturated dicarboxylic acid (A), C6Hg04 loses C02 on heating and gives another unsaturated acid (B), CSHg02. Upon 
catalytic reduction (B) affords pentanoic acid. Assign structures to (A) and (B). 
I Ans. (A)CH3CH=CH·CH(COOHh; (B)CH3CH=CH·CH2COOH] 
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3. An organic acid (A), CSHIO02 reacts with Brz in the presence of phosphorus to give (B). Compound (B) contains an asymmetric 
carbon atom and yi~lds(C) on dehydrobromination. Compound (C) does not show geometric isomerism and on decarboxylation 
gives an alkene (D) which on ozonolysis gives (E) and (F). Compound (E) gives a positive Schiff's test but (F) does not. Give the 
structures of (A) to (F) with reasons. 

P and Br2 • 
[ADS. R-CH2COOH ----'=--+) RCHBrCOOH, where R is C3H7 

(A) (B) 

It has one asynunetric carbon atom. 

C3H7CHBrCOOH -----1' C3H6=CHCOOH . 
(C) 

Since, (G) has no geometrical isomer, it should have structure 
H3C, 

'C=CHCOOH 
H3C/ 

(C) 

Decarboxylation of(G) gives, (CH3)?C=CH2 
(D) 

lozonolysis 

(CH3hCO + HCHO] 
Acetone Formaldehyde 

(F) (E) 

does not give Schiff's test gives Schiff's test 
4. An acidic compound (A), C4Hs0 3 loses its optical activity on strong heating yielding (B), C4H60 2 which reacts readily with 

KMn04 . (B) forms a derivative (C) with SOCI2, which on reaction with (CH3 h NHgives (D). The compound (A) on oxidation with 
dilute chromic acid gives an unstable compound (E) which decarboxylates readily to give (F), C3H60. The compound (F) gives a 
hydrocarbon (G) on treatment with amalgamated Zn and HCl. Give the structures of (A) to (G) with proper reasoning. 
[Ans. Compound (A) is a hydroxy compound and is optically active. 

H 
. I 

CH3 -C-CH2COOH. On heating it gives an unsaturated compound which reacts with KMn04' 
. I . 

OH 

CH3CHOHCH2COOH ~ CH3CH=CHCOOH CH3CHOHCHOHCOOH 
(A) (B)C4H60 2 

CH3CH=CHCOOH SOCI 2) CH3CH=CHCOCI (CH3)2
NH

) CH3CH=CHCON(CH3h 
~ ~ ~ 

CH3CHOHCH2COOH Oil. chromic). CH3COCH2COOH -----1' CH3COCH3 Zn/Hg) CH CH CH J 
(A) aCId (E) (F) HCI 3 (G/ 3 

Unstable 

5. An acid (A) contains carbon 40.7%, hydrogen = 5.1 % and its silver salt contains 65.1 % silver. The ethyl ester of (A) has V.D. of 
87. What structure (A) may have? How would you distinguish between isomers? 

CH2COOH ] 

[ Ans. (A) may have two structures. I ; CH3CH(COOHh 
CH2COOH 

6~ Give the structures of the four optically active structural isomers of C4Hs0 3 (A to D) and evolve C02 with aq. NaHC03. Find the 
structure of (A), the isomer that reacts with LiAlH4 to give an achiral product and (B) gives an iodoform lest. 

[ Ans. (A)CH3-CH-COOH; (B)CH3-CH-CH2COOH; (G)CH3CH2CHCOOH; (D)CH3-CHCOOH] 
L I I I 
CH20H' OH OH OCH3 

7. Give the various structures ofC4HsOz: 
(A) that can give iodoform test and gives white turbidity only on heating with Lucas reagent. 
(B) that can be hydrolysed to give acetic acid and alcohol. 
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(C) that can be decarboxylated to propane. 
(D) that can give iodoform test and reduces Tollens' reagent. 
(E) that can reduce Tollens' reagent but does not give iodoform test. 

o 

[ 
II 

Ans. (A) CH3 -C-CH2CH20H; (B) CH3COOC2Hs; (C) CH3CH2CH2COOH; 

8. Molecular formula C4H40 4 can have various structures: 

(i) a cyclic ester (A). 
(ii) a dibasic acid (B) that on heating is converted into acrylic acid . 

. (iii) a dibasic acid (C) that forms meso tartaric acid with alkaline KMn04. 
(iv) a dibasic acid (D) that forms racemic mixture of tartaric acid with alkaline KMn04. 

Assign structures to (A), (B), (C) and (D). 

/0"", 

[ 

CH2 c=o 
Ans. (A) I I; 

CH2 C=O 

""0/ 
(Glycol oxalate) 

/COOH H-C-COOH H-C-COOH J 
(B) H2C=C" ; (C) II ; (D) II . 

COOH H-C-COOH HOOC-C-H 
a-Carboxyl
acrylic acid 

Maleic acid . Fumaric acid 

9. A mixture of an acid anhydride (A) and a monobasic acid (B) on heating produces an.other m.on.obasic acid (C) .of equivalent weight 
74 and an anhydride (D). The acids and anhydrides remain in equilibrium. The anhydride (D) c.ontains tw.o identical fluor.o alkyl 
groups. The acid (B) contains a trifluoro methyl group and has an equivalent weight .of 128. Give the structures .of (A) to (D) with 
pr.oper reasoning (At.omic weight of fluorine 19). 
Solution: Acid anhydride (A) + M.onobasic acid (B) ;;:--"" Mon.obasic acid (C) + Anhydride (D) 

(CF3 group) (Two CF3 gr.oUps) 

Eq. wt. = 128 Eq. wt. = 74 

Pr.obable formula .of acid (B) = CF3 (CH2 )n COOH 
. . M.olecular weight 

EqUIvalent weIght of (B) == .. • 
BaSlcIty . 

128= 57+ 12+ l4n + 12+ 32+ 1 
1 

n=l 

(B) = CF3CH2COOHand (D) = (CF3CH2COhO 

Similarly, molecular f.ormula .of acid (C) can be calculated t.o be CH3CH2COOH The reaction, theref.ore, can be given as, 

(CH3CH2COhO+ F3CCH2COOH ~ CH3CH2COOH + (F3CCH2COhO 
(A) (B) (C) (D) 

10. An .organic comp.ound (A) C6H120 3 on treatment with c.oncentrated H2S04 gives CO, H20 and (B). Comp.ound (B) can be 

prepared by passing vap.ours .of 1-pentan.ol .over heated copper at 570 K. C.omp.ound (A) .on heating gives (C), C12H2004' Give.the 
structures .of (A) to (C) with proper reas.oning. 
Solution: C.ompound (B) must be ~entan.ol because it is prepared by passing vap.ours .of 1-pentan.o1 .over heated copper. 

CH3 (CH2 h CH20H Cu ) CH3 (CH2 h -CHO + H20 
Pentan-l-01 570 K Pentanal 

Compound (A) gives CO2 and H200n treatment with c.onc. H2S04, Thus, comp.ound (A) must be a-hydroxy acid. 
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(-2H20) /O-CO,,--
~ CH3(CH2 hCB,,- ....... CH(CH2hCH3 

Heat '-CO-O""'-
(Lactide) 

._ 11. An organic compound (A) CSHS03 on heating with soda lime gives (B), which reacts with HCN to give (G). The compound (G) 

reacts with thionyl chloride to produce (D) which on reaction with KCN gives compound (E). Alkaline hydrolysis of(E) gives a salt 
(F), which on heating with soda lime produces n-butane. Careful oxidation of (A) with dichromate gives acetic acid and malonic 
acid. Give the structures of (A) to (F) with proper reasoning. 

Sol.ti •• : (A) CsIIsO, Soda"",,> (B) HeN. (C) SOC" I 
n -Butane ( Soda lime (F) (HO~ (E) (KCN (D) 

Salt OH 

......... COOH 
1--______ 0xi=·dat~io~n'__+CH3COOH + CH

2
< 

Acetic acid "'-COOH 
Malonic acid 

The given informations conclude about different products. 
(i) Soda lime treatment of (A) confrrms the presence of carboxylic group in it. 

(ii) Final product is n-butane, thus compound (A) must be a straight chain compound. . 
(iii) Careful oxidation of compound (A) gives acetic acid and malonic acid. It shows that oxidisable group (keto group) should be 

present at (carbon number C2)' 

o OH 

NaOHlCaO) CH3 -LCH2CH3 HCN) CH3 -b-CH2CH3 
Heat (8) I 

COONa CN 

I . HOH I 
CH3 -C-CH2CH3 (. + CH3 ~C-CH2CH3 ( 

! Na OIl I 
COONa CN 
~) ~ 

I N.oHlCaO. CH,-CH,-CH,~CH, 
Heat n-Butane 

o 

KCN 
-KCI 

CN 
(C) 

1 SOO, 

Cl 
I 

CH3- G-CH2CH3 
I 
CN 
(D) 

II /COOH 
CH3-C-CH2-CH2-COOH C:ue~) CH3-COOH+ CH2"'" 

(A) OXIdation Acetic acid COOH 
Malonic acid 
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OBJECTIVE OUESTIONS 
Set I: This set contains the questions with a single correct answer. 

1. Which of the following is not a fatty acid? 
(a) Stearic acid 0 (b) Palmitic acid 0 
(c) Propionic acid 0 (d) Phenyl acetic acid 0 

2. Lemon is sour due to: (MHCET 2007] 
(a) citric acid 0 (b) tartaric acid 0 
(c) oxalic acid 0 (d) acetic acid . 0 

3. Which of the following acids is present in vinegar? 
(a) Hydrochloric acid 0 (b) Acetic acid 
(c) Tartaric acid 0 (d) Citric acid 

o 
o 

4. The general formula Cn H2n 02 could be for open chain: 
[AIEEE2003] 

(a) diols 0 (b) diketones 0 
(c) carboxylic acids 0 (d) dialdehydes. 0 

S. Monocarboxylic acids (saturated) are regarded as ........... . 
oxidation products of paraffins. 
(a) ftrst 0 (b) second 
(c) third 0 (d) fourth 

6. Monocarboxylic acids show functional isomerism with: 
(a) esters 0 (b) alcohols 
(c) ethers 0 (d) aldehydes 

7. Acetic acid is obtained when: 

.0 
o 

o 
o 

(a) methyl alcohol is oxidised with KMn04 0 
(b) calcium acetate is distilled in presence of calcium 

formate IJ 
(c) acetaldehyde is oxidised with K2Cr207 and H2S04 0 
(d) glycerol is heated with H2S04 0 

8. Formic acid is obtained when: 
(a) calcium acetate is heated with conc. H2S04 0 
(b) glycerol is heated with oxalic acid 0 
(c) acetaldehyde is oxidised with K2Cr207 and H2S04 0 
(d) calcium formate is heated with calcium acetate 0 

9. Which of the following is isobutyric acid? 
(a) CH3CH2CH2COOH 
(b) (CH3hCHCOOH 
(c) CH3CH2CH2CH2COOH 

CH3~ 
(d) /,",HCOOH 

C2HS 

10. The higher boiling points of carboxylic acids are due to: 

o 
o 
o 

o 

(a) their acidic nature 0 
(b) intermolecular hydrogen bonding 0 
(c) theirdimerisation 0 
(d) both (b) and (c) 0 

11. Carboxylic acids do not give the characteristic properties of: 
(a) >C=Ogroup 0 (b) -COOHgroup 0 
(c) alkyl group 0 (d) none of these 0 

12. The acidic nature of the carboxylic acids is due to: 
(a) high degree of ionisation of the acid 0 
(b) greater resonance stabilization of the acid 0 
(c) greater resonance stabilization of the carboxylate ionO 
(d) all of the above 0 

13. Formic acid is not a representative member of the carboxylic 
acids because: 
(a) it is the ftrst member of the series 0 
(b) it does not contain an alkyl group 0 
(c) itisagas 0 
(d) it contains an aldehydic group while the other acids do 

. not have the aldehydic group 0 
14. Which of the following will not undergo HVZ reaction? 

(a) 2,2-Dimethyl propanoic acid ' 0 
(b) Propanoic acid 0 
(c) Acetic acid 0 
(d) 2-Methyl propanoic acid 0 

IS. The ruPAC name of caproic acid is: 
(a) pentanoic acid 0 (b) hexanoic acid 0 
(c) heptanoic acid 0 (d) octanoic acid 0 

16. The reaction of CH3MgBr on dry ice followed by acid 
hydrolysis gives: 
(a) acetic acid 0 (b) formic acid 0 
(c) acetone 0 (d) aCetaldehyde 0 

17. The acidic character of fatty acids ............ with an increase 
in molecular mass. , 
(a) sometimes increases sometil'i:ies decreases 0 . 
(b) decreases 0 
( c) increases 0 
(d) none of the above 0 

18. Malonic acid on heating gives acetic acid while succinic _ ... 
acid on heating gives: 
(a) butyric acid 0 (b) propionic acid. 0 

, (c) succinic anhydride 0 (d) oxalic acid 0 
19. Which of the following best represents the structure of the 

carboxylate ion? 

/P. 
(a) R-C ""'-"'_ 

. 0 0 

/P. 
(c) R-C ").-0 

o 

o (d) None of these o 

20. Some carboxylic acids and their ruPAC names are given 
below. Which of the following is not correctly matched ? 

[PMT (Kerabi) 2010] 
(a) Formic acid Methanoic acid 0 
(b) Acetic acid - Ethanoic acid 0 
(c) Iso-butyric acid - 2-Methyl butanoic acid .0 
(d) n-Butyric acid - Butanoic acid 0 
(e) Malonic acid - Propanedioic acid 0 

21. Formic acid and formaldehyde can be distinguished by 
treating with: 
(a) Benedict's solution 0 (b) Tollens'reagent . 0 
(c) Fehling's solution 0 (d) NaHC03 0 

22. Which of the following has the highest boiling point? 
(a) CH3OCH2CH3 0 (b) CH3CH2CH20H 0 
(c) CH3COOH 0 Cd) CH3CH2CH2CH3 0 
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23 .. Amongst the acids (a) HC==CCOOH, (b) HzC=CHCOOH 

and (c) CH3CHzCOOH, the acid strength follows the 
sequence: 
(a) (a) > (b) > (c) 0 (b) (a) < (b) < (c) 0 
(c) (a) = (b) (c) 0 (d) (a) = (b) < (e) 0 

24. Which of the following compounds is produced when 
o.-chloroacetic acid is heated with Ag powder? 
(a) Acetic acid 0 (b) Acetone 0 
(c) Maleic acid 0 (d) Succinic acid 0 

Cl 
25. CH3CHzCOOH ~ (A) (B) 

Red P 

The compound (B) is: 

(a) CH3CHCOOH 
I 
OH 

[BHU (Mains) 20()8] 

o (b) F2CHzCOOH 0 

OH 

(c) H2C=CHCOOH 0 (d) CICHzCHzCOOH 0 
26. -OH group in alcohol is neutral, while it is acidic in 

carboxylic acid because: 
(a) alcohol has alkyl group with +1 effect 0 
(b) carboxylic acid is an electrovalent compound [] 
(c) alcohol is a covalent compound 0 
(d) in carboxylic acid, -OH group is joined to the 

electron withdrawing carbonyl group 0 
27. Acetic acid exists in a dimer state in benzene due to: 

(a) condensation reaction 0 
(b) hydrogen bonding . 0 
(c) presence of carbonyl group 0 
(d) presence of a-hydrogen 0 

28. Which of the following acids is the strongest? 
[MGIMS (Med.) 2007] 

(a) CH3COOH 0 (b) CHzCICOOH 0 
(c) CHClzCOOH 0 (d) CCl3COOH 0 

29. Which of the following is the strongest acid? 
(a) HCOOH (PKa 3.77) 0 
(b) C6H5COOH(PKa 4.22) 0 
(c) CH3COOH(pKa 4.71) 0 
(d) CH3CHzCOOH(pKa 4.88) 0 

30. Which one of the following is a strong reducing agent? 
(a) Ethanoic acid 0 (b) Benzoic acid 0 
( c) Methanoic acid 0 (d) Chloroacetic acid 0 

31. When sucrose is heated with conc. HN03 in presence of 

V205, the prod,uct formed is: 
(a) sucrose nitrate 0 (b) formic acid 0 
(c) citric acid 0 (d) oxalic acid 0 

32. The weakest acid among the following is: 

(a) CH3COOH 0 (b) CICHzCOOH 0 
(c) ClzCHCOOH 0 (d) CI3C·COOH 0 

33. Formic acid: 
(a) is immiscible with water 0 
(b) reduces ammoniacal silver nitrate 0 
( c) is a weak: acid, nearly three and a half times weaker than 

acetic acid 0 
(d) is prepared by heating potassium formate 0 

34. Which of the following reduces carboxylic acid directly to 
primary alcohols? 

(a) LiAlH4 
(e) NaBH4 

35. In the reaction, 

o (b) Na + C2H50H 
o (d) Hz 

(A) KCN) (B) Hydrolysis) (C) 

The product (C) is: 
(a) acetic acid 0 (b) formic acid 
(c) oxalic acid 0 (d) propionic acid 

36. Pyroligneous acid contains: 

o 
o 

o 
o 

(a) 2% acetic acid 0 (b) 50% acetic acid 0 
(c) 10% acetic acid 0 (d) 20% acetic acid 0 

37. When sodium formate is heated at 360"C, main product is: 

(a) sodium oxalate and H2 
(b) oxalic acid and Hz 
(c) sodium oxalate 
(d) CO2 and caustic soda 

[JIPMER (Med.) 2008] 
o 
o 
o 
o 

38. Sodium acetate + acetyl chloride gives: 
(a) CH3COOH 0 (b) sodium formate 0 
(c) acetic anhydride 0 (d) acetone 0 

39. Fermentation of ethyl alcohol into acetic acid is done by: 
(a) zymase 0 
(b) diastase 0 
(c) maltase 0 
(d) Bacterium Mycoderma aceti 0 

40. When sodium formate is heated with soda lime, it forms: 
[VITEEE 2008] 

(a) H2 0 (b) CO 0 
(c) CO2 0 (d) water vapour 0 

41. Methyl magnesium bromide on reaction with SOz followed 

by hydrolysis gives: [AMU (Engg.) 2010] 
(a) methyl sulphonic acid 0 
(b) methane sulphinic acid 0 
( c) dithio acetic acid 0 
(d) ethanethiol 0 

42. In the following reaction, 

RCHzCOOH X Excess NH3 ) Y 

the major amounts of X and Yare: [UPSEE (Engg.) 2008] 
(a) RCHBrCONH2; RCH(NH2)COOH 0 
(b) RCHBrCOOH; RCH2CONH2 0 
(c) RCH2COBr; RCH2COONH4 0 
(d) RCHBrCOOH;RCH(NH2)COOH 0 

43. Which one of the following would be expected to be most 
highly ionised in water? 
(a) CH2CICHzCHzCOOH 0 
(b) CH3CHCICH2COOH 0 
(c) CH3CH2CHCICOOH 0 
(d) CH3CH2CCl2COOH 0 

44. Mercuric chloride is reduced to mercurous chloride by: 
(a) acetic acid 0 (b) carbon tetrachloride 0 
(c) formic acid 0 (d) ammonia 0 



45. Which is the correct order of acidity from weakest to 
strongest acid for these compounds : 

O"-C/OH 

CF,CH,OH. 6 2) 80H 

(n 
(II) 

(a) I<IV<III<II 
(c) III<IV<I<II 
(e) II<III<IV<I 

(III) (IV) 

[PMT (Kerala) 2010} 
o (b) IV<I<III<II 0 
o (d) II < III < I < IV 0 
o 

46. Which one of the following is used to remove ink and rust 
stains on cloth? 

47. 

(a) Oxalic acid 0 (b) Alcohol 
(c) Ether 0 (d) Kerosene 
Oxalic acid on6:eatment with conc. H2S04 gives: 

o 
o 

[AFMC2010) 
(a) CO only o (b) CO2 only o 
(c) CO2 + H20 o (d) H20+CO+C02 o 

48. Which of the following is used in synthetic lemonade? 

(a) Tartaric acid [J (b) Acetic acid 0 
(c) Citric acid 0 (d) Oxalic acid 0 

49. The reaction, 

CCI 
RCOOAg + Br2 --4 RBr + AgBr + CO2 

is called: 
(a) HVZ reaction 0 (b) Hunsdiecker reaction 0 
(c) Hofmann's reaction 0 (d) Carbylamine reaction 0 

50. RCOOH + N3H H2S04(Conc.» RNH2 + CO2 + N2 

The above reaction is called: 
(a) HVZ reaction 
(b) Hunsdiecker reaction 
(c) Schmidt reaction 
(d) decarboxylation reaction 

51. Acetic acid does not form acetyl chloride with: 

o 
o 
o 
o 

(a) PCIs 0 (b) PCl3 
(c) SOC12 0 (d) C12 

[AFMC2007) 
o 
o 

52. The product (C) in the following reactions is: 

NH" H t PO 
RCOO.H~(A)~(B)~(C) 

Heat 

(a) RNH2 0 (b) RCN 
(c) RNC 0 (d) RCONH2 

53. The compound insoluble in acetic acid is: 

o 
o 

(a) calcium oxide 0 (b) calcium carbonate 0 
(c) calcium oxalate 0 (d) calcium hydroxide 0 

54. Which of the following cannot reduce Fehling's solution? 

(a) Formic acid 
(c) Formaldehyde 

[BHU (Screening) 2008) 
o (b) Acetic acid. 0 
o (d) Acetaldehyde 0 

55. The carboxylic acid which reduces Tollens' reagent is:' 
[VMMC2007) 

I (a) CH3CH2CH2COOHD (b) CH3CH2COOH 0 
(c) CH3COOIi 0 (d) HCOOH 0 

56. What is the main reason for the fact that carboxylic acids can 
undergo ionisation? 
(a) Absence of alpha-hydrogen 0 
(b) Resonance stabilization of the carboxylate ion 0 
( c) High reactivity of alpha-hydrogen 0 
(d) Hydrogen bonding , 0 

57. CH3CH2CH2CH2CH2COOH ~ 

r 2 

CH3 CH2CH2CH2CH-COOH 
the reagents used in the conversion are: [DPMT 2008) 
(a) (i) Red P, Br2/(ii) NH3 (excess) 0 
(b) (i) PBr3/(ii) NH3 0 
(c) (i) PBr3, NaCN/(ii) LiAlH4 0 
(d) none of the above 0 

58. Between CH3COOHand HCOOH, the HCOOH will be: 
(a) less acidic 0 (b) equally acidic 0 
(c) more acidic 0 (d) non-acidic 0 

59. What are A, B, C in the following reactions? 

(i) (CH3C02 hCa ~ A 

(ii)CH3C02H~B 
RedP 

(iii) 2CH3C02H -,-P-=-40....:.10"--l» C [EAMCET 2009) 

A 
(a) C2H6 
(b) (CH3COhO 
(c) CH3COCH3 
(d) CH3COCH3 

60; Adipic acid is a: 

B 
CH3COCH3 
C2H6 

(CH3COhO 
C2H6 

C 
(CH3COhO 
CH3COCH3 
C2H6 
(CH3COhO 

(a) dibasic acid 0 (b) tribasic acid 
(c) monobasic acid 0 (d) tetrabasic acid 

61. Hydrated oxalic acid contains: 

o 
o 
o 
o 

o 
o 

(a) two water molecules 0 (b) three water molecules 0 
( c) four water moleculesD (d) five water molecules 0 

62. Lactic acid is: 
(a) propionic acid 0 
(b) a-hydroxy propionic acid 0 
(c) Jl-hydroxy propionic acid 0 
(d) none ofthe above 0 

63. Which of the following compounds does not react with 
NaOH? (CPMT 2004) 
(a) CH3COOH 0 (b) CH3CONH2 0 
(c) C6HsOH 0 (d) CH3CH20H 0 

64. Tamarind contains: 
(a) tartaric acid 
(c) citric acid 

o (b) lactic acid 
o (d) succinic acid 

o 
o 



65. 'Which is a tribasic acid? 
(a) Succinic acid 0 (b) Tartaric acid 0 
(c) Citric acid 0 (d) Valeric acid 0 

66. Which of the following gives smell of burnt sugar on 
charring? 
(a) Oxalic acid 
(c) Malonicacid 

o (b) Tartaric acid o 
o o (d) Succinic acid 

co + H20 
~ )CH3-fH-CH3 

is known as: 
(a) Wurtz reaction 
(b) Clemmensen reduction 
( c) Koch reaction 
(d) Kolbe's reaction . 

COOH 

[PMT (MP) 2002] 
o 
o 
o 
o 

68. Which of the following will not give HVZ reaction? 
[DPMT2002] 

(a) G.zHs-CH-COOHO (b) CH3CBr2COOH 0 
I 
OH 

(c) QzHs-CH-COOHO (d) (CH3hCHCOOH 
I 

o 
Br 

69. Identify A and B in the following reaction: 

CH3CH3 ? CH3COOH ~ CH3CH20H 

[AMU (Engg.) 2008] 
A 

(a) ill+RedP 
(b) NilA 
(c) Pd-BaS04 
(d) LiA1H4 

B 
LiAlH4 
LiAlH4 
Zn+HCI 
HI+RedP 

o 
o 
o 
o 

70. CH3 COOH P/Br2) CH2BrCOOH. The reaction is called: 

[nPMER 2004] 
(a) Schotten-Baumann reaction 0 
(b) Hell-Volhard-Zelinskyreaction. 0 
(c) Finkelstein reaction 0 
(d) noile of the above 0 

71. When lactic acid is oxidised by Fenton's reagent, the 
. product formed is: . 
(a) acetic acid 0 (b) oxalic acid 0 
(c) pyruvic acid 0 (d) maleic acid 0 

72. Rochelle's salt is: 
(a) sod. pot. tartrate 0 (b) sodiumtartrate 0 
(c) potassium tartrate 0 (d) calcium tartrate 0 

73. Nickel formate is best used as a catalyst in: 
(a) preservation of fruits 0 
(b) esterification 0 
(c) dyeing wool and cotton fabrics 0 
(d) hydrogenation ot oils 0 

74. Butyric acid undergoes mild oxidation with dilute hydrogen 
peroxide at: 

if 
G.R.B. Organic ChemistryforCompetitions . 

(a) a.-position 0 
(b) ~position 0 
(c) y-position 0 
(d) simultaneously at a., p and y-positions 0 

75. Acetic acid reacts with chlorine in the presence of catalyst, 
anhydrous FeCl3 to give:· 
(a) acetyl chloride 0 (b) methyl chloride 0 
(c) trichloroacetic acid 0 (d) chloral hydrate 0 

76. Which of the following products is formed when adipic acid 
is heated? . [CPMT2008] 

CH2-CH2",,- CH2- CH2""-
(a) I /0 0 (b) I /C=O 0 

CH2-CH2 CH2-CH2 
CH2-CH2CO\ CH2-CH2COOH 

(c) I )00 (d) I 0 
CH2-CH2CO CH2-CH2COOH 

77. Which salt of citric acid is used as antacid and laxative? 
(a) Iron 0 (b) Magnesium 0 
(c) Calcium 0 (d) Sodium 0 

78. Which acid is used as a standard substance in volumetric 
titrations? 
(a) Formic acid 0 (b) Acetic acid 0 
(c) Oxalic acid 0 (d) Tartaric acid 0 

79. Cream of tartar, used for making baking powder is: 
(a) sodium tartrate 0 
(b) potassium acid tartrate 0 . 
(c) sodium potassium tartrate 0 
(d) potassium antimonyl tartrate 0 

80. Vinegar contains: [JIPMER2003] 
(a) 100% acetic acid 0 (b) 10-20% acetic acJd 0 
(c) 1 % acetic acid 0 (d) 7-8% acetic acid 0 

81. Tartaric acid on treatment with resorcinol and conc. H2S04 

gives: 

(a) violet colour 0 (b) blue colour 0 
(c) green colour 0 (d) no colour 0 

82. Acids form sodium salt, with the evolution of carbon 
dioxide on treatment with: 
(a) sodium carbonate 0 (b) sodium hydroxide 0 
(c) soda lime 0 (d) sodium metal 0 

83. Choose the weakest acid among the following: 
I,JET (Kerala) 2010] 

(a) F3CCOOH 0 (b) FCH2COOH 0 
(c) (CH3 hCHCOOH 0 (d) CH3CH2COOH 0 
(e) CH3COOH 0 

84. Anhydrous formic acid is prepared by: 
(a) heating NaOH with CO at 21O"C under pressure 0 
(b) heating glycerol with oxalic acid at high temperatureO 
(c) catalytic oxidation of ethane in presence of a catalyst 0 
(d) heating lead formate in a current of hydrogen sulphide 0 

85. By heating a mixture of ethylene, carbon monoxi4e and 
steam at high temperature under pressure in presence of a 

. catalyst gives: 
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(a) fonnic acid 0 (b) acetic acid 0 
(c) propionic acid 0 (d) oxalic acid 0 

86. Cyanogen on hydrolysis with dii. HCI gives: 
(a) fonnic acid 0 (b) acetic acid 0 
(c) glycol 0 (d) oxalic acid 0 

87. Maleic acid on catalytic reduction gives: 
( a) oxalic acid 0 (b) malonic acid 0 
(c) succinic acid 0 (d) tartaric acid 0 

88. By the oxidation of benzene with air in presence of V20S 

catalyst heated to 400-450"C yields: 
(a) acetic acid 0 (b) succinic acid 0 
(c) malic acid 0 (d) maleic anhydride 0 

89. Ammonium succinate on strong heating gives: 
(a) succinic acid 0 (b) succinic anhydride 0 
(c) succinimide 0 (d) tartaric acid 0 

90. Acetic acid dissolved in benzene shows a molecular mass 
of: 
(Ii) 30 0 (b) 60 0 
(c) l20 0 (d) 240 0 

91. CH3COOH+CH2=C=O~(X) 

(X) is most probably: 
(a) (CH3CO)20 0 (b) CH3COOCH2CH3 0 
(c) CH3CH2COOCH3 0 (d) (COOHh 0 

92. An aqueous solution offonnic acid cannot be fractionated to 
get anhydrous acid because: 

(a) it explodes on wanning 0 
(b) its boiling point is about the same as that of water 0 
(c) it decomposes in aqueous medium 0 
(d) it polymerises on wanning 0 

93. Action offonnic acid on ToUens' reagent shows: 

(a) acidic nature offormic acid 0 
(b) basic nature of fonnic acid 0 
(c) that formic acid is a reducing agent 0 
(d) that fonnic acid is an oxidising agent 0 

94. Propionic acid when reacted with bromide in the presence of 
phosphorus forms: 

(a) CH2{Br)CH2COOHD (b) CH3CH2COBr 0 
(c) CH3CH(Br)COOH 0 (d) CH3CH(Br)COBr 0 

95. Fonnic acid can be distinguished from acetic acid by its 
reaction with: [BHU 2006) 
(a) ToUens' reagent 0 (b) NaHC03 . 0 
(c) NaOH 0 (d) none of these 0 

96. A compound undergoes the following sequence of reactions: 

C H N Hydrolysis C H 0 °2/P 
3 S ) 3 6 2~ 

(A) 

NH3 
C3HS02CI----"'-7 C3H1N02 

(8) (C) 

The compound (C) is: 
(a) l-nitropropane 
(b) 2-aminopropionic acid 
(c) 2-nitropropane 
(d) 2-hydroxypropanamide 

[DCE2000) 

o 
o 
o 
·0 

697 

97. Maleic acid and fumaric acid: 
(a) have identical melting point 0 
(b) form the same ester with methanol 0 
(c) have identical solubility in water 0 
(d) form the same anhydride on heating 0 

98. Which of the following is most effective for the hydrolysis 
of an ester? 
(a) Dilute alkali 0 (b) Dilute acid 0 
(c) Water 0 (d) Acid or alkali 0 

99. An unsubstituted amide is converted into the acid and 
nitrogen by:. 
(a) HCI 0 (b) HN02 0 
(c) NaOH 0 (d) P4010 0 

100. Which of the following reactions is expected to readily give 
a hydrocarbon product in good yield? 

(a) RCOOK Electrolysis) 

Br2 
(b) RCOOAg~ 

o 

o 

(c) CH3CH3 ~ 0 
frv 

(d) (CH3)3C-O C2H50H) 0 

101. Which of the following methods cannot be' used for the 
preparation of an ester? 
(a) RCOOH+R'OH+H+ 0 
(b) RCOO+R'OH+Pyridine 0 
(c) RCOOH+R'OH+OH- 0 
(d) (RCO)20+ R'OH+ Pyridine 0 

102. Best starting material to synthesize 2-methyl-2-butenoic 
acid is: 

o 
II 

(c) CH3-CH-CHO 0 (d) CH3CH2-C-CH3 0 
I . 
CH3 

103. Which of the following carboxylic acids undergoes 
decarboxylation easily? 
(a) C6HsCO-CH2COOH 0 
(b) C6HsCOCOOH 0 
(c) C6Hs-CH-COOH 0 

I 
OH 

(d) C6HS -CH-COOH 0 
I 
NH2 

104. The molecular weight of benzoic acid in benzene as 
determined by depression in freezing point method cor
responds to: 
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(a) ionization of benzoic acid 0 
(b) dimerisation of benzoic acid 0 
(c) trimerisation of benzoic acid 0 
(d) solvation of benzoic acid 0 

105. When propionic acid is treated with aqueous NaHC03, CO2 
is liberated. The 'C' of CO2 comes from: 
(a) methyl group 0 (b) carboxylic acid group 0 
(c) methylene group 0 (d) bicarbonate 0 

106. Propionic acid with Br21P yields a dibromoproduct. Its 

structure wOlild be: [CBSE (Moo.) 2009] 
(a) CH2BrCH2COBr 0 (b) CH2BrCHBrCOOH 0 
(c) CHBr2CH2COOH 0 (d) CH3CBr2COOH 0 

107. Which of the following orders of relative strength of acids is 
correct? [CPMT 2000; CBSE (Med.) 2007] 
(a) FCH2COOH> ClCH2COOH> BrCH2COOH 

> CH3COOH 
(b) CH3COOH> BrCH2COOH>ClCH2COOH 

> FCH2COOH 
(c) BrCH2COOH > CICH2COOH> FCH2COOH 

('H3 COOH 
(d) HH2COOH>CH3COOH>BrCH2COOH 

>CICH2COOH 
108. HCOOH reacts with concentrated H2S04 to produce: 

o 

o 

o 

o 

. [UGET (Med.) 2001] 
(a) CO 0 (b) CO2 0 
(c) NO 0 (d) N02 0 

109. Carboxylic acids readily dissolve in aqueous sodium 
bicarbonate, liberating carbondioxide. Which one of the 
following is correct? [UGET (Med.) 2008] 
(a) The conjugate base of the carboxylic acid is more stable 

than the free carboxylic acid 0 
(b) Free carboxylic acid and its conjugate base are of 

comparable stability 0 
(c) The free carboxylic acid is more stable than its 

conjugate base '0 
(d) The conjugated acid of the carboxylic acid is more 

stable than the free carboxylic acid 0 
110. Lactic acid on oxidation by alkaline potassium perman-

ganate gives: [CET (Tamil Nadu) 2001] 
(a) tartaric acid 0 (b) pyruvic acid 0 
(c) cinnamic acid 0 (d) propanoic acid 0 

111. Which of the following is the weakest acid? [CPMT 2001] 
OH 

(a) 6 
(c) HCOOH 

MgBr 

112·6 

~ . COOH 

D(d)U 

o 

o 

In the above reaction, product 'P' is: [CBSE (Med.) 2002] 

CHO COOH 

(a) 6 0 (b) 6 o 

OH 

(e) 6 o 

113. On vigorous oxidation by permanganate solution, 

114. 

115. 

116. 

117. 

118. 

(CH3hC=CH-CH2CH3 gives: [AIEEE2002] 

OHOH 
I I 

(a) CH3 -C-CH-CH2CH3 
I 

o 

CH3 

fI3C~ 
(b) /CH-COOH+CH3CH2COOH 

H3C/ 
o 

H3C~ 
(c) /CH-OH + CH3CH2CH20H 

H3C/ 
o 

H3C~ 
(d) /C=0+CH3CH2COOH 

H3C 
o 

Which of the following acids has the smallest dissociation 
constant? [lIT (S) 2002) 
(a) CH3CHFCOOH 0 (b) FCH2CH2COOH 0 
(c) BrCH2CH2COOH 0 (d) CH3CHBrCOOH 0 
Identify the correct order of boiling points of the following 
compounds: [IIT(S) 2002] 

CH3CH2CH2CH20H; CH3CH2CH2CHO; 
1 2 

CH3CH2CH2COOH 
3 

(a) 1>2>3 0 (b) 3>1>2 0 
(c) 1> 3 > 2 0 (d) 3> 2> 1 0 
Which gives lactic acid on hydrolysis after reacting with 
HCN? [UPSEAT 2003] 
(a) HCHO 0 (b) CH3CHO 0 
(c) C6H5CHO 0 (d) CH3COCH3 0 
When H2C=CH-COOH is reduced with LiAlH4' the 

compound obtained will be: 
[AIEEE 2003; JCECE (Med.) 2008] 

(a) CH3CH2COOH 0 (b) CH3CH2CHO 0 
(c) CH3CH2CH20H 0 (d) H2C=CHCH20H 0 
Ethyl isocyanide on hydrolysis in acidic medium gives: 

(a) ethanoic acid and anunonium salt 
(b) propanoic acid and anunonium salt 
(c) ethylamine and methanoic acid 
(d) methylamine and ethanoic acid 

[AIEEE 2003] 
o 
o 
o 
o 
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119. 

120. 

121. 

122. 

123. 

124. 

The correct order of acidic strength of carboxylic acid is: 
[DCE2009] 

(a) acetic acid < benzoic acid < formic acid 
(b) formic acid < benzoic acid < acetic acid 
(c) formic acid < acetic acid < benzoic acid 
(d) acetic acid < formic acid < benzoic acid 
Which among the following is the strongest acid? 

o 
o 
o 
o 

[DPMT2004] 
(a) HOCI 0 (b) HCI02 
(c) HCI03 0 (d) HCl04 
When CH3COOHreacts with CH3-MgX: 

o 
o 

[AMU (Med.) 2004] 
(a) CH3COX is formed 0 
(b) hydrocarbon is formed 0 
(c) acetone is formed 0 
(d) alcohol is formed 0 
Among the following acids, which has the lowest pK a 

value? [AIEEE 200:; I 
(a) CH3COOH 0 (b) HCOOH 0 
(C)(CH3hCH-COOHD (d) CH3CH2COOH 0 
Products of the following reaction, 

CH3 -C==CCH2CH3 (i) °3 ) ? are: 
(ii) Hydrolysis 

(a) CH3COOH + CO2 
(b) CH3COOH + HOOCCH2CH3 
(c) CH3CHO+ CH3CH2CHO 
(d) CH3COOH + CH3COCH3 

[CBSE (Med.) 2005] 
o 
o 
o 
o 

A set of reactions yielded a product (D): 

CH3COOH SOC\ (A) Benzene 
anhyd. AlC13 

The structure of (D) would be: 
COOH 

I 
(a) r(Y-CH2-i-CH3 

~ OH 

(B) HCN) (C) HOH) (D) 

[eBSE (Med.) 2005] 

o 

o 

o 

o 

125. Identify X and Y in the following sequence of reactions 
respectively: 

126. 

CH3CHO HN03) X _P4-"-O-"IO~) Y 
A 

[EAMCET (Med.) 2005] 
(a) C2HsOHand C2H4 
(b) CH3COOHand(CH3COhO 
(c) CH3COOHand CH3COOCH3 
(d) C2HsOHand CH3COOH 

o 
o 
o 
o 

The correct order of increasing acid strength of the 
compounds: 
(A) CH3C02H (B) MeOCH2C02H (C) CF3C02H 

Me" . 
(D) /C02H IS: 

Me/ 

(a) B<D<A<C 
(c) D<A<B<C 

[AIEEE 2006] 

o (b) D<A<C<B 
o (d) A <D< C<B 

o 
o 

127. The d (+) lactic acid is obtained from: [CET (Gujarat) 20061 
(a) fermentation of cane sugar 0 
(b) green vegetables 0 
(c) muscles 0 
(d) fermentation ofmiIk sugar 0 

128. An acid reacts with isotopically labelled methanol to 
produce: [PMT (HP) 2006] 
(a) methyl acetate having the labelled oxygen 0 
(b) water having all the labelled oxygen 0 
(c) both methyl acetate and water contain isotopic oxygen 0 
(d) no esterification 0 

129. Amount of oxalic acid present in a solution can be 
determined by its titration with KMn04 solution in the 
presence of H 2 SO 4. The titration gives unsatisfactory result 
when carried out in the presence ofHCI because HCI: 

[AIEEE 20081 
(a) oxidises oxalic acid to carbon dioxide and water 0 
(b) reduces permanganate to Mn 2+ . 0 
( c) gets oxidised by oxalic acid to chlorine 0 
(d) furnishes H+ ions in addition to those from oxalic acid 

o 
130. When acetic acid is treated with P20 S, the product is: 

[AMU (Med.) 2006] 
(a) ester 0 (b) ether 0 
(c) alcohol 0 (d) anhydride 0 

131. When acetyl chloride reacts with sodium propionate, the 
productformedis: [DPMT20091 
(a) acetic propionic anhydride 0 
(b) acetic anhydride 0 
(c) n-propyl acetate 0 
Cd) pent-2,4-dione 0 

132. In the reaction 

po H+/HO 
CH3CH2COONH4 ---L4 (A) 2) (B) 

CA) and (B) are: [DPMT (Med.) 20071 
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(a) CH3CH2CONH2• CH3CH2COO- 0 

(b) CH3CH2COONH2,CH3CH2COOH 0 
(c) CH3CH2CN,CH3CH2COO- 0 

(d) CH3CH2CN, CH3CH2COOH 0 
133. Arrange the following carboxylic acids in the decreasing 

order of their reactivities: 
(i) CH3COOH(ii) CICH2COOH(iii)CI2CHCOOH 
(iv)C13CCOOH [CET (J & K) 2007) 

(a) (ii) > (iv) > (i) > (iii) 0 (b) (ii) > (i) > (iii) > (iv) 0 
(c) (iv) > (iii) > (ii) > (i) 0 (d) (i) > (ii) > (iii) > (iv) 0 

134. Corrosive sublimate (HgCI2) can be used to distinguish 

between: [CET (MH) 2007) 
. (a) formic acid and acetic acid· 0 
(b) acetaldehyde and butanone 0 
( c) formaldehyde and propanone 0 
(d) all of the above 0 

135. Monocarboxylic acids react with alcohols in presence of an 
acid catalystto form: [CET (J & K) 2007) 

(a) acid chlorides 0 (b) acid amides 0 
(c) esters 0 (d) ethers 0 

136. Which of the following is not the functional. isomer of 
monocarboxylic acid? [PET (MP) 2007) 
(a) Amide 0 (b) Ester 0 
(c) Hydroxy aldehyde 0 (d) Hydroxy ketone 0 

.137. tdentify the product' Y' in the following reaction sequence: 

CH2-CH2-COo... 
I "Ca~'x' Zn-Hg )'Y' 
CH2 -CH2 -CO<:Y'" HCI, heat 

[CET (Pb) Engg. 2007) 
(a) pentane 0 (b) cyclobutane 0 
(c) cyc10pentane 0 (d) cyclopentanone 0 

138. In a set of the given reaction, acetic acid yielded a product C. 
CH3COOH + PCIs ----; A 

A C6H6) B C2l\5MgBr) C 
AMy. AlCl 3 ether 

The product C would be: 
[UPSEE (Engg.) 2007; JCECE (Med.) 2008) 

C2HS 

I 
(a) CH3CH(0H)C6Hs 0 (b) CH3-C(0H)C6HS 0 

(c) CH3CH(0H)C2Hs 0 (d) CH3COC6Hs 0 

139. C6HrCOOH on heating with Na 2C03releases: 

[CPMT2007] 
(a) CO2 0 (b) 14C02 0 

(c) CO 0 (d) none of these 0 

H20 ? 
140. CH3CHl2 ~ ., 

A 

here the end product would be: [MGIMS (Med.) 2007) 
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(a) 2-cyanopropionic acid 0 
(b) ethane-l,l-dicarboxylic acid 0 
(c) 2-methyl ethanoic acid 0 
(d) propionic acid 0 

Set II: This set contains questions with two or more correct answers. 
141. The acids, which do not contain a -COOH group are: 

. [BHU (Mains) 2007] 
(a) picric acid 0 (b) lactic acid 0 
(c) carbolic acid . 0 (d) propanoic acid 0 

142. Which of the following acids are dicarboxylic acids? 
(a) Succinic acid 0 (b) Glutaric acid 
(c) Lactic acid 0 (d) Cinnamic acid 

o 
o 

143. Formic acid gives the test of: 
(a) aldehydic group 0 (b) ketonic group 
(c) carboxylic group 0 (d) alcoholic group 

o 
o 

144. Optical activity is expected for: 
(a) 2-methyl propanoic acid 0 
(b) 2-chloropropanoic acid . 0 
(c) methyl-2-methylpropanoate 0 
(d) methyl-2-chloropropanoate 0 

145. Which of the following compounds will give ethyl alcohol 
on reduction with LiAlH4? 
(a) (CH3COhO 0 (b) CH3COCI 0 
(c) CH3CONH2 0 (d) CH3COOC2Hs 0 

146. Which of the following reagents can be used to test 
carboxylic group? 
(a) NaHC03 
(b) FeCl 3 
(c) Alcohol in presence ofconc. H2S04 
(d) Ceric ammonium nitrate 

o 
o 
o 
o 

147. Oxalic acid is used: 

148. 

149. 

(a) for removing ink stains 0 
(b) for the lab preparation of formic acid and allyl alcohol 

o 
(c) in making beverages 
(d) as a mordant in dyeing and calico-printing 
Which of the following acids are unsaturated one? 

o 
o 

(a) Stearic acid 0 (b) Acrylic acid 0 
(c) Oleic acid 0 (d) Crotonic acid 0 
Reaction of R-COOHwith N3HgivesRNH2 as the main 

product. The intennediates involved in this reaction are: 
(a) RNHNH2 0 (b) RCON3 0 
(c) RNCO 0 (d) RCONH2 0 

150. Formic acid and acetic acid can be distinguished by the 
action of: 
(a) conc. H2S04 0 (b) Tollens'reagent 0 
(c) Fehling's solution 0 (d) sodium salt on heating 0 

151. Acetic acid is obtained by the strong oxidation of: 
(a) ethyl acetate LI (b) ethyl methyl ketone 0 
(c) ethyl alcohol 0 (d) dimethyl ketone 0 
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iASSERTION-REASON TYPE QUESTIONS 

Following questions consist of Assertion (A) and Reason 
(R). Use the following keys to choose the appropriate 
answer: 
(a) Ifboth (A)and (R)are correct and (R)is the correct 

explanation of (A). 
(b) Ifboth (A) and' (R) are correct but (R) is not correct 

explanation of (A). , 
(c) If (A) is correct but (R)is incorrect. 
(d) If (A)is incorrect but (R)is correct. 

1. (A) Acetic acid does not give halofonn reaction. 
(R) Acetic acid has no a.-hydrogen. 

2. (A) Acetoacetic . ester CH3COCH2COOC2Hs gives 

iodofonn test. 
(R) It has CH3CO- group attached to methylene group. 

3. (A) Formic acid reduces mercuric chloride. 
(R) Formic acid has reducing aldehydic group. 

4. (A)(CH3h C-COOHdoes not give HVZ reaction. 

(R) It does not have any a.-hydrogen. 
5. (A) Formic acid is a weaker acid than aCetic acid. 

(R) pKa of formic acid is less than acetic acid. 

but it does not give the test of carbonyl group. 

eR) Due .. resonance ,Jouble,1he bOnd~O{ JJ 
group is greatly reduced. 

7. (A) The pKa value of acetic acid is lower than that of 

phenol. 
(R) Phenoxide ion is more resonance stabilized. 

[AIIMS 2004] 
8. (A) HCI04 is a stronger acid than HCI03. 

(R) Oxidation state ofCl in HCI04 is + VII and in HCI03 it 
is+V. [AIIMS2004) 

9. (A) The molecular weight of acetic acid determined by 
depression in freezing point method in benzene and 
water was found to be different. 

(R) Water is polar and benzene is non-polar. [AIIMS 20051 
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BRAIN STORMING PROBLEMS 
1. T,,¥o isomeric compounds (A) and (B) have molecular formula C6HIO. Oxidation of (A) gives mixture of butanoic and acetic acids, 

whereas compound (B) gives hexa-I,6-dioic acid. What are (A) and (B)? 

[Au (Al' ClI,CH2Cl1,C~C~ClI,; (Bl' 0 Cy,loh,,,,,,, 1 

(Hint: Compound (A) must be an alkyne because it gives mixture of two acids on oxidation. Compound (D) should be cycloalkene because it 
gives dioic acid on oxidation.] 

2. Complete the following reactions: 
o 

(Q 0:~C:OH ~ ............................. + <Xl, 

o 
(ii) CH3 -~-OH PCls t (A) Rnse~d's) (B) Dil. NaOH ) (C) 

reactIon 

(iii) o-COOAg . 82 ....................... + <Xl, + AgB' 

0" 

(iv) 0~:H ~ ............................. +<Xl, 

o 
CH2COOH II 6-

0 0 

(Ans. (i) (ii) (A) = CH3 -C-Cl, 
II 

(D)= CH3-C-H, 

('r-Br 
(iii) V (iv) 

o 

6-CH3 

3. Complete the following reactions: 

0-IH- CH=CH-CH3 

V O-C-R 
II 
o 

(SN') 

'------~ (B) 
Dil. NaOH 

[Ans. (A) 0-' CH-CH=CH-CH3; 
- I 

(D)=o-' CH=CH-CH-CH3 ] 

- I 
OH 

4. Arrange the following in decreasing order of acid catalysed esterification: 
CH3CH2COOH, (CH3 hCHCOOH, (CH3hCCOOH 
[Ans. CH3CH2COOH> (CH3)zCHCOOH> (CH3hCCOOH] 

OH 
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S. Arrange the following esters in the decreasing order of alkaline hydrolysis: 
(i) HCOOCH3, CH3COOCH3, (CH3hC-COOCH3' (CH3hCHCOOCH3 

(ii) CH3COOCH3 , CH3COOC(CH3h, CH3COOCH(CH3h, CH3COOC2Hs 
[Ans. (i) HCOOCH3 > CH3COOCH3 > (CH3n CHCOOCH3 > (CH3h C-COOCH3 

(ii) CH3COOCH3 > CH3COOCzHs > CH3COOCH(CH3n > CH3COOC(CH3)3 ] 

[Hint: Greater is the steric hindrance either on alcoholic portion or on the acid portion, more difficult will be the hydrolysis.] 
6. Arrange the following in decreasing order of acidic character: 

(i) HCOOH, CH3COOH, C2HsCOOH, C6HsCOOH, (CH3 h CHCOOH, CH2CICOOH 
(ii) CH3 CH2CH2COOH, CH3CH2CHCOOH, CH3 CHCH2COOH, CICH2CH2CH2COOH 

I I 
CI CI 

(iii) CH3COOH,CH2CICOOH,CHCI 2COOH,CCI3-COOH 
(iv)· CH2BrCOOH, CH2CICOOH, CH2FCOOH, CH2ICOOH 
(v) CH3CH2COOH, CH3 -CH-COOH, CH3 -CH-COOH, CH3 -CH-COOH 

. I I I 
CI CN N02 

(vi) @-OH,CH3 -COOH,@-COOH 

Br 
I 

(vii) CH3 -CH2 -COOH, CH3 -CH-COOH, CH3 -C-COOH 
I ·1 
Br Br 

[Ans. (i) CHzCICOOH, HCOOH, C6HsCOOH, CH3COOH, CzHsCOOH, (CH3)zCHCOOH 

(ii) CH3CHzCHCICOOH, CH3CHCICH2COOH, CHzCICHzOI.::COOH, CH3CH2CH2COOH 
(iii) CCI3COOH, CHCI2COOH, CH2CICOOH, CH3COOH 
(iv) FCHzCOOH, CICH2COOH, BrCHzCOOH, ICHzCOOH 
(v) CH3-CH-COOH, CH3-CH-COOH, CH3-CH-COOH, CH3CH2COOH 

I I I 
NOz CN Cl 

(vi) @-COOH, CH3COOH, @-OH 

Br 
I 

(vii) CH3-C-COOH, CH3-CH-COOH, CH3-CHz-COOH] 

~r Ar 
7. Complete the following reactions: 

(i) ~c==cB _KM-::-n~O-,::-4 ~) 
V or031H20 

(ii) W Cone. KMn04 

.o.,H3O+ 

(iii) a CH2 
HBr (A) Mg/Etber ) (B) ----t 

) (F) 



. 704 G.R.B. Organic Chemistry (or Competitions 

0 
, II 

(iv) cr-<>H 2CH3Li )1 
H2O 

(V) t=O C; BzI4 )? 
H

2
0 • 

COOH 
0 

(vi) t>1 -Cl+HU ----+ 1 

. [ADs. (i) yCooH 

(iii) 
a

C1h 
HBr 

Jo ey
CH

3 Br MgfEtber • ey
CH

3 MgBr 
CO2+HjO 

Jo 
eyCH! 

CooH 

(If) (8) (C) 1-Peroxide 

aCH2Br 
. MgfEther II 

aCH2MgBr 
oo2+ HjO 

Jo 

aCH2COOH 

(D) (E) (1) 

° ° II II 
(iv) Cr~H 2CH3Li .. CrC-CH

3 
H~ 

(v) ~x 0 
2''{o Jo I BU. ~o. 
H~ .. C=O 

CooH CH20H 

Carboxylic group is reduced in preference to ester group present in the same molecule. 

° [>- 11 

(v» . Vl 
8. Complete the following chain of reactions: 

Cone. ill 
Excess 
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Cone. HI 

Excess 

CH2-CH2-1 
) I 

CH2-r;H_' 
CH2-:-CH2-OH 
I . 
CH2-CH2-OH 

9. Identify (A) to (F) in the following series of reactions: 

Adipieaeid 

CH2 -COOH 
I 

CHz-COOH 
Succinic acid 

o Alkaline) (A) cra) HB) 
KMn04 AcilH 

HCN ) (C) HOH/HCI) (D) Red P ) (E)~ (F) 
HI 

IAns. .. O Alkaline ~ 
KMn04 CX

,OH 

OH 
(A) 

__ C_rO_J --II>1I ceoo 
AcOH 

HCN 
II Ng~ 
~CN 

(C) 

10. What are (A) arId (B) in the following reactions? 

/CH2 

CH 
(i) I 

CH 

"-CH2 

CH-COOH 
+ II ~(A) 
CH~COOH 

__ CHi .... , 

CH CH-COOH 

(8) 

(X
COOH 

COOH 
(E) 

RedP/H( ., 

IAns. (i) (A): \I I This product is formed as a result of Diels' Alder reaction. 
CH CH-COOH 
"CH{/'" 

(ii) (8) : O=C=C=C=O (carbon suboxide)] , 

11. Complete the following reactions: 

OH 

HOHIHel 

aOH 
COOH 
OH 
COOH 

. (D) 

aCH) Cone. H2S04 ---=--~) (A) 
II 

NBS ) (B) NaCN) (C) HOHtHCI) (D) 
(N-Bromosuccinimide) 

OH 

-, > ',-. 

ii.,"s·;'> .iY .. ___ ' ;-"- .. '., 

aCH3 
eyCH3 U CH3

" 'U~ CH
3 U CH3 

" IAns. , Cone. H2S04 II ' NBS J NaCN II HOHlHCI .. + NH3 t 1 
II Allylic Br CN COOH . 

(A) bromination (8) 

12. How can you achieve the following interconversions? 
(a) H2C=CH-CH=CH2 ~ CH2 -CH2 -COOH 

I .' 
NC-CH-CH2-COOH 
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Succinimide 

Br OH 

(c) 
RedP I . ow I 

CH3-CH2-COOH ) CH3-CH-COOH ~ CH3-CH-COOH + Br-
. Br2,a 

o 0 
r------· ~ ~ 

/O!fl ___ lJ!)~-C~ -2Hp /O-C~ 
CH3-CH........ ,.:t"------, /CH-CH3 ) CH3-CH, /CH~CH3] 

. ........C-OH HIO' Il . ........C-O' II -------~ II 
o 0 
Lactic acid Lactide 

13. Give the star mark to the hydrogen which is most acidic in the following compounds: 
o o 
II 

(a) CH3-CH2-. C-CH2-CH3 

o 
II 

(c) CH3-C-O-CH2-CH3 

(Ans. (a) Hydrogen of methylene group will be most acidic. 
o 
II . 

CH3 -CH2 -C-CH2-CH3 . . 
(b) In this compound, allylic hydrogen will be most acidic. 

~ 
CH2=CH-CH2-:-C-H . 

(c) Hydrogen of methylene group will be most acidic. 

o 
.11 

CH3-C-O-~H2-CH3 

(d) Hydrogen of carboxylic group will be most acidic. 
OH 0 

CH3-bH-~-OH] .. 

II 
(b) H2C=::=CH-CH2-C-H 

OH 0 
I II 

(d) CH3-CH-C-OH 
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14. What happens when malonic acid is heated with urea in presence ofPOCI3? 

W r:------ f 
~:.~l!--.!IJ-N> 

IAns. CH2'1 ~ ___ +___ =0 
-tOH H.LN "------, I 

o H 
Barbituric acid (Malonyl urea) 

15. Complete the following reactions: 

(i) 
¢H 

CH(C'CH2 

OH 

(n) 6 """. ",so, • (A)_C-=12,--/H-=20~) (B) 
H 0+ 

cw- ) (C) 3 ~ (D) 

COOH COOH 

¢ B2"<. II ¢ 
H20fOJr 

. 

IAns. (i) 

/C, /CH, 
CH3 CH2 CH3 CH20H 

Cl CN COOH 

. (ii) (A)= 0 (B) = (y0H (q~ 6-0H 
(D) = 6-oH 

16. Complete the following reactions: 
COOH 

(E) 

(06 ND3 ) (A) ~ (B) 011) (C) Rearrangement) (D) 2011) (E) + C02 
Heat Heat' 

COOH 

(n) 6 Heat 

o 

) (A) ~ (B) on-) (e) 
Heat 

o 
II II 

c,.....,..ND 

(B)- 6!' 
, C-ND2 

IAn. (') (A) ~ 6 (C)= 

o o 
II II 
C-NH2 

(n)(.4)-6 
C-NH ' 

6~ (B) (C)= 

Rearrangement ~ (D) 20n-) (E) 

0 
II 
C-N-Br N=C=O 

(5 6 (D) = 6 (E) 

0 
II 
C-N-Br N=C=O 

(~~6 6 (D) = 6 
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17. The compound which does not give a crystalline product on 
reaction with either sodium bisulphite or 2,4-DNP but 
reduces ammoniacal silver nitrate solution is: 
(a) C6HsCHO D (b) C6 HsCH20H D 

, 0 

~ , 

(c) H-C-OH D (d) CH3CHO D 
18. The reaction of tartaric acid wffu Fenton's reagent results in 

the formation of: 
(a) dihydroxy maleic acid D 
(b) suCcinic acid D 
(c) lactic acid D 
(d) crotoQic acid D 

19. CH3-CH2-COOH ,N3
H 

) (A)(by reaction Rd 

1 
H2S04 

, A Br2/P 

(B )(by reaction R 2) 
which is the correct alternate? 
(a) (A)CH3CH2NH1.' (B)CH3-iH-COOH , D 

" Br 

RI -),Schmidt reaction; R2 -)HVZ reaction 
(b) (A) CH3CH2CONH2 , (Ji) CH3Clf2COBr D 

R1 -) HVZ reaction; R2 -) Schmidt reaction 
(c) (A) CH3CH2NH2, (B) CH3CH2COBr 0 

R, -) HVZ reaction; , R2 -) Schmidt reaction 
(d) None is comet 0 ' 

20. C4H60 4 ~ C3H60 2 S~lirne) C2H6 
(A) , (B) 

The compound [A] is: 
(a) CH3-CH(COOHh 

CH2-COOH 
(b) I 

, CH2 -COOH 

o 

o 

(c) both are correct 0 
(d) none is correct, 0 

21. Which one of the following undergoes decarboxylation 
most readily? 

o 
II 

(a) CH3CCOOH 

o 
~ 

(c) CH3CCH2COOH 

22. Malonic acid on heating gives ......... while on decarboxy-
lation gives .......... ' 
(a) acetic acid, ethane _ 0 

" (b) propanoic acid, methane 0 
( c) propanoic acid, ethane 0 
'(d) acetic acid, methane, D 

23. Predict the product 'c' in'the following chain of the 
. ' reactions: 

o 
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CH
3
CH2COOH Red P/Br2) (A) KCN) (B) HOH/H\ (C) , 

~ 

(a) propanoic acid D (b) malonic acid 0 
(c) acetic acid D (d) a.:-methyl malonic acid 0 

24. Which of the following has the highest pKa value? 

o 0 
II N02 II . 

(a) ~OH D, (b) ~"OH D 

+ 0 
NMe311 

(c) ~OH 

o 
O(d)NC~ , 

OH 

25. Which ofthe following is the most acidic? 
o 0 

D 

(a) ~OH 0 (b) ~OH 0 

CI 

CI 0 0 

(c) AAOH 0 (d) rAOH 0 

CI 

26. Consider the following compounds, which of these will 
release COt with 5% NaHC03 ? 
o OH 
"r---( /COOH 

'~' , CH2"-.COOH 

o OH 
(iii) 

(i) 
(ii) 

(a) (i), (ii) and (iii) 0 (b) (i) and (iii) 
(c) (it) and (iii) 0 (d) (i) and (ii) 

27. Which of the following has the lowest pKa value? 

0' 

" 
(a) CH3-CH2-C-OH 

V 
(b) CH2=CH-C-OH 

o 
II 

(c) 0-
1 
C-~H 

~ " (d) H-Cs=C-C-OH 

y 

o 
o 

o 

o 

o 

[Hint: In (H-C-C-C-OH);the carboxylic group is 
attached to C] 

28. The compound X, in the reaction, 

X CH3MgI) Y Hydrolysis) Mg(OH)I + CH3COOH 

is: 
(a) HCHO 
(c) (CH3)2CO 

P (b) CH3CHO 
o (d) CO2 

o 
o 
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19. The most suitable reagent for laboratory preparation of 
acetyl chloride from acetic acid is: 
(a) PCls 0 (b) HCI 0 
(c) SOCh 0 (d) PCl3 0 
(HInt: CH3COOH + SOCl2 ~ CH~COCI + S02 t + HCI t 

Byproducts in above reaction are in gaseous state hence, 
they can be separated easily.] 

30. When propanoic acid is treated with aqueous NaHC03 , 

CO2 is liberated. The carbon of carbon dioxide comes from: . 
(a) methyl group 0 (b) carboxylic group 0 
(c) methylene group 0 (d) bicarbonate 0 
IHint: CH3-CH2- COOH + NaHC03 ~ 

CH3-CH2-COONa + H20 + CO2 t 
Thus, carbon of carbon dioxide comes from sodium 
bicarbonate. ] 

31. Decarboxylation of carboxylic acid takes place: 
(a) in soda lime treatment 0 
(b) in quick lime treatment 0 
(c) in Kolbe's electrolysis 0 
W~d~~~~ 0 

3l. A dibasic organic acid (A) on heating gives (B). The 
compound (B) on soda lime treatment gives the lowest 
alkane which can be prepared by Wurtz synthesis. The 
compound (A) is: ' 

/COOH 
(a) CHr ..... 0 

......... COOH 
CH2-COOH 

(b) I ,0 
CH2-COOH 

./CH2-COOH 
(c) CH2-..........:. 0 

CHz-COOH 
/COOH· 

(d) CH3-CH....... . 0 
........ COOH 

33. 0.759 g of a silver salt of a dib.asic organic acid on ignition 
left 0.463 g metallic silver. The equivalent weight of acid is: 
(a) 70 0 (b) 108 0 
(c) 60 0 (d) 50 0 
(Hint: Equivalent weight of acid 

Mass Of. silver ~t x 108 _ 107] 
Mass of sIlver reSIdue 

34. The reagent, which distinguishes formic acid from acetic 
acid is: . 
(a) 2,4-dinitrophenyl hydrazine 0 
(b) HgCl2 0 
(c) C2HsONa 0 
(d) Hg2Clz 0 

35. Which of the following compounds easily undergoes . 
decarboxylation? 
(a) CChCOOH 0 (b) Jl-Keto carboxylic acid 0 
(c) HCooH 0 (d) CH3COOHO 
(Hint: P-Keto acids are most easily decarboxylated. 

? -C02 ~ 
CH3-t-CHz-COOH ) CH3-~-CH3] 
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36. (A), (B) and (C) are three dicarboxylic acids such that: 

(A) _-=A=---+> carboxylic acid + CO2 t . 

(B)· A ) acid anhydride + H20t 
(C) A ) cyclic ketone + HzO+COz t 
then: 

(A) (B) (C) 
(a) adipic acid malonic acid 
(b) malonic acid adipic acid 
(c) adipic acid . succinic acid 
(d) malcmic acid succinic acid 

succinic acid 0 
succinic acid 0 
malonic acid 0 
adipic acid 0 

. • /COOH 
(Hint: CH2'-. 

'-COOH 
CH3-COOH + CO2 
Carboxylic acid 

. Succinic acid Acid anhydride 

o 
II ..,.......C, 

CH CH
2 

+ CO2 + H20 ] 
I 2 I 

Adipic acid CHz-·-CH2 
Cyclic ketone 

Conc. H2S04 ) X + Y 

37. HCOOH/ .. 

. '\. Dil. H2S04 ) Z 

Products X, Y and Z are respectively: 

COOH CooH 
(a) CO, H2O, I 0 (b) I . CO, H20 0 

COQH COOH 
COOH CooH 

(c) COz. H2• I . 0 (d) I ,C02• H2 0 
COOH COOH 

(Hint: HCOOH Cone. H:zS°4 ) CO(g)+ H20(g) 
11 . 

. ' 2HCOOH + [0] nil. H2SO4 ) fOOH 
+ H20] 

COOH 

38. CH
3
CH

2
COOH Br2/Red p) (A) Ale. NH3 ) (B) 

A 

The fmal product (B) in above reaction is: 
(a) alanine 0 (b) pyruvic acid 0 
(c) . citric acid 0. (d) lactic acid 0 

Br 

Bri/Red P; CH3-bH-COOH 

A lAlC. NH3 

,NH2 
I 

CH3-CH-COOH] 
Alanine 
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39. Which of the following carboxylic 
decarboxylation most easily? 

o 
II 

(a) 0-0C-CH2-COOH 

V II 
(b) o-C-COOH 

OH 
I -

(c) VI CH-COOH 
~ NH2 

I 
(d) VCH-COOH 

acids undergoes 

o 

o 

o 

o 

40. Arrange the following carboxylic acids in order of 
decreasing acidity: 

Oxalic acid Malonic acid Succinic acid 
(I) (II) (UI) 

(a) I>II>III 0 (b) III>II>I 0 
(c) II > 1II > I 0 (d) II > I > III 0 

41. The intermediate(s) formed during the reaction 

C6H5CH2COOAg + Br2 CCI4 ) C6H5CH2Br, 

is (are): 

• 
(c) C6HS-CH2 

(d) Bf 

I ANSWERS: BRAIN STORMING PROBLEMS I 
17. (c) 18. (a) 19. (a) 20. (a) 21. (c) 
27. (d) 28. (d) 29. (c) 30. (d) 31. (d) 
37. (a) 38. (a) 39. (a) 40. (a) 41. (a,b,c,d) 

o 

o 
o 
o 

22. 

32. 

42. 
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42. Which of the following intermediate species is/are formed 
in the reaction of acrylic acid with HBr to give 
~bromopropanoic acid? 

H2C=CH-COOH HBr) BrCH2-CH2-COOH 
+ 

, /OH 
(a) H2C=CH-C ......... 

......... OH 

/OH 
(b) H2C=CH-C'OH 

+ 

o 

o 

o 

o 

43. Which ofthe following will give cyclic products upon being 
heated or being treated by an acid? 

/COOH 
(a) CH3-CH2-CH2-CHz-CH, 

"OH 
OH 
I 

o 

(b) CH3-CH-CHz-CH2-CHz-COOH 0 
OH 
I 

(c) CH3-CH2-CH-CH2-CH2-COOH 0 
OH 
I 

(d) CH3-CHz-CH2-CH-CHz-COOH 0 

44. What types of isomerism are exhibited by hexanoic acid? 
(a) Chain isomerism 0 
(b) Position isomerism 0 
(c) Functional group isomerism 0 
(d) Metamerism 0 

(d) 23. (a) 24. (a) 25. (b) 26. (c) 

(d) 33. (a) 34. (b) 35. (b) 36. (d) 

'(a,b,c,d) 43. (a,b,c) 44. (a,c) 
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LINKED COMPREHENSION TYPE QUESTIONS 

Passage 1 

Dicarboxylic acids have two carboxylic groups, e.g., 
COOH /COOH CH2-COOH 

I CH2~ I 
COOH COOH CH2-COOH 

Oxalic acid Malonic acid Succinic acid 
/CH2-COOH CH2-CH2-COOH 

CH2~ I 
CH2-COOH CH2-CH2-COOH 

Glutaric acid Adipic acid 
Acidity of dicarboxylic acid depends upon the stability of 

intermediate ion and upon the distance between two carboxylic 
groups. Shorter the distance between two carboxylic groups, 
greater is the acidi~ character. Melting point of these acids 
depends on the symmetry. Greater the symmetry, higher will be 
the melting point. 

Dicarboxylic acids on heating give monocarboxylic acid, 
alkanes, cyclic ketones depending on the conditions. 

Answer the following questions: 
1. Which of the following is the most acidic? 

(a) Oxalic acid (b) Malonic acid 
(c) Succinic acid (d) Adipic acid 

2. Which of the following dicarboxylic acids is used in the 
manufacture of nylon-6? 
(a) Succinic acid (b) Glutaric acid 
(c) Adipic acid (d) Oxalic acid 

3. Which of the following has highest melting point? 
(a) Maleic acid (b) Fumaric acid 
(c) Succinic acid (d) Oxalic acid . 

4. Which of the following dicarboxylic acids, will give 
monocarboxylicacid on heating? 
(a) Malonic acid (b) Succinic acid 
(c) Glutaric acid (d) Adipic a.cid 

5. Sodium adipate on electrolysis gives: 
(a) but-2-ene (b) but-I-ene 
(c) cyclobutane (d) cyclobutene 

Passage 2 

Carboxylic acids having atleast one a-hydrogen react with 
Cl2 or Br2 in the presence of phosphorus (or a phosphorus halide) 
to give a-halo acids. This reaction is known as 
Hell-Volhard-Zelinsky reaction (HVZ reaction), 

Br 

P/Br2 I 
R-CH2-COOH ~ ) R-CH-COOH 

The HVZ reaction is limited to the formation of a-chloro and' 
a-bromo acids and it is sometimes awkward to carry out. The 
reagents (X 2 and P) are noxious and the reaction time is often long 
and the conditions of reaction are harsh. 

Answer the following questions: 

1. Which of the following carboxylic acids will not give HVZ 
reaction? 

CH I 3 

(b) CH3-CH-COOH 
'CH3 

I 
(d) CH3-C-COOH , I 

CH3 

2. Which of the following will be obtained when acetic acid is 
subjected to HVZ reaction? 

. Br 

I 
(b) Br-C-COOH I . 

H 
Br 

I 
(c) Br-C-COOH 

I 
(d) All of these 

Br 

3. CH3-COOH Br2/P) (A) NaCN) (B) HOH/H\ (C) 

The product (C) will be: 
........... COOH 

() CH2 ........... 
a ~COOH 

CH2-COOH 
(b) I 

CH2-COOH 

CH2-CO"" 
(c) I /0 

CH2-CO 

<CO" 
(d) CH3-CH ./'"0 

CO./'" 

4. R-CH2-CHz-'-OH~R-CH2 -CH2-COOH 

(A) (B) 
In above conversion, the reactant (A) follows the sequence 
of reactions with three reagents. 

+ 
(c) HCN,PBr3, KCN (d) H30,KCN,PBr3 

5. CH3CH2COOH RedP + Br2 >(A) Ale. -KOH>(B). The 

product (B) is: 
(a) 2-ketopropanoic acid 
(b) acrylic acid 
(c )2-hydroxy propanoic acid 
(d) 2-amino propanoic acid 
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Passage 3 

Variety of products are obtained when dicarboxylic acids are 
heated. The nature of products depends on the carbon chain length 
separating the two carboxylic groups. 

(I) 1,2 and 1,3-dibasic acids on heating give 
monocarboxylic acid. 

.... (II) 1,4 and 1,5-dibasic acids on heating give cyclic 
anhydride. 

(III) 1,6 and 1,7 -dibasic acids give cyclic ketones. 
Indicate whether the following. reactions are right or wrong: 

COOH 
1. I 200

G

C ) CO2 + CO+ H20 
COOH 

Oxalic acid 
(a) Right (b) Wrong 

............... COOH /!,. 
2. CH2~ ~CH3COOH+C02t' 

COOH Acetic acid 
Malonic acid 

3. 

G.R.B. Organic Chemistryfor Competitions 

(a) Right (b) Wrong 

H-C""':"-COOH 
II· ~CHz=CH-COOH+C02 

H-C-COOH 
Maleic acid 

(a) Right 

Adipic acid 

Crotonic acid 

(b) Wrong 

6 
Cyclohexanone 

(a) Right (b) Wrong 

CHz-COOH CH2-CO~ 
5. I ~I .............. 0 + H20 

CH2-COOH CHz-CO 
Succinic acid 

(a) Right 

Succinic anhydride 

(b) Wrong 

• ANSWERS: LINKED COMPREHENSION TYPE QUESTIONS I 

Passage 1 1. (a) 2. (c) 3. (b) 4. (a) 5. (c) 

Passage 2 1. (d) 2. (d) 3. (a) . 4. (a) 5. (b) 

Passage 3 1. (a) 2. (a) 3. (b) 4. (b) 5. (a) 
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13.1 DERIVATIVES OF CARBOXYLIC ACIDS 

The classes of compounds obtained from carboxylic acids by 
the replacement of -OH group of the -COOH grOllP with 
-X,-NHz• --DOCR or -OR are termed as acid 
derivatives. 

~ r--..,.._O_H_rep_la_ce_d._b_y __ X_~) R-C-X 
X (el or Br or I) Acid halide 

fI 
R-C-OH

Add 

-OH replaced by -NH2 

o 
II 

-OH replaced by -O---C-R' 

-OH replaced by -OR' 
'-~--.. 

o 
\I 

R-C-NH2 
Acid amide 

o 0 
II II 

R-C-O-C-R' 
Acid anhydride 

~ 
) R-C-O-R' 

Esler 
(where Rand R' may be either same or different) 

The acid derivatives undergo hydrolysis and fOfDl the 
o 
II 

parent acid. (R-C-) group is common to these derivatives 

and is known as acyl group and hence these derivatives are also 
termed as acyl derivatives. 

Acyl derivatives are characterized by nucleophilic 
suhstitution reaetiens. 

Nu Nu 

R""C (\0:+ :Nu- ~""bI);:- ----?R-6=0+:c 
L/" L,6" 

Intermediate o 
II 

(L=X,NH 2 ,0-C-R or OR) 

ACID DERIVATIVES 

The relative reactivities of various acyl 'compounds have 
been found to be in the following order: 

o 0 
, ~. ~ (0 p 

/C=O>R-C-O-C-R'>R-C >R-C\lo.l 
.x OR' NHz 

Out of acid halides, the acid chlorides are more important 
ones, 

The overaJI order of reactivity can be accounted for in 
terms of the following 'three factors: 

(i) Basicity of the leaving group, (ii) Resonance effect and 
(iii) Inductive effect. 

(i) Basicity of the leaving group: Weaker bases are 
good leaving groups. Hence, the acyl~erivatives with weaker 
bases as leaving groups can easily rupture the bond and are 
more reactive. Chloride ion is the weakest base while -NH z 
is the strongest base. Thus, acyl chlorides are most reactive and 
amides are least reactive, 

The correct order of basicity of the leaving group and their 
tendency of leave is: 

HzN: > :OR > RCOO: > :CI
(Basicity decreases and Reactivity increases) 

(ii) Resonance effect: The leaving group in each case 
has an atom with lone pair of electrons adjacent to the carbonyl 
group. The compound exists, therefore, as a resonance hybrid. 

cw 
R-C\.*J. 
. "-L 
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This makes the molecule more stable. The greater the 
stabilization, the smaller is the reactivity of the acyl compound. 
However, acyl chlorides are least affected by resonance. Due 
to lower stabilization, the acid chlorides are more reactive as 
the loss of -CI is easier. Greater stabilization is achieved by 
resonance in esters and amides and thus, they are less reactive. 

(iii» Inductive effect : Higher the -1 effect, more 
reactive is the acyl compound. Inductive effect of oxygen in 
ester is greater .than nitrogen in amide, hence ester is more 
reactive than an amide. 

13.2 NOMENCLATURE 
1. Acid chlorides: Acid chlorides (acyl chlorides) have the 
general formula, RCOCt The common names are derived by 
changing the suffix, '-ic acid', of the trivial names of the corre
sponding acids by 'yl chloride'. 

In !UP AC system, these are named after the name of 
alkane by replacing the ending 'e' by 'oyl chloride'. 

Formula Common name IUPACname 

HCOCI (Unstable) Fonnyl chloride Methanoyl chloride 

CH3COCI Acetyl chloride EthanoyJ chloride 

CzHsCOCI Propionyl chloride Propanoyl chloride 

C3H7COCI Butyryl chloride Butanoyl chloride 

2. Add anhydrides: The acid anhydrides may be 
regarded as being derived from acid(s) with the elimination of 
one molecule of water from two molecules of the same or 
different acids. 

o 0 
RCOOH 

+ 
R'COOH 

-H20 RCO~ II II 
-~) /0 or R-C-O-C-R' 

R'CO/ 
Carboxylic acids Acid anhydride 

(Same or different) 

Anhydrides are named by replacing the word 'acid' in the 
name of the acid by 'anhydride' in both common and !UPAC 
names. 

Formula Commoilname IUPAC name· 

Acetic anhydride Ethanoic anhydride 

Propionic anhydride Propanoic anhydride 

When·both acyl groups are similar the anhydride is called 
symmetrical or simple anhydride and when they are different 
(derived from two molecules of different acids) are called 
unsymmetrical or mixed anhydrides. Formic anhydride is 
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unknown but the mixed acetic formic anhydride, 
HCO . .. 

>0 (Ethanoic methanoic anhydride), ·is known. 
CH3CO 

3. Acid amides : Acid amides have general formula, 
RCONH2. The -CONH2 group is called the amide group .. 
Primary acid amide may be regarded as acyl derivatives of 
ammonia obtained by replacement of hydrogen atom by acyl 
group. 

NH3 -H) RCONH2 
+RCO 

o 
II /H 

orR-C-N~H 

They are further classified as primary (l0), secondary (2°) 
and tertiary (3°) according as the -OH part of the -COOH 
group is replaced by -NH2, -NIIR' and -NRi groups 
respectively. Thus, 

o o o 
II II II 

R-C-NH2 R-C-NHR' R-C-NRi 
I" acid amide 2" acid amide 3° acid amide 

In common name system, name of the primary amides are 
derived from the names of corresponding acids by replacing 
the suffix '-ic acid' by 'amide'. !UPAC names are derived by 
replacing 'e' ofthe parent hydrocarbon by 'amide'. 

Formula Common name IUPACname 

HCONHz Fonnamide Methanamide 

CH3CONH2 Acetamide Etbanamide 

C2HsCONHz Propionamide Propanamide 

C3H7CONH2 Butyramide Butanamide 

Secondary and tertiary amides are named by adding the 
name of the substituent present on the nitrogen atom before the 
name of the parent (or primary) amide. The letter 'N' is 
normally written before the name ofthe substituent to indicate 
that the substituent is attached to the nitrogen atom. In tertiary 
amides, the letter N is repeated twice. For example, 

o 0 
IIII /C2H s 

CH3-C-NHCH3 CH3-C-N~ 
N -Methyl ethanamide C 2HS 

o 
II 

H-C-N(CH3h 
N,N -Dimethyl methanamide 

4. Esters: 

CH3COOH + HOC2Hs 
Organic acid Alcohol 

H2S04 + HOC2Hs 
Inorganic acid Alcohol 

N,N -Diethyl ethanamide 

o 
II 

H-C-N(C2HSh 
N,N -Diethyl methanamide 

~ CH3COOC2HS + H20 
Organic ester 

~ C2HsHS04 + H20 
Inorganic ester 
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An ester, therefore, may be defined as an alkyl deriva
tive of an add (organic or inorganic) whose hydrogen atom 
bas been replaced by an alkyl group. 

Organic esters are represented by general fonnula, 
RCOOR', where Rand R' may be same or different. Organic 
esters are named by first naming the alkyl group of the alcohol 
followed by the name of the acid and changing the suffIX '-ic 
acid' by '-ate' . 

F8I'1ftuia Common name 

Methyl fonnate 

Methyl acetate 

IUPACname 

Methyl methanoate 

Methyl ethanoate 

CH3COOC2Hs Ethyl acetate Ethyl ethanoate 

ClHsCOOC2HS Ethyl propionate Ethyl propanoate 

Organic esters show the following types of isomerism: 
(i) Functional isomerism: Esters are isomeric with fatty 

acids. 

HCOOC2Hs ; C2HsCOOH 
, Ethyl formate Propionic acid, 

T 

Molecular formula C3H60 2 
(ii) Chain isomerism: 
CH3CH2CH2COOC2Hs 

Ethyl butyrate 

. 
MolecUlar formula C6H120 2 

Acid'Derivatives of Acetic Acid 

CH3COOH 
I 

I I I 
CH3COCl CH 3 CONH 2 (CH3COhO CH3COOC2Hs 

Acetyl chloride Acetamide Acetic anhydride Ethyl acetate 
Acetyl chloride, acetamide, acetic anhydride and ethyl 

acetate are the acid derivatives of acetic acid. These are the 
typical compounds of their homologous series and thus, the 
chemistry of these fuur compounds has only been discussed 
here. 

1'3.3 ACETYL CHLORIDE OR ETHANOYL 
CHLORIDE, CH 3 COCI 

Acetyl chloride is the most important acyl chloride or acid 
chloride. The first member of the series, fonnyl chloride 
(HCOCI) is an unstable compound and readily break up into 
carbon monoxide and hydrogen chloride. 

Methods of Preparation 

. 1. Acetyl chloride is prepared by heating glacial acetic 
acid with phosphorus trichloride, phosphorus pentachloride or 
thionyl chloride. Thionyl chloride is the better reagent because 
the byproducts of the reaction are the gases S02 and HCI, 
which are easily separated. 

3CH3COOH + PCl3 Heat) 3CH3COCI + H3P03 
Ethanoic acid Ethanoyl chloride 
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CH3COOH+ PCIs Heat) CH3COCI + POCl3 + HCI 

CH3COOH+SOCI2 Heat )CH3COCt+S02 +HCI 
Acetic acid Thionyl Acetyl 
(Glacial) Chloride chloride 

RCOOH +SOC12 ~ RCOCI +S02 i + HCli 

In laboratory. acetyl chloride is also prepared by this 
method. 

Fluorides, bromides and iodides can also be prepared but 
they offer no advantage over the less expensive acyl chlorides. 

2. Industrial method: Acetyl chloride is prepared on a 
large scale by distilling anhydrous sodium acetate or calcium 
acetate with phosphorus trichloride, phosphorus oxychloride 
or sulphuryl chloride. 

3CH3COONa + PCl3 Heat) 3CH3COCI + Na3P03 . 
2CH3COONa + POCt3 Heat) 2CH3COCI + NaP03 + NaCI 
Sodium acetate Acetyl chloride 

(CH3COOhCa+S02CI2 Heat >2CH3COCI+ CaS04 

Calcium Sulphuryl Acetyl 
acetate . chloride chloride 

3. From ketenes: By addition of HCI. 
, . 

o 
II 

H2C=C=0 + HCI ~CH3 -C-CI 
Ketene Acetyl chloride 

o 
II 

CH3CH=C=0 + HCI ~CH3CHi -C-CI 
Methyl ketene Propanoyl chloride 

Physical properties: Acetyl chloride is a colourless 
lachrymatory (tear producing) 1iquid with a pungent odour. It 
boils at 52°C. It fumes in moist air due to the fonnation of 
hydrogen chloride. It is soluble in ether, acetone and acetic 
acid. They are incapable of forming the H-bond and thus have 
lower boiling points than parent carboxylic acids. 

Chemical properties: Among the different acid deriva
tives, acyl chlorides are the most reactive. In acyl chlorides, the 

o 
" . I I . ' carbonyl group (-C-) is attached to high y e ectronegative 

chlorine atom. Due to strong electron withdrawing effect of 
chlorine atom (-I effect), the electron ,density, on the carbonyl 
carbon is reduced further and at the same time, it has a weak 
electron releasing resonance effect (+R effect). 

.. 
0: 
II 

R-C+-CI 
(Strong -J effect) 

.. 
<:.0: 

lin· 
[R-C-~!: 

.. 
:0:-
I + 

~ R-C-Cl:1 

(Weak +R effect) 
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As a result of combined influence of both these effects, the 
acyl camon atom becomes sufficiently electron deficient. 
Hence, acyl chlorides readily undergo a number of 
nucleophilic substitution reactions. in which the attacking 
nucleophile can easily attack the electron deficient carbon 
atom. 

<:11 . _ (.((n "_ 
R-C-Cl+ .Nu ~R-C-CI~R-C+CI 

t I I I 
Nu Nu 

CI- + H+ ~HCl 

Compounds which contain strong electron donor group 
with a replaceable hydrogen atom, (e.g., -OH, -NHz, 
-NHR, etc.) readily react with acetyl chloride with the result 
that their hydrogen atom is replaced by acetyl group, 
CH)-CO. This is known as acetylation. 

Some of the important reactions of acetyl chloride are 
given below: 

(i) Hydrolysis: Acetyl chloride readily reacts with 
water when chlorine atom is replaced by -OH group to form 
acetic acid. • ------1 

CH)cq~Lt.H!OH~CH3COOH+HCI • 
Acetyl chloride Acetic acid 

An aqueous solution of aliphatic acid chlorides gives 
white precipitate with AgN03 solution. 

RCOCI + HOH + AgNO) ~ R-COOH + HNO) + AgCl 
(White ppt.) 

(ii) Action with alcohols (Alcoholysis): Acetyl chloride 
reacts with an alcohol in presence of pyridine base when the 
-Cl is replaced by alkoxy group (-OR) to form an ester. 

CH)CQGC-f!IjOCzHs Base) CH3COOCzHs + HCI 
Alcohol Ethyl acetate 

Thioalcohols are acetylated to thioesters . 

. CH3Cdg~j-jijSCzHs ~CH3COSCzHs 
Ethyl thimilcohol Ethyl thioacetate 

(iii) Action with ammonia: Acetyl chloride reacts 
with ammonia when --CI is replaced by an amino group 
(-NHz) to form an amide (1°). 

CH3CC{G'C-ffJjNH2 ~CH)CONHz + HCI 
Acetamide 

(iv) Action with primary and secoudary amines 
Acetyl chloride reacts with primary and secondary amines and 
forms sub~~te.!\ amides (20 and 3°) respectively. 

CH3COJ;:U:.H!NHCzHs ~CH3CONHCzHs + HCI 
EthyJamine N -Ethyl acetamide 

r----l 
CH3CO~G.t-J:.!I~N(CzHsh ~ CH3CON(CzHs h + HCI 

Diethylamine NN -Diethyl acetamide 

. (v) Action with hydroxylamine and hydrazine : 
Corresponding acetyl derivatives are formed. 
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CH3COCI + H2NOH ~ CH3CONHOH + HCI 
Hydroxyl- Acetyl hydroxylamine. 

amine (Hydroxamic acid) 

CH3COCI + HzNNHz ~CH3CONHNH2 + HCI 
Hydrazine Acetyl hydrazine 

(Hydrazides.) 

(vi) Reduction: (a) Acetyl chloride on reduction with 
hydrogen in presence of palladium over barium sulphate and 
partially PQisoned with a small amount of sulphur or quinoline, 
as catalyst (to avoid further reduction of aldehydes to alcohols) 
to form acetaldehyde (Rosenmund's reduction). 

Pd/BaSO 
CH3COCl+ Hz . 4 ) CH3CHO + HCI 

S or qllinoline 

(b) When reduced with LiAlH4 or NaBH4, it gives ethyl 
alcohol. . 

LiAIH 
CH3COCI +2H2 4 )CH3CHzOH 

Ether Ethyl alcohol 

(c) Acid chlorides are reduced to aldehydes by LiH or 
lithium tri-tert.-butoxy aluminium hydride. 

(d) Acid chlorides are reduced to esters of an enediol by 
Na-Hg ~n an inert solvent. 

o 
~ H R", /R 

4R-C-CI + 4Na -14 /C=c., + 4NaCI 
RCOO· "OOCR 

(vii) Action with salts of carboxylic acids: It reacts 
with sodium salts of carboxylic acids to form anhydrides. 

CH3COCI + NaOOCCH3 ~ (CH3CO)z0 + NaCI 
Sodium acetate Acetic anhydride . 

o 0 00 
II II P 'd' IIII 

CH3CCI + HOCCHzCH3 yn me ) CH3 COCCHzCH 3 + HCI 
Ethanoyl Propanoic acid ~ Ethanoic propanoic 
chloride anhydride 

(viii) Friedel-Crafts reaction: It reacts with benzene in 
the presence of anhydrous aluminium chloride to form 
acetophenone. 

Anhyd. Alel3 CH3COCI + C6H6 )CH3COC6Hs + HCl 
Benzene Acetophenone 

(ix) Action with Grignard reagent: (a) With calculated 
amount of Grignard reagent, ketones are formed. 

. /,,--1 
CH3CC{~[:_~l~g:CH3 ~CH3COCH3 + Mg~ 

Methyl magnesium Acetone CI 
. iodide 

(b) With excess of.Grignard reagent, tertiary alcohol is 
obtained. 

(c) With dialkyl cadmium (less reactive than Grignard 
reagent), ketones are formed. 
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2RCOCI + RzCd Dry) 2RCOR' +CdCh 
Acyl chloride Dialkyl Ether Ketone -

cadmium 
Dry 

2CH3COCI +(CH3hCd. )2CH3COCH3 +CdCI2 
Ethanoyl chloride Dimethyl Ether Propanone 

cadmium 
(x) Action with diethyl ether : Acetyl chloride reacts 

with diethyl ether in presence of anhydrous zinc chloride to 
form ester and ethyl chloride. 

ZnCl2 CH3COCI +C2HsOC2HS ) CH3COOC2Hs + C2 HsCI 
1:1 Ethyl acetate Ethyl chloride Diethyl ether 

(xi) Action with potassium cyanide : Chlorine is 
replaced by -CN group. The cyanide thus formed yields 
a-keto acid (pyruvic acid) on hydrolysis. 

CH3COCI + KCN ~ CH3COCN H20) CH3COCOOH 
. + 

Acetyl cyanide H Pyruvic acid 

. (xii) Action with salicylic acid: Aspirin is formed. 

~H P 'd' ©t0CCH3 
. +CIOCCH ynme) +HCI 

CooH 3 COOH 

Salicylic acid Acetyl salicylic acid 
(Aspirin) 

(xiii) Peroxide formation: Acetyl chloride reacts with 
+ - . - + 

sodium peroxide (N aD-ON a), to form acetyl peroxide. 

0.00 
II + - - + 1:1 . II II 

2CH3 -C-CI + N aD-ONa ~CH3C-0-0-C-CH3 
Acetyl chloride Acetyl peroxide 

+2NaCI 
(xiv) Action with diazomethane: Acetyl chloride readily 

reacts with diazomethane (CH 2 N 2) to form diazoketone. 
Diazomethane (CH2N 2) is used in the Arndt-Eistert Synthesis 
to convert a carboxylic acid into the next higher homologue. 

00 
. II - + .. II + 

CH3-C-CI+2CH2-N N ~CH3-C-CH-N=N 
Diazomethane Diazoacetone 

+CH3CI +N 2 
Diazoketone gives different compounds as follows: 

HCl CH3COCH2CI +N2 
Chloromethyl ketone 

CH3COCHN2 _-+-__ NH---=3_~CH3CH2CONH2 + N2 
. . Diazoacetone Ag20 catalyst Propanarnide 

H20 
~-=---~CH3COCH20H 

• HCOOH Hydroxy acetone 

This diazoacetone loses nitrogen to form a ketene by 
rearrangement when warmed in the presence of silver oxide as 
catalyst. 

7.17 

o 
II Ag20 

CH3-C-CHN2 >CH3CH=C=0+N 2 
• Diazoacetone Heat Methyl ketene 

This rearrangement of diazoketone is called Wolff 
rearrangement. 

When the rearrangement of diazoketone is carried out in 
the presence of water, a carboxylic acid is formed. 

CH3-CH=C=0+H20 Heat )CH3CH2COOH 
Ketene Carboxylic acid 

(xv) Action with urea: Acetyl chloride is acetylated to 
give acetyl urea. 

o 0 
~ ~ 

CH3-C-CI+H2N-C-NH2 ~ 
Urea 

o 0 
II \I 

CH3 -C-NH-C-NH2 + HCI 
Acetyl urea 

(xvi) Action with alkene: Acetyl chloride adds to an 
alkene in presence of catalyst (ZnCh or AlCI3) to form a 
chloroketone which, on heating eliminates HCI to give an 
unsaturated ketone. 

ZnCl2 (CH3hC=CH2 +CH3COCl ) 
2-Methyl propene 

o 0 
\I 1:1 \I 

(CH3hC-CH2C-CH3 ~(CH3hC=CHC-CH3 I -HCI 4-Methyl pent-
CI 3-en-2-one 

4-Chloro-4 -methyl 
pentan-2-one 

(xvii) a-Halogenation : Acid halides undergo 
tautomerization and so they proceeds fora-halogenation. 

o OH OH 
II I - CI

2 
I 

CH3 -C-Cl CH2 =C-CI ~CH2 -C-Cl 
Acetyl chloride Enol form I I 

... 

Cl CI 

o 
1:1 II 

---'-'~) CH2 -C-CI 
-HCI I 

CI 
ChIoroacetyl 

chloride 
(xviii) Reaction with HBr, m and HF : 

RCOCI + HBr ~ RCOBr + HCI 
RCOCI + HI ~ RCOI + HCI 
RCOCI + HF ~ RCOF + HCI 
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Uses: (i) As an acetylating agent. 
(ii) In the estimation and detennination of/number of 

hydroxyl and amino groups. 
(iii) In the preparation of acetaldehyde, acetic anhydride, 

acetamide, acetanilide, aspirin, acetophenone, etc. 

13.4 ACETIC ANHYDRIDE OR ETHANOIC 
ANHYDRIDE, 

CH3CO~O OR 

CH3CO/ 
(CH 3 COhO 

Acetic anhydride is the most important and useful among 
anhydrides. 

Methods of Preparation 

1. From carboxylic acids: Acetic anhydride is prepared 
by heating glacial acetic acid with a dehydrating agent like cone. 
H2S040r phosphorus pentoxide or anhydrous zinc chloride. 

PoO 
2CH3COOH 2 5) (CH3COhO + H20 

Acetic acid Heat Acetic anhydride 
(Glacial) 

2. From acid chJorides and carboxylic acids : Acetic 
anhydride is conveniently prepared by distilling a mixture of 
anhydrous sodium acetate and acetyl chloride. 

CH3COONa + CICOCH3 Pyridine) (CH3COhO +NaCI 
Sodium acetate Acetyl chloride Heat Acetic anhydride 

Acetic anhydride is prepared in the laboratory by this 
reaction. 

o 0 0 0 
II II C6H6 , ;l II II 

R-C-CI + H-O-C-R' ---':........:...~)R-. C-O-C-R' 
Pyridine 

+ 
+ [C5H5N H]CI-

3. Manufacture: Acetic anhydride is prepared indus

trially by the following methods: 
(i) By heating anhydrous sodium acetate with thionyl 

chloride, sulphuryl chloride or phosphorus oxychloride : 
One half of the sodium acetate is first converted into acetyl 
chloride which then reacts with remaining half of sodium 
acetate to give anhydride. 

CH3COONa +SOCI2 ~CH3COCI +S02 + NaCI 
Sodium acetate Thionyl 

chloride 

CH3COCI +CH3COONa~ (CH3COhO + NaCI 
Acetyl chloride Acetic anhydride 

Oi) By passing chlorine in a mixture of sodium acetate and 
sulphur dichloride and distilling the mixture so obtained. 

8CH3COONa + SCh +2C12 Distill) 4(CH3COhO 
Sulphur Acetic anhydride 

dichloride 
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(iii) From acetylene: 

HC=CH +2CH3COOH 
Acetylene Acetic acid 

(Glacial) 

CH3 

HgS04 )6H(00CCH3h 
Ethylidene 

acetate 

Heat )I 

CH3 
I + (CH3COhO 

CHO Acetic anhydride 
Acetaldehyde 

(iv) From acetone : Acetone is fIrSt converted into 
ketene by cracking (pyrolysis) at 700-7500C. 

CH3COCH3 Heat) H2C=C=0+CH4 
Acetone Ketene 

Ketene can also be obtained from acetic acid. 

The ketene is then passed through glacial acetic acid when 
formation of acetic anhydride takes place. This is the modem 
process for manufacture of acetic anhydride. 

H2C=C=0 +CH3COOH ~ (CH3COhO 
Ketene (Glacial) Acetic anhydride 

(v) From acetaldehyde: The air oxidation 'of acetalde
hyde is done in presence of cobalt acetate--copper acetate 
catalyst at 50-700C under pressure. 

o 
CH3CHO +02 Catalyst )CH3-~-O-0-' H CH3CHO, 

Acetaldehyde 50-70°C Intermediate 

(vi) From acetic acid : 

(CH3COhO+H20 
Acetic anhydride 

2CH3COOH Quartz tube) (CH CO) 0 + H 0 
Acetic acid Porcelain chips, 800°C Aceti: anhYl~ide 2 

Physical properties: It is a colourless, pungent smelling 
liquid. It boils at 139SC. It is sparingly soluble in water but 
soluble in ether, alcohol and acetic acid. 

Chemical properties: It resembles acetyl chloride in its 
action towards compounds having active hydrogen but it is less 
reactive than acetyl chloride. One half of the acetic anhydride 
is used for acetylation while the other half is converted into 
acetic acid. Acetylation is best carried out in presence of 
sodium acetate or cone. H2S04, 

The following are the important reactions of acetic 
anhydride: 

(i) Hydrolysis: The hydrolysis of acetic anhydride 
occurs with water or alkalies. 

(CH3COh 0 + H20 --'--42CH3COOH 
Acetic anhydride Acetic acid 
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(CH3COh 0 + NaOH --7 CH3COONa +CH3COOH 
Sodium acetate Acetic acid 

(ii) Action with ammonia: Acetic anhydride forms 
acetamide with ammonia. 

(CH3COhO +2NH3 --7CH3CONH2 +CH3COONH4 
Acetamide Arum acetate 

(iii) Acetylation: Acetic anhydride reacts with com
pounds having active hydrogen atom. The hydrogen atom is 
replaced by CH3CO- group. The reaction is called 
acetylation. Acetylation with AC20 is usually best carried out 
in pyridine solution or in presence of a small amount of sodium 
acetate or cone. H2S04 as catalyst. 

(CH3COhO+C2HsOH --7CH3COOC2Hs+CH3COOH 
Ethyl alcohol Ethyl acetate 

(CH3COhO +H2NC2HS ~CH3CONHC2Hs+CH3COOH 
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LiAlH4 
(CH3COhO . )CH3CH20H 

Ether Ethyl alcohol 

(x) Action with ether: It forms ethyl acetate (an ester). 
~ - - - - - - -- - -- - -I ZnCl2 CH3CO:OCOCH3 +C2Hs-'-O-C2Hs ) _______________ 1 (Wrum) 

Diethyl ether 
2CH3COOC2Hs 

Ethyl acetate 
(xi) Reaction with Grignard reagent: 

o OMgBr 
II I 

(RCOhO + R' MgBr --7 R-C-O-T-R 

R' 

o 0 

Rearrangement) R-~-R' +Mg(Br)O-~-R 
Ethylamine (l0) N -Ethyl acetamide 

(xii) Perkin reaction: When an aromatic aldehyde is 
(CH3COhO+ HN(C2HSh ~CH3CON(C2Hsh +CH3COOH heated with an aliphatic acid anhydride with atleast two a-H 

Diethylamine (2°) N,N -Diethyl acetamide atoms in presence of Na or K salt of corresponding acid, a 
(CH3COhO+ H2NC6H5 ~CH3CO~~6Hs+CH3COOH condensation reaction givinga.l3-unsaturated acid is formed. 

Aniline AcetanilIde This reaction is called Perkin reaction. 

Salicylic acid Acetyl salicyclic 
acid (Aspirin) 

(iv) Action of dry HCI: Acetic anhydride reacts with 
dry HCI to form acetyl chloride. 

(CH3COh 0 + HCI(dry) --7 CH3COCI +CH3COOH 
(v) Action of chlorine: Acetic anhydride reacts with 

chlorine to form acetyl chloride and monochloroacetic acid. 

(CH3COhO +C1 2 --7 CH3COCI + CH2CICOOH 
. Acetyl Monochloroacetic 

chloride acid 
(vi) Action of PC 15 : When heated withPCIs , acetic 

anhydride forms acetyl chloride. 

(CH3COhO + PCIs --7 2CH3COCI + POCl3 
(vii) Friedel-Crafts reaction: In presence of anhy

drous aluminium chloride. it reacts with benzene to form 
acetophenone. 

AlCI 3 (CH3COhO + C6H6 ) C6HsCOCH3 +CH3COOH 
Benzene Acetophenone 

(viii) Reaction with acetaldehyde: Acetic anhydride 
combines with one molecule of acetaldehyde to form 
ethylidene acetate. 

(CH3COhO + CH3CHO --7CH3CH(00CCH3h 
Acetaldehyde Ethylidene acetate 

(., Reduction: It is reduced by LiAlH4 in ether or 

Na/C2HsOHorNaBH4 I AlCl3 or B2H4 in THF, etc., to ethyl 
alcohol. 

CH3COONa 
C6HsCHO + (CH3COhO ) C6HsCH=CHCOOH 
Benzaldehyde . Reflux Cinnarilic acid 

+CH3COOH 
(xiii) Reaction with higher acids and their salts: 

2C6HsCOOH + (CH3COhO ~ (C6HsCOhO +2CH3COOH· 
Benzoic acid Benzoic anhydride 

2C2HsCOONa + (CH3COh0--7 (C2HsCOhO 
Sodium propionate Propionic anhydride 

+2CH3COONa 
(xiv) Reaction with NzOs : 

(CHjCOh 0 + N 20S --72CH3COON02 
Acetyl nitrate 

CH3COON02 + H20 Hydrolysis) CH3COOH + HN03 
(xv) Reaction with barium peroxide: 

(CH3COhO + Ba02 --7CH3CO-0-0-COCH3 +BaO 
Acetyl peroxide 

Uses: Acetic anhydride is used: 
(i) as an acetylating agent. 
(ii) for the detection and estimation of hydroxyl and 

amino groups. 
(iii) in the manufacture of cellulose acetate, aspirin, 

phenacetin, acetamide, acetophenone, etc. 

13.5 ACETAMIDE, CH 3 CONH 2 OR ETHANAMIDE 
Methods of Preparation 

1. Laboratory preparation: Acetamide is formed by 
heating of ammonium acetate, at about 215°C. 
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CH3COONH4 Heat) CH3CONH2 + H20 
Ammonium acetate Acetamide 

Simple heating of ammonium acetate presents the 
following two difficulties: 

(a) Some of the ammonium acetate dissociates into acetic 
acid. 

CH3COONH4 ~ CH3COOH + NH3 

(b) Some of the acetamide gets hydro lysed into acetic acid 
by the water formed in the reaction. ' 

CH3CONH2 + H20 ~ CH3COOH + NH3 

To avoid the above two reactions, ammonium acetate is 
always heated in presence of glacial acetic acid. 

2. Acetamide is obtained by the action of concentrated 
ammonia solution on acetyl chloride, acetic anhydride or ethyl 
acetate. These reactions are termed as ammonolysis. 

CH3COCI +2NH3~CH3CONH2 + NH4CI 
Acetyl chloride Acetamide 

(CH3CO)z0 +2NH3 ~CH3CONH2 +CH3COONH4 
Acetic anhydride Acetamide 

CH3COOC2Hs + NH3 ~CH3CONH2 + C2HsOH 
Ethyl acetate Acetamide 

3. On heating glacial acetic acid with urea, acetamide is 
formed. 

CH3COOH+H2NCONH2 Heat > CH3CONH2 + C02 + NH3 
Acetic acid Urea Acetamide 

4. Acetamide is also obtained when partial hydrolysis of 
methyl cyanide is done either by alkaline H20 2 or by dilute 
sulphuric acid or conc. HCl 

H20 2(alk.) 
CH3CN +H20 ) CH3CONH2 

Methyl cyanide or cooc. HCI Acetamide 

o 
II 

R-C=N + H20 Cooc. HCI ) R-C-NH2 
Alkane nitrile (Cold) Acid amide 

5. By Wilgerodt reaction: This reaction was originally 
carried out by heating a carbonyl compound (aryl alkyl ketone) 
with an aqueous solution of yellow ammonium poly sulphide 
(NH4 h SX to give an amide with the same number of carbon 
atoms. 

o 
II (NH4)2 SX . 

C6HS -C-CH3 ---~) C6HsCH2CONH2 
Methyl phenyl ketone Phenyl acetamide 

(Acetophenone) 

+C6HsCH2COONH4 

The amide group is always formed at the end of the chain 
whatever the size of R-group in C6HsCOR. 
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(NH4')2SX "I Jl a . 
C6HsCOCH2CH2CH3 -......;...=--~) C6HsCH2CH2CH2CONH2 

Phenyl propyl ketone Heat "I-Phenyl butyramide 
(Butyrophenone) 

6. Amide is also obtained by heating diazoacetone with 
NH3 · 

o 0 
II NH3 II 

CH3-C-CHN2 >CH3CH2-C-NH2 +N2 
Diazoacetone Propanamide 

Physical properties: Acetamide is a colourless crys
talline solid. It melts at 82°C and boils at 222°C. It is readily 
soluble in water and alcohol. It exists as a dimer due to 
hydrogen bonding. Impure acetamide has mousy odour. 

Chemical properties : (i) Hydrolysis: Acetamide is 
hydrolysed slowly by boiling with water, rapidly by acids and 
far more rapidly by alkalies (Laboratory test of amide 
group). 

CH3CONH2 + H20 Boil) CH3COOH + NH3 

Amides are decomposed by alkali solution liberating NH 3 
gas which gives white fumes with HCI. 

RCONH2 + NaOH A) RCOONa + NH3 t 
(NH3 + HCI ) NH4CI) 

White fumes 

CH3CONH2 + NaOH A )CH3COONa + NH3 t 
(ii) Amphoteric nature (Salt formation) : Acetamide 

behaves as an amphoteric compound, i.e., shows feebly acidic 
as well as feebly basic nature. It forms salts with acids and 
bases both. 
CH3CONH2 + HC1(conc.)~ 

Acetamide 
CH3CONH2·HCl 

Acetamide hydrochloride 
(only stable in aqueous solution) 

2CH3CONH2 + HgO ~ (CH3CONHh Hg + H20 
Acetamide Mercuric Mercuric acetamide 

oxide 
This behaviour is due to the presence of tautomerism. 

o OH 
II ' I 

CH3-C-NH2 ~ CH3-C=NH 
(Forms salts with acid) (Forms salts with base) 

CH3CONH2 + Na Ether) CH3CONHNa +lH2 
Sodium acetamide 2 

(iii) Reduction : Acetamide undergoes reduction with 
sodium and alcohol or' ethereal solution of LiAlH4 and is, 
converted into ethyl amine. 

CH3CONH2 +4[H] Na + C2HsOH) CH3CH2NH2 + H20 
Ethylamine 
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(iv) Dehydration: When heated with phosphorus pentoxide or SOCl2 or POCl3, it loses a molecule of water and forms 

methyl cyanide (nitrile). 

P20S 
CH3CONH2 ) CH3CN + H20 

Acetamide, Heat Methyl cyanide 

(v) Action of nitrous acid: The amino group is replaced by -OH group with evolution of nitrogen when treated with 

nitrous acid (NaN02 + HCI), i. e., acetic acid is formed. 

CH3CONH2 + HN02 ----+CH3COOH + N2 + H20 

Reaction with HN02 is slow, a better method is to use butyl nitrite. 

CH3CONH2 +C4H90NO----+CH3COOH + N2+ C4H90H 

(vi) Action of PCI s : When heated with PCls , acetamide forms methyl cyanide. 

CH3CONH2 + PCIs ----+CH3CCI2NH2 + POCl3 

CH3CCl2NH2 Heat) CH3CN +2HCI 
Methyl cyanide 

(vii) Action with alcohol: Acetamide forms ester. 

CH3CONH2 +CH30H HCI) CH3COOCH3 + NH4CI 
70"C Methyl acetate 

(viii) Hofmann bromamide reaction or Hofmann degradation: Amides when heated with bromine and caustic soda or 
caustic potash solution, yield primary amines c~)Dtaining one carbon atom less than the amide. This is an important reaction for 
reducing a carbon atom from a compound, i.e., -CON02 is changed to -NH2 group. 

When acetamide is treated with bromine and caustic soda, methylamine is formed. 

RCONH2 +Br2 +4KOH Heat ) R-NH2+2KBr + K2C03 +2H20 
Acid amide 10 Amine 

The reaction occurs in three stages : 

o 
II 

(i) CH3-C-NH2 + Br2 + KOH----+CH3CONHBr + KBr + H20 

(ii) 

(iii) 
• 

Acetobromamide 
o 
II 

CH3 -C-NHBr + KOH----+ CH3NCO + KBr + H20 
Methyl isocyanate 

CH3NCO+2KOH----+ CH3NH2 +K2C03 
Methylamine 

CH3CONH2 + Br2 +4KOH----+CH3NH2 +2KBr + K2C03 +2H20 

In this reaction, a number of intermediates have been isolated: N-bromamides, RCONHBr; salts of these bromamides, 
[RCONBr- JK+; and isocyanates, (RNCO). On this basis, a possible mechanism of the reaction is explained as follows: 

o 0 
II KOH II ..' 

(i) R-C-NH2 +Br2 ) R-C-N-Br +KBr+H20 
I 
H 

N -Bromamide 
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(ii) 

(iii) . 

Unstable (acyl nitrene) 

(iv) ~_~(lN:] R_ .O=C~N-R 
~ (Intramolecular) Isocyanate . 

(v) R-N=C=O 2KOH)RNH2 +K2C03 

Amides containing upto 7 carbon atoms give 1° amine, but those containing more thim that gives alkyl cyanide. 

Br2 
RCH2CONH2 --'-----'''--~) RCN + H20 

KOH 
If the amide contains an electron withdrawing gro1!P (.:..../ group), the product is a brolnide. 

Instead of KOH, other alkali like NaOH can be used. Similarly,Cl2 andI2 may be used in place ofBr2' 
Uses: Acetamide is used : 
(i) . in organic synthesis. The compounds like methyl cyanide, methylaniine and ethylamine can be prepared. 

(ii) in leather tanning and paper industry. 
(iii) as a wetting agent and as soldering flux. 
(iv) as a solvent for organic and inorganIc compounds. 

13.6- ETHYL ACETATE, CH 3 COOC 2Hs OR ETHYL ETHANOATE 

It is the ethyl ester of ~etic acid~ 

Methods of Preparation 

1. By the action of acetyl chloride or acetic anhydride on ethyl alcohol: 

CH3COCI +C2HSOH ~) CH3COOC2Hs + HCI 
Acetyl Ethyl Ethyl acetate 

chloride alcohol 

CH3CO" . . 
/O+C2HsOH~CH3COOC2Hs +CH3COOH 

CH3CO/ . Ethylacetate . Acetic acid . 
Acetic anhydride . 

2. By the action of ethyl halide on silver acetate : 

CH3COOAg + IC2Hs Reflux .. )CH3COOC2Hs + AgI 
Silver acetate Ethyl iodide (C2Hs0H) Ethyl acetate 

3. By Tischenko reaction: Acetaldehyde undergoes condensation in presence of aluminium ethoxide to form ethyl acetate. 
. .. Al(OC2H sh . . 

CH3CHO +OHCCH3 . ) CH3COOC2Hs . 
2 Molecules of acetaldehyde Ethyl acetate 

4. Laboratory method: In laboratory as well as on industrial scale, ethyl acetate is prepared by refluxing a mixture of 
absolute alcohol and glacial acetic acid in presence of a few drops of conc. sulphuric acid (catalyst) or hydrogen chloride gas 

. (Fisher-speir modification). -

'. 
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H2S04(conc.) , 
CH3COOH +C2HsOH , ~ CH3COOC2Hs +JhO 

. . Acetic acid Ethyl alcohol E$yl acetate Water 

This reaction is termed Fischer esterification. It is a reversible reaction and the yield of theetltyl acetate can be increased by 
using excess of acid or alcohol and removing water as it is formed. Water may be removed by using Conc. sulphuric acid or 
hydrogen chloride. Thus, sulphuric acid acts both as a catalyst and a dehydrating agent in the process of esterification. 

The ease of esterification of alcohols is as follows: . ", 
1°>2°> 3°· 

The ease of esterification with fatty l\cids is as follows: . , 
HCOOH> CH3COOH> CH3CH2COOH> (CH3hCHCOOH> (CH3hCCOOH 

00 
1\ 18 H+ \\ 18,' .. , ' 

CH3-C-OH +CH3 -QH ~ CH3 -C-QCH3+ H20 

[For mechanism of esterification, see Seetionl2.ll problem 8.] 
Direct esterification can also be done by passing the vapours ofalcohols and acids over a heated catalyst like titanium dioxide, . 

thoria and alumina at 3000C. 
5. By the aetionof carb~n monoxide on ethel' : 

R-O-R +CO BF3• 150°C;RCOOR 
Ether 500 attn. Ester . 

6. By the action of diazomethane on carboxylic acids: Methyl esters are formed. 

, RCOOH+CH2 N 2 'Ether)RCOOCH3 +N2 
BF3 -CH 3 OH is better than CH 2 N 2 for the methylation of carboxylic acids. , 
Physical properties: Ethyl acetate is acoloufless, sweet smelling (fruity odour) liquid. It boils at 77,SOC; It is slightly soluble 

in water but more soluble in alcohol and ether. It is a neutral liquid. 
Chemical properties : (i)' Hydrolysis : Ethyl acetate undergoes slow hydrolysis with excess of boiling water but in,: 

presence of acids or alkalies, the hydrolysis is fast. 

Acid 
, CH3COOC2Hs + H20 ~ CHjCOOH +C2HsOH 

CH3COOC2Hs + NaOH Heat) CH3COONa +C2HsOH 

The acid hydrolysis is reversible whiie alkaline hydrolysis is irreversible. The alkaline hydrolysis is termed as saponification~
During saponification of esters, it is the acyl-oxygen rather than alkyl-oxygen bond which undergoes cleavage during ltydrolysis. 

o O. , 
\I 18\\ _ . 18 

R-C-QR' +NaOH ~ R-C-ONa + + R' QH 
Alcohol 
18 . Ester Soap' 

(O-labeUed) • 

The carboxylate ion is very unreactive towards n,ucleophilic substitution because it is negatively charged. Base-promoted 
hydrolysis of an ester, as a result, is an essentially irreversible reaction. - , 

. (ii)' Rea~tion with ammonia (Ammonolysis) :"Etliyl acetate reacts with concentrated ammonia solution (aqueous or 
alcol'lolic) to form acetamide,' ' . 

CH3COOC2Hs ,+ NH3 ~CH3CONH; + C2HsOH 
Ethyl acetate Annnonia' Acetamide Ethyl alcohol 

(conc.) 
and with amines, it forms alkyl acetamide. . 

CH3-C(fOC;H~-+ijHNC2Hs ~CH3CONHC2Hs +C2HsOH 
. Ethyl ~~;W:~ -----Ethyliunine N -Ethyl acetamide 

, r-----~--- . . . . 
CH3COOC2HS +H:N(CH3h ~CH3CON(CH3h+C2HsOH L ________ _ 

Ethyl acetate Dimethylamine N; N -Dimethyl 
',acetamide 
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(iii) Reaction with phosphorus pentachloride or thionyl chloride: Both react with ethyl acetate to fonn acetyl chloride. 

CH3COOC2Hs + PCIs ~CH3COCI +C2HsCI + POCl3 

CH3COOC2Hs +SOCI2 ---+ CH3COCI + C2HsCI +S02 
Ethyl etbanoate Ethanoyl chloride Chloroethane .,. 

(iv) Reduction: (a) With sodium and alcohol, ethyl acetate is reduced to ethyl alcohol. 

Na+ C2HsOH 
CH3COOC2HS +2H2 ~ 2CH3CH20H 

Ethyl acetate Ethyl alcohol 

This reduction is known as Bouveault Blanc reduction. 
(b) LiAlH4 in ether, LiBH4 in THF or B2H6 in THF, etc., also reduce ethyl acetate into ethyl alcohol. 

LiAIH4 
CH3COOC2HS +2H2 ~ 2CH3CH20H 

Ether 

o 
II CuO CuCr204 . 

(c) R-C-OR'+H~ , ,R-CH20H+R'OH 
Ester 200-300 atm, 250°C 

(v) Reaction with Grignard reagent: Grignard reagent reacts with ethyl acetate and fonns a ketone which at once reacts 
with more of Grigna rd' reagent to give tert.-butyl alcohol (3t». 

0, 0 
r-------------, II II /1 . 

CH3 -j.M8:-::-!.:t_<';;2.tI.s9J-C-CH3 ----.CH3 -C-CH3 + Mg'-...,. . 
Methyl magnesium Ethyl acetate Acetone OC2HS 

iodide 
CH3 CH3 I . I: 

CH3MgI +CH3 -C=O ----. CH3-C-0: MgI 
Acetone I H: OH 

CH3 

H O/H+ I /1 
2 ) CH3-C-OH+Mg, 

(decomposes) I . 'OH 
CH3 I CH3 

Adduct Tert. butyl alcohol 

Formic acid esters give 2t> alcohols. 
(vi) Reaction with hydroxylamine: Ethyl acetate reacts with hydroxylamine in presence of ethanolic KOH to form 

hydroxamic acid (a test of ester group). 

o 0 
. II ~---------, Base II 

CH3 -C~~.2J:h .:tJ~!HNOH -=:.::.~) CH3 -C-NHOH + C2 HsOH 
Ethyl acetate Hydroxyl- Hydroxamic acid 

amine 
(vii) Reaction with hydrazine: Ethyl acetate reaets with hydrazine to fonn acid hydrazide. 

CH3COOC2HS + H2NNH2 ----.CH3LONHNH2 +C2HsOH 
. Hydrazine Acid hydrazide 

(viii) Halogenation: Ethyl acetate reacts with chlorine or bromine in presence of red phosphorus to fonn a. -hal~genated 
ethyl acetate. 

RedP 
CH3COOC2HS + Br2 ) CH2 BrCOOC2 Hs + HBr 

a. -Bromoethyl acetate 

(ix) Claisen condensation: Ethyl acetate (two molecules) undergoes Claisen condensation in presence of sodium ethoxide 
involving a.-hydrogen atom. Two molecules of ethyl acetate combine together to fonn ethyl acetoacetate or acetoacetic ester 
(a,p-keto ester). . . 

C2HSONa 
CH3COOC2HS +CH3COOC2HS ---=::.....!C._~) CH3COCH2COOC2Hs +C2HsOH 

Ethyl acetate or (Na) Ethyl acetoacetate 
(Acetoacetic ester) 
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In place ofC2HsONa, other bases like sodamide. triphenyl methyl sodium. etc .• can also be used. 
If two molecules of different esters (e.g., ethyl acetate and ethyl propionate) are used then four different keto esters are fonned. 
(x) Alcoholysis (Splitting by alcohol): When an ester is refluxed with excess of alcohol (other than present ill ester) in 

presence of a little acid (HCI gas) or sodium alkoxide as catalyst. a partial exchange of alcohol takes place. This is tenned 
trans-esterification. 

C2HSONa or H+ 
CH3COOC2Hs + CH30H < > CH3COOCH) + C2 HSOH 

Ethyl acetate Methyl alcohol Methyl acetate Ethyl alcohol 

(xi) Acidolysis (Trans-esterification by acid) : When an ester is heated with other acid. it is the acid residue present in ester 
is partially replaced by other acid residue. 

CH)COOC2HS +C2 HSCOOH Heat) C2HsCOOC2HS +CH3COOH 
Ethyl acetate Propionic acid Ethyl propionate Acetic acid 

Mechanism of Trans-esterification : Trans-esterification is catalysed by mi neral acids like HC~ H 2S0 4 or dry HCI(g) or by 

strong base like alkoxide anion. 

o 0 
II (H+) II 

R-C-ORI + R20H ~. ====~' R-C-OR2 + RIOH 

Acid Catalysed Reaction: 
(OR) 

o 0- OH 
II H+ I R20H I 

R-C-ORI ~ R-C-ORI ---"'--)) R-C-ORt 
+ I 

OR2 9TH 
I"-' II 

o 
R-,VRI -+ R-C-OR2 + RIOH 

_ OR2 

. Note: (i) Cyclic esters on hydrolysis give hydroxy acid. o <H~> 
3-Hydroxy propanoic acid 

(ii) Trans-esterificationejof CYocli~ester also takes place just like normal esters. 

CH
3
0H CH2-CH2 

---=~) I . I 
OH COOCH3 

(xii) Action of halogen acids: 

Uses: Ethyl acetate is used: 
(i) as a solvent for oils. fats, cellulose. resins. etc. 

(ii) in making artificial flavours and essences. 
(iii) in the preparation of ethyl acetoacetate. 
Tests: (i) Ethyl acetate has sweet smell. 
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,(ii) Ethyl acetate is neutral tDwards the litmus. 
(iii) A pink cDlour is develDped when one Dr twO. drops Df phenDlphthalein are added to' dilute sodium hydroxide solution. The 

pink cDIDur'is discharged when shaken Dr wanned with ethyl acetate. 
, (iv) Ethyl acetate Dn hydrDlysis with caustic soda sDlutiDn forms two' cDmpounds,,sodiwil acetate and ethyl alcDhoi. 

CH3COOC2Hs + NaOH--+CH3COONa +C2HSOH 
The presence Df these two' cDmpDunds is CDimnned by the follDwing tests. The sDlution is divided into' two. parts: 

(a) First part + 12 + NaOH' Heat) yellow precipitate of iodDfDrm. 

(b) Second part + neutral ferric chloride sDlutiDn --+ red cDlouratiDn. , 
(v) Hydroxamic acid test: Esters react with hydroxyl amine (NH20H) to' give hydroxamic acid, which then,complexes 

with Fe(III) to. give a purple or deep redcDIDur. 
o 0 
~' ~ , 

R-C-OR' + NH20H --+ R-C-NHOH + R'OH 
Ester Hydroxamic acid 

o 

3R-C-NHOH+ FeCI) --+ R-C(' , Fe+3HCI II '[ 0::i 
, ' Ferric chloride NH-O, 3 

Purple or deep red colour 

Relative Reactivity of Acyl Compounds 
NucleDphilic substitutiDn is most impDrtantcharacteristic Df acid derivatives. Reactivity tDwards nucleDphilic substitutiDn lies 

, in the fDllDwing sequence: 
o 
II 

RCOCI> (RCOh 0> R-C-OR' > RCONH2 
Nucleophilic substitutiDn takes place readily at an acyl carbDn than at saturated carbon. Thus, for nucleophilic substitution 

acid chlorides (RCOCI) are mDre reactive than alkyl chloride (R-CI); amides (RCONH2) are mDre reactive than amines 
(R-NH2) and esters (RCOOR') are more reactive than ethers (R-OR,). 

RCOCI> RCI; RCONH2 > R-NH2; R-COOR' > ROR' 
NucleDphilic attack Dn tetrahedral alkyl carbon invDlves crowded transition state containing pentavalent carbon. 

/ , 
7-L 

A " A .... · ........ C······ .. • .. ··L -
I 

A .. · .... · .... ·C- + L , 
Leaving 
group 

Attac~g 
group, 

I 

Due to. fDrmatiDn DfcrOwded transitiDn state, alkyl cDmpDundS are less reactive towards nucleophilic substitution. 
Nucleophilic attack Dn planar acyl cDmpDund involves less crowded transitiDn state leading to. a tetrahedral intermediate. 

R L R A 

U y · A-C~r-L Y + r 
I 0 II o 0 

Note: Greater is the Lewis basic character more is the nucleophilic character of the group. 
NH3 < R'OH < H20 < RCOOH < Hel (Acidic character) 
cr < RCOO- < mr < RO- "".NlI2 (Basic character) 

. Leaving tendency of nucleophiles lie in following sequence: 
, NlI2 < RO- < OIr <RCOO- < CI-

i.e,NHi can substitute all other groups, eg., RCOO-, OIr, RO- ,cr ' 
RO- tan substitute all other groups, eg.,OIr,RCOO'-, Cl-

OIr can substitute all other groups, eg., RCOO-, cr 
CI- cannot substitute any of these groups. 
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ILLUSTRATIONS OF OB~ECTIVE QUESTIONS 
1. In the following reaction, (X) and (Y) are respectively: 

CH3COOH + NH3 ~ (X) -~""Hy) + H20 

(EAMCET (Engg.) 2002) 
(a) CH3CONH2, CH4 
(b) CH3COO~, CH3CONH2 
(c) CH3CONH2, CH3COOH 
(d) CH3NH2, CH3CONH2 
[Ans. (b)] 

2. In the following reaction, (X) and, (Y) are respectively: 

KMn°41H+ 
C2HSOH ) (X) (Y) ) CH COOC H 

H SO IA 3 2 S 
2 4 

(a) CH30H, C2HSOH 
(b) CH3CHQ CH30H 
(c) H2C=CH2, CH3COOH 
(d) CH3COOH,yHsOH 
[Ans. (d)] 

3. In the following reaction, (X) and (Y) are respectively: 

(X) Aq. NaOH) CH COOH (Y) (CH CO) 0 
Solution 3 3 2 

o 
0< 
o 
o 

o 
o 
o 
o 

(EAMCET (Med.) 2002) 
(a) CH3CHO,PCIs 0 
(b) CH3CN,P20 S 0 
(c) CH3CH20H,NaOAcD 
(d) CH3COCHJ, H2S04 0 
[Ans. (b)] . 

4. Pineapple flavours is obtained from which of the following 
esters? . (MGIMS (Wardba) 2003) 
(a) Iso-butyl ester 0 (b) Iso-amyl ester 0 
(c) Iso-octanoyl ester ·0 (d) Ethyl methanoate 0 
[Ans. (a)] 

13.7 UREA OR CARBAMIDE,NH2CONH2 

S. When propanamide is reacted with Br2 and NaOH, the prod-

uctformedis: (eMC (Vellore) PMT 2003) 
(a) propanamine' 0 (b) etbanamine 0 
(c) propanaldehyde 0 (d) propionic acid 0 
[Ans.(b)] 

6 .. At higher temperature, iodoform reaction is given by: 
. (AIIMS 2003) 

~ (a) CH3C02CH3' 0 (b) C6HSCOOCH3 0 
(c) CH3C02C2Hs . 0 (d) CH3COOC6Hs. 0 
[Ans. (c)l 

7. Theesu:ramong the following is: .. (PMT(Keraia)2003) 
(a) ca1ciumlactate 0 (b) ammoniumacetate 0 
(c) sodium acetate 0 (d) methyl butyrate 0 
[~ns. (d)] 

~ 
8. Ca3-C-CH2-COOYHs NaOH ) (A) 

(H20) 
The product (A) in above reaction is: [PET (Raj.) 2003) 
(a:) CH3COOH 0 (b) C2HSOH 0 
(c) CH3COCH3 0 (d) C2HSCHO· 0 

. [Ans. (c)] 
9. The order of~ydrolysis for the following is: 

(PET (Raj.) 2003; DPMT 200S] 
(a) RCOX > RCONH2 > RCOOCOR > RCOOR . 0 
(b) RCOX > RCOOCOR > RCOOR > RCONH2 0 
(c) RCOOR > RCONH2 > RCOX >RCoOCoR 0 

. (d) RCOOCOR > RCOOR > RCOX >RCONH2 . 0 
[Ans. (b)] 

10. Which one of the following can produce hydrogen when 
treated with metallic sodium? 

(a) (CH3hNH 
(e) C6.lIsNH2 
[Ans. (d)] 

(CPMT 2003; PMT (Raj.) 2005] 
o (b) CH3NH2 0 
o (d) CH3CONH2 0 

Urea may be considered as diamide of an unstable and dibasic carbonic acid from which both the hydroxyl groups have been 
replaced by -NH2 groups. . 

. OH 
O=C/ 

""'-OH 
Carbonic acid 

/NH2 
-OH) O=C' 

+NH2 "'OH 
Carbamic acid 
(Monoamide) 

/NH2 
·-OH )O=C' 
+NH2 "'-NH2 

Urea,diamide of c3rb0nic 
acid or carbamide 

. I 

Urea is a historical compound. It was the first organic compound synthesized in the laboratory from inorganic materials (by 
heating a mixture of ammonium sulphate and potassium cyanate) by Wohler in 1828. This preparation gave a death blow to Vital 
force theory. Urea is also important physiologically as it IS the final decomposition product of protein's metabolism in man and 
mammals and is excreted alongwith urine. Adults excrete about 30 g of urea per day in the urine. It was fjrst isolated from urine in 
1773 by Roulle and hem.::e the name urea was given. . 

Methods of Preparation 

1. From urine: Urine is concentrated and treated· with concentrated nitric acid where crystals of urea nitrate, 
CO(NH2 h . HN03 , are obtained. The crystals are separated and dissolved in water. The solution is treated with barium carbonate. 
Free urea Comes into the solution. . 
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Urea nitrate Urea 

Urea is extracted with alcohol and the extract on evaporation yields crystals of urea. 
2. Laboratory preparation: (i) Wohler synthesis: 16 g potassium cyanate is dissolved in water. 13 g ammonium 

sulphate is added to the solution. The solution is then evaporated to dryness on water bath. When ammonium cyanate fonned by 
double decomposition undergoes intramolecular change and forms urea. . 

. a 
2KCNO + (NH4hS04 ~2NH4CNO+K2S04 
Potassiulll Ammonium Aminonium 

cyanate sulphate cyanate 

Isomeric change 
NH4CNO' ----. --i» NH2CONH2 

Ammonium cyanate on heating Urea 

[NH4CNOand urea are thus isomers.] 
The solid residue is extracted with alcohol and the extract evaporated when the crystals of urea are obtained. It can be 

recrystallized from water. 
Mechanism of this reaction can be given as, 

NH4NCO~NH3 +H-N=C=O~HO-C==N 
Cyanic acid 

n -
H-N=C ,O+NH3~H-N r-O 

NH3 

o 
II 

~NH2-C-NH2 
Urea 

(ii) From phosgene or alkyl carbonate : Urea can also be prepared in the laboratory by heating ammonia on carbonyl 
chloride or ethyl carbonate. . 

/CI /NH2 
O=C +2NH3 ~O=C", +2HCI 

~CI "-...NH2 
Carbonyl chloride Urea 

,. (Phosgene) 

/OC2HS . a /NH2 
O=C", +2NH3 ~O=C", +2C2HsOH 

OC2HS NH2 
Ethyl carbonate Urea 

Similarly ethyl carbamate (urethane) can be converted to urea . 
. ' 1---------1 
/<<.?~J!!s_2"_l!iNH2 /NH2 

O=C~ ~O=C, +C2HSOH 
NH2 . NH2 

Urea 

3. Manufacture: (i) By partial hydrolysis of calcium cyanamide: Calcium cyanamide is obtained by passing nitrogen 
over calcium carbide at 8000C. 

CaC2 . + N 2 Heat) CaCN 2 + C 
Calcium Calcium 
carbide . cyanamide 

The cyanamide is treated with dilute sulphuric acid at 400C where partial hydrolysis occurs with the fonnation of urea. 

H2S04 H20 
CaCN2 ) H2NCN ) H2NCONH2 

. - CaS04 Cyanamide (H20 2) Urea 

or CaCN 2 + H20 + H2S04 40°C) NH2CONH2 + CaS04 

Cyanamide on hydrolysis in acidic medium gives urea. 
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o 
H+ It 

NH2 -eN + HOH ) NH2 -C-NH2 
A, 70°C Urea 

(ii) From carbondioxide and ammonia : Urea is made commercially by the reaction of liquid carbondioxide and liquid 
ammonia at 150-200°C under high pressure. Ammonium carbamate is first fonned which decomposes at 1400c to fonn urea. 

C02 +2NH3 ~NH2COONH4 
Annnoniwn carbamate 

Pbysical properties: Urea is a colourless, odourless crystalline solid. It melts at 132°C. It is very soluble in water, less 
soluble in alcohol but insoluble in ether, chlorofonn and benzene. Crystal structure studies have shown that in solid urea, both 
nitrogen atoms are identical. Bond length measurements in urea give the C-N distance as 1.37 A. This is shorter than the C-N 
single bond distance in aliphatic amines (1.48 A) but longer than the nonnal C-N double bond (1.28 A). This indicates that the 
C-N bond in urea has some double bond character and can be explained by resonance. 

Chemical properties : (i) Basic nature (Salt formation): The aqueous solution of urea is neutral in nature but urea 
behaves as a weak monoacidic base (Kb =1.5 x [0-14 at 25°C). It fonns salts with strong acids. 

NH2CONH2 + HN03 (conc.) ---+ NH2CONH2·HN03 . 
Urea nitrate 

2NH2CONH2 + H2C20 4 ---+ (NH2CONH2h H2C20 4 
Oxalic acid Urea oxalate 

Urea is a stronger base than ordinary amides. It is due to resonance stabilization of cation. The negatively charged oxygen atom 
iscapabte of coordination with one proton (therefore, urea will be a monoacidic base) and thus the salt may be fonnulated as a 
resonance hybrid. 

(0) Hydrolysis: Like other amides, urea is hydrolysed when boiled with either acids or alkaHes giving ammonia and carbon 
dioxide. 

(Aq.) alkali or )O=C/
OH 

+ 2NH3 
acid "'-OH Ammonia 

Carbonic acid 
,} 

CO2 +H20 

[Acid will combine with NH3 to fonn ammonium compound while alkali will combine with CO2 to fonn carbonate.] 

NH2CONH2 +2NaOH---+2NH3 + Na2C03 
An enzyme, urease, present in soyabean and soil, also brings hydrolysis. It converts urea into ammonium carbonate. This 

reaction is rapid and quantitative and can be used for the estimation of urea. 

NH2CONH2 +2H20---+ (NH4hC03 ---+2NH3 +C02 + H20 
Annnonium 
carbonate 

(iii) Action of beat: (a) On heating at 132°C, urea melts. The liquid on gentle heating at a slightly higher temperature at 
150°C, evolves ammonia and leaves a solid white residue known as biuret. 

r:------~ Heat 
NH2COiNH2 + H:HNCONH2 ) NH2CONHCONH2 + NH3 L ______ _ 

(Two molecules of urea) Biuret 
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Mecbanism of biuret test can be given as: 

o 
~ , ' 

NH2-C-NH2 ~ H-N=C=O+NH3 

o 0 H 0 0 0 
II II I II II II 

NH2-C-NH2 +H-N=C=O~NH2-C-. $N-C-. N-H....--'" NH2-C-NH-C-NH2 . . I. e , Biuret 

'H 
Urea is, identified by the test known as biuret test The biuret residue is dissolved in water and made alkaline with a few drops 

ofNaOH. When a drop of copper sulphate solution is added to the alkaline solution ofbiw:et~a violet colouration is produced. 
This reaction is called Biuret test and is a characteristic of proteins, peptides and all other compounds containing -CONH

group. 
(b) When heated rapidly above 170°C, urea decomposes into ammonia and cyanic acid. Cyanic acid undergoes 

polymerization forming cyanuric acid (a cyclic compound). 

NH2CONH2 H~at) NH3 + HOCN (H-. N' C=O) 
Urea Cyanic acid 

H 
I 
/~ 

O=C c=o 
I I 

H-N"'C/-
H 

II 
o 

Cyanuric acid 

(iv) Reaction witb nitrous acid: Urea is decomposed by nitrous acid into nitrogen, carbondioxide and water. 

H20+C02 
(v) Reaction witb alkaline bypobaUdes: Urea is oxidised to nitrogen when heated with excess ofalkaline hypochlorite or 

hypobromite (NaOH + Br2= NaOBr + HBr). 
NH2CONH2 +3NaBrO~N2 +2H20+C02 +3NaBr 

NH2CONH2 +3NaOCI~N2 +2H20+C02 +3NaCI 

This reaction forms the basis ofHufner's metbod for the quantitative estimation of urea. 
(vi) Reaction witb acetyl cbloride or acetic anbydride: Urea reacts withacetylating agents to form N-acetyl ureas which 

are known as Ureides. 
NH2CONH2 + CH3COCI ~ NH2CONHCOCH3 + HCI 

Acetyl chloride Acetyl urea (Ureide) 

NH2CONH2 + (CH3CO)zO ~ NH2CONHCOCH3 +CH3COOH 
Acetic anhydride Acetyl urea Acetic acid 

(vii) Reaction witb bydrazine: Urea reacts with hydrazine at 10WC to form semicarbazide with evolution of an ammonia 
molecule. 

100°C NH2CONH2 + H2NNH2 ) NH2CONHNH2 + NH3 
Urea Hydrazine Semi carbazide 

(viii) Reaction witb etbanol: When urea is heated with ethanol, urethane (ethylcarbamate) is produced. 



Acid Derivatives 

r------- H t . 
H2NCO INH2 + H bC2Hs ea) H2NCOOC2Hs + NH3 1 _______ ... 

Ethanol Urethane 

(ix) Reaction with chlorin~ water: Urea reacts with aqueous solution of chlorine to fonn N, N'-dichlorourea. 

/NH2·. /NHCl 
O=C"" +2C12 ---to=C"" +2HCl 

NH2 NHCl 
.. Urea. N,N'-Dicblorourea 

(x) Dehydration: On dehydration with SOC12, urea gives cyanamide. 
NH2CONH2 +SOC12 ---tH2N-C==N+S02 +2HCl+H20 

(xi) Reaction with fuming sulphuric acid: Urea reacts with fuming sulphuric acid (oleum) to yield sulphamic acid. 
. NH2CONH2 + H2S04 + S03 ---t 2NH2S03H +,C02 
~ Sulpbamic acid 

(xii) Formation of cyclic ureides: Urea reacts with malonic and oxalic esters in presence of sodium ethoxide (C2HsONa) 
or phosphorus trichloride to fonn cyclic ureides. 

o 0 

r----------- U ~ /NH:~ ___ ~}_f!~~!C"'_ L1 /NH-C", 
O=C~ r;--:!--------- /CH2 ~O=C""", /CH2 +2C2HsOH 

NH,H C2HSO:C NH-C 
Urea ·-----------11 II 
·00 

Diethyl malonate Barbituric acid 
(Malonyl urea) 

r:-----------/NH IH C2HsO:CO /NH-C=O 
O=C/ 1---+------.,. .. 1· ~O=C/ I 

""'NHaI----CiHsO:CO . ""NH;-C=O 
1- - - - - Die-thyl oXalate Parabanic acid 

(Oxalyl urea) 1:----- ---I 

0=C/
NH :!.l--+-_1!<210C

I L1 )O=C/NH-CI =0 
""'NH:H----fIo:OC POCl3 ""'NH-C=O 

- - - - -oxaifc acid Oxalyl urea 
;,---------1 

NH.H C2HSO,C=0 NH-C=O I ~---------, I I I 
CO CH )CO CH 
I ~ ________ . II I II 
NHl!:l.. ___ !:l..<!yC-CH3 NH-C-CH3 

Urea Enolic form of AAE 4-Methyl uracil 

(xiii) Reaction with form·aldehyde : Urea and fonnaldehyde react to fonn urea-fonnaldehyde resin which is used in the 
fonn of plastic. 

HCI . CH2 -:-0 Urea 
H2C=0 + NH2CONH2 ) CH2 (OH)NHCONH2 ---.-+) CH2 (OH)NHCONH(OH)CH2 ) Resin 

Formaldehyde Monomethylol urea Dimethylol urea (Urea-Formaldehyde) 

Fonnation of resin can be represented as: 
o H· o H 0 
\I I II I II 

nNH2 -C-N-H + nHO-CH2 -NH-C-NH-. CH2 -OH + nH-N-C-' NH2 

Heat 1 Condensation 
-nH20 

[ 
0 0 0 ] 

NH-':"~-NH-CH2 -NH-~-NH-CH2 -NH-~-NH 
Linear, condensation polymer n 
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(xiv) Reaction with ethylene oxide : In this reaction, 
epoxy bond is broken to form an intermediate in the production 
of non-ionic detergents. 

o 
II CH2~ 

NH2 -C-NH2 + 2 I /0 -----) 
Urea CH2/ 

Ethylene oxide 

/NH-CH2 -CH2-OH 

O=C~ 
NH-CH2 -CH2 -OH 

Bis (Hydroxy methyl urea) 

Uses: Urea is used: 
(i) mainly as a nitrogen fertilizer. It has 46.6% nitrogen. 

(ii) in the manufacture of formaldehyde-urea. plastic and 
semicarbazide. 

(iii) as animal feed. 
(iv) for making barbiturates and other drugs. 
(v) as a stabilizer for nitrocellulose explosives. 
Tests: 
(i) When heated with sodium hydroxide, ammonia is 

evolved. 
(ii) When heated gently, it forms biuret which gives violet 

colouration with sodium hydroxide and a drop of 
copper sulphate solution. 

(iii) Its aque01'" solution with concentrated nitric acid 
gives a whIte precipitate. 

(iv) On adding sodium nitrite solution and dil. HCl 
(i.e., HN02) to urea solution, nitrogen gas is evolved 
and gives effervescence due to carbondioxide. 

13.8 FATS, OILS AND WAXES 
Oils, fats and waxes belong to nal ,rally occurring groups of 
compounds called Lipids. When plant or animal tissues are 
extracted with a non-polar solvent, (e.g~, ether, chloroform or 
benzene) a portion of the material usually dissolves. The 
component of this soluble fraction are called lipids. Lipids 
are thus constituents of plants and animals that are 
insoluble in water but soluble in organic solvents. Lipids 
include compounds of many different kinds such as oils and 
fats, waxes, phospholipids, glycolipids, terpenes, steroids, 
etc. In the following discussion, we shall be studying only 
oils, fats and waxes. 

Oils and fats are the triesters of glycerol (a trihydric 
alcohol) with a long chain monocarb9xylic acids (usually 12 to 
20 carbons). These esters are known as Triglycerides or 
Triacyl glycerols or Glyceryl esters. The following general 
structure represents an oil or a fat. 

CH2 -O~-OCRI 
I : 

I 
CH-O-----i-OCR 2 

I : 
I 

CH2 -O-l-OCR 3 
I 

Glycerol Acyl group 
part (Acid part) 
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Three acyl groups present in the molecule may be same or 
different. When all the three are same, the triester is known as 
simple glyceride, (i.e., three -OH groups of glycerol are 
esterified with the same acid) and if two or all the three are 
different, the triester is known as mixed glyceride, (i.e., three 

-OH groups of glycerol are esterified with two or three 
different acids). 

CH200CR 
I 

CH2OOCR I 

I 
CH200CR1 
I 

CHOOCR 

I 
CHOOCR2 

I 
CHOOCR1 

I 
CH200CR CH200CR3 CHzOOCR2 , , 

Simple glyceride 
Mixed glycerides 

The monocarboxylic acids that form ester chains in natural 
oils and fats may be saturated or unsaturated. The most 
common monocarboxylic acids present in oils and fats are 
listed below: 

Saturated 
CllH23COOH 

(Lauric acid) 
C13 H27COOH 

(Myristic acid) 
C15 H3lCOOH 

(Palmitic acid) 
C17H3SCOOH 

(Stearic acid) 

Unsaturated 
CI7 H33COOH 

(Oleic acid) 
C17 H31COOH 

(Linoleic acid) 
C17 H29COOH 
(Linolenic acid) 

It has been observed that an ordinary oil or fat is a mixture 
of various glycerides; simple and mixed both, the latter 
predominating to a considerable extent. 

The glycerides are named according to the acid residue 
present in them by replacing the terminal 'ic acid' by 'in'. 

CH20COCISH31 CHzOCOC17 H35 
I I 
CHOCOC1S H31 CHOCOC17H3S 
I I 

CH20COC15H31 CHzOCOC17 H35 
Tripalmitin 

(Simple) 

CHzOCOC17H33 
I 

CHOCOC15H 31 
I 

CHzOCOC17H35 
Oleopalmito-stearin 

(Mixed) 

Tristearin 
(Simple) 

CH20COC17 H35 
I 

CHOCOC17 H35 
I . 

CH20COCI5 H31 
Palmito-distearin 

(Mixed) 

At ordinary temperature, the glycerides of saturated 
carboxylic acids such as palmitin, stearin are solids while that 
of unsaturated acids such as olein are liquids. 

Difference between oils and fats: Oils and fats belong 
to the· same chemical group, yet they are different in their 
physical state. 
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1. Oils are liquids at ordinary temperature (below 20°C) 
while fats are semi solids or solids (their melting points are 
more than 200C). A substance may be classed as fat in one sea
son and oil in another season or the same glyceride may be 
solid at a hill station and liquid in plains. Thus, this distinction 
is not well founded as the physical state depends on climate and 
weather. 

2. The difference in oils and fats is actually dependent on 
the nature of monocarboxylic acids present in the glyceride. 
Oils contain large proportion of the glycerides of lower 
carboxylic acids, (e.g., butyric acid, caprylic acid and caproic 
acid) and unsaturated fatty acids, (e.g., oleic, linoleic and 
linolenic acids) while fats contahi a large proportion of glycer
ides of higher saturated carboxylic acids, (e.g., palmitic, stearic 
acids). 

Lard (fat of hogs) is a solid fat and its composition in terms 
of fatty acids produced on hydrolysis is approximately 32% 
palmitic acid, 18% stearic acid, 45% oleic acid and 5% 
linolenic acid. Olive oil on the other hand, contains 84% oleic 
acid, 4% linoleic acid, 9% palmitic acid and 3% stearic acid. 

Occurrence: Oils and fats occur widely in animals and 
plants. In plants, oils and fats are found mainly in seeds, roots 
and fruits, while in animals, they are present under the skin in 
tissues and muscles. Few examples are given below: 

Vegetable oils Vegetable fats 

Til oil 
Linseed oil 
Mustard oil 
,Ground-nut oil 
Animal oils 
Whale oil 
Cod-liver oil 
Sardine oil 

Coconut oil 
Vegetable ghee 
Margarine 

Animal fats 
Lard (fat of hogs) 
Tallow (fats of sheep or horses) 
Butter 

Properties of Oils and Fats 

Physical properties:' (i) At room temperature, fats are 
solids, whereas oils are liquids. 

(ii) They are insoluble in water but soluble in ether, chlo
roform and benzene. 

(iii) They have less specific gravity than water and conse
quently float on the surface when mixed with it 

(iv) Pure fats and oils are colourless, odourless and taste
less but natural fats and oils possess a characteristic odour due 
to presence of other ~ubstances. 

(v) They have spc;.:ilic melting points, specific gravity 
and refractive index hence they can be identified by these oil 
constants. 

(vi) Animal fats contain cholesterol, an unsaturatedalco
hoI, whereas vegetable fats contain phytosteroL 

Chemical properties: Fats and oils are triesters of glyc
erol (triglycerides) with saturated and unsaturated fatty acids. 
Thus, they give reactions of carbon-carbon double bonds and 
ester groups. 
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(i) Hydrolysis: They are hydrolysed by heating with 
superheated steat)1, acids or alkalies. 

'(a) By superheated steam: Under'a pressure of about 
8 atmospheres at 170°C in the presence of lime, zinc oxide or 
magnesia, oils and fats are hydrolysed. On cooling, free fatty 
acids separate with some calcium soap (or zinc or magnesium 
soap). 

I 

CH20:COC17 H35 CH20H 

I: +3H20 I 
CHO :COC17 H35 ) CHOH +3C17 H35COOH 
I : I Stearic acid 

CH20:COC17H35 CH20H 
Tristearin Glycerol 

(b) Base hydrolysis: When fats and oils are heated 
with NaOH (or KOH) solution, the products are glycerol and 
sodium or potassium salts of higher fatty acids. The sodium or 
potassium salts of fatty acids are called soaps and the basehy
drolysis of fats or oils is termed as saponification. 

CH20COR CH20H 
I I 

CHOCOR + 3NaOH -------+ CHOH + 3RCOONa 

I I 
CH20COR CH20H 

Fat or oil Glycerol 

Salt offatty acid 
(Soap) 

(c) Enzyme hydrolysis: Enzyme like lipase, when 
added to an emulsion offat in water, hydrolysis it into acid and 
glycerol in about two or three days. 

(ii) Hydrogenation: The vegetable oils containing gly
cerides of unsaturated fatty acids undergo catalytic 
hydrogenation with hydrogen at low pressure in presence of 
finely divided nickel. This results in the formation of saturated 
glycerides which are solid fats at room temperature. The hy
drogenation process is called Hardening of oils. 

o 0 
II II 

CH 20qCH2hCH=CH(CH2hCH3 CH20CC17 H35 

I ~ , +3H
2 
I ~ ~ 

CHOC(CH2hCH=CH(CH2hCH3 . ) CHOCC17 H,:, I ~ , Nl, Heat I ~ . 
CH20C(CH2hCH=CH(CH2hCH3 CH20CC17 11 35 

Glyceryl trioleate or triolein 
(Liquid oil) 

Tristearin 
(A solid fat) 

Partial hydrogenation of oils is used for the manufacture of 
vegetable ghee. Complete hydrogenation would produce a 
hard brittle fat. 

(iii) Hydrogenolysis (Reduction tc) alcohols) : If ex
cess of hydrogen, under pressure, is passed through oil or fat in 
the presence of copper-chromium catalyst, it is converted into 
glycerol and higher aliphatic alcohols. This process of splitting 
up of the fat molecule by hydrogen is termed hydrogenolysis. 



CH20H 

6H2 I 
-~>CHOH +3C17H35CH20H 
200atm I Octadecyl alcohol 

CH20H 
Glycerol 

(iv) Drying: Certain oils, containing glycerides of 
U!l..saturated fatty acids having two or three double bonds have 
the tendency of slowly absorbing oxygen from atmosphere and 
un~ergoing polymerization to form a hard transparent coating .. 
~s process is known as drying and. such oils are called drying 
Oils. Unsaturated oils such as linseed oil are, therefore, used as 
medium of paints and varnishes. 

(v) Rancidification: On long storage in contact with 
air and moisture, oils and fats develop unpleasant smell. The 
process is known as rancidification. It is believed that 
rancidification occurs' due . to hydrolysis-oxidation by 
following chemical changes: 

(a) Enzymatic . hydrolysis-producing bad smelling 
lower fatty acids. . 

(b) Oxidation of unsaturated acids--producing 
.. aldehydes and ketones. 

Analysis of oils and fats: The cOInpositioIl and purity 
of a given oil or' fat is determined by means of a number of 

. physical and chenllcal tests. The various physical tests are the 
determination of its physical constants such as melting point, 
specific gravity and refractive index. The' common cheniical 
tests employed are the following: . 

1. Acid value: It indi~ates the amount' of free acid 
present in the oil or fat. It is defined as the number of 
milligrams of KOH required to neutralize the free acid 
present in one gram of the oil or fat. It is' determined by 
dissolving a weighed amount of oil or fat in alcohol and 
titrating it against a standard solution of KOH using 
phenolphthalein as an indicator. 

Z. Saponification value: It is a measure of fatty acids 
present as esters in oils and fats. It is defined as the number of 
milligrams ofKOHrequired to saponify one gram oftbe oil 
or fat or number of milligrams ofKOH required to 
neutralize tbe free acids resulting from tbe bydrolysis of 
on~ gram o.fan oil or fat. It is determined by refluxing a 
weIghed amount of the oil or fat with known excess of standard 
alcoholic caustic potash solution and back titrating the excess 
of alkali with standard acid solution. UsuaIiy 'N12 alkali 
solution is used. o. 

Saponification . value tells about the approximate 
molecular mass of a fat or oil. One mole of a fat or oil reacts 
with three moles ofKOH. If M is the molecular mass of the fat 
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or.o~l, M grams of it will require 3 x 56 =168 grams or 168,000' 
mIlbgrams of KOH for saponification. Therefore, 

saponification number offat or oil = 168,000 
M 

Knowing the saponification number experimentally, the 
value of molecular mass, M, can be determined. 

The saponification number is inversely proportional to the' 
molecular mass. The smaller the saponification value the 
higher the molecular mass. The saponification val~ is 
characteristic of a particular fat or oil and serves for its 
identification. 

3. Iodine-value: Iodine value of a fat or oilisa measure 
of its degree of unsaturation. It is. defined as tbe number of 
grams of iodine taken up by 100 grams of fat or oil for' 
saturation. For a saturated acid glyceride, the iodine value is 
zero. Thus, the iodine value for a fat is low whereas for oil,. it is 
high. As iodine does not react readily, in actual practice, iodine 
monochloride is used. Iodine monochloride is known as Wij's 
reagent. 

On the basis of iodine values, the oils have been 
subdivided into three groups: 

(i) Drying. oils: These oils have iodine values above 
120. These are glycerides ofhigbly unsaturated acids. Linseed 
oil is the typical example of drying oil. Tung oil (china-wood 
oil) is another example. These are used in the manufacture of 
paints, oil cloth and linoI<~Ulll. 

(Ii) Semi-drying oils: These are oils with iodine value 
90 to 120. They thicken very slowly on exposure. Cotton seed' 
oil and sesame oil are examples of semi-drying oils. . 

(iii) Non-drying oils: . These have iodine values less 
than 90. They do not thicken when exposed. Olive oil, coconut 
oil and castor oil are examples of non-drying oils. 

4. Reichert-Meissl value (RIM value) : It indicates the 
amount of steam volatile fatty acids present in the oil or fat. It 
is defmed as the number of millilitres of 0.1 N KOH 
solution required to neutralize the distillate of S grams of 
hy~rolysed fat. It is deterrillned by hydrolysing a known 
weIghed amount (5 grams) of the fat with an alkali solution and 
the mixture is acidified with dilute sulphuric acid and steam 
distilled. The distillate is cooled, filtered and titrated against 
0.1 NKOH. '. . . 

Uses of oils and fats: (i) Many oils and fats are used as 
food material. 

(ii) . Oils and fats are used for the manufacture of glyce~ol,·· 
fatty aCIds, soaps,· candles, vegetable ghee, margarine "hair 
oils, etc. ' 

(iii) Oils like linseed oil, tung oil, etc., are used for the 
manufacture of paints, varnish,etc. 

(iv) Castor oil is used as purgative and cod-liver oil as a 
source of vitamins A and D. Almond oil is used in pbannacy. 
Olive oil is also used as medicine. 

(v) Oils are also used as lubricants and illuminants. 



Acid Derivatives 

Difference between Vegetable oils and Mineral oils 

These. are triesters 
glycerol ~fu' higherlrJiTlhnns 
fatty acids. Kelrose:ne--AJLKarleS 

2. Source Seeds, root and. fruits . occur inside 
pf plants. el'Iith. s crilst in the 

fonn of petrolewn. 

3. Hydrolysis Undergo hydrolysis . hydrolysis occurs. 

4. On adding 
and 
phenolphthalein 

5. Burning 

6 .. Hydrogenation 

with alkali. Fonn 
and .glycerol. 

Decolourization 
pink colour occurs. 

Burn slowly. Burn very readily. . 

Hydrogenation occurs No hydro~nation 
in' presence of nickel occurs. . 
catalyst. Solid glyce-

are formed. 

13.9 SOAP 
Soaps are the metallic salts of higher fatty acids such as 
palmitic, stearic, oleic, etc. The sodium and pptassium salts are 
the common soaps which are soluble in water and used for 
cleansing purposes. Soaps. of other metals such as calcium, 
magnesium, Zinc, chromium, lead, etc., are insoluble in water. 
These are not used· for cleansing purposes but for other 
purposes (lubricants, driers, adhesives, etc.). 

. Ordinary soaps (sodium and potassium) are the products of 
hydrolysis. of oils and fats with sodium hydroxide or potassium 
hydroxide. This process is called saponification of oils and 
fats. The oils and fats are mixed glycerides and thus soaps are 
mixtures of salts of saturated and unsaturated long chain 
carboxyHc acids containing 12 to 18 carbon atoms. This 
process always yields glycerol as a byproduct. 

o 
o ~ 
II R1-C-ONa 

CH20-C-R1 + 

., ~ IH20H ~ 
CHO-C-R2 +3NaOH~CHOH +R2-C-ONa 

I ~:~20H"; 
tH20-C-R3 Glycerol' II 

Triglyceride . . R 3 -. C-ONa 
. Soap 

Where, R is long chain alkyl group (i. e., C15 H 31 orC1? H 35 
orC17 H33 or C17 H31> etc.) 

Some of the examples of soaps are: 
Sodium palmitate, C15H31COO-Na + 

Sodium stearate, C17H35COO-Na + 

Potassium laurate, 

Sodium oleate, 

Types of Soaps 

Cn H23COO-K+ 

C17H33COO-Na +, etc. 

1. Hard soaps: These are obtained from cheap oils and 
fats using sodium hydroxide. These contain free alkali and are 
used for washing purposes. 

2. Soft soaps: These are obtained from good oils using. 
potassium hydroxide. These do not contain free alkali and are 
used as toilet soaps, shaving creams, in shaving sticks (Pot. 
sod. stearate) and shampoo. 

3. Transparent soaps: T'nese are formed by dissolving 
toilet soaps in alcohol and evaporating the filtrate. They 
contain glycerol. 

4. Medicated soaps: Toilet soaps contaihitig some 
medicinal important' substances are called medicated soaps~ 

S. MetaWc soaps: These are soaps of metals other than 
sodium and potassium .. 
Manufacture of soap. 

The following raw materials are used for the manufacture 
of soap: . 

1. 0iI~ or fats: Coconut oil, mustard oil, mahua oil, 
cotton seed oil, tallow, lard, etc., are generally used. 

2. Caustic soda for hard soaps and potash for soft soaps is 
employed for saponification. 

3. Filler: Certain substances, called fillers, are usually 
added to increase the weight and volume of the soap. These 
substances also help in solidification. Sodium silicate, soap 
stone, rosin, starch, sQ<lium carbonate, etc., are generally added 
to washing soaps. 

Perfumes are added to toilet soaps to make them pleasant 
smelling. 

The following methods are employed for the manufacture 
of soap: 

1. The cold process; The oil or fat is taken in a big 
vessel and heated to about 50°C. A calculated quantity of 
caustic soda is added with constant stirring. Some amount of 
filler like starch or sodium silicate is then mixed. The whole 
mass is left as such for 12 to 24 hours. It sets to a solid mass. It 
is cut into pieces of desired shape. The soap obtained by this 
process always consists glycerol, alkali and free oil or fat. It is 
used for washing purposes. 

2. The hot process: The process is superior to the cold 
process. The oil or fat is taken in a big steel tank called kettle 
and heated with open steam. The alkali solution (10% caustic 

. soda solution called lye) is slowly run in and the mass is kept 
boiling with steam. After several hours of continuous.boiling, 
the saponification is completed to about 80%. Sodium chloride 
(brine). is then added. The soap gets precipitated and being 
lighter floats to the surface as curdy mass. This is called salting 
out of soap. The lower aqueous layer. containing sodium 
chloride, glycerol and free alkali is drawn .out. This is called 
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spent lye and used for the recovery of glycerol. The soap left in 
the kettle still contains some unreacted fat. It is boiled with 
fresh supply of NaOH solution. More soap is formed. The 
lower layer is drawn off. The soap layer is boiled with water to 
wash away excess of NaOH. The soap, while still molten, is 
pumped into the crutcher. Here, the soap is mixed with colour, 
perfumes, germicides, etc., and stirred. In case oflaundry soap, 
some fillers like rosin, sodium silicate, sodium carbonate, etc., 
are added. These have some detergent values and are cheaper 
than soap. ' . 

The crutched soap is poured into frames and on 
solidification cut into cakes. 

3. Modern process: In this process, the oil or fat is 
hydrolysed with superheated steam under pressure in the 
presence of a catalyst like zinc oxide. The fatty acids produced 
as a result of hydrolysis float on water as these are lighter than 
water. These are separated and neutralized by calculated 
quantity of alkali solution when soap is obtained. This method 
is simple and cheap. 

The aqueous solution is treated for the recovery of 
glycerol. 

But hard water contains certain metal ions, such as calcium 
and magnesium. These ions (or their salts) react with soap to 
produce a curdy white precipitate of calcium and magnesium 
salts. 

2C17 H35COONa + MgCl2 ---+ (C17H35COOhMg-1-
(Soap) (Hardness of White precipitate 

water) 

+2NaCI 

2C17H3SCOONa + CaCl2 ---+ (C17 H3SCOOhCa-1-
Soap (Hardness of White ppt. 

water) (Insoluble) 
+2NaCI 

Disadvantages of soaps 

(i) The calcium and magnesium salts of fatty acids are 
insoluble in water and separate as white precipitate 
(which adheres to clothing and blocks the ability of 
soaps to remove oil and grease from fabrics). Thus, a 
lot of soap is wasted if water is hard. 

(ii) Soapsl.:unnot be used in acidic solutions since, the 
acids (present in the solution) precipitate free fatty 
acids which adhere to the fabrics and hence, prevent 
the process of dyeing. 

13.10 NON-SOAPY DETERGENTS (SYNTHETIC 
DETERGENTS) 

These are also called synthetic detergents or syndets or 
soapless soaps or just detergents. They have cleansing power 
as good or better than ordinary soaps and can be used for 
washing even with. hard water and do not precipitate in 
presence ofCa2+ IMg2+ or in acidic solution. 
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A synthetic detergent is the sodium salt of a long chain 
alkyl hydrogen sulphate or the sodium salt of a long chain 
benzene sulphonic acid. Like soap, they contain both hydrop
hilic (water soluble) and hydrophobic (oil soluble) parts in the 
molecule. 

/C12H2SI /OS03Nal ICI5 H311 ICOONal 

Hydrophobic Hydrophilic 
part part 

Sodium Iauryl su1pbate 
(Detergent) 

Hydrophobic Hydrophilic 
part part 
Sodium palmitate 

(Soap) 

Classification of detergents: Detergents are mainly 
classified into three categories, namely anionic, cationic and 
non-ionic. 

(i) Anionic detergents: These are of two types: 
(a) Alkyl hydrogensulphates: They are obtained 

from long chain aliphatic alcohols (CIO - CI5 ) by treatment 
with conc. H 2 SO 4 followed by neutralization with NaOH. The 
alcohols are obtained from oils or fats by hydrogenolysis. 

CH3(CH2)IOCH20IH+ Hols03H ---+ 
n-Lauryl alcohol Sulphuric acid 

The other examples 

C16H330S03"Na +, and 

C17H35CH20S0jNa+. 

CH3 (CH2 ) lO CH20S03 H 
n-Lauryl hydrogen su1pbate 

1 NaOH 

CH3 (CH2 hoCH20SOj Na + 
Sodium Jauryl su1pbate 

(Anionic detergent) 

are sodium cetyl sulphate, 

sodium stearyl sulphate, 

These alkyl hydrogen sulphates are 100% biodegradable. 

Unlike ordinary soaps, they do not produce OH- ions on 
hydrolysis and thus, can be safely used for woolen garments. 
These detergents are called anionic detergents because a large 
part ofthe molecule is an anion. The single anionic detergent in 
larg~st household use today is alkyl benzene sulphonate.· 

(b) Sodium alkyl benzene sulphonates: These are 
obtained by Friedel-Crafts alkylation of benzene with a long 
chain alkyl halide (or an alkene or an alcohol) followed by 
sulphonation and neutralization with NaOH. Sodium 
p-dodecylbenzene sulphonate (SDS) is most widely used 
domestic detergent since, 1975. 

CH3 

CH3(CHzl9CH CH2+( 0 > AIel) 'CH3(CHZl9bH~ 
Dodec-I-ene Benzene 

Sodium-2-dodecylbenzene sulphonate (SDS) 
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Another important example is sodium p..n-dodecyl., 
benzene sulphonate. 

CH3-(C"')I,-©-s63N~ 
These alkyl benzene sulphonates are highly biodegradable 

and called soft detergents. These long chain alkyl benzene 
sulphonates, (Linear· alkyl sulphonates)are call~ LAS 
detergents, while those having· branched· chains are called 
ADS detergents (Alkyl benzene sulphonates). An important 
example of ABS detergent is: 

CH3Jt~214s~Nt . 
ABS detergent (hard or non·biodegradable) 

It is prepared by Friedel-Cmfts reaction of tetmmer of 
propylene with benzene followed by sulphonation and 
neutmlization with alkali. 

(ii) Cationic detergents: These are mostly acetates, 
. chlorides or bromides· of quaternary anunonium salts 

containing one or more long chain alkyl groups. Being more 
expensive than the anionic detergents, they find limited use. 
Such detergents however, possess germicidal properties and 
are used quite extensively as germicides (antiseptic). Examples 
are trimethyl stearyl anunonium bromide, cetyl trimethyl 
ammonium chloride or N -benzyl quaternary anunonium 
chlorides. 

5H3 

CH3-(CH2)16-CH2-N-CH3 Br-\. tH3 

Trlmethyl stearyl amnonium bromide 

+ 

1H
3 

CH3(CH2)lS-N-CH3 Cl-. t
H

3 ' 

Cellyl trimethyl amnonium chloride 

CH3 . 
~ ',..... +1 
~H2-N-C12H25 CF 

I . 
CH3 

Benza1konium chloride (antibacterial) 

(iii) Non-ionic detergents: They are neutml surface 
active detergents (surfactants) and obtained from long chain 
alcohols by treatment with ethylene oxide in presence of a 
base. For example, lauryl alcohol ethoxylate. 

CH3 (CH2 hoC:H20H+8CH2-CH2 Base) 

n·Lauryl alcohol . "-6 
Ethylene oxide 

CH3 (CH2 )lOCH2 (OCH2CH2 )gOH 
Lauryl alcohol ethoxylate 

Other example is the ester of high molecular mass formed 
by the reaction between polyethylene glycol and stearic acid. 

HOCH2 -CH20H + nCH2 -CH2 ~ 
Ethylene glycol ~ . 

o 
Ethylene oxide 

HO(CH2CH20)n CH2CH20H 
Polyethylene glycol 

CH3 (CH2)16COOH + HO(CH2CH20)nCH2CH20H 
Stearic acid , !_H

2

;oryethYlene glycol 

CH3 (CH2h6COO(CH2CH20)nCH2CH20H 
. Non-ionic detergent 

Another important examples are: 

o <;H20H 
II I 

C17H35 -C-OCH2 -C-CH20H 
I 

CH20H 
Pentaerythritol rnonostearate 

CH3 CH3 
I I 

CH3-£H-£H'¢H'-~~H3 

,(OCH2CH2)60H 
Nonylphenol ethoxylate 

Lauryl alcohol ethoxylate with 100% biodegradability is 
superior to nonphenol ethoxylate (30% biodegmdable). 

Synthetic Detergents (Syndets) 

Synthetic detergents are widely used, these days as 
cleansing agents. Washing powders available in the market 
contain about 15 to 30% detergents by weight and the 
remaining part is other chemicals which are added to it. These 
are: 

(i) Sodium sulphate and sOdium silicate--:-to keep the 
powder dry. 

(ii) Sodium carbonate or sodium tripolyphosphate-to 
maintain its alkaline nature which helps in removing 
dirt and also, softens water. 

(iii) Carboxy methyl cellulose (CMC}-to keep the dirt 
suspended in water. 



(iv) Mild bleaching agent (Sodium perborate)-to give 
whiteness in clothes. 

Surfactants (Surface Active Agents) 

Substances like soaps and synthetic detergents concentrate 
at the surface of the solution or interfaces, fonn surface films, 
the non-polar hydrocarbon chains of the soap or detergent 
dissolves in oil or grell,se and the other part (Carboxylate group 
of the soap or sulphonate group of synthetic detergent) is held 
by surrounding water. , 

This lowers the surf~ce tenSion between water and grease 
solution and helps in removing dirt and dust by emulsifying 
grease. Such substances are called surface active agents or 
surfactants. The molecule of a surfactant contains two 
characteristic groups~ 

(a) Hydrophilic-water soluble, 
, (b) Hydrophobic,(Lyophilic)-oil soluble. 

Advantages of Synthetic Dt:tergents Over Soaps 

Synthetic, detergents are superior and most widely used 
cleansing agents due to the following properties: 

(i) These can be used both in soft and hard waters 
whereas ordinary soaps cannot be used in hard water. 

(ii) Synthetic detergents are prepared from the 
hydrocarbons obtained from petroleum while soaps 
are prepared from vegetable oils and fats. 

(iii) The aqueous solution of detergents are neutral and 
hep,ce, can be used for washing all types of fabrics 
without any damage. The solution of ordinary soap is 
alkaline and thus, cannot be used to wash delicate 
fabrics. 

(iv) These can be used even in acidic medium as they are 
the salts of strong acids and 'J.re not decompdsed in 
acidic medium whereas soaps are decomposed into 
carboxylic acids in acidic medium. 

Disadvantages of Synthetic Detergents 

Some of the synthetic detergents are not biodegradable. In 
the past, many detergents caused pollution in river and 
waterways. It has,been found that if straight chain hydrocarbon 
is used in the detergent instead of branched chain hydrocarbons 
then the detergent is biodegradable because detergent 
mQlecules associated with branched chain hydrocarbon tail is a 
source of pollution. ' 

Cleansing action' of soaps and detergents 

The molecules of soaps and detergents are usually smaller 
than the colloidal particles. However, in concentrated 

,.soll1tions, these molecules associate and fonn aggregates of 
collQ!4al size. These aggregates, of soaps or detergents . 

, " ,mol~cules are called micelles~ Soaps and detergents are strong 
electrolytes and when dissolved in :water they furnish ions. 

C17H3SCOONa~C17H3SCOO- +Na+ 
, Soap 
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The negative ions aggregate to fonn a micelle of colloidal 
size. The negative ion has a long hydrocarbon chain and a polar 
group (-COO-) at one end. In micelle fonnation, the long 
hydrocarbon chain (tail) which is insoluble in water is directed 
towards the centre while the soluble polar head is on the 
surface in contact with water (Fig.). The charge on the micelle 
is responsible for the stability of this system. 

The initial concentration at which micellization begins is 
called critical micellization concentration (eMC). Every 
associated colloid has a: definite CMC at a given temperature. 
Increase of temperature lowers CMC. The fonnation' of 
micelles starts only above a certain temperature called Kraft 
temperature denoted by (Tk)' For miceiles of soap, cMC is 
10-4 _IO~3 mol L-1. The micellization is a reyersible process, 
hence, by diluting an associated colloid, it is possible to revert 
to the original simple solution. The cleansing action of soap is 
due to micelles. The grease stain is absorbed into the interior 
of the micelle and gets detached from the fabric. 

The dust particles sticking to the stain are also removed. 
This action is similar to emulsification of grease. 

13.11 WAXES 
Waxes are the esters of higher saturated and unsaturated fatty 
acids with higher monohydric alcohols. The acids and alcohols 
commonly found in waxes are palmitic,cerotic acid 
(C2s Hs1COOH), melissic acid (C30 H61COOH) and cetyl 
alcohol (C16H330H), ceryl alcohol (C26HS30H), myricyl 
alcohol (C30H610H), etc: 

Waxes are insoluble in water but are readily soluble in 
benzene, petroleum, carbon disulphide, etc. Waxes on 
hydrolysis with water yield higher fatty acids and higher 
monohydric alcohols. 

ClsH31COOC16H33 + H20 ~ C1sH31COOH+ C16H 330H 
Cetyl palmitate Palmitic acid Cetyl alcohol 

When hydrolysis is carried with caustic alkalies, soap and 
higher monohydric alcohols are fonned. 

ClsH31COOC16H33 + NaOH ~C16H330H +ClsH31COONa 
Sodium palmitate 

(Soap) 



Acid Derivatives 

The common waxes are: 
(i) Bees wax, myricyl palmitate, C15H31COOC30H61 

(ii) Spermaceti wax, cetyl palmitate, 
C15H31COOC16H33 

(iii) Carnauba wax, myricyl cerotate, 

C25H51COOC30H61 
Waxes are used in the manufacture of candles, polishes, 

inks, water proof coating and cosmetic preparations. 

Waxes obtained from plants and animals are different than 
paraffin wax which is a petroleum product and a mixture of 
higher hydrocarbons (20 to 30 carbon atoms). So paraffin wax 
is not an ester. ' 

Candles are prepared by 'mixing paraffin wax (90%) with 
higher fatty acids like stearic and palmitic. The fatty acids are 
added to paraffm wax as to give strength to candles. The 
mixture is melted and poured into metal tubes, containing 
streched threads. On cooling candles are obtained. 

IMPORTANT POINTS TO REMEMBER (SUMMARY) 

o The classes of compounds obtained from carboxylic acids 
by the replacement of -OH group of -COOH group with 

o 0 
II II 

-x (R-C-X, acid halide), -NHa (R-C-NH2' 
o 
II 

acid amide), -OR' (R-C-OR', ester) or -OCOR 
o 0 
~ ~ , 

(R-C-O-C-R, acid anhydride) are termed as acid 

derivatives. 
o All functional derivatives of carboxylic acids contairi the 

o 
II 

common group, R-C- known as ,acyl group. These acid 
derivatives on hydrolysis produce carboxylic acids under 
appropriate conditions. 

Acetyl Chloride (Ethanoyl Chloride), CH3COCI or 
Acyl Halides 

Methods of preparation 
o By heating glacial acetic acid with PCI5 .. P X 3 or SOCI~ . 
o By distilling anhydrous sodium acetate or calcium acetate 

withPCl3,POCI3 orS02C12~ 
o By adding HCI on ketene. 
o Properties: Among the different acid derivatives, acyl 

,chlorides are the most reactive. In acyl chlorides, the 
o 
II 

(-C-·) group is attached to highly electronegative 
chlorine atom and at the same time, it has a weak electron 
releasing resonance effect (+R effect). Hence, acyl chlorides 
readily undergo a number of nucleophilic substitution 
reactions. 

o Hydrolysis: Acyl chlorides are readily hydrolysed by 
water to give carboxylic adds. 

o An acid chloride with' a bulky alkyl group attached to a 
'carbonyl carbon undergoes reaction more slowly than an 
acid chloride with a small alkyl group, i;e., 

CiI3CH2CH2COCI<CH3CH2COCl<CH3COCl 

o An acid chloride with a small alkyl group is more soluble 
. and undergoes reaction faster. 
o Action with alcohols: Formation of an ester. 
o Action with ammonia: Formation of an acid amide. 
o Action with 1° amine and 2° amine': Formation of 

N-alkyl amide (2°) and N,N-dialkyl amide (30). 
o Action with hydroxylamine and hydrazine : Formation 

of corresponding acetyl derivatives. 
o Action with thioalcohols: Formation of thioesters. 
o Reduction: On reduction with LiAlH4 or NaBH4 'it gives 

ethyl alcohol. 
o Rosenmund's reduction: On reduction with H2 in 

presence of PdlBaS04 and partially poisoned with a small 
amount of sulphur or quinoline as catalyst, it is reduced to 
acetaldehyde. 

o Action with salts of carboxylic acids: Formation of acid 
anhydrides. ' , 

o Friedel-Crafts reaction: Acetyl chloride reacts with 
benzene in the presence of anhyd. AlCl3 to form methyl 
phenyl ketone (acetophenone) is called Friedel-Crafts 
reaction. 

o Action with Grignard reagent: With calculated amount 
ofGrignard reagent, acetyl chloride forms ketones. But with 
excess of GR, tertiary alcohol (3°) is obtained. 

o Action with diethyl ether: Formation of esters. 
o Action with KCN followed by hydrolysis: F ormation of 

acetyl cyanide followed by hydrolysis to yield a-keto acid 
(pyruvic acid). 

o Action with salicylic acid: Acetyl salicylic acid (aspirin) 
is formed. 

o Action with ~odium peroxide: Formation of acetyl 
perox\de. 

o Action with diazomethane: Acetyl chloride forms di
azoketone. This diazoacetone gives chloromethyl ketone 
(with HCI), propanamide (with NH 3 / Ag 20 catalyst) and 
hydfoxy acetone (with H201HCOOH). It is called 
Arndt-Eistert synthesis. 

o Diazoacetone loses N 2 to form methyl ketene 
(CH3CH=C=0) by Wolff rearrangement when 
wanriedin presence of Ag 20 as catalyst. 

o Action with urea: Formation of acetyl urea. 
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Cl a-Halogenation: Acid halides undergo tautomerization 
and so they proceeds for a-halogenation to form 
chloroacetyl chloride. 

Cl Acetyl chloride is used as an aeetylating agent. It is also 
used in the estimation and determination of number of 
-OH and -NHi groups. 

Acetic Anhydride (Ethanoic Anhydride), (CH3COhO 
or Acid Anhydride 

Methods of preparation .' < 

Cl By heating glacial acetic acid with a dehydrating agent like 
P20s or anhydrous ZnCI2. 

Cl By distilling a mixture of anhydrous sodium acetate and . 
acetyl chloride. 

Cl By heating anhydrous sodium acetate with SOCl2 or 
S02Cl2 or poct3 • . 

Cl By passing chlorine in a mixture of sodium acetate and 
sulphur dichloride and distilling the mixture so obtained 
(Industrial method). 

Cl By heating acetylene with glacial acetic acid in presence of 
HgS04, acetic anhydride is obtained alongwith acetal
dehyde (Industrial method). 

Cl By heating acetone at high temperature to give ketene which 
is then passed through glacial acetic acid when formation of 
acetic anhydride takes place. 

Cl Properties: It resembles acetyl chloride in its action 
towards compounds having active hydrogen but it is less 
reactive than acetyl chloride. 

Cl Hydrolysis: Acetic anhydride is hydrolysed slowly with 
water, but rapidly by alkali to give carboxylic acid. 

Cl Action with ammonia: Formation of acetamide. 
Cl Acetylation reactions: One half of anhydride molecule 

is used in acetylation, but other half being converted into 
acetic acid. For example, AC20 and C2HsOH forms ethyl 
acetate and acetic acid; similarly, with ethylamine, it yields 
N-ethyl acetamide, with diethylamine yields N,N-diethyl 
acetamide, with aniline gives acetanilide and with salicylic 
acid, it is acetylated to aspirin. 

Cl Action of dry HCI: Formation of acetyl chloride. 
Cl Action of thioalcohol: Formation of ethyl thioacetate. 
Cl Action of chlorine : Formation of acetyl chloride and 

monochloroacetic acid. 
Cl Action of PCl s : Formation of acetyl chloride. 
Cl Friedel-Crafts reaction: In presence of anhyd. AlCl3 < 

acetic anhydride reacts with benzene to form acetophen'one. 
Cl Reaction with aldehyde: Formation of ethylidene acetate. 
Cl Reaction with Grignard reagents: Formation of ketones. 
Cl Reaction with ether: Formation ofan ester (ethyl acetate). 
Cl Reduction: Acetic anhydride is reduced to ethyl alcohol 

by LiAlH4 in ether or Nalalcohol or NaBH4i AlCI3 , etc. 
Cl Perkin reaction: Anhydrides having o.-H atoms react 

with aromatic <aldehydes in presence of sodium < salt of the 
same acid to form 0., j3-unsaturated acid (cinnamic acid). 
This reaction is called Perkin reaction. 
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Cl Reaction with NzOs: Formation of acetyl nitrate. 
Cl Reaction with barium peroxide : Formation of acetyl 

peroxide. 

Acetamide (Ethanamide), CH3CONH2 or Acid Amides 
Methods of preparation 

Cl Laboratory preparation : By heating ammonium 
acetate at 215°C acetamide is formed, while ammonium 
formate on heating gives formamide. 

Cl By the action of concentrated ammonia solution on acetyl 
chloride, acetic anhydride or ethyl acetate (ammonolysis of 
add derivatives). 

Cl By heating glacial acetic acid with urea. 
Cl By partial hydrolysis of alkane nitriie in coid conc. HCI or 

dil. H2S04 or alkaline H20 2. 
Cl Properties: Lower amides are soluble in water due to 

H-bond formation. The m.pt. and b.pt. are higher than 
expected from their molecular weights due to association 
through H-bonding. 

Cl Hydrolysis: Acetamide is hydrolysed slowly by boiling 
with water, rapidly by acids and far more rapidly by alkalies 
to give acetic acid. < 

Cl Amphoteric nature: It forms salts with acids and bases 
both and this behaviour is due to the presence of 
tautomerism. 

Cl Reduetion: Acetamide undergoes reduction with Nat 
C2HsOH or ethereal solution of LiAlH4 and is converted 
into ethylamine. 

Cl Dehydration: When heated with P20 S or SOC120r 
POCl3 or PCIs, it loses a molecule of water and forms 
alkane nitrile. 

Cl Action of nitrous acid DNOz (NaNOz + HCI) 

Formation of carboxylic acid with the evolution ofN 2. 
Cl Action with alcohol: Formation of ester. 
o Action with Grignard reagent followed by hydrolysis : 

Formation of ketone. 
Cl Hofmann bromamide reaction or Hofmann degradation: 

Amides when heated with Br2 and KOH solution, yield 1° 
amines containing one carbon atom less than the amide. 

Cl A number of intermediates have been isolated : 
N-bromamides, RCONHBr; salts of these bromamides, 
[RCONBr- ]K+ and RNCO. 

Ethyl acetate (Ethyl Ethanoate), CH3COOC2HS or 
Organic Ester 

Methods of preparation 
Q By the action of acetyl chloride or acetic anhydride on ethyl 

alcohol. 
Q By the action of alkyl halides on silver salts of carboxylic 

acids. 
Cl Tischenko reaction: Condensation between two moles 

of aldehyde in presence of aluminium ethoxide forms ethyl 
acetate. 
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o By heating a mixture of absolute alcohol and glacial acetic 
acid in presence of few drops of conc. H 2S0 4 (catalyst) or 
HCI gas. 

D By the action of carbon monoxide on ether in presence of 
BF3 at 150°C. 

o By the action of diazomethane on carboxylic acids. Methyl 
esters are formed. 

o Properties: The b.pt. of methyl and ethyl esters are lower 
than those of corresponding acid because of the fact that 
esters are not associated through intermolecular H-bonding. 

o Hydrolysis: Ethyl acetate undergoes slow hydrolysis 
with excess of boiling water. but in presence of acids or 
alkalies, the hydrolysis is fast. The alkaline hydrolysis is 
ten-ned as saponification. 

o Reaction with ammonia: Formation of an amide. 
o Reaction with 1° amine and 2° amine: Formation of 

N-alkyl amide and N,N'-dialkyl amide. 
o Reaction with PCls or SOCI 2 : Formation 'of acetyl 

chloride. 
D Reduction: With NalC2HsOH, ethyl acetate is reduced 

to ethyl alcohol (Bouveault Blanc reduction). LiAlH4 in 
ether, LiBH4 in THF, ~H6 in THF, etc., also reduce esters 
to alcohols. Copper-chromite at 250"C may also be used as 
catalyst (Adkin's method). 

o Reaction with Grignard reagent: Formic acid esters 
give 2° alcohols while other esters give acetone and then 
finally 3° alcohols. 

o Reaction with hydroxylamine: Formation of hydro
xamic acid. 

o Reaction with hydrazine: Formation of acid hydrazide. 
o Halogenation: On treatment with Cl2 or Br2 in presence 

of red P yields a-halogenated ester. 
o Claisen condensation : Two molecules of esters 

containing u-H atoms when heated with C2HSONa (or 
NaNH2) undergo Claisen condensation to give j3-keto esters 
~th the elimination of one molecule of alcohol. 
o Alcoholysis: Splitting of ester by alcohol is called 

alcoholysis. When an ester is refluxed with excess of 
alcohol (other than present in ester) in presence ofHCI gas 
or RONa (catalyst), the alkyl part (alcoholic part) of the 
ester molecule is replaced by other alkyl group (usually a 
lower one). The process is also known as trans 
esterification. 

o Acidolysis: When an ester is heated with other acid, it is 
the acid residue present in ester is replaced by another acid 
residue. 

o Action of balogen acids (IIX): On heating ester with HI, 
it gives acid and RI. 

o Relative reactivity of acyl compounds : Reactivity 
towards nucleophilic substitution lies in the following 
sequence : 

o 
II 

RCOCI > (RCOhO> R-C-OR'> RCONH2 

o 
II 

Urea or Carbamide, NH2 -C-NH2 
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o Urea may be considered as diamide' of weak dibasic 
carbonic acid from which both the -OH groups have been 
replaced by -NH2 groups. So, the diamide of carbonic 
acid or monoamide of carbamic acid is known as urea or 
carbamide. 

D Urea was the first organic compound synthesized in the 
laboratory from inorganic compound, ammonium cyanate 
(obtained on heating a mixture of ammonium sulphate and 
potassium cyanate) by Wohler. 

o Isolation from urine: The addition of conc. HNOJ to 
urine gives crystals of urea nitrate. These crystals are 
separated and dissolved in water and treated with BaC03' 
Urea is then extracted with alcohol and the extract on 
evaporation yields crystals of urea. 

D Laboratory preparation: When KCNO is heated with 
(NH4hS04, an ammonium isocyanate is formed which 
undergoes molecular rearrangement to give urea. 

o From pho~gene (carbonyl chloride) or ethyl carbonate: 
By heating with NH 3. 

o Manufacture (Industrial method) : By partial 
hydrolysis of calcium cyanamide. The calcium cyanamide is 
obtained by passing N 2 over calcium carbide at high 
temperature. 

o From NH3 and CO2 : A mixture of liquid NHJ and 
liquid C02 on heating gives ammonium carbamate 
(NH2COONH4)' This decomposes at 140-150°C to form 
urea. 

Properties 
o Basic nature: The aqueous solution of urea is neutral in 

nature but it behaves as a weak mono acid base. It forms salts 
wi$. strong acid like conc. HN03 and oxalic acid (H2C204)' 

o The basic character of urea can be expl~ined by the fact that 
its cation gets stabilized by resonance. 

o Hydrolysis: Urea on hydrolysis gives CO2 and HOH. 
The reaction is catalysed by acid, base aM enzyme. 

o Action of heat: When heated, urea melts at 132°C. On 
further heating, it loses NH3 at 150°C and leaves a solid 
white residue known as biuret. An alkaline solution of 
biuret gives a violet colour on reaction with dilute copper 
sulphate solution. It is kno.wn as biuret test. It is given by all 
compounds having -NHCO- group. 

o When urea is heated rapidly above 170°C, it loses a 
molecule ofNH3 and forms cyanic acid which trimerises to 
form cyanuric acid. 

o Reaction with nitrous acid: Urea is decomposed by 
HN02 (NaN02 + HCI) into N 2, CO2 and H20. ' 

o Reaction with alkaline hypohalides (Oxidation): Urea 
is oxidised to N 2 when· heated with excess of alkaline . 
hypochlorite or hypobromite (NaOCI or NaOBr). 

o Acetylation with acetyl chloride or acetic anhydride : 
Urea reacts with acetylating agents to form N-acetyl ureas 
which are known as ureides. . 



(J Reaction with hydrazine: Urea reacts with NHzNHz at 
100°C to form semicarbazide (HzNCONHNHz) with the 
evolution ofNH3 molecule. 

(J Reaction with ethanol: On heating with alcohol, urea 
. gives ethyl carbamate (urethane). 
(J Reaction with chlorine water: Urea reacts with aqueous 

solution of chlorine to form N,N'-dichlorourea. 
(J Reaction with thionyl chloride: On dehydration with 

SOClz, urea gives cyanamide (H2N--C==N). 
(J Reaction with fuming H 2S04 , or oleum 

(H2S04 +S03 =H2S 20 7): When urea is heated with 
fuming H2S04 (oleum), the product is sulphamic acid. 

. 0 Reaction with oxalic acid and its derivatives: Urea, in 
presence of POCl3 or CzHsONa, reacts with oxalic acid, 
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oxalyl chloride,ethyloxalate, etc., to. give five membered 
ring compounds. These are termed as cyclic ureides. 

(J Reaction with dietbyl malonate :. Formation of 
barbituric acid (malonyl urea). 

(J Reaction witb acetoacetic ester: Formation of4-methyl 
uracil. 

(J Reaction with formaldehyde: Urea and formaldehyde 
react to form urea-formaldehyde resin which is used in the 
form of plastic. 
Uses: Urea is used: 

(i) mainly as a nitrogen fertilizer (containing 46.6% 
nitrogen). 

(ii) in the manufacture of formaldehyde-urea, plastic and 
semicarbazide. C 

(iii) for making barbiturates and other drugs. 
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t. Fill in the blanks: 
(a) Acetic anhydride is an acid derivative of ........... . 
(b) Urea is an acid derivative of ........... . 
(c) Acetyl chloride is ............ reactive than acetamide. 
(d) Urea nitrate is ............ in water. 
(e) Acetamide on heating with P20 S forms ........... . 
(f) Oils and fats are ............ of higher fatty acids. 
(g) Esters between long chain monohydric alcohols and 

long chain fatty acids are ....... ; ... . 
(h) Acetyl chloride on heating with anhydrous sodium 

acetate forms .......... .. 
(i) Acid chlorides undergo nucleophilic ......... reactions. 
G) The conversion of an a~de into primary amine with 

the help of bromine and caustic potash is named as 
............ reaction. 

(k) The isomer of ammonium cyanate is ........... . 
(1) Biuret is formed when ............ is heated. The biuret 

gives ............ colouration when treated with NaOH 
and copper sulphate solution. 

(m) The degree ofunsaturation of a fat or oil is measured by 
its............ c, 

(n) Vegetable ghee is manufactured by the ............ of oils 
in presence of ............ as a catalyst. 

(0) Aspirin is formed by the action of acetyl chloride with 

(P) Acetyl chloride is used in the laboratory in the 
determination of ............ and ............ groups in 
organic compounds. 

(q) The fmal product in the following sequence is: 

CH3COCI+KCN~ ...... ~ ...... 
(r) The reaction between ketene and glacial acetic acid 

produces ........... . 
(s) Acetic anhydride is ............ reactive than acetyl 

chloride. 
(t) Acetic anhydride undergoeS reduction with LiAlH4 to 

form ... ' ....... .. 
(u) Acetamide behaves as ............ compound because it 

shows feebly acidic as well as feebly basic nature. 
(v) Acyl halides and acid anhydrides are very good 

............ agents. 
(w) Amides on reduction with LiAlH4 yield ........... . 
(x) The hybridization state of carbon atom changes from 

. ~ . .. .. .. ... to ............ in the conversion of a group 
-CONH2 to -CN. 

(y) Urea is also called as ........... . 
(z) The reaction between an acyl halide and an alcohol 

gives ......... ' .. . 
2. State whether the following statements are True or False: 

(a) Hydrolysis of an ester in presence of a dilute acid is 
known as saponification. 

(b) Oils and fats are the glycerides of higher fatty acids. 
(c) Oils have higher percentage of saturated acids than fats. 

, (d) Soaps are the salts of higher fatty acids. 
(e) Detergents can be used even in hard water. 
(f) Potassium soaps are hard soaps. 
(g) Acetamide forms acetic acid when treated with nitrous 

acid. 
(h) Urea can be identified by the biuret test. 
(i) The reactivity of acetic anhydride is more than acetyl 

chloride. ' 
G) Acetamide on reduction with LiAlH4 forms ethylamine. 
(k) Rosenmund's reduction of acetyl chloride forms ethyl 

alcohol. 
,(I) Waxes are esters of higher monocarboxylic acids and 

higher mono-saturated alcohols. 
(m) Acetamide is amphoteric in nature . 
(n) Acetamide can be hydrolysed more readily than acetyl 

chloride. , 
(0) Ethanol on treatment with ethanoyl· chloride forms 

ethyl ethanoate. 
(P) One mole of acetic anhydride on boiling with NaOH 

forms two moles of acetic acid. 
(q) Acetylation is best carried out in presence of sodium 

acetate or conc. H2S04. 
(r) Esters are not neutral towards litmus. 
(s) Two molecules of ethyl acetate condense in presence of 

sodium ethoxide to form acetoacetic ester. This 
condensation is named Perkin condensation. 

(t) The pink colour of alkaline phenolphthalein is 
discharged when it is warmed with ester. 

(u) Urea forms barbituric acid when reacts with malonic ester. 
(v) Lipids are constituents of plants and animals which are 

insoluble in water but soluble in organic solvents. 
(w) Stearic acid is an unsaturated acid while oleic acid is 

saturated one. 
(x) Drying oils possess high iodine vallles. 
(y) A soap cOntains only hydrophilic part while a detergent 

consists only hydrophobic part in the molecule. 
(z) Rancidification is a process in which oils and fats . 

develop unpleasant smell on long storage. 
3. Match the foJlowing: 

(A) Fats (I) Sodium alkyl sulphonates 
(B) Soap (2) Esterification 
(C) Acetylating agent (3) Saponification 
(0) Detergents (4) Candles 
(E) Hydrolysis of an ester (5) Sodium salt of a higher 

with alkali ' fatty acid 
(F) Conversion of amide to (6) Glycerides 

amine 
(G) Acid + alcohol 
(H) Petroleum wax 

, (7) Acetic anhydride 
(8) Hofmann bromamide 

reaction 
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4. What happens when? 
(i) Acetamide is heated with bromine and caustic potash; 
(ii) Acetyl chloride reacts with water. 
(iii) Acetyl chloride is distilled with sodium acetate. 
(iv) Acetamide reacts with nitrous acid . 
. (v) Acetamide reacts with phosphorus pentoxide. 
(vi) Oils and fats are heated With NaOH. 

(vii) Acetyl chloride reacts with ethyl alcohol. 
(viii) Acetic acid is treated with P2 Os. (CPMT 2003) 

(ix) Urea is heated. ... 
(x) Cone. HN03 is added to concentrated urea solution. 

(xi) Urea is heated with nitrous acid. 
(xii) Urea is heated with sodium hydroxide solution. 
(xiii) Urea is heated. with acetyl chloride. 
(xiv) The solution containing potassium cyanate and 

ammonium sulphate is evaporated to dryness. 
(xv) Ammonia and carbon dioxide mixture is heated under 

pressure. 
S.· Complete the following reactions: 

(i) CH3COOC2Hs + NH3 ~ ......... + ........ . 
. (ii) CH3COCI+C2HsOH~ ......... + ........ . 
(iii) CH3CONH2 + Br2 + 4NaOH ~ ....... .. 
(iv) (CH3COhO+C2HsOH~ ........ . 
(v) CH3COOC2Hs + PCIs ~ ...... +C2HsCI+ ...... 

o 
(vi) ~. (i) CH3MgI (Excess) ) (A) 

OCH3 (ii) H+ 
o .' 

(vii). ~. (i) LiAlH4 (A) 
OCH3 (ii) H

3
0+ ) 

o 
(viii) ~ (i) C2HsOH) (A) 

. OCH3 (ii) H30+ 

6. Identify (A). (B). (C), (D) and (E) • ... in the following equations: 

(i) HC==CH H2S04 .) (A) ~ (B) SOCI2 ) (C) 
HgS°4 

(ii) (CH3CO)2 0 ~HsOH) (A) +CH3COOH 

(ix) ~y 
o 

CH2-COOH 
(xii) Succinic acid I is heated in presence of 

CH2-COOH 
acetic anhydride to give (A). What is the structure of A? 

. CH2CH2COOH 
(xiii) I . CaO ) (A) 

CH2CH2COOH A 

o 
(xiv) R-~-CI (i) N3H, A ) (A) 

. (ii) H20 
(Roorkee 2001) 

18 W 
(xv) CH3COOH + C2HS9H ~ ...... + ...... 

Ether (xvi) CH3COOH+CH2N2 ~ ...... + ...... 

.. (i) CH3CH2MgBr 
(XVl1) HCOOCH3 + ) ...... 

(ii) H30 . . 

o 
... II 18 Hjo . 

(XV1l1) CH3-C-9C2Hs ~ ...... + ...... (lIT 2000) 

Benzene 
AlCl3 

) (D) 

~ ) ~)_NH~3~) ~)~H=~=t~) (D) 

(v) HCHO~ 
CH2CO, 

(vi) I . '0 
CH2CO/ 

(vii) CH3CH20H 

MeGH ) (A) ) (B) _M_e_NH....:2~) (C) 

PClS ) (B) _NH--,-3~) (C) 
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(viii) CH3CH2COCI N3
H

) (A) Heat ~ (B) H20 ~ (C) 

(ix) CH3CH2COOCH3 H2NOH ~(A) -H20) (B)~(C) 
. NH UNO . Ca sal 

(x) (CH3CO)ZO~(A)---4(B)~(C) 
. Heat 

(xi) HC==CH CH3COOH) (A) . Heat) (B)+(C) HOH ,CH
3
COOH 

Excess 

. (xii) Ester(A)~(B)+(C) (Aq.) KOH) (CH3 )zCHCHzOH 

HzlPdlBaso4 
LiAlH 

(D) 4 ) (CH3 )z CHCHzOH 

(xiii) R-COOH~(A) Brz. KOH, (B) NaN°z +HCl ~ (C) 
Heat Heat 

o 
(xiv) CH3-~-OCzHs CzHsONa) (A) IzlNaOH'(B)+(C) 

. (xv) [(CH3 )2 CHCOh 0 LiAlH4 , (A) KzCrZ07) (B) 
. H2S04 \ 

(xvi) Ester (A) C3H60 2 CH3MgBr) (B) H30+) (CH3 }z CHOH 
(2 mol) . 

. (xvii) CaCN2 + HOH H2S04 ) (A) CH2(COOC2Hsh) (B) 

o 
(i) OW ) H

3
C-CH-LoH 

(ii) H+ I.' 
CH2-C-OH 

~ 

[Roorkee 2000] 

[lIT 2000) 



~'Shc>rtAnswerType , 
7. What reagents are required for making the following 

changes in functional groups? 
(a) -CHOto -CH20H (b) -CNto -COOH 
(c) -COOHto H (d) -CONH2 to -NH2 

8. How will you synthesize? 
(i) Acetyl chloride from methyl chloride. 
(ii) Acetamide from ethyl alcohol. 

(iii) Methylamine from acetyl chloride. 
(iv) Acetamide from aCetone. 
(v) Acetic anhydride from acetic acid. 

(vi) Ethyl acetate from ethyl bromide. 
(vii) Ethyl acetate from acetic acid. 

9. List three reagents for converting a carboxylic acid to its 
acyl chloride. Select the most convenient of the three 
reagents. Give a reason for the choice. 

10. Give the industrial preparation of acetic anhydride. How 
many other anhydrides be prepared from acetic anhydride? 

11. Prepare ".,propyl acetate from: 
(i) acetic anhydride, (ii) acetyl chloride and (iii) acetic acid. 

12. How will you obtain the folloWing from acetyl chloride? ' 
(i) Acetamide, (ii) Ethyl acetate, (iii) Acetic anhydride, 
(iv) Acetic acid, (v) Ethyl alcohol, (vi) Acetaldehyde, 
(vii) Acetone. 

13. Write the reactions of acetamide with' the following 
compOunds: 
(i) NaOH, (ii) P20 S , (iii) Br2 + KOH, (iv) Na + C2HsOH, 
(v) HN02 ,(vi) LiAlH4 • 

14. Give reactions of ethyl acetate with the "following 
compounds: 
(i) NaOH, (ii) NH3 ,(iii) PCIs ,(iv) Na + C2HsOH, 
(v) LiAlH4 • 

15. Distinguish between the following pairs: 
(i) Urea and ammonium acetate 

(ii) ,Salt and ester 
(iii) Acetamide and urea 
(iv) Kerosene oil and vegetable oil 

16. Write short notes on: 
(i) Esterification 

(ii) Saponification 
(iii) Hoftnann bromamide reaction 
(iv) Soap 
(v) Oils and fats 

(vi) WaxeS 
(vii) Detergents 

(viii) Types of soaps 
(ix) Hydrogenation of oils 
(x) Saponification value 

(xi) Iodine value 
(xii) Biuret test 

17. Answer the following with reasoning: 
(i) Why all the' acid derivatives (RCOG) [G may be -X 

(acid halides), -NH2 (amides), OR' (esters) or 
-OCOR (anhydrides)] are studied as a unit? 
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(ii) Why the C-':"'G bond in acid derivatives is expected to 
be shorter and stronger than in alkyl derivatives 
(R-G)? 

(iii) Why esters have lower boiling points than (a) ketones 
and (b) acids of comparable molecular masses? 

(iv) Amongst the following amides, 
CH3CONH2, CH3CONHCH3 andCH3CON(CH3 )2, 
why acetamide has the highest boiling point and 
CH3 CON(CH3 h the minimum boiling point? 

(v) How the order of reactivity of the acid derivatives is 
related to the base strength of the leaving groups? 

(vi) Why cannot HCI convert RCOOH to RCOCI? 
(vii) Why does an acyl chloride undergo nucleophilic 

attack more rapidly than does an alkyl chloride? 
(viii) What is the essential difference between nucleophilic 

attack on the >C=O of an aldehyde or ketone and 

on an acyl derivative? 
(ix) Why a ketone is not isolated from the reaction of an 

ester with one equivalent of RMgX? ' 
(x) Amongst the following esters, , 

CH3COOC4H9, CH3COOC3H7,CH3COOCH(CH3h 
and, CH3COOCH3; why CH3COOCH3 is most 
readily hydrolysed with NaOH? 

(xi) Why formic anhydride cannot be prepared by heating 
formic acid? 

(xii) Primary and secondary amides exist as dimers in the 
solid and pure liquid state. . . 

(xiii) Why urea is basic? 
(xiv) Why guanidine is a strong monoacid base? 
(xv) Why melting point of primary amide is higher than 

secondary and tertiaryamides? 
18. How does urea react with? 

(a) Nitrous acid, (b) Dilute NaOH, (c) Sodium hypobromite, 
(d) Malonic ester, (e) Hydrazine, (f) Acetyl chloride, (g) 
Succinic acid, (h) Acetoacetic ester. 

19. (a) What are ureides? (b) What are barbiturates? 
(c) How urea is estimated? ' 

20. (i) Give the mechanism for the reaction ofacetyl chloride 
with ethyl alcohol. 

c+.Oo- CO-

[ 
,'-II •• I () 

Hint: CH3-c....-CI + ~HsOH -----+ CH)-C-CI---+ 
8~· I' 

Acetyl CblOri: &) ~H5-;}~-H 

CH3-~-~'J. CzHs-----+ CH3-~-OC2HsJ 
Ethyl acetate 

(ii) Give the mechanism for the Hoftnann bromamide 
reaction. 

[ Hint: The reaction is: 

CH3CONH2+ Br2 + 4KOH-----+ CH#ffi2 + 2KBr + K2C03 + 2H20 
Acetamide Methylamine 



Acid Derivatives 

Mechanism 
. . . KOH 
CH3CONHi + Br2 ~CH3CONHBr + HBr ~. KBr + H20 

. Acetobromamide 

Acetobromamide is acidic in nature due to the presence of 
carbonyl group and bromine atom. It combines with alkali (KOH) 
and forms a salt which is unstable. 

CH3_c_£lH
KOH 

) [ CH3-C- Nl'"1rj-K+ II I -H+ II·· 
o Br 0 

-KBr -tGi'wr-·: Rearrangement) 0=C=N-CH3 
~ II Methyl isocyanate o . 

0=C=N-CH3 + 2KOH ~ CH3NHZ + K2C03 ] 

(iii) Give the mechanism of esterification. 

[ Hint: The reaction is carried in presence of a strong acid like 

H2S04 or HCI. 

t- . ?H 
(a) R-C-OH + H+ ;;;::=iiI: R.....,..C-OH 

(( + 

OH It OHH 

(b) R-t-OH + :O-R' ;;;::=iiI: R-6-6-R' 
(( Alcohol I + 

(Nucleopbile) OH 

fHOp (fH;. 
(C)R-T-~-R'''=R~T-0-R'''=R'-fl-0-R'+H20+ H+] 

OH <t>.H 0 

(iv) Give the mechanism of basic hydrolYJis of an ester. 
or 

Give the mechanism of saponification. 
(Hint: The overall reaction is: 

RCOOR' + NaOH ~ RCOONa + R'OH 
Mechanism 

00' O-

I1 I 
(a) R-C-OR' + :011 ;;;::=iiI: R-C-OR' 

(( I 
OH 

c..T W· 
(b) R-C-OR';;;::=iiI: R-C-OH + :OR' I .. 

OH 

(c) R-~-<>--\@: 'R~-O- + If' [H' +:OR'----> HOR'] 

. W W . 
(d) R-C-O- + Na+ ~ R-C-O~a+ ] 

(v) Give the mechanism of acid hydrolysis of an ester. 
(Hint: The overall reaction is: 

RCOOR' + Hp H
\ RCOOH + R'OH 

Ester Acid Alcohol 

.74V 

Mechanism 

00' bH II . 
(a) R-C-OR' + H+ ~ R- -OR' 

(( + 

. OH OH OH 

I .. ~ ... 10, (b) R-C-OR'+.HOH-4 R-C.....,..OR' -4R-C-OR' 
+~. I . I H 

. H-C H OH 
.+ 

OH O:H 0 

I ri:!. -R'OH J..} II + ] (c) R-C-OR' ~R-C ~ R-C-OH + H 
I H I 
OH OH 

ANSWERS 
1. (a) Acetic acid; (b) carbonic acid; (c) more; (d) insoluble; 
. (e) ethane nitrile; (1) triglycerides; (g) waxes; (h) acetic anhydride; 

(i) substitution; (j) Hofmann bromamide; (k) urea; (I) urea, violet; 
(m) iodine value; (n) hydrogenation, nickel; (0) salicylic acid; 
(P) hydroxyl, amino; (q) CH3COCOOa pyruvic acid; (r) acetic 
anhydride; (s) less; (t)ethyl alcohol; (u) amphoteric; (v) acylating; 
(w) amines; (x) Sp2 to sp; (y) carbamide; (z) an ester. 

2. (a) False-:--Hydrolysis of an ester in presence of alkali is known as 
saponification; (b) True; (c) False-Oils have low percentage of 
saturated acids than fats; (d) True; (e) True; (1) False-Potassium 
soaps are soft soaps; (g) True; (h) True; (i) False-:--The reactivity 
of acetic anhydride is less than acetyl chloride; (j) True; (k) 
False- Rosenmund's reduction of acetyl chloride. forms 
acetaldehyde; (I) True; (m) True; (n) False-:--Acetarnide is 
hydrolysed bit slowly than acetyl chloride; (0) True; (P) 
False-:--Forms one mole of acetic acid and one mole of sodium 
acetate; (q) True; (r) False-Esters are neutral toward litmus; (s) 
False-This condensation is called Claisen condensation; (t) True; 
(u) True; (v) True; (w) False- Stearic acid is satunlted acid while 
oleic acid is unsaturated one; (x) True; (y) False-:--Both a soap and 
a detergent contain hydrophilic as well as hydrophobic parts in their 
molecules; (z) True. 

3. (A-6); (B-5); (C-7); (D-I); (E-3); (F-8);(G-2); (H-4). 
4. (i) CH3CONH2+Br2 + 4KOH ~ 

CH3NH2 + 2KBr + KzC03 + 2H20 
(ii) CH3COCI + H20 ~ CH3COOH + HCI 

(iii) CH3COCI + CH3COONa ~ (CH3CO)zO + NaCI 
(iv) CH3CONH2 + HN02 ~ CH3COOH + N2 + H20 

PfJs 
(v) CH3CONH2 ~ CH3CN + H20 

Heat 

(vi) OilslFats + NaOH ~ Soap + Glycerol 
(vii) CH3COCI + CH3CH20H ~ CH3COOC2Hs + HCI 

(viii) 2CH3COOH PfJs) (CH3CO)z0 + H20 

Heat . 
(ix) 2NH2CONH2 ~ NH2CONHCONH2 + NH3 

(x) NH2CONH2 + HN03 ~ NH2CONH2· HN03 

(xi) NH2CONH2 + 2HN02 ~ 2N2 + 3HzO + CO2 
(xii) NHzCONH2 + 2NaOH ~ 2NH3 + Na2C03 

(xiii) NHzCONH2 + CH3CQCI ~ NH2CONHCOCH3 + HCI 
(xiv) 2KCNO + (NH4)zS04 ~ 2NH4CNO + K2SQ4 

,J, 
2NH2CONH2 



s. 

6. 

(xv) 2NH3 + C02~ NH2COONH4 ~ NH2CONH2 + Hz<> 

(i) CH3CONH2 + C2HsOH 

(ii) CH3COO~Hs + HCI 
(iii) CH3NH2 + 2NaBr + Na1C03 + 2H20 
(iv) CH3COOC2Hs + CH3COOH 
(v) CH3COCI, POCI3 

~ (vi) OH 

~ +CH30H 
(vii) OH 

o 
(viii) ~OC2Hs 

1. .... OH + 
(ix) .... )' 

o 
o 

(x) ~ 
OC2HS 

(xi) ~NHCH3 

CHz":""CO, 
(xii) I /0 

CH2-CO 
Succinic anhydride 

(xiii) [)=a 
Cyclopentanone 

y 
OH 

18 
(xiv) RNHz; (xv) CH3COQC2Hs + H20; 

(xvi) CH3COOCH3 + Nz; (xvii) CH3CH2-rH-CH1CH3; 

o OH 
II 18 

(xviii) CH3~C-OH + C2Hs9H 

(i) (A) CH)CHO; (8) CH3COOH; (C) CH3COCI; 

(D) CJISCOCH3 
(ii) (A) CH3COOC2Hs 

(iii) (A) C1HsCN; (8) C2HsCOOH; (C) C2HsCOONH4; 

(D) C2HsCONH2; (E) ~HsNH2 
(iv) (A) CzHsOH; (8) CH3CHO; (C) CH3COOC~S 
(v) (A) LiAlH4; (8) PCIs; (C) KCN; (D) Dil. HCI 
(vi) (A) HOOCCH1CH2COOMe; (B) CICOCH1CH2COOMc::; 

(C) MeNHCOCH1CH1COOMe 
(vii) (A) CH3COOH; (8) CH3COCI; (C) CH3CONH1; 

(D) CH3CN 
(viii) (A) CH3CH1CON3; (8) CH3CH2NCO; (C) CH3CH1NH1 

(ix) (A) CH3CH1CONHOH; (B) CH3CH1NCO; 
(C) CH3CH1NH1 

(x) (A) CH3CONH2; (B) CH3COOH; (C) CH3COCH3 
(xi) (A) CH3CH(OOCCH3)1; (B) CH3CHO; (C) (CH3CO)10 

o 
., II 

(xu) (A) (CH3)zCH-C-0-CH1CH(CH3)2; 
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~ 
(B) (CH3)2CH-C-CI; (C) (CH)nCHCH2CI; 

(D) (CH)nCHCHO 
(xiii) (A) RCOND2; (B) RNH2; (C) R-OH 

~ 
(xiv) (A) CH3-C-CH2COOC1Hs; 

(8) CH1(COONa)z; (C) CHI) 
(xv) (A) (CH3nCH-CH10H; (B) (CH3hCH-COOH 

. ~ 
(XVI) (A) H-C-OCH2CH3; (B) (CH3)2CH-OMgBr 

o 
II 

/NH-C, 
(xvii) (A) NH1CONH1; (B) O=<X... /CHz 

"""-NH-CY' 

II 
o 

(xx) 

6<~ON" (A) 

o 

(q 6<~:H -CO,. &CHl 
7. (a) LiAlH4 , (b) Dil. HCl, (e) Soda lime, (d) Brl and KOH 

8. (i) CH3Cl Mg) CH)MgCI ~ CH3COOH SOC\ CH3COCI 
H;PIH+ 

(ii) CzHsOH [0]) CH3CHO ro\ CH3COOH SOClz) 



Acid Derivatives 

NH3 BrZ/KOH CH NH (iii) CH3COCI ~ CH3CONHZ ) 3 Z 

I 2/NaOH H2S04 (iv) CH3COCH3 ) CH3COONa ) 

SOCI NH 
CH3COOH----4 CH3COCI --4 CH3CONH2 

SOCI 
(v) CH3COOH ----4 CH3COCI} 

I Hea (CH3CO}z0 + NaCI 

~CH3COONa 
Aq. KOH , CH

3
CH

2
0H K2Cr2~/R;' , (vi) CH3CH2Br -...:..----l>, , 

CH3CH:PH 
CH3COOH ) CH3COOC2Hs H+ 

LiAlH4 CH3COOHIH+ 
(vii) CH3COOH ~ CH3CH20H + 

CH3COOC2Hs 
9. PCI3, SOCl2 and PCls, SOCl2 is the best reagent because the 

products of the reaction besides acyl chloride are SOz and HCI 
which are gases and easily separated. 

10. CH3COOH + H2C=C=0 ---+ (CH3CO)20 
Ketene 

[Ketene is prepared by pyrolysis of acetone, 

CH3COCH3 70O"C~ CH4 + CH2=C=0] 

" When the mixture of acetic "anhydride and the carboxylic acid is 
distilled, anhydrides are fonned. 

2RCOOH + (CH3CO)20 ---+ (RCO)20 + 2CH3COOH 

11. (i) (CH3CO)20 + CH3CH2CH20H ~ 
CH3COOCH2CH2CH3 + CH3COOH 

12. 

(ii) CH3COCI + CH3CHzCH20H ~ 
CH3COOCH2CH2CH3 + HCI 

H+ 
(iii) CH3COOH + CH3CHzCHzOH ~ 

CH3COOCH2CH2CH3 + H20 

.--_N_H.:;..3~ CH
3
CONH2 

Acetamide 

CH3COOC2H s 
Ethyl acetate 

CH~OONa (CH
3
CO}z0 

Acetic anhydride 

CHJ;OCI-+--H-=P,---)o CH3COOH 
Acetic acid 

LiAlH4 
f---=EC7ther--'----l> CH3CH20H 

Ethyl alcohol 

Pd-BaS°4 CH
3
CHO 

H2 Acetaldehyde 

,--_H-=2,-°--lo CH3COOH Ca(0H)2~ (CH3COO)2Ca 

IHeat 

CH3COCH3 
Acetone 

13. See the properties of acetamide. 
14. See the properties of ethyl acetate. 

15. 

17. 

(i) 

(ii) 
(iii) 
(iv) 

(i) 

(ii) 

When urea is heated gently, it fonns biuret which gives 

violet colouratlon with NaOH and a drop of copper 
sulphate. Ammonium acetate does not give this test. 
See section 13.6 
See section 13.7 
See section 13.8 
Most of the acid derivatives are interconvertible and all can 

be prepared from the corresponding carboxylic aCid. 
In RCOG, C uses sj-hybrid orbital to fonn bond with G 

while inR-G, C usessl~hybrid orbital to fonn bond with 

G. The increase in s-character makes the bond shorter and 
stronger. The presence of resonance in acid derivatives 
makes the molecule more stable. 

(iii) The positive charge on the carbon of the carbonyl group in 
esters is comparatively less than ketones. Hence, weaker 
dipole-dipole attraction is present in esters than in ketones 
resulting in lower boiling points in esters. 

, Aeids have strong intennolecular hydrogen bonds which 
are not present in esters. Hence, boiling points of esters are 
less than acid. 

(iv) Dimethyl acetamide has no hydrogen on nitrogen atom for 
intermolecular hydrogen bonding, thus it has lowest boiling. 
point. Acetamide has two hydrogen atoms and extensively 
hydrogen bonded compound resulting in the highest boiling 
point while methyl acetamide has only one hydrogen atom 
and less hydrogen bonding. Its boiling point is between the 
boiling points of acetamide and dimethyl acetamide. 

(v) The order of reactivity decreases as the base strength of the 
leaving group increases, i. e. ,Cl- < RCOO- < RO- < H2~' 

(vi) If the reaction were to occur, the acyl chloride and water 
products would react rapidly with each other to fonn 
starting materials. 

(vii) Nucleophilic attack on the tetrahedral carbon of RX 
involves a hindered transition state and to permit the 
attachment of the nucleophile, a sigma bond must be partly 
broken. In CH3COCI, the nucleophilic attack on >C=O 

group involves an unhindered transition state leading to a 
tetrahedral intennediate. Thus, nucleophilic attack on acid 
chloride occurs readily. 

(viii) In each case, the addition step leads to a tetrahedral 
intermediate. The intermediate from the carbonyl 
compound would have to eliminate the very strong bases 
H:- or R:- from RCHO and RCOR' respectively to restore 

the C=O. The intermediate from the acyl derivative easily 
eliminates G:-. 

(ix) A ketone is fonned initially. As it is more reactive than ester 
to RMgK, tertiary alcohol is fonned. 

(x) The size of the R determines the ease of hydrolysis. The 
larger the size of R group, the greater will be the sterlc 
effect. Hence, the CH3COOCH3 would be hydrolysed most 
readily. 

(xi) Formic acid on heating undergo intramolecular dehydration 
rather than intennolecularly. 

HCOOH ---+ H20 + CO 



(xii) Dimer formation is by H-bonding. 
/H 

,.../O--~---H-N~ 

R-~ ~-R 
yN-H------O . 

(xiii) Urea is a hybrid of the following resonance forms. 

W +T T + 
H2N~C-NH2++H2N =C-NH2++H2N-C= NH2 

Urea is basic because in resonance hybrid the oxygen atom 
carries a negative charge and can combine with a proton to 
form a new -OH bond. The positive ion thus formed is 
also stabilized by resonance. 

+ 
OH QH OH 

+ I I + II 
H2N=C-NH2 ++ HaN-C NH2 ++ H2N-;-C-NH2 

(xiv) It can be explained by resonance stabilization of 
guanidinium ion. 

+ 

HaN". HaN, _ . H2N" ._ 
./C=NH++ ./C-NH++ +/-NH 

H~ H~ . H~~ 

(xv) The melting point in primary amides is highest due to the 
presence of hydrogen bonding. Therefore, melting point 
decreases in the order: 
. primary amide > secondary amide > tertiary amide > 
quaternary amide 

18. (a) (NHlhCO + 2HN02 ~ 2N2 + CO2 + 3H20 

(b) (NH2)2CO + 2NaOH Heat) 2NH3 + Na2C03 

(c) (NH~2CO + 3NaOBr + 2NaOH ~ 

r-------I 
NHIH C2HsOIC=O I L _______ ~ I 

(d) CO + . CH2 

I ,..:..------1 I 
NH~!! __ s:tH.PJC=O 

3NaBr + Na2C03 + N2 + 3H20 

NH-C=O 

-2C2HpH I I --.::..-=-..... ) CO CH2 
C2HpNa I I 

NH-C=O 
BaIbituric acid 

(e) NH2CONH2 + H2NNH2 Heat ~ NH2CONHNH2 + NH3 
Semicarbazide 
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Succinic acid 

Succinyl urea 
--------, 

NHI H C~H~OI C=O NH-C--=-O I L ____ *--"" __ I I I 
(h) CO + CH ~CO CH 

I r,-------I II I II. 
NHIJ!. __ J!.Q-::rC-CH3 NH-C-CH3 

Enolic form 4-Methyl uracil 

+ ~HsOH+H20 
19. (a) Acyl derivatives ofurea are calledureides. They are of two 

types: 
(i) Simple ureides: These are obtained by the reaction of 
acid halides and urea. Acetyl urea is the example of this class. 
(ii) Cyclic ureides: These are obtained by the reaction of 
dicarboxylic acid or their derivatives and urea. Barbituric 
acid is the example of this. class. 

(b) Barbiturates are the derivatives of barbituric acid in which 
two hydrogen atoms of CH2 group have been replaced by 
alkyl or aryl groups. Examples are: 

/NH-C~ ./C2Hs 

O=C"" NH-CO,/C"-c2Hs 
Barbi~ 

./NH-CO" /2HS 

O=C~_CO/~5 
Phenobarbital 

These are used as sedatives. 
(c) Urea is estimated by hypobromite method. A known volume 

of urea· solution is treated with sodium hypobromite solution 
containing NaOH. The evolved carbon dioxide is absorbed by 

• NaOH and the volume of nitrogen evolved measured in the 
nitrometer. From the volume of nitrogen, the amount of urea 
in the sample can be dqtermined. 

PROBLEMS BASED ON STRUCTURE AND PROPERTIES 
1. Show a sequence of reactions by which the ester propyl propionate, CH3CH2COOCH2CH2CH3 could be prepared from 

l-chloropropane without the use of other organic reagents. 

[
mnt : CH3CH2CH2Cl NaOH(aq.) CH3CH2CH:PH _--:~[o...:]--:--:-+) CH3CH2COOH ~ CH3CH2COONH4 

Propyl cbIoride Propyl alcohol Na,.Cr.p, I H2S04 Propionic acid Amm. propionate 

lAgN~ 
[CH3CH2COOC~7 (CHPf:PfP CH3CH2COOAg 

Propyl propionate 'Silverpropionate 

2. A liquid (X), having a molecular formula. C6H12 O2, is hydrolysed with water. in presence of an acid to give a carboxylic acid (Y) 

and an alcohol (Z). Oxidation of(Z) with .chromic acid gives (Y). What are the structures of (X), (Y) and (Z)? 



Acid Derivatives 

o 
[ Hint: (X) is an ester RI-~-OR2' The alcohol is primary as on oxidation it gives an acid. 

R,COOH + R20H ~ R1COOR2 RI + Rz = CsH12 

RzOH ~ R,COOH R2 = R, + CH2 

(X) is C2HsC~H7' (Y) is C2HsCOOH 2Rj = CJIIO or RJ = C2HS 

and (Z) is C3H70H. R2 = C3H7 ] 

3. An organic compound (A) on treatment with acetic acid in the presence of sulphuric acid produces an ester (B). (A) on mild 
oxidation gives (C). (C) with 50% KOH followed by acidification with dil. HCI generates (A) and (D). (D) with PCIs followed by 
reaction With ammonia gives (E). (E) on dehydration produces HCN. Identify the compounds (A), (B), (C),JD) and (E). 

[
Hint: CH30H CH3COOH) CH3COOCH

3 
. 

(A) (B) 

. I Oxid.) HCHO 50010 KOH ) CH OH + HCOOH (i) PCls ) HCONH P20 S ) HCN] 
(C) F~lI?wed.by (~) (D) (ii) NH3, Heat (E) 2 Heat 

aClddicatlon . . 

4 •. The molecular formula of an organic compound is C3 H60 2 • This compound on boiling with aqueous acidic solution produces (A) 

and (B) compounds. (A) gives positive test with Fehling's solution as well as with Tollens' reagent. (B) on boiling with iodine and 
aqueous potassium hydroxide produces potassium formate and compound (C). (C) on heating with silver produces acetylene. 
Identify all compounds. 

[ Hint: C3~02 ~ (A) + (B) ~ (C) ~ HC=:CH] 
(HCOOC2Hs) (HCOOH) (C2HPH) KOH (cm3) 

It reduces Fehling's 
solution and 

Tollen's reagent 

S. An organic compound (A) on treatment with ethyl alcohol gives a carboxylic acid (B) and compound (C). Hydrolysis of (C) under 
acidic conditions gives (B) and (D). Oxidation of (D) with KMn04 also gives (B). (B) on heating with Ca(OHh gives (E) (molecular 
formula C3H60)' (E) does not give Tollen's test and does not reduce Fehling's solution but forms a 2.4-dinitrophenylbydrazine. 
Identify (A), (B), (C), (D) and (E). , 
[Hint: (E) is acetone (CH3COCH3). The (D) is, therefore, acetic acid (CH3COOH) and (D) ethyl alcohol (C2HsOH). Thus, (C) is ethyl acetate 
(CH3COOC2Hs). Since the compound (B) (acetic acid) and (C) (ethyl acetate) are obtained by treating (A) with ethyl alcohol; so the compound 
(A) is acetic anhydtide (CH3CO}zO.] 

6. One mole of an organic amide (A) on alkaline hydrolysis gives one mole ofNH3 and one mole of a monobasic acid of equivalent 

mass 74. What is the molecular mass of (A)? 

o 0 

» " (Hint: R-C-NH2 + Off" ~ R-C-O- + NH3 

R + 45 = 14 or R 29, i.e., CH3CH2-, 

Monobasic acid CH3CHzeOOH, Mol. mass = CH3CH2CONH2 73 ] 

7. Compound (A) (C6H120 2) on reduction with LiA1H4 yielded two compounds (B) and(C), The compound (B) on oxidation gave 

(D) which on treatment with aqueous alkali and subsequent heating furnished (E). The latter on catalytic hydrogenation gave (C). 
The compound (D) was oxidized further to give (F) which was found to be monobasic acid (molecular mass 60.0). Deduce the 
structures of (A), (B), (C), (D) and (E). . [BCECE 2007] 
(Hint: The compound (F) has molecular mass 60. 

RCOOH=R+45=60 or R=15, i.e., CH3 
Hence, the compound (F) is CH3COOH. It is obtained by oxidation of (D). Thus, (D) is CH3CHO. (D) is formed.by oxidation of (D). 
Hence, (D) is CH3CH20H. (D) undergoes aldol condensation which subsequently forms (E) on heating. 

. H~ting H 
2CH3CHO ~CH3-CH-CH2CHO . ) CH3CH=CHCHO ~ CH3CH2CH2CH20H 

(D) I (E) (C) 
OH 

(A) is, thus an ester which forms two alcohols with LiAlH". 

LiAlH4 CH3CH2CH2COOCHzeH3 ) CH3CH2CH2CH20H + CH3CH20H] 
or (C) (B) 

CH3COOCH2CH2CH2CH3 



8. In the following reactions, identify the compounds (A), (B), (C) and (D) . 
. PCI s + S02 ---+ (A) + (B) 

(A) + CH3 COOH ---+ (C) + S02 + HCI 
2(C)+ (CH3 )2Cd ---+2(D)+ CdCI2 

[mnt: . PCls + S02 ----. POCl3 + SOCl2 
(8) (A) 

SOCl2 + CH3COOH ----. CH3COCI + S02 + HCI 
(A) (C) 

2CH3COCI + (CH3hCd ----. 2CH3COCH3 + CdCl2 ] 
(C) (D) 
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9. Two moles of an ester (A) are condensed in the presence of sodiwn ethoxide to give af:l-keto-ester (B) and ethanol. On heating in an 

acidic solution, (B) gives ethanol and p-keto acid (C). On decarboxylation, (C) gives 3-pentanone. Identify (A), (D) and (C) with 
proper reasoning. Name the reaction involved in the conversion of (A) to (B). 

[Hint: 2(A) C2HpNa) (B) + C2HsOH, Claisen condensation 
IJ-keto-ester 

(B) ~ (C) + C2HsOH 
Heat . 1 DecaIboxylation 

C2HsCOC2Hs 
CH

3 
Pentan-3-one CH

3 

Thus, (C) is C2HsCo6ucOOH and (B) is C2Hsco6HCOOC2Hs 
Hence, (A) should be C2HsCOOC2HS (ethyl propionate)] 

10. An organic compound (A) C4H7Cl3 yields (B) with KOH(aq) (B) on treating with NH3 gives (C) which oil heating gives (D). On 
heating (D) with P20S, 2-methyl propane nitrile is formed. What are (A), (B), (C) and (D)? 
[Ans. (A)(CH3hCHCCI3; (B) (CH3)2CHCOOH; (C) (CH3hCHCOONH4; (D) (CH3hCHCONH2] 

11. In the following reactions, identify the compounds (A), (B), (C) and R-MgBr. 

H30 + 
(A)C4Hg02 (Ester) + 2RMgBr ~ (B) Alcohol 

r Hj>+ ) (C) Acid + (B) Alcohol 

Acid (C) reduces Tollens' reagent and alcohol (B) gives halQform test. 
(Ans. (A) HCOOCH(CH3h; (B) (CH3hCHOH; (C) HCOOH;RMgBrisCH~gBrl 

12. A pleasant smelling optically active ester (A) has M.W. 186. It does not react with Br2 in CCI4. Hydrolysis of (A) gives two 
optically active compounds (B) soluble in NaOH and (C). Compound (C) gives a positive iodoform test and on warming with conc. 
H2S04 gives (D) (Saytzeff-product) with no geometrical isomers. (C) on treatment with benzene sulphonyl chloride gives (E) 
which on treatment with NaBr gives optically active (F). When Ag + salt of (B) is treated with Br2 ,racemic (F) is. formed. Give the 

structures of (A) to (F). 

(Ans. (A) 

(D) CH3CH~C-CH3; (E) CH3-CH-CH(CH3)2; (F) CH3-CH-CH-CH3] 
I I . I I 
CH3 OS02CJiS Br CH3 

13. CSHIO (A) can show Cannizzaro's reaction. (A) on treatment with Al(O~Hs )3, forms ClOH200 2 (B) which on hydrolysis gives 

acid (C) and alcohol (D). Compounds (A), (B) and (C) ..:ach on reaction with LiAlH4 is converted to alcohol (D). Identify (A), (B), 
(C) and (D). Give the reactions involved. 
(Hint: Since, (A) gives Cannizzaro's reaction hence, it should not have any a-hydrogen. 

CH3 CH3 CH3 
I NaOH I I 

CH3-C-CHO ~ CH3-C-CH20H + CH3-C-COONa 
I I I 
CH3 CH3 CH3 



Acid Derivqtives 

'," .. .... "i",· """"""',CH3 

"CH3~,b::':"CHO 
I 

CIl3 c.t. CH3 

A1(OC2Hsh I II I 
" .' .; CH3-'I"""'C,,,,Q~CHZ:-::-:1-CH3 

CH3 
, (A) 

LiArn41 

CH3 

I [H] 
CH3-,-CHiOH ( LiAlH4 

CH3 

CH3 ' CH3 
(B) 

, 'lHOH/HCI 

CH3 . CH3 

I I 
CH3-C-COOH + CH3-C-CH20H] 

I " '. I " . ' 
CR3 CH3 

~ .!" 

~ ~ , 

753'" 

14. An organic compound (A) reacts with ethanol to give (B) and (C). On acid hydrolysis, (C) yields (B) and (D). Oxidation of (D) gives 
(B} (B) is an acid and forms a salt with Ca(OHh which on drydisttllationiives (E), C3H6Q Give the structures of (A) to (E) with 
proper reasoning. [Roorkee 20001 
~DS. (eH3COhO + C2HsOH ~ CH3COOH + CH3COOC2HS 

(A) . (B) (C) 
Acetic anhydride Acetic acid Ethyl acetate 

Acid hydrolysis of (C) gives (B) and (D) 

H+ 
CH3COOC2Hs + HOH --=-+ CH3COOH + C2HsOH 

~ ~ ~ 

. C2HsOH Oxidation) CH3COOH 
(I» (B) 

Acetic acid 

2CH3COOH + Ca(OH)2 ~ (CH3COO)2Ca + H20 
(B) Salt 

(CH3COOhCa Dry distillation) CH3-~-CH3] 
Calcium acetate (E) (C3~) . 

, Acetone " 

, 15. Compound (M), C;Hll NOis not soluble m cold 'dilQtealkaline or acidic solutions. When (A) is refluxed in NaOH solution, a gas (B) 

is evolved and a salt (C) is formed. Acetyl chloride reacts,with (B) to give (D) C4H9No. (B) reacts with HN02 to give a yellow oil 
(E), Give the structures of (A) to (E) with reason. ". (Roorkee 2000) 
[Ans. The given infonnations in the question clearly indicates that the compound (A) is substituted amide because it is not only insoluble in 
alkaline but also in acid solution. Reactions involved may be given as, , '. 

W /CH3 '" H3C, 
CH3-CHz-C-N( NaOH). 'NH + CH3CH~OO~Na+ 

........ CH3 (Refluxed) H3C/ (C). 

(A) (B) Salt 
N,N -DiImthyl propanamide ' DiImthylamine 

Compound (B) gives yellow oily liquid with HN02 thus, it should be secondary amine. 

Q 0 
H3C........... .11 H3C........... II.' 

/NH + CI-C-CH3 ). ./"N-C-CH3 
H3C (-HCI) H3C"" 

(B) (0) 
(C~9NO) , 

H3C........... 'H3C> 
' /NH+HONO~ N-NO+H20]. 

H3C H3C 
(B) (E) 

,N,N -Dimethyl-N -nitrosoamine 
(Yellow oily liquid) , 

.. 
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OBJECTIV'E OUESTIONS 
SET I :h' .Thi,s set COl1t~iJls ~uestions with a single correct answer. 

1. T e fonnUla\KCOhO represents: 

(al' esters, 0 (b) acid anhydrides 0 
(c) ketones 0 (d) ethers 0 

2. The fonnula of-ethyl ethanoate is: 
(a) CH3COOCzHs 0 (b) CzHsCOOCzHs 0 
(c) CzHsCOOCH) 0 (d) C2HsOC2HS 0 

3. Acetic anhydride is prepared by: 
(a) heating CH3 COCI with sodium acetate 0 
(b) combination ofCH3 C06Hand ketene 0 
(c) dehydration of acetic acid 0 
(d) aU of the above > 0 

4. Ammonium acetate on heating gives: 
(a) N2 gas 0 (b) acetic acid ,0 
(c) acetamide 0 (d) NH3 gas 0 

5. The reaction between acid and alcohol is known as: 

. IMHCET 20071 
(a) esterification 0 (b) sapOnification []' 
(-c) nydrolysis 0 (d) hydrogenation 0 

6 The reaction of acetamide with bromine and caustic potash 

. g(,i)V,es:
th 
I' I~,' ,·lR,aj.)2thoo,~i!MT(MP)20051 

a e yamme -[:rV>'} me YlWlllne []' 
, (c) acetic acid 0 (d) bromoacetic acid 0 

7,' When ammonium cyanate: .. ls he"aJeA, ,we get: 
(a)~nitrogen 0 (b) carbondioxide EJ 
(c) biuret 0 (d) ammonium carbonate 0 

8 Hofinann bromamide or hypobromite reaction is given by: 
'(a), amines' 0 (b) esters 0 
(c) alcohols 0 (d) amides, 0 

9. ,Which ""ill 'liberate ammonia when boiled with NaOH 
solution? " 

,,' (~)Ettiylatnine . 0 (b) Acetamide 0 
( c j Aniline 0 (d) All of these 0 

10. Alkaline hydrolysis of an ester is called: , 
(a) neutralisation 0 (b) esterification 0 
(c) polymerisation 0 (d) saponification 0 

11. ~he compound which is widely used as acetylating agent is: 
(a) glacial acetic acid , 0 
(b) ethyl acetate 0 
( c) acetic anhydride ' tJ 
(d) anhydrous sodium acetate 0 

12. The reverse. of ~sterification process is called: 
(a) neutralIsation 0 (b) hydrolysis 0 
(c) acidolysis 0 (d) alcoholysis 0 

13. In ~.$tenfication, concentrated H2S04 acts as:, 
(a) catalyst " 0 
(b) dehydrating agent 0 
(c) hydrolysing agent 0 
(d) both as a catalyst and dehydrating agent 0 

i4, When acetyl chloride reacts with any amine, the reaction is 
known as: " , ' 
( a) saponification 0 (b) esterification 0 
(c) acetylation 0 (d) condensation , ,0 

15. acetate and acetyl 
(a) acetic anhydride [] (b) acetone 0 
(c) acetic acid 0 (d) sodium fonnate 0 

16. Acetamide is treated separately with the following reagents 
which one of these would give methylamine? 
(a) PCIs 0 (b) NaOH + Brz 
(c) Soda lime 0 (d) Hot cone. H2S04 

17. The end product in the following series of reactions is: 

CH3COOH NH3) (A) Heat) (B) pzOs) (C) 

,0 
o 

(a) CH4 0 (b) CH30H 0 
(c) acetonitrile 0 (d) ammonium acetate 0 

18. Acetyl chloride is not obtained from acetic acid by the action 
of: ' 

(a) CHCl3 
(c) PCl3 

19. Acetamide is: 

o (b) SOCl2 
o (d) PCls 

(a) neutral 0 (b) acidic 
(c) basic 0 (d) amphoteric 

20. The end product in the following sequence is: 

Acetamide P20S) (A) ~ (B) 

(a) CH3NH2 0 (b) C2HsNH2 
(c) CH3CN 0 (d) CH3COONH4 

21. Acetyl chloride is reduced to acetaldehyde by: 
(a) Na~,C2ijs9H 0 (b) LiAlH4 
(c) H2/Pd~BaS04 0 (d) H2/Ni 

22. Acetoacetic ester is made by the process of: 

o 
o 

o 
o 

o 
o 

o 
o 

(a) esterification 0 (b) condensation 0 
(c) polymerisation 0 (d) isomerisation 0 

23. Main product of the reaction, CH3CONHZ + HN02 ---+ 

is: 
(a) CH3NH2 0 (b) CH3CH2NH2 

'(c) CH3COOH 0 (d) CH30H 
24. The percentage of nitrogen in urea is: 

o 
o 

(a) 46 0 (b) 23 0 
(c) 48 0 (d) 52 0 

25. The transfonnation of ammonium cyanate into. urea on 
heatin~ is: 
(a) catalytic change 0 (b) thennal decomposition 0 
(c) thermal dissociation 0 (d) isomeric change 0 

26. The fIrst organic compound synthesised in laboratory was: 
(a) chlorofonn 0 (b) glucose 0 
(c) ethanol 0 (d) urea 0 

27. Urea is decomposed giving nitrogen and other substances 
when treated with: ' 
(a) HNOz 0 (b) HN03 0 
(c) H2S04(dil.) 0 (d) NaOH 0 

28. A concentrated solution of urea gives a white precipitate 
with: ' 
(a) HN03(conc.) 
(c) BaCli 

o (b) AgN03 
o (d) Na2C03 

o 
o 



Acjd Derivatives 

Z9. Urea is con~ertedinto ammohia and carbondioxide by U1e ! 
· enzyme: 
(a) diastase 0 (b) urease 0 
(c) lipase . 0 (d) amylase 0 

30. The addition of a drop of copper sulphate solution to an 
alkaline solution of biuret gives: 
(a) redcolouT 0 (b) violet colour 0 
(c) green colour 0 (d) orange colour 0 

31. Urea is a: . 
· (a) monobasic acid 0 (b) dibasic acid 0 

(c) monoacid base 0 (d) diacid base 0 
32. An aqueous solution of urea is: 

(a) acidic 0 (b) basic 0 
. (c) neutral 0 (d) amphoteric 0 

33. A detergent is a: 
(a) cleansing agent.. 0 (b) drug 0 
(c) catalyst 0 (d) soap . 0 

34. When a fat is heated with NaOH, the substances formed are: 
· (a) oil and Na2C03 0 

(b) soap and glycerol 0 
(c) soap and oil 0 
(d) soapless detergent and water 0 

35. A hydroxy acid on heating gives a 5-membered lactone. The 
acid is : IDUMET Z0101 
(a) CH3CH2CHOHCOOH 0 
(b) CH3CHOHCH2COOH 0 
(c) CH20HCH2CH2COOH 0 
(d) CH3CHOHCHOHCOOH. 0 

36 •. During hydrogenation of oils, vegetable ghee is formed 
because: 
(a) hydrogen is dissolved in the oil 0 
(b) hydrogen combines with O2 of the oil 0 
(c) esters of unsaturated fatty acids are reduced to those of 

saturated fatty acids 0 
. (d) hydrogen derives of the impurities from the oil 0 
37. Wax contains: 

. (a) ketone group 0 (b) ester group 0 
(c) alcohol group 0 (d) acid group 0 

38. In the hydrogenation of oil: 

(a) Ni acts as a promoter 0 
(b )eu acts as a catalyst 0 
(c) Tellurium acts as a promoter 0 
(d) Ni acts as a catalyst 0 

39. An alkali salt of palmitic acid is known as: 

(a) alkaloid o (b) anester 0 
(c) a soap 0 (d) anepoxide 0 

40. Oils and fats are mixtures of: 

(a) higher alcohols 0 (b) esters of higher acids 0 
(c) esters oflower acidsD (d) higher acids 0 

41. The process by which vegetable ghee is manufactured is 

.. 

known as: .. 

(a) saponification 
(c) esterification 

J 

" .. ~ 

o (b) hydrogenation 
o (d) hydrolysis 

o 
o 

42.; .. Soft soaps are: 
(a) sodium salt . 
(c) magnesium salt 

43. Bees wax is: 
(a) myricyl palmitate 
(b) myricyl stearate 

. 0 (b). calcium salt 
o (d) potassium salt 

(c) myricyl oleate' 
. (d) mixture of higher hydrocarbons 

44. Candles contain a mixture of: 
(a) bees wax and paraffin wax 
(b) bees wax and stearic acid 
(c) paraffin wax.and stearic acid· 
(d) higher fatty acids 

45. Fat is: 
(a) a lipid 0 (b) a protein 
( c) a carbohydrate 0 (d) an amino acid 

46. Which one is not a glyceride? 
. (a) Fat 0 (b) Oil 
(c) Phospholipid 0 (d) Soap 

47. Paraffin wax is: 

o 
o 

o 
o 
o 
o 

o 
o 
o 
o 

o 
o 

o 
o 

.1 . 

(a) an ester 0 
(b) a long chain acid 0 
(c) ~onohydric alcohol 0 
(d) a mixture of higher alkanes 0 

48. Which of the following is responsible for the rancidification 
offats? 
(a) Hydrogenation 
(b) Esterification and hydrolysis 
(c) Oxidation and hydrolysis 
(d) Dehydration 

.49. Urea reacts with hydrazine. to give: 
(a) semi carbazide 0 (b) phenylhydrazine 
(c) urethan 0 (d) nitrogen 

SO. Urea reacts with malonic ester to give: 

o 
·0 
o 
o 

o 
[1 

(a) cy.anuric acid 0 (b) semicarbazide 0 
( c) . urethan. 0 (d) barbituric acid 0 

51. . ....... .is a measure of degree of unsaturation in oils and 
fats. . . 

(a) Iodine value 0 (b) Saponification value 0 
(c) Acid value D· (d) Acetyl value 0 

5Z. Which of the following enzymes hydrolysis triglycerides to 
fatty acids and glycerol? 

. ( a) Lipase 0 (b) Pepsin 
(c) Amylase 0 (d) Maltase 

53. Detergent has a common group: 

o 
o 

. (a) RONa 0 (b): RCOONa 0 
. (c) RC=CNa 0 (d) RC6H4S03Na 0 

54. Acetyl chloride reacts with bebZene in presence qf 
anhydr~us aluminium chloride to form acetophenone. This 
reaction is an example of: . . .... 
(a) Perkinreaction . 0 (b) .Aldol·condensation D. 
(c) Claisen condensationO. (d) FriooeI-Craftsreaction 0 

55. Urea can be distinguished from acetamide using: .... 
(a) NaOH solution 0 (b) Biurettest 
(c) Tollen's reagent 0 (d) Fehling's solution 

o 
tJ 



The cherrucal formula of biuret is: 56. . 
(a) NHZCONHN02 0 (b) NH2CONHNH2 
(c) NHzCONHCONH2 0 (d) NH2C(NH)z·NH2 

o 

o 
o 

. . ·11 . ·th·· fB d 
57. The reaction of R-C-NH2 WI a tnlxture 0 r2 an 

KOH gives R-NH2 as a product. The .intermediates . 
. m.volved in this reaction are: [AFMC 2003) 

o 
II 

(a) R-C-NHBr o (b) R-N=C=O 

o 
II /Br 

.0 (d) R-,-C-N, 

. "Br 

58. The one which has re~st iodine value is? 

o 

[CET(Karnataka) 2009} 
(a) Ginger oil . 0 (b) Ghee. 0 
(c j Groundnut oil 0 (d) Sunflower oil 0 

59. Which of the following is not a mixture of hydrocarbons? 
(a) Candle wax 0 (b) Kerosene oil 0 
(c) Vegetable oil 0 (d) Paraffin oil .'. 0 

60. Benzalkonium chloride is a: [AMU(Engg.) 2009) 
(a) cationic surfactant and antiseptic. .0 
(b) anionic surfactant and soluble. m most of organlc~i 

solvents . .' D. 
(c) cationic surfactant' and insoluble in most of organic 

solvents . 
(d) cationic surfactant and antimalarial 

o 
o 

61. The role of phosphate in detergent powder is due to: 

·IDPMT 2009J 
(a) control pH level of the detergent water mixture 0 
(b) remove Ca 2+ and Mg 2+ ions from the water that 

causes the hardness of water . . Ej 
(c) provide whiteness to the fabrics 0 
(d) form solid detergent as~ phosphate-less detergent are 

liquid in nature [] 
62. Urea on treatment with sodium hypobromite gives: 

(a) sodium carbonate 0 (b) nitrogen 0 
(c) CO2 and H20 0 (d) all of these 0 

63. Urea on hydrolysis gives:.· IAIIMS 2010] 
(a) aceta1nide . 0 (b) N02 0 

. (c) carbonic acid 0 (d) NH40H 0 
. 64. Urea is prepared in the laboratory by the action ofNH3 on: 

(a) carbonyl chloride 0 (b) ethyl cm:bo?ate !J 
(c) cyanamide 0 (d) carbondlOXlde 0 

65. Why urea is known as carbamide? 
(a) Because it is.an amide of carboni~. aci~ 
(b) Because it is adiamide of carbomc aCId . 
(c) Because it gives c:arbonic acid on hydrolYSiS 
(d) Because it resembles cru:bonic acid 

66. Mammals' fats are hydrolysed to release fatty acids by: 

o 
o 
o 
o 

[AMU(Engg.) 2009) 
(a) amylase 
(c) lipase 

. 0 (b) lactase 0 
o (d) insulin 0 

G,R.B. ,Organic Chemistry for Competitions' 

67 •. Claisen condensation is not given by: 
[RCECE (Med.) 2008] 
. 0 

o 

(c) @-COOCH3 o 

(d) @-COOCH2CH2CH3 ' 0 

68. Sodium acetamide smells like: 0 
(a) garlic 0 (b) rotten egg 
(c) pleasant 0 (d) reminiscentofmice 0 

69. Among the folloWing which one does not act as an 
intermediate in Hofmann rearrangement? [AIIMS 2005] 
(a) RNCO 0 (b) RNC 0 .. .. 
(c) RCONHBr 0 (d) RCON 

70. Acetamide on reduction with NalC2HsOHgives: 

(a) ethylarnine 0 (b) methylamine 
(c) ethane 0 (d) acetic acid 

71. Acid chlorides are prepared industrially by: 

[] 

o 
o 

(a) .RCOONa + PCl 3 0 (b) RCOONa +POCI3 0 
'(c)' RCoONa + S02Cl20 (d) all of these .' 0 

72. When acetyl chloride reacts with ethyl magnesium iodide, it 

forms: A_'o' __ 
(a) ethyl methyl ketoJie 0 (b) diethyl ketone 0 
(c) ethyl acetate 0 (d) acetic anhydride ~ 

73. Acetyl chloride reacts with ether in the presence of zinc . 
chloride to form: 
(a) CH3CO·O·COCH3 + C2HsCI 0 
(b) CH3COOC2Hs + CH3CI 0 
(c) CH3COOC2Hs + C2HsCl 0 
(d) CH3COOH + C2HsCI 0 

74. Acid hydrolysis of which of the following compounds 
yields two different organic compounds? [AIIMS 2008] 
(a) CH3COOHO (b) CH3COOC2Hs 0 
(c) (CH3COhO 0 (d) CH3CONH2 .0 

75. By the catalytic combination of ammonia and carbon 
monoxide under high pressure, it forms: 
(a) CH3CONH2 0 (b) CO2 + NH3 
(c) HCONH2 0 (d) CH3COOH+NH3 

o 
o 

76. Acetic anhydride is prepared industriall~ by: . 
(a) heating sodium acetate with thlOnyi chlonde or 

sulphuryl chloride 0 
(b) heating acetylene into ·glacial acetic acid containing 

some mercuric sulphate 0 
(c) passing ketene through glacial acetic acid ,0 
(d) all of the above 0 

77. Acetic anhydride reacts with PCIs to give: 

(a) CH3Cl + H3P03 
(b) CH3COCI + POCI3 
(c) CH3COOC2Hs + PCl 3 
(d) CH3COCH3 +POCI 3 

o 
o 
o 
o 



Acid Derivatives 

78. Acetic anhydride reacts with dimethyl amine to form: 
(a) acetamide 0 
(b) N-methyl acetamide 0 
(c) N,N-dimethyl acetamide' 0 
(d) , dimethyl acetate 0 

79. Acetic anhydride on reduction with LiAlH4 in ether gives: 

(a) acetaldehyde 0 (b) ethyl alcohol 0 
(c) acetone 0 (d) ethane 0 

80. Acetic anhydride is used: 
(a.}, as an acetylating agent n 

'(h) for the detection and estimation of -OH and -NH2 
groups 0 

( c) in the manufacture of aspirin 0 
~ill~~~w 0 

81. Acetic anhydride on treatment with diethyl ether forms: 
(a) CH3COCH3 + C2H50H 0 
(b) only ethyl acetate 0 
(c) CH3COOH+C2H50H 0 
(d) only methyl acetate 0 

82: CH3 CO2 C2H5 on reaction with sodium ethoxide in ethanol 

gives (A), which on heating in the presence of acid gives (B). 
Compound (B) is: [AIIMS 2005] 
(a) CH3COCH2COOH 0 
(b) CfhCOCH3 0 

','.' /0"'-.... 
(c) H2C=C, /C=O 

CH2 

. , ... /OC2H5 

(d) H2C~C, 
. ..........OC2H

5 

C2HsONa 
[Hint: CH3COOC2Hs + CH3COOC2Hs )! 

C2HsOH 

o 

o 

CH3COCH2COO~H5 
Ethyl aceto acetite . 

(This reaction is an example of Cia is en condensation,) 

,,' • ~H3COCH2C~OC2Hs Heated) H2C=C~0>c 0] 
. H+ CH2 

83. By treatmg acetic acid with an etheral solution of ' ' 
'diazomethane, it forms: 
(a) methyl acetate 0 (b) ethyl acetate 0 
(c) acetamide 0 (d) acetic anhydride 0 . 

Al(OC H ) . 
84. 2CH3CHO 2 53 ) CH3COOCH2CH3 

This reaction is called: 
(a)' C~zzaris reaction 0 , 
(b) Aldol condensation 0 
(c) Claisen's reaction 0 
(d) Tischenko reaction 0 

85. Rate of the reaction, 

"R_~O +Nu® ~R_<O +Z® 
"z Nu 

is fastest when Zis: [AIEEE 2005] 

'757 

(a) CI 0 (6) NH2< 0 
(c) OC2H5 0 (d) OCOCH3 0 

86. Ortho-esters have the general formula: 
(a) RCOOR' 0 (b) (RCO)3R' .,. 0 
(c) RC(OR'h 0 Cd) (RCOO)3R' 0 

87. Among the given compounds, the most su~ceptible to 
nucleophilic attack at the carbonyl group is: . 

[CBSE (PMT) Prelims 2010] 

(a) CH3COOCH3 0 (b) CH3CONH2 0 
(c) CH3COOCOCH3 0 (d) CH3CQCI ,0 

88. Esterification is fastest in case of: 
(a) CH3COOH 0 (b) HCOOH 0 
(c) CH3CH2COOH 0 (d) (CH3hCHCOOH 0 

8' NH3 . Heat P20 5 
9. In a reaction, (A)~(B)~(C)~C2H5CN 

(A), (B) and (C) are: 
(a) CH3COOH, CH3COONH4 and CH3CONH2 
(b) CH3COCI, CH3CONH2 and CH3COONH4 

(c) C2H5COOH, C2H5COONH4 and C2H5CONH2 
(d) C2H5COONH4 , C2H5CONH2 and C2H5COOH 

o 
o 
o 
Q. 

90. Explain the reactivity cjf acyl compounds in the order: 
[CBSE (Med.) 2008] 

(a) acid chloride> amide> anhydride> ester 0 
(b) acid chloride> anhydride> ester> amide 0 
(c) ester> acid chloride> anhydride> amide 0 
(d) ester> anhydride> acid chloride> amide 0 

91. Which of the following esters cannot undergo Claisen self 
condensation? 
(a) CH3CH:7CH2CH2COOC2H5 0 
(b) C6H5COOC2H5 0 
(c) C6Hl1 CH2COOC2H5 0 
(d) C6H5CH2GOOC2H5 0 

92. Ethyl acetate is obtained when methyl magnesium bromide 
reacts with: [AMU (Med.) 2008] 

, (a) ethyl formate 0 (b) acetyl chloride 0 
(c) ethyl chloroformate 0 (d) carbondioxide , 0 

93. Acetamide is treated with the following reagents separ~~ly. 
Which.qne of these would yield methylamine? 

.' ", [CBSE (PMT) Prelims 2010] 

(a) Hot cone. H2S04 0 (}» PCl5 0 
(c) NaOH-Br2 0 (d) Sodalime 0 

94. Hydrolysis of an ester gives a carboxylic acid which on 
, Kolbe's electrolysis yields ethane. The ester is: 

, [UGET(Med.) 111] 

(a) ethyl methanoate 0 (b) methyl ethanoate 0 
(c) methyl methanoate 0 (d) methyl propanoate ,,:,' 0 

95: Cyclic ester (A) reacts with methyl alcohol to give (B) 

o _CH_3_0H~) (B) 

What is the compound (B)? ,i" 

,~ . ..- (a) ·.CH2 "7"-CH2 0 (b) 
I I 

CH30 COOH 
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(e) CH2-CH2 0 (d) CH2-CH2 I I '.' II o 
CH30 COOCH3 OH CH20H 

. 96 Succinimide when'· subjected. to Hofi:ruij:mbromamide 
• reaction gives a compound having one of the given 

structures. Select the correct structure: 
. CH2COOH .' CH2COOH 
(a) I 0 (b) I 0 

CH2COOH CH2NH2 

. CH2NH2 CH2CONH2 
(c) I 0 (d) I 0 

CH2NH2 CH2CONH2 
97 Let. us consider an esterification of isotopically labelled 

• carboxylic acid: 

o 
II 18 H+ 

CH3-C-OH + CH3CH20H~ (X) and (y), 

(X) and (Y) respectively are: 
o 
Ii 18 

(a) CH3 ---:-C-OC2Hs ; H20 0 
o 

. II 18 
(b) CHj-C-OC2Hs; H20 0 

o 
II . 

(c) CH3 --:-C-OC2HS; H20 0 
(d) both (a) and (b) 0 

(i) CH3Mgsr 
98 C4Hs0 2 .' ) C4HlOO 

• Ester (X) (ii) HOH/HCI Alcohol(Y) 

Alcohol (Y) gives Lucas-test within 5 minutes. Thus, (X) 
and (Y) respectively are: 
(a) CH3COOC2Hs ; (CH3hCOH 0 
(b) HCOOC3H7 ;(CH3hCHOH 0 
(c) C2HsCOOCH3;{C2HshCOH 0 
(d) HCOOC3H7;{CH3)3COH 0 

99. Which one of the following pairs gives effervescence with 

aq. NaHC03 ? (JEE (WB) 10081 
CH3COCI, CH3COCH3, CH3COOCH3, 

(I) (II) (III) 

CH3 COOCOCH3, 
.' (IV) 

(a) I and IV 0 (b) I and III 
(c) I and II 0 (d) II and III 

_ 100. Acetyl chloride and sodium propanoate will give: 

o 
o 

(a) acetic anhydride 
(DPMT100E} 

(b) propionic anhydride 
. (c) acetic propionic anhydride 

(d) ethyl propanoate 
I (I I. Ethyl benzoate reacts with PCIs to give: 

.0 
o 
o 

. . leET fKarnataka) 10031 
(a) 92HsCI + C6HsCOCI + POCI3 + ftCI 0 
'(h)C2HSCI + C 6HsCOCI + POCI) 0 

G.R.B. Organic Chemistry for Competitions 

(c) CH3COCI + C6HsCOCI + POCl3 . 0 
(d) C2HsCI + C6 HsCOOH + 'pOCI 3 . 0 

10:Z. Acetamide and ethylamine are distinguished by reacting 

with: IUGET (Moo.) :Z0031 
(a) Br2 water 0 

· (b) acidic KMn04 0 
(c) aqueous NaOH and heat 0 
(d) aqueous HCI and heat 0 

103. Methyl acetate on treating with excess of C2HsMgBr . 

produces: . lilT :Z003) 
CH3 C2HS 

· .. ' I I 
(a) CH3-C-OH 0 (b) CH3 '-C-,-OH 0 

I I 
CH3 C2HS 

C2HS CH3 

I I 
(c) C2HS-C-OH 0 (d) CH3 -:"C..,....OH 0 

. I . I 
C2HS C2HS 

104. In a set of reactions, propionic acid yielded a compound (D). 

CH3CH2COOHSOCI2) (B) NH3) (C) KOH) (D) 
. .' Br2 

The structure of (D) would be: .' JCBSE (Moo.) :Z0061 
(a) CH3CH2NHCH3 . 0 (b) ·CH3 CH2NH2 · 0 
(c) CH3CH2CH2NH2 .0 (d) CH3CH2CONH2 0 

lOS. Self condensati~n of.two moles of ethyl acetate in presence 

of sodium ethoxlde Yields: . (CBSE (Moo.) :Z0061 . 
(a) methyl acetoacetate 0 (b) ethyl propionate 0 
(c) ethyl butyrate 0 (d) acetoacetic ester 0 

106. A distinctive and characteristic functional group of fat is: 

ICET (Karnataka) :Z0061 
(a) a peptide group 0 (b) an ester group 0 
(c) an alCQholic group 0 (d) a ketonic group 0 

107 Acrolein test is positive for: (CET (Karnataka) :Z0061 
• (a) polysaccharides 0 (b) proteins 0 

(c) oils and fats 0 (d) reducing sugars 0 . 
108. Amides may be converted t~ amines by the reaction named 

after: (PMT (UP) :Z006) 
(a) Perkin 0 (b) Claisen 0 
(c) Hofmann 0 (d) Clemmensen 0 

109. Which of the following compounds, when heated with CO 
. at 150°C. and 500 atm. pressure' in presence of BF3, forms 

ethyl propionate? . IEAMCET (Engg.) 10061 
(a) C2HsOH 0 (b) CH30CH~.. 0 
(c) CH30C2Hs " o (d) C2HsOC2Hs 0 

110 R -C-Cl + H2 _Pdl_B_sa_SO....:.4~) RCHo, the name of reaction 
.. II '. 

o 
is: 
(a) Cannizzaro's reaction 
(b) Rosenmund reduction 
(c) ClemmenseJi reduction 

IDPMT100~ 

o 
o 
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(d) Wolff-Kishner reduction 
Ill. Friedel-Crafts acylation can be given by: 

o 
(DCE2006] 

..... .. "'. 

O~ + X AlCI 3 ) ('r-I ~ C-R, X is: 

# V ~ 
(a) R-C-Cl 0 (b) R~C-R 0 

II II o 0 
(c) R-C-H 

II o 
End of detergent have: 

(a) ester group 
(c) amine group 

o (d) R-O-R o 

jAMU (Merl.) 2006] 

o (b) aldehyde 0 
o (d) sodium sulphate [] 

113. Soaps can be classified as: (PMT (Raj.) 2006] 

(a) carbohydrates 0 (b) 
(c) salts of fatty acids 0 (d) 

ethers 
none ofthese 

114. CH3CH2CONH2 ~ CH3CH2CH2NH2' 

o 
o 

Xis: (DCE (Engg.) 2007] 

(a) PtJH2 0 (b) NilH2 -0 
(c) LiAlH4 0 (d) Zn [] 

115. Amides are fonned by the reaction of acid chloride with: 
(CET (J & K) 2007] 

(a) NH2NH2 0 (b) NH3 0 
(c) NH20H 0 (d) C6H5NHNH2 0 

116. A pure dextrorotatory monocarboxylicacid is treated with 
racemic mixture of an alcohol containing pne chiral carbon. 
The ester fonned will be: (PMT (Kerala) 2007] 

(a) pure dextrorotatory 0 
(b) racemic mixture 0 . 
(c) meso compound 0 
(d) optically active mixture containing excess 

dextrorotatory compound 0 
(e) optically active mixture containing excess 

laevorotatory compound 0 

117. The Claisen condensation reaction is given by: 
(VMCC20071 

(a) CH3COOC2H5 0 (b) CH3CHO 0 
(c) C6H5CI 0 (d) HCHO 0 

118. Detergents are known 0 to pollute rivers and water-ways. 
However detergents can be made biodegradable and 
pollution free by taking: (PMT(Kerala) 2007] 

(a) cyclic hydrocarbon chain 0 
(b) shorter hydrocarbon chain 0 
(c) unbranched hydrocarbon chain 0 
(d) hydrocarbons with more branching 0 
(e) benzenoid hydrocarbons> 0 

119. Which one of the f~llowing fortl)s micelles in aqueous 
solution above certain concentration? . 0 0 0 

(JIPMER (Med.) 2007] 

(a) Urea 0 
(b) Dodecyl trimethyl ammonium chloride 0 
(c) PyridiniUri:i chloride 0 

(d) Glucose 00 (AMU (Me d.) 2001f 
120. Fruity smell is given by: 

(a) esters 0 (b) alcohols 0 
(c) chlorofonn 0 (d) acid anhydrides [J 

121. Which of the following would underg,.o Hofmann rt;~¥3819 
give a primary amine? (CET (Engg.) P J 

0" II ", .' 
(a) R-C.,---CI 0 (b) RCONHCH3 000 
(c) RCONH2 0 0 (d) RCOOR 0 

122. An ester is boiled with KOH. The product is cooled and 
acidified with concentrated HCl. A white CrYstalline acid 
separates. The ester is: (CMC (Med.) vellore 20071 

(a) methyl acetate 0 (b) ethyl acetate 0 
(c) ethyl fonnate " 0 (d) ethyl benzoate 0 

123. Methyl acetate and ethyl acetate can be distinguis..h_ed by" ' 
• 0 0 (AHMS 2Utl7] 

(a) hot alkaline KMn04 0 (b) neutral FeCl3 0 
(c) iodofonn test 0 (d) none of these 0 

SET n: This set contains the questions with two or more correct 
answers. 

124. Acetoacetic ester is used for the synthesis of: 
(a) n, j}-unsaturated acids 0 
(b) y-keto acids 0 0 

(c) monocarboxylic acids 0 
00 (d) dicarboxylic acids 0 0 
12S. Starting from diethyJ malonate, what type of acids can be 

prepared from it? 
(a) Succinic acid 0 (b) Barbituric"acid 0 
(c) Adipic acid 0 (d) Monoalkyl acetic acid D 

126. Acetic anhydride may be prepared by the reaction of acetic 
acid with: 
(a) H2C=C=0 0 
(b) LiAlH4 0 
~ ~~ 0 
(d) C2H50HIHgS04 on heating 0 

127. Acetic anhydride is prepared industrially by heating sodium 
acetate with: 
(a) PCl5 0 (b) SOCl2 0 
(c) CH3COCI 0 (d) Cl2 and SCh 0 

128. Acetyl chloride is prepared industrially by distilling sodium . 
acetate with: 0 

(a) HCI 
(c) PCl 5 

o (b) S02Cl2 
[] (d)- POCl 3 

o 
o 
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129. Urea on heating .with ethyl alcohol gives: 
(a) urethane o (b) semic;ubazide 0 
(c) malonyl urea 0 (d) ethyl carbamate 0 

130. Urea may be identified by which of the following tests? 
(a) With CHCI 3 IKOH, it gives very offensive odour 0 

=~~ERTION.,REASON TYPE QUESTIONS 

(b) With nitrous acid, it evolves N~ and C.o2 0 
(c) With Na.oH and a drop ofCuS.o4, it gives violet colour 

o 
(d) With Na.oHon heating, it gives a smell ofNH3 gas 0 . 

<'#c,;:'";.~::;~.'.:" 

Following questions consists of Assertion (A) and Reason 
(Jl). Select the correct answer using following keys: 

3. (A) Ethyl acetate is more reactive than acetamide towards 
nucleophilic substitution .. 

(a) If both (A) and (R) are correct and (R) is the correct 
explanation of (A). . . 

(R) -OC2Hs is more electron attracting than -NH2 
. group. 

.0 
. II 

(b) If bolli (A) and (R) are correct but (R) is not correct 
explanation of (A). 

(c) If (A)is correct but (R)is incorrect. 
(d) If ( A) is incorrect but (R) is correct. 

.4. (A) RCOC~ (RC.oh.o and R~C-.oR' all react with 

. .0 .0 

II II 
1. (A) Acetoacetic ester (CH3-C-CH2-C-OC2Hs) 

will give iodoform test. 
(R) It contains methyl keto group. . 

. 1. (A) Ethanamide (CH3C.oNH2) undergoes dehydration by 

beating with P20S' 
(R) Ethanamide undergoes dehydration to give nitro 

compound. 

Grignard reagent to form tertiary alcohol 
(R) RC.oCI reacts with dialkyl cadmium R1Cd to form 

ketone but (RC.oh.oand RC.o.oR' do not react with 
dialkyl cadmium. 

S. (A) IO-Amides reaCt with Br2 in presence ofNaOH to form 

IO-amine having one carbon atom less than amide . 
(R) It is degradative reduction involving acylnitrene 

intermediate. 

I ANSWERS , 
. OBJeCTIVE QUESTIONS 

1. (b) 2. (a) . 3. (d) 4. (e) 5. (a) . 6. (b) . 7. (e) 8. (d) 9. (b) . 10 .. (d) . ' . 
ll.(e) 12. (b) 13. (d) 14. (e) 15. (a) 16. (b) 17. (e) 18. (a) . 19. (d) 20. (b) 

l 

21. (e) . 22 .. (b) 23. (e) 24. (a) 25. (d) 26. (d) 27. (a) . 28. (a) 29. (b) 30. (b) 

3i. (e) 32 .• (e) .33. (a) 34. (b) 35. (e) 36. (e) 37. (b) 38. (d) 39. (e) 40. (b) 

.41. (b) 42. (d) 43. (a) . 44. (e) 45. (a) 46. (d) . 47. (d) 48. (e) . 49. (a) 50. (d) 

51. (a) 52. (a) 53. (d) 54. (d) . 55. (b) 56. (e) 57. (a) and (b) 58. (b) 59. (e) 60. (a) 

6l.· (b) (62. (d). 63. (e) 64. (a) and (b) 65. (b) 66. (e) 67. (b) 68. (d) . 69. (b) 70. (a). 

71 •. (d) 72. (a) 73. (e) 74. (b) 75. (c) 76. (d) 77. (b) . 78.' (e) 79. (b) 80. (d) 

:81. (b) 82," (e) 83. (a) .. 84. (d) 85. (a) ~ 86~(c) 87. (d) 88. (b) 89. (e) 90. (b) 
. ,':. :' 

.91. (b) 92. (e) . 93. (e) 94. (b) 95. (b) 96. (b) 97. (b) 98. (a) 99. (a) 100. (c) 

101. (b) 102. (e) 103. (b) 104. (b) 105. (d) 106. (b) 107. (e) 108. (c) 109. (d) 110. (b) 

. in. (a) 112. (d) lB. (e) . 114. (e) 115. (b) 116.(d) . 117. (a) US. (e) 119. (b) 120. (a) 

121 .. (c) 1~2. (d) 123. (c) 124. (a,b,c,d) 125. (a,b,c,d) 126. (a,c,d) . 127. (b,c,d) 128. (b,d) 129 .. (a,d) 130. (b,c,d) 

ASSERTION-REASON TYPE QUESTIONS 

1. (d) 2. (e) . .3. (a) 4. (b) . 5. (a) 
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rBJYUN STORMING PROBLEMS J ... '.' :i" r,... "., . ";'::;;"'::;;":";;ii.T\·CN:"i'.:<.;";y,;',,; .. ~ .. r;.,,,21. 

"". '::">'::2 ·,:,:··'r;··:.,;·~.L·.':' .,,,. 

1. What happens when benzene undergoes. Friedel-Crafts acylation with succinic anhydride in presence of AlCl3 ? 

. . W . W 

[ .. 0 CH2-CO~ AlCI
3 
O~-CH2-CH2-C-OH l· 

Ans. I + I ./0 ~ I . 
"CHz-CO./ " 

2. Complete the following Claisen condensation products. Indicate whether (X), (Y) and (Z) will'show iodoform test or not. 

2CH3Cobc2Hs C2HsONa) (X) HOH/HCl) (Y) + (Z) 
(Ketoacid) (An alcohol) 

~ ~ 
[ Ans. (X): CH3-C-CHz-C-OCzHs; 

W . 
(Y) : CH3-~-CHzCOOH; (Z): CzHsOH 

Acetoacetic ester 

(X) and (Y) have CH3-~- group hence, they will show iodofonn test. Alcohol (Z) on oxidation gives CH3-~- group hence, it will also 
give iodofonn test.] . -

3. Formation ofnaphthaletie takes place in the following steps. What are (A), (B), (C), (D), (E), (F) and (G) formed in between? 

I + I )0 AlCI3 ) (A) Zn/Hg) (B) SOCI2) (C) AlCI3) (D) H2/Pt) (E) Cone. H2S04 ) (F) O 
CH2-CO, 

" CH2 -CO"""'- l1 l1 

Succinic anhydride 1 
NBS 

. I ( Ale. KOH (G) 00
, 

~ ., 
o 
II o:C-CH2 

[ Ans. (A) I I; 
~ HyH2 

" 
o 

(D)CQ' 
o 

00· '. (F) I ; 
. ~ ., (()

. Br 

(G) I ] 
~# 

4. What are (X) and (Y) in the following reaction? Give the mechanism of formation of (X) and (Y). 

[ Ans. (X) ---+ 

COOH 

IBID'; 6 

CooH 

6 
I 

2j, 

(i) ND3, Heat 
---=---~) (X) 

(ii) KOH, Br2, Heat 

+CO~-

(X) 
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Both deuterium. atoms are involved in the reaction hence do not appear in the final product. 
Br 

. I _ 

c5~~ °cS~H~06N-B'_> c51 
S. What happens when? 

(i) Lactic acid is heated, 
(ii) Cyclic amide is reduced with LiAlH4' 

(iii) Maleic anhydride is treated with ammonia, 
(iv) Acid ha.lide, C2HsCOCl reacts with dimethyl cadmium, 

o 
A/cocr 

(v) U is reduced by LiAlH4' 

COCl 

(vi) &0 is reduced by using LiAIH.o and by using Li";~" catalyst 

[Ans. (i) Dimerisation takes place to fonn lactide (Cyclic ester). 

o 
H II 

CH3-J""""""C"'-OH + 
I 
OH 

(ii) (~.'(~o 
~NH 

LiAll4 0 
[H]) NH 

(iii) . 

(v) 
&COCI + (Hl _._LiAlH_4~) 

'\'1 
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.. \ \. '/ . 

COCI 

(vi) 
Boiling xylene 

[H] 

LiAl14 

. 6~ Complete the following reaction: 

o 
II . 

2C2HsMgCl+ CdCli ~(A)+2MgCI2; (A)+2CH3-C-Cl~(B)+CdCh 

. W 
[Ails. (A).~ (~5)2Cd;(B) ~ 2CH)-C-CzHs] 

7 ,Predict the prod\lcts expected of the following reactions: 
o 0 
II II (i) CH3MgI (one equiv.)/ether 

(i) CH3-C-CH2CH2COC2Hs ) 
(ii) H30+ . 

(ii) r\. + BrMgCH2CH2CH2CH2MgBr (i)TIIF+) 
......... ~O . (ii) H30 

[Ails, (i) 

(ii) 

(Ketonic carbonyl group is more reactive.) 

. r-\ + BrMgCH2CH2C. H2CH2MgBr (i) TIIF » ~o..Ao (ii) H30+ 

(Ester group reacts with both parts of Grignard reagent forming a diol.) ] 

., What happens when? 
(i) Urea is heated with acetoacetic ester, 

(ii) Urea is heated with succinic acid, 
(iii) Urea is treated with sodium hypobromide in alkalifle medium, 
(iv) Urea is treated with acetyl chloride. 

[ Ails, (i) Enolic form of acetoacetic ester reacts with urea to form methyl uracil, 
CH) H CH) H 
I I I I 
c-on---ll'+-N . C-N . 

< 1 _______ , .~. tJ. < '" . 
H-,- . + __ _ ........ C O~ H-C . ........C=O+ CzHsOH+ H20 

. C-OC2Hs R=t-N/ C--N/ . 
II 1-------- I . II I . 
o H 0 H 

Acetoacetic ester 
(Enol fonn) 

Methyl uracil 
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o H" 0 H 
II r- - - - - - - I II I 

CH2-C-!Ql! ___ l!l-N"-.., A CH2-C-N"-.., 
(ii) I ~ ___ +...__" .;....--C=O ----+ I ./C=O + 2HzO 

CH2-~-IOH H~N/ CH2" -~-N/ II ·------1 II I " 
o H 0 H 

Succinic acid Succinyl urea 

W 
(iii) NH2-C-NHZ + NaOBr + 2NaOH ----+ NH2-NH2 + NaBr + NaZC03 + H20 

NH2-NH2 + 2NaOBr ----+ N2 + 2NaBr + 2H20 
Hydrazine 

W W W ~ 
(iv) NH2-C-NHZ + CH3~C---'-C}----+ NH2-C-NH-C-CH3 + HC}] 

n-Acetyl urea 
(Ureide) 

9. Complete the following set of reactions: 

(i) Urea + NH2-NH2 llO·C) (A)+ NH3 
Amyl alcohol 

~ Cone. H2S04 (ll) Urea+HN03 ~(B)" > (C) + H20; (C) 

~ 
[Ans.(A) ----+ NH2-C-NH-NH2; 

Semicarbazide 

o 
II 

(D) ----+ NH2-C-NH-NH2] 
Semicarbazide 

10. Complete the following reactions: CaCN2 + H2S04 ~ caSo4 + (A) 

(A) HOH) NH2CONH2 

CaC2 HOH) (B) + Ca(OHh 

(B) 03
/H

20) (C) H20 2 ) (D) Urea) (E) 

.. 

[Ans.(A) ----+ HiNCN;(B) ----+ HC==CH; 
O=C-NH"", 

(C) ----+ CHO; (D) ----+ COOH; (E) ----+ I . C=O] 
I I" O=C-NH/ Cyanamide Acetylene 

CHO COOH Oxalyl urea 
Glyoxal Oxalic acid (Parabanic acid) 

11. Write down the products in the following reactions: 
LiAIH4 

(A) 

a O 
NaBH.. 

(B) o . C2HsOH 

y-Butyrolactone NH3 
(C) (Cyclic ester) 

C2HsOH 
(D) 

HCl 
CH2-CH20H 

[ Ans.(A) ----+ I ; (B) ----+ No product; Esters are not reduced by NaBH4; 
CH2-CH20H 

«;) ----+ iH2-CHr-CH2-i=O ; 

OH NH2 
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W 
12. Ketones [R-C-Rtl, where Rand Rl are alkyl groups, 

can be obtained in one step by: 
(a) hydrolysis of ester 0 
(b) oxidation of primary alcohols 0 
(c) oxidation of tertiary alcohols 0 
(d) reaction of acid halides with dilllkyl cadmium 0 

13. Which of the following has the highest melting point? 
(a) (CH3~OhO 0 (b) CH3CN 0 
(c) CH3CONHZ 0 (d) CHlCOCI 0 

14. Which of the following is the most reactive towards 
nucleophilic substitution reaction ? 
(a) RCt 0 (b) (RCOhO 0 
(c) RCOCI 0 (d) RCONHz 0 

15. HzN-CHr-CHz-NHzwhen reacts with diethyl 

oxalate gives: 

o 

(Hint: 
H H 
I. .,uO 1....0 

CH2-N-H C2H50-C~ CH2-N~C~-

I + I ~I I] 
CH2-N-H ~H50-C." CH2-N-C, 

I 0 I 0 
H H 

16. The boiling points of aceiic anhydride (I),propionic. 
anhydride (II) and butyric anhydride (Ill) follow the order : 
(a) I <II <III 0 (b) III < n <I 0 
(c) I<III<ll 0 (d) II<III<I 0 

17. The hydrolysis of which of the following takes the longest 
time? 
(a) CHlCOCI 0 (b) (CH3COhO 0 
(c) CHlCOOCzHs 0 (d) CH3CONHZ 0 

1 S. The product obtained in the following reaction, 
R1COORz +RMgK ~ 

is: 

Ri",_ ./OH 
(a) /C',,-

Rz R 

° II 
(c) R1-C-Rz 

° /I o (b) RI-C-R 0 

o 

19 
)lo CH3M.gI P 00· .. .U )ruct 

. . The product obtained in above reaction will be : 
o 
II 

(a) CH3-C-(CHz)4-0MgI 

o 0 
~ ~ 

(b) CHl-· C-(CHZ)4-C- MgI 

·00 

(0) cx· 
CH3 

20. Reaction, 

CH3Y.V 0y 0 
CI (d) .v. 

CH3COOCH3 + CsH17COOH C8H17~OONa) 

o 

o 

CH3COOCgHI7 + CH3COOH 
is called as : 
(a) reverse esterifiqltionO (b)cis-esterification 0 
(c) tralf.\'oesterification 0 (d) both (a) and (c) 0 

21. (A) PCIS!) ReOCI; (A) may be: 

(a) RCOOH 0 (b) RCOOR 0 
(c) RCONHz 0 (d) (RCO)zO 0 

22. CHl COCl is used to detect the number of amino groups in 

the organic compounds. When a compound of molecular 
mass 180 is acetylated, gives a compound of molecular mass 
390. The number of amino groups in the compound is : 
001 0002 0 
(c) 5 0 (d) 4 lJ 

W W 
(Hint: -NH2 + CH3-C-Cl~ -N-C-CH3 +.HCI 

. I 
H 

Let the amino compound has n(-NHz) groups. 
Molecular mass of the product will be : 

180-n xl+ n x43 = 390 
42n=210 

n= 5] 

23. Arrange the following compounds in the decreasing order of 
reactivity for hydrolysis reaction: 

(1) C6HsCOCI (2) OzN -o-COCI 

. . 0 

(3) CHl~Coci(4) OHC-D-~-Cl 
(a) 2> 4 > 1 > 3 0 (b) 2> 4 > 3> 1 0 
(c) 1> 2;:: 3 > 4 0 (d) 4> 3> 2> 1 0 
[Hint : Stronger is the (-I) effect of the group at para-position 

with respect to acid halide group, greater is the reactivity 
towards hydrolysis.] 



24. Number of cross products in the given reaction, 
C2HsONa/ 
C2HsOH 

CH3COOC2Hs +C6HsCH2COOC2Hs ) 
will be: 
(a) one 0 (b) three 0 

. (c) two [J (d) four [J 
25. In the following reaction; 

o 
C6HS _~_N<CH3 LWH4) (A), 

CH3 

the product (A) will be: 
(a)~HsCH20H. [J (b) C6HsCOOH . 0 .. 
(c) C6HsCONH2 [J (d) C6HsCH2N(CH3h [J 

26. Which. of the following compounds will give carboxylic 
acid With nitrous acid (HN02) ? 
(a) R-COCI [J (b) R~CONH2 [J 
(c) R-:-COOR 0 (d) (RCOhO· 0 

27. Natural wax is : 
(a) oils and fats [J 
(b) long chain fatty acids [J . 
(c) ester of long chain fatty acid and long chain alcohol [J 
(d) long chain alcohol . [J 

28. In the given reaction sequence, . 
CH2-COOH . . 
I ~[AJ CH3-CH2-NH2 )[BJ, 
CH2-COOH f).. 

the fmal product [BJ will be: 

? 
CH2-C-NH-C2HS 

(a) I. [J 
CH2 -C-NH-C2HS 

~ 
o 
II . 

CH2-C, 
(b) I _ ..-/N-CzHs [J 

CH2-C'" 
. 1\ 

o 
CHz-COOH 

(c) I 0 
CH2-COOH 

o 
II 

CHr-..,..C-NH-CzHs 
001 [J 

. CH2-:-COOH 

29. In the given reaction, 

& . CH3 

. HOHIH\[XJ, 

G R IJ OrganiC Chemisk)l./Ilr Competjtions 

[XJwill be: 
OH 
I 

(a) HOOC-CH2-CH2-CH-CH3 · 

(b) CH3-CHr --:-CH2-CH2-COOH 
(c) HO-CH2-CH2-CH2-COOH· 
(d) CH3-CH2-fH-CH2-COOH. 

OH 
30. In the reaction sequence, 

o 
. II . + 

[A] HOH/OW) R-C-NH2. HOHIH ) R-COOH, 

. [A] will be: 
(a) RCN 
(c) RCHO 

31. In the given ~action, 

[J (b) RNC 
D (d) RtCO 

;Yco,""o PCI" [XJ, U CO/ 

the product [X] will be: 

CI 

OC
COCI 

(a) I 
~. COOH ex. COCI. 

D (b) 

~ COCI 

. J:X~ 
. (C)~c/ 

II 

OH 

Cx· CH2" 

D (d) I . ». 
~ .. CH~ . 

o 
32. In the reaction, 

¢ LiAlH" [AJ NoBI/, , [BJ, 

o 
[AJ and [BJ respectively be : 

o 

(a) bothare¢ 
OH 

(b) both are 

o 
[J 
[J 
[J 

o 
D 

[J 

[J 

D 

[J 
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. (e) • b'CH'CH'CHCH20HaodQOO 
I OH .'. 

(d) ~ .J:'CH'CH2CHCH:: 
. ~ I 

OH OH . 

[] 

[] 

33. Claisen condensation involves: 
(a) two molecules of ketone [] 
(b) two molecules of esters having no a-hydrogen . [] 

. (c) two molecules of esters having a-hydrogen atoms [] 
(d) one molecule of ester having a-hydrogen and one 

molecule of ester having no a-hydrogen D 
34. Which one of the following esters cannot undergo self 

Claisen condensation ? 
(a) CH3COOC2Hs 
(b) R-CH2-COOC2Hs 

R 
I 

(c) R~ CH-COOC2Hs 
R 
I 

(d) R-C-COOC2HS . I '. 
R 

, l ANSWERS .- .. ~ ... ;:t I - ........ - PROBLEMS I 

U. (d) 13. (a) 14. (c) 15. (b) . 

U. (c) 23. (a) 14. (e) 25. (d) 

32. (e) 33. (C) 34. (d) 35. (b) 

[] 
[] 

[] 

[] 

16. (b) 

16. (b) 

35. Match the List Iwith List nand select the correct answer 

using the codes given below the lists: 

List I ListD 

A. CH3COOC2Hs~ 1. Anbyd. AlCl3 
CH3COCH2COOC2Hs 

0 

B. .. c?~ 2. LiAlH4 

C6HS 

CH20H(0I2)2 CHOHC6Hs 
C. C6HsCH2COOH ~ 3. C2HsONa 

Br 
I 

C6HS-CH-COOH 

D. C6H6 + CH3 COCl ~ C6HsCOCH3 4. P/Br2 

Codes: A B C .0 
(a) 2 4 1 3 
(b) 3 2 4 1 
(c) 1 3 2 4 
(d) 4 I 3 2 

17. (d) 18. (b) 19. (al 10. (c) 11. (a,b,d) 

.17. (e) 18. (b) D. (a) .30. (a) ·31. (b) 
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LINKED COMPREHENSION TYPE QUESTIONS 

Passage 1 
This reaction takes place between two moieculesof,esters 

(same or different). One ester should have atleast one a-hydrogen 
atom which behaves as a reagent The reaction is catalysed by 

strong base like C2HsONa + in presenceofC2HsOH. The product 

of this reaction is ~ketoester: 

o 0 
~ .' ' ~ 

CH3 -C-O~Hs + CH3-' C--:.:..OC2HS . 

O. 
II' 

C2HsONa + C2HsOR ~ 

CH3-C-:-CH2-COOG2Hs +C2HsOH 
I3..,.Ketoester 

Answer the following questions : 
1. Which of the following esters will not undergo Claisen 

condensation ? 
o 
II 

(a) CH3-C-OC2Hs 

o 
II • (c) C2HS-C-OC2HS (d) C6Hs-COOC2HS 

2. Whicn of the following esters will undergo Claisen 
condensation to fonn acetoacetic ester ? 
(a) CH3COOC2Hs (b) C6HsCOOC2Hs 
(c) HCOOC2Hs ,(d) None of these 

3. When two esters having a-hydrogens are subjected to 
Claisen condensation then we get: . 
( a) 4 cross products 
(b) 2 simple and 2 cross products 
(c) 3 cross products and I. simple product 
(d) 4 simple ptoducts 

4. When one ester has a-hydrogen and other has no 
a-hydrogen then Claisen condensation will give: 
(a) I product molecule . (b) 2 product molecules 
( c) 3 product molecules (d) 4 product molecules 

5. Which among the following is the most reactive towards 
Claisen condensation? 
(a) HCOOC2Hs 
(c) C2HsCOO~Hs 

(b) CH3COOC2Hs 
(d) HCOOCH3 

Passage 2 

The above order of reactivity canbe.explained in tenns of the: 
(i) Basicity o(leaving group (ii) 'Resonance effect . 
(iii) Inductive ~ffect 

Weaker is the basic character of leavinggroup,more is the 
reactivity of acid derivative. In: gen~, all the acid derivatives 
show resonanpe as follows: ' 

R 11 ". R ._' 

6".C=O ~ ...... ').' C-O 
L 'L . •• , + 

:: . .' 

. More' is the stabilization, le~ser .. is 'the reactivity and 
vice -versa~ . 

Answer the following questions: 
1. Which among the following anions is the most basic? 

(a) :NH2 

(c) R-COO 

. (b) OR 

(d) cr 
2. Which is the most reactive acid derivative? 

(a) R-COCI (b) (RCOhO 
(c) RCOOR (d) RCONH2 

3. Which among the following acid halides is the most 
reactive? 
(a) CH3COBr 
(c) CH3COI 

(b) CH3COCI 
(d) All are equally reactive 

o 
1\ 

4. Acid derivatives although contain -C-group, yet do not 
undergo the usual properties of carbonyl group. It is due to : 
( a) inductive effect (b) resonance 
( c) electromeric effect (d) all of these 

5. Which of the following compounds will be the most easily 
hydrolysed? 
( a) Acid halide 
(c) Ester 

(b) Acid amide 
(d) Acid anhydride 

Passage 3 

Amides with no s,!!bstitution on nitrogen react with the 
solution ofbromineorchloritle in NaOH or KOHto Yield ~es 
through a reaction called as Hofma:nn's degradation. 

.0, 
, \\ '.' . H

2
0. . 'NaB -.'. 

R-C-NH2 +Br2 +4NaOH~R-NH2+2 r 

Amidescan be reduced to anrlnes having same number of 
carbon atoms. . .. ' ":" ' '. 

o 
II· [lI]" '. ," .. 

R-'C-:NH2 )R-CHr--:-NH2 
LiAlH4 ..... . 

Indicate whether the following statements are true or false :,' 
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1. [R -~ 1 will undergo Hofmann's degradation. 
NR2 

(a) True (b) False 
2 •. Benzamide when treated with Br2 in presence of NaOH 

gives aniline. 
. (a) True (b) False 
3. Iso-cyanates are formed as intermediate in the Hofinann's 

degradation. . 
(a) True (b) False . 

4. Carbon. dioxide gas is released in above mentioned reaction. 
(a) True (b) False 

S. N-Metbyl aniline can b.e obtained by using Hofmann's 
degradation. 
(a) True . (b) False 

Passage 4 . 

'.'" 'AnYCQ~#~'fdrih~;6y}'9i¢}~t~gJf~~~~;~a~tlW~1~~!~ 
~tty aCjd·wifli·;~~~~I.i~:~Gal ... or~~ •. an. org~c"~·1llaY.be 

&!i~~~~~~~~~!{tf~1::~;~~~~t:n~ 
stearic.~d,.pleii::·.~i~.$oap&,.are genei:aUyo~Pi~~])ythe, 

=!r~~&~~~:0~~~·.:i~;aq9~::::i::~.~n.:: .. i~ 
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. Answer the following questions: 
1. Sodium salts of higher fatty acids are known as: 

( a) soft soaps (b) hard soaps 
(c) detergents (d) lipids 

2. The reaction between alkali and fat is called: 
(a) hydrolysis (b) dehydration 
(c) saponification (d) rancidity 

3. Detergents have a common group: 
(a) RONa (b) RCOONa 
(c) R-C==C-Na (d) RC6~S03Na 

4. Soaps can be classified as: 
(a) carbohydrates (b) lipids 
( c) salts offatty acids (d) ethers 

• 5. Which one is. not a glyceride? . 
(a) Soap • (b) Fat 
(c) Oil (d) Phospholipid 

ANSWERS: LINKED COMPREHENSION TYPE QUESTIONS I 

. Passage 1 1. (d) 2. (a) 3. (b) 4. (a) 5. (b) 
Passage 2 1. (a) 2. (a) 3. (b) 4. (b) 5. (a) 
Passage 3 1. (b) 2. (a) 3. (a) 4. (a) 5. (b) 
Passage 4 .1. (b) 2. (c) 3. (d) 4. (c) 5. (a) 



14 
NITROGEN CONTAINING 

COMPOUNDS 

1. ALIPHATIC AMINES 

14.1 INTRODUCTION 

Amines may be regarded as derivatives of ammonia fonned by 
the replacement of one or more hydrogen atoms by corres
ponding number of alkyl groups. 

-H!+R 

RNH2 
(Primary) 

Classification 

NH3 

~2HI+2R -3H!+3R 

R3 N 
(Tertiary) 

Amines are classified as primary (1°), secondary (2°) or 
tertiary (30) depending on the number of alkyl groups attached 
to nitrogen atom. A primary amine has only one alkyl group 
directly attached to nitrogen atom, i.e., it has -NH2 group 
which is known as amino group. Examples are: 

CH3NH2 ; C2HSNH2 ; C3H7NH2 

A secondary amine has two alkyl groups directly attached 
to nitrogen, i. e., it has >NH group which is known as imino 
group. These are further classified as simple or mixed. When 
both the alkyl groups are same, it is tenned simple secondary 
amine and in case both the alkyl groups are different, it is 
called mixed secondary amine. Some examples are: 

H3C"", •• HsC2~ •• 
~NH ~NH 

H3C HSC2 

A tertiary amine h~ three alkyl groups directly attached 
to nitrogen, i.e., it has ~N group which is known as tertiary 
nitrogen atom. The three alkyl groups may be same or 
different. Examples are: 

H3C".. H3C,'-.:, H3C" •• 
. H3C7 N H3C7N HSC27N 

H3C HSC2 H7C3 . 
Simple Mixed Mixed . 

In addition to above amines, tetra-alkyl derivatives similar 
to ammonium salts also exist which are called quaternary 
ammonium compounds. 

NH4I R4NI 
Quaternary 

ammonium iodide 

(CH3)4 N1 
Tetramethyl 

ammonium iodide 

Tetra -alkYl 
ammonium salt 

Tetramethyl ammonium chloride 

Structure 

In amines, nitrogen is sp3 -hybridized and the molecules 
have pyramidal shape like that in NH3. Three hybrid orbitals 
possess one electron each and fonn sigma bonds either with 
carbon atoms of the three alkyl groups or with two carbon 
atoms of two alkyl groups and one hydrogen atom or with one 
carbon atom of one alkyl group and two hydrogen atoms. One 

HsC~ ~CH3 

HsC~ •• S{il.s ~ ~ 
HsCpN-H )( 

~b 
CHs 

(Primary amine) (Secondary amine) (Tertiary amine) . 
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of the hybrid orbitals of nitrogen is completely filled with an 
electron pair and does not take part in bond formation. 

AU bond angles are approximately tetrahedral. 
The amines of the type R.R2R3 N (three different alkyl 

groups attached to chiral N) exist in the form of racemic 
mixture that cannot be resolved into enantiomers because of 
rapid inversion of an enantiomer to its mirror image. This 
inversion is called amine inversion, nitrogen invenion or 
ffipping. 

R." sp3 Amine 
R27N: < 
R 3 Conversion 

14.2 NOMENCLATURE 
In common name system, amines are named by naming the 
alkyl groups attached to nitrogen atom followed by suffix 
~amine. The names are written in one word only. In the case of 
mixed amines, the names of the alkyl groups are written in 
alphabetical order. When two or three identical alkyl groups 
are attached to nitrogen atom, the prefix di~ or tri~ is added to 
the name of alkyl group. 

CH3NH2 C2HsNH2 
Methylamine Ethylamine 

CH3CH2CH2NH2 ; 
n-Prot>ylamine 

(0) (0) 

CH3 
I . 

CH3-CH-NH2; 
H3C~ 

/NH; 
H3C 
Dimethylamine 

Isopropylamine 
(10) 

(2°) 

H3C" 
H3C/ N ; 
H3C 

Trimethylamine 
(30) 

H3C, 
HSC2/N 
H7C3 

(0) 

Ethyl methyl propylamine 
(30) 

In another system, amino group is conside~ as sub
stituent and amines are named as amino derivatives of alkanes 
(aminoalkanes). 

CH3 
I 

CH3NH2 ; C2HSNH2; CH3-CH-NH2 
Aminometbane Aminoethane 2-Aminopropane 
Secondary amines are named as alkyl aminoalkanes and 

tertiary as dialkyl aminoalkanes with highest rank to the 
aminoalkane (primary amine). 

H3C~ HSC2 ~ H3C" 
NH . NH' H3C7N 

H3C7 'H3C/ ' H3C 
N -Methyl amino- N -Methyl amino- N,N -Dimethyl amino-

methane ethane methane 

In the IUPAC system, primary aOlines are named by 
replacing the final -e of the parent alkane by -amine 
(alkanamine). A number is added to indicate the position of 
_. NH2 group. . 

NH2 
I 

CH3NH2 ; CH3CH2NH2;· CH3-CH-CH3 
Methanamine Ethanamine Propan-2-amine 

CH3CH2CH2NH2 ; 
Propan-I-amine 

CH3 -CH-CH2CH3 
I 

NH2 . 
Butan -2-amine 

When two or more amino groups are present, words di-, 
tri-, etc., are used with position numbers. 

H2NCH2-CH2NH2; H2NCH2CH2CHCH2CH3 
Ethane-I,2-diamine I 

NH2 
Pentane-I,3-diamine 

Secondary or tertiary amines are named as N-substituted 
derivatives of primary amines. The largest group attached to 
nitrogen is taken as the alkyl group of the primary amine. 

CH3 

I 
CH3CH2NHCH3 ; CH3CH2 -N-CH2CH2CH3 
N .Methyl ethanamine N -Ethyl-N -methyl propanol-amine 

I 2 3 4 S 
CH3CH2CH2NH-CH3; CH3CH2CH-CH2CH3 

N -Methylpropan-I-amine I 
. NHCH3 

N -Methylpentan -3-amine 

C2Hs CH3 
I I 

C2HS -N-CH2 -CH-CH2 -CH2 -CH3 
12 3 4 S 

N,N -Diethyl-2-methyl pentan-I-amine 
Caffeine and coniine are some of the naturally occurring 

amines. 

U CH,cH2CH
' 

N H . 
I 
H 

Coniine 

Cyclic primary, secondary and tertiary amines can be 
named as, 

Cyclohexanamine N-Ethyl cyclo
pentanamine 

.'[ 
'\fN'\7, 

N,N-Dicyclopropyl 
cyclopropanamme 
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14.3 ISOMERISM 

AlDines are represented by a gerieral fonnula, C n H 2n+ 3 Nand 
, exhibit following types of isomerism: ' ' 

1. FunctionaHsomerism : This is due to the presence of 

different functional groups, i. e., '-NH 2 or> NH or ~ N. 

Molecular fonnula C3H9N !epresents three functional 
isomers. 

CH3CH2CH2NH2 ; 
n-Propylamine 

(PrimaryW 

H3C~NH . H3C ",-
/ ' H 3C7 N 

HSC2 H3C 
Ethyl methylamine Trimethylamine 
, (Secondary)2° (TertiaryW 

2. Chain isomerism: This is due to diffen;:nce in the 
carbon,skeletQn of the alkyl group attached to the amino group. 

CH3 

I 
CH3CH2CH2CH2NH2 ;, CH3CHCH2NH2 (C4H UN) 

Butan-I-amine' 2-Methyl propanol-amine ' 
(n-Butylamine) (Isobutylamine) 

3. Position isomerism: This is due to the difference in 
the po~ition of amino group in the carbon chain. 

CH3 

I 
CH3CH2CH2NH2; CH3 -CH-NH2 (C3H9N), 

Propanol-amine Propan-2-amine 
(n-Propylamine) (Isopropylamine) 

4. Metamerism: This is due to different alkyl groups , 
attached to the same polyvalent functional group. 

H3C"", H sC2" ' ' ' 
/NH ; ~ (C;'HllN) 

H7C3 ',HSC2 
Methy~prop'ylatnine ',' Diethylamine 

'SOME SOLVED EXAMPLES 

Problem 1. Write the names and structures of four iso-
meric amines haVing the molecular formula C3H9N. ' 

Solution :, 

(i) CH3CH2CH2NH2 ; 
n-Propylamine 

H3C"", 
(ii) /CHNH2 

H3C 
lsopropylamine 

H3C, H3C, , 
(iii) /NH ; (iv) H3C7N 

HSC2 H3C ' 
Ethyl methylamine Trimethylamine , 

Problem 2. Write the structures of eight isomeric amines 
having the molecular formula C4HU N. 

Solution:, ' 

CH3 

I 
CH " 
I 3 

(iii) CH3-, C-NH2; 

I 
(iv) CH3CH2-CH-NH2; 

CH3 
C2Hs 

I 
(v) C2Hs-N-H; 

CH3 
I 
CH-CH3 

I 
CzHs 
I 

(vii) CH3 -N:--H (viii) CH3 -N-CH3 

14.4 BASIC NATURE OF AMINES 
Arnines like ammonia are basic in nature. The basil; nature is 
due to the presence of an unshared pair (lone pair) of electrons 
on nitrogen atom. This lone pair of electrons is available for the 
fonnation of a new bond with a proton or Lewis acids. 

H-N-H 
I 
H 

Annnonia 

R-N-H 
I 
H 

Primary amine (1°) 

R-N-H R-N-R 
I I 
R R 

Secondary amine (2°) TertiarY amine (3°) 

Arnines are weak bases as they combine partially with the 
water to fonn hydroxyl ions. 

+ 
R-, NH2 + H20 ~ R-, , NH3 +OH-

Alkyl ammonium ion 

Applying law of mass action, 
+ 

K [R-NH3] [OH-] 
b ;: [R-NH2] 

(Where, Kb is equilibrium constant of the base or baSicity 

constant.) . 
[Concentration of water is considered constant as it is 

present in large amounts.]' 
The value of Kb describes the relative strength of the 

bases. Strong bases have higher values of K b while weak 

bases have low values. 
A more convenient method of expressing the basic 

strengthofamines is in tenns ofpKb values (PKb ;:-logKb)' 
Smaller the value of pK b; more is the basic strength of amine. 
The Kb . and pKb values of some amines are given below: 



Nitrogen Containing Compounds 

Basicity constants of some amines 

Ammonia,NH3 
1° Amines 

. Methylamine, CH3NH2 

Ethylamine, CzHSNH2 
2° Amines 
Dimethylamine, (CH3hNH 

Diethylamine, (CzHshNH 

3° Amines 
Trimethylamine, (CH3hN 

Triethylamine, (C2Hs)3N 

Aromatic amines 
Aniline, C6HsNH2 

N-Methylani1ine, C6HSNHCH3 .. 

N,N-Dimethylaniline. 
C6HsN(CH3)2· 

4.4 x 10-4 

5.1 x 10-4 

5 .. 4 x 10-4 

1.1 x 10-3 

6.0 x 10-5 

5.6 x 10-4 

4.2 x 10-10 

5.0 ~ 10-10 

11.5 x 10-10 

4.75 

3.35 

3.29 

3.27 

2.95 

4.22 

3.25 

9.38 

9.30 

8.92 

4.70 

(i) Alkylamines are stronger bases than ammonia: 
Alkylamines (1°,2° and 3°) are stronger bases than ammonia. 
This can be explained in terms of electron releasing inductive 
effect of alkyl group. As a result, the electron density on the 
nitrogen atom increases and thus, they can donate the lone pair 
of electrons more easily than ammonia .. 

•• 
H-N-H 

I 
.H 

Ammonia 

•• 
R-+-N-H 

t 
R 

•• 
R-+-N-H 

I 
H 

1° Amine 

•• 
R-+-N-+-R 

t 
R 

2° Amine 3° Amine 

The electron releasing effect is maximum in tertiary 
amines and mininIDm in primary amines (in gas pbase). 

3° Amine> 2° Amine > 10 Amine> NH 3 

However, the actual order of basicity (in aqueous 
solution) in the case oflower members is found to be as: 

2° Amine> 1° Amine> 3° Amine > NH3 

i.e.,(CH3hNH>CH3NH2 >(CH3hN> NH3 

If, however, the alkyl group is bigger than CH 3 group, i. e., 
ethyl, propyl, etc., there will be some sterlc hindrance to 
H-bonding. As a result, the stability due to +1 effect 
predominates over the stability due to H-bonding and hence 3° 
amines become mote basic than 10 amines. In other words, the 
overall decreasing strength of ethyl amine in aqueous medium 
is: .\ 

(C2HShNH> (C2HshN> C2HSNH2 
2° > 3° > 1° 

In fact, the basic strength in aqueous solution depends not. 
only upon electron releasing effect but also upon sterlc effect 
and hydration effect. 

(a) Steric effect: The crowding of alkyl groups cover 
nitrogen atoms from all sides and thus, makes the approach and 
bonding by a proton relatively difficult which results the 
maximum steric strain in tertiary amines. The erCctrons are 
there but the path is blocked, resulting the reduced in its 
basicity. 

The order of basic nature ofvari,ous alnineS has been found 
to vary with the nature of alkyl groups. 

Alkyl group Relative strength 
CH3 - R2NH>RNH2 >R3N>NH3 
C2Hs- R2NH>R3N >RNH2 > NH3 

Note: 1. Aniline is ·less basic than ammonia. The phenyl group exerts 
-J (inductive) effect, i.e., it withdraws electrons. This results 

. to the lower availability of electrons on nitrogen for 
protonation. 

2. Ethylamine and acetamide both contain an amino group but 
acetamide does not show basic nature. This is because lone 
pair of electrons on nitrogen is delocalised by resonance with 
the carbonyl group which . makes it less available for 

.. protonation. -. 

r. NO.t available due to 
delooalization 

(0 . .. 0-,. 
-u •• + 

CH3-C-NH2 ~ CHj- C=NH2 

3. The . compounds with least '9' character (sp3 -hybridized) is 

most basic and with more's' character (sp-hybridized) is least 
basic. Examples.in decreasing order of baSicity are: .. .... . .. 

(i) CH3NH2 >CHF-N=CHCH3 >CH3-C==N 
(sp3) .. (sp2) . (sp) .. .. 

(Ii) CH3CH2CH2NH2 > H2C=CHCH2NH2 > HC==CCH2NH2 
(iii) (CH3)2 NH > CH3NH2 >NH3 >C6HSNH2 

Electron withdfawing(C6Hs-) groups decreases electron 
density on nitrogen .atom and thereby decreasing basicity. 

(iv) (CH3 hNH> CH3NH2 > C6HSNHCH3 > C6HSNH2 
(v) CH3CH2NH2> I:IO(CH2)3NH2 >HO(CH2nNH2 

Electron withdrawing· inductive· effect of the -OH group 
decreases the electron density on nitrogen; This effect 
diminishes with distance from the amino group. 

(vi) CH3CH2NH2 > ~HsCONH2 > CH3CONH2 

(b) Hydration effect : It also depends upon the stability 
of the conjugated acid formed by accepting a-proton from the 
solution. The hydration effe~t refers to the stabilization of the 
protonated amine by water molecule~. The water molecules 
form H-bonding with the protonated amine and release energy 
(called hydration energy). 

Now greater the extent ofH-bonding in protonated amine, 
more will be its stabilization, i.e., )0 amine is the most stable 
since, it has three H-atoms which can form H-bonds with H20 
(maximum hydration) and consequently, greater will be. the 
basic strength of the corresponding amine. The 2° amine is less 

-
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stable since, it has two H-atoms (less hydration) while that of 
30 amines is the least stable since, it has only one H -atom (least 
hydration) which can fonn H-bonds with H20. Therefore, the 
basic strength of amines in aqueous solution should follow the 
order. 

R-NH2 (I0 Amine» R2NH (20 Amine» R3N (30 Amine) 

. H_'_O<H 

. J <\\ R-NH2 + H+ ~ R-N-H-~O 
1° Amine I', H 

H-----O<: 
Protonated cation 

of 1° amine (Most stable) 

R,-· NH+H+ .... R>N<. , .. H-O<: 
2° Amine ,R . <H H--O 

H 
Protonated cation 

of2° amine (Less stable) 

R3-N +H+ ~ R3-, NH-:-O<HH 
3° Amine 

Protonated cation 
00° amine (Least stable) 

Thus, it was observed that 3° amine is least stable while it 
has maximum +1 effect and 1 ° amine is most stable inspite of 
minimum + 1 effect. In actual practice, these two opposing 
factors balance each other in case of 2° amine. This makes 2° 
amine to be still more basic than I ° amine. 

Hence, it may be concluded that it is a combination of 
electron releasing, H-bonding and steric factors that determine 
the stability of the ammonium cations in solution and thereby 
resultiug in the basic strength order of aliphatic amines as: 

. . Secondary> tertiary> primary.amines 
Problem 3. Trimethylamine is less basic than dimethyl

amine or methylamine. Explain why it is so? 
Solution: Methyl groups are electron releasing groups.' 

Although in trimethylamine, the electron density on nitrogen is 
more in comparison to dimethylamine or methylamine yet it is 
less basic because crowding of three methyl groups makes it 
difficult for a proton to approach the nitrogen in order to form a 
bond. Thus, the electrons are there in trimethylamine but the 
path is blocked. 

14.5 GENERAL METHODS OF PREPARATION 
Metbods Yielding Mixture of Amines 
(Primary, Secondary and Tertiary) 

1. Hofmann's ammonolysis method: A mixture of 
amines(primary, secondary and tertiary amines) along with 

quaternary compound is fonned when alkyl halide is heated 
with alcoholic ammonia in a sealed tube at J OO°C. 

C2HSI 
c2iIsI + NH3 --)C2HSNH2 --.::;..~) (C2HshNH 

Ethyl iodide (Ale.) Ethylamine Diethylamine 
00) (20) 

C2HSI C2HSI 
---=---"-+) (C2 HShN ) (C2HS)4 NI 

Triethylamine Tetraethyl 
(3") anunonimn iodide 

This reaction is a typical example of nucleophilic 
s .. bstitution'reaction. 

Mecbanism: (a) The mechanism involves the 

•• 
nucleophilic attack ofNH3 molecule (through {one pair) on 

R-X. Primary (10) amine salt is fonned which reacts with 
ammonia to give J 0 amines and ammonium halide as follows: 

H3~fx 373K) RNH3X-
Ammonia Alkyl halide 1° Amine salt 

NH3 
~ RNH2 +NH4+ X-

1° Amine 

(b) The primary (l0) amine fonned now acts as the 
nucleophile and reacts with another molecule of R-Xto form 
20 (sec-) amine. 

, ··~n 
R-NH2 +R-X 
'1° Amine 

373 K ~ R2NH2 X-
2° Amine salt 

NH3 
~ R2NH +NH+ X-

20 Amine 4 

(c) The reaction is repeated to fonn tertiary (3°) and 
quaternary ammonium salt as follows. 

R2N~fx373K. R3NH+X-
2°Amine 3° Amine salt 

NH3 
~ R3N +NH:X-

3° Amine 

So, the ammonia molecule in the first step and amine 
molecules in the subsequent steps act as nuc1eophiles. 

The primary amine may be obtained in a good yield by 
using a large excess of ammonia. The process is also tenned as 
ammonolysis of alkyl handes. The amines being basic at once 
combine with HI produced during reaction to fonn salts. 

The reactivity of various halides in this reaction is: 

R-· l> R-Br > R --CI and 1 ° > 2° > 3° alkyl halide. 

Tertiary butyl bromide (3°) on treatment with NH3 (base) 
prefers to undergo elimination rather than substitution. 
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2. Ammonolysis of alcohols: A mixture of amines is 
also obtained when the mixture containing vapours of alcohol 
and ammonia are passed over heated alumina (AI203) orthoria 
(Th02) at 350°C. 

Ethyl alcohol 

. C2HsOH 
{C2 HShNH ) (C2Hs hN 

2° Amine 3° Amine 
Primary amine may be obtained in a goodyield'by using a 

large excess of ammonia. 

Methods Yielding Primary Amines 

3. Reduction of nitro compounds: Primary amines can 
be obtained by the reduction of nitro alkanes with SnlHCI; 
ZnlHCI; H2/Nt LiAlH4in dry ether; Raney Ni or Pt or Pd as 
catalyst at room temperature. 

R-NO + 6[H] Sn/HClor) RNH + 2H 0 
2 . Zn/HCI or Ni 2 2 

or LiAlH4 

C2Hs-N02 +6[H] Sn/HCI )C2HsNH2 + 2H20 
Nitroetbane or Pt Ethanamine. 

4: Reduction of nitriles (Mend ius reaction): Primary 
amines can be prepared by reduction of nitriles. The reduction is. 
done either catalytically with H 2 and Raney Ni or with sodium 
in alcohol or sodium amalgam and alcohol or with LiAlH4' 

H2 /Raney Ni 
R-C=N + 4{H] ) R-CH2NH2 
Alkyl nitrile or LiAlH4 . 1° Amine 

Na/C2HSOH 
CH3CssN + 4{H] ----=~~) CH3 - CH2NH2 

Methyl cyanide Ethanamine 
(Acetonitrile) 

The start can be made from alcohol or alkyl halide. 

SOCI V'CN LiAlH 
R-OH 2)R-CI "" ) R-CN . 4) RCH2NH2 
Alcohol Alkyl chloride Alkyl nitrile Primary amine 

This sequence gives an amine containing one more carbon 
atom than alcohol. 

S. By reduction of amides: Primary amines having 
same number of carbon atoms can be obtained by the reduction 
of amides by LiAlH4 or sodium and absolute alcohol. 

LiAlH4/ether 
CH3CONH2, + 4[H] ) CH3CH2NH2 . 

Acetamide Ethylamine 

6. By reduction of oximes: Primary amines can be 
formed by reduction' of oximes. The reduction is done by 

H 2/Ni ; sodium and absolute alcohol or LiAlH4. The start can 
be made from an aldehyde or ketone. 

H NOH LUUH 
RCHO 2 ) RCH=NOH 4 ) RCH2NH2 

Aldehyde . Aldoxime ether Primary amine 

H2INi 
CH3CH=NOH+4{H] . . )CH3CH2NH2+H20 

Acetaldoxime or LIAlH4 Ethylamine 

R", R 
R/C=0+H2NOH---io R)C=NOH 

Ketone Ketoxime 

LiAtH R, 
____ 4 ---J» 'CH-NH2 

or Na/C2HsOH R/ 
I°Amine 

7. Hofmann's bromamide reaction or degradation: 
By this method, the amide (-CONH 2) group is converted into 
primary amino (-NH2) group. The amide is heated with 
bromine and concentrated aqueous or ethanolic KOH solution 
(or potassium hypobromite, KOBr). 

RCONH2 +Br2 +4KOH Heat )R-NH2 +2KBr 
Amide 10 Amine 

+ K2C03 +2H20 
For example, 

CH3CONH2 +Br2 +4KOH Heat> CH3NH2 +2KBr 
Acetamide Methylamine 

+ K2C03 +2H20 

CH3CH2CONH2 + Br2 + 4KOH Hea) CH3CH2NH2 
Propanamide Ethanamine 

+2KBr + K2C03 +2H20 
This is most convenient laboratory method to give pure 

amine containing one carbon atom less than amide (For 
mechanism see Section 13.5). 

8. Gabriel phthalimide synthesis : This method 
involves the following three steps: 

(a) Phthalimide is reacted with ethanolic solution of 
KOH to form potassium phthalimide. 

(b) The potassium salt is treated with an alkyl halide. 
(c) The product N-alkyl phthalimide is put to 

hydrolysis with dilute hydrochloric acid under pressure when 
pure primary amine is formed. 

©

CO"-KOH ©CO,,- C2HSX 

/
NH) /NK ) 

CO CO""'- A 

Phthalimide 

@:)NC,HS 

N-Ethyl phthalimide 

Potassium phthalimide 

©COOH 
2HOH >C2HsNH2+ 0 
HCI, A Ethylamine COOH 

Phthalic acid 



'.'" 

T!~' 
When hydrolysis is difficult, the N-alkyl phthalimide can 

'be treated with hydr~ine to give'the required amine. this is 
called hydraZinolysis (cleavage by using hydrazine). 

©
C()~ NH2' ©CO-NH ' o /NR +1 Heat) 0 . I +RNH2 
CO . NH2 Co-NH I°Amine 

HydrazIDe Phthalhydrazide 

Note: (i) Only 1° amine (pure) can be prepared by Gabriel synthesis. 
(ii) Aniline cannot be, prepared by this synthesis because aryl 

halides (C6HsCr or C6Hs~r) do not undergo nucleophilic 
substitution (i.e., the cleavage of C-X bond in haloarene is 
quite difficult) with potassium phthalimide under ordinary 
conditions to giveN-phenyl phthalimide. 

9. By decarboxylation of a-amino acids: Decar
boxylation is done by distilling the amino acid with Ba(OHh. 

Ba(OH)2 
RCHCOOH --~),RCH2NH2 + BaC03 + H20 , I Heat 

NH2 
, Ii -Amino acid 

a-Aminoacetic acid 
(Glycine) 

1° Amine 

amine 

Ba(OHh 
CH3CHCOOH ) CH3CH2NH2 + BaC03 + H20 

I Heat Ethylamine 

NH2, 
a-Aminopropionic acid, 

(Alanine) , 

10. By. double decomposition between Grignard 
reagent and chloramine: 

RMgX +CINH2 ~ RNH2 + MgXCI 

A /1 
C2HsMgI+ CINH2 ~C2HsNH2 +Mg"-. 

Chloramine Ethanamine' CI 

. 11. By hyd~olysis of isocyanides or isocyanates : 

H:OH 
(a) .R-N::;::C+ 2H20 HCI) R-NH2 + HCOOH 

. H : OH Alkyl ainine 

Alkyl i~cyanide 

C2HSNC +2H20 HCI ~ C2HsNH2 + RCOOH 
Ethyl isocyanide Ethylamine 

CH3-NC +2HOH-H"",+~)CH3-NH2 +HCOOH 
Aceto isonitrile Methanamine ' 

! 

H:OK 
(b)CH3-N9=C-0+ 2KOH~CH3-NH2 +K2C03 

H :OK Methanamine ' 

Methyl iSOcyanate 
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C2Hs-NCO+2KOH~C2Hs -NH2 + K2C03 
Ethyl isocyanate Ethanamine 

12. By Schmidt reaction: 

Cone. H2S04 R-COOH+ N3H ) R-NH2 +N2 +C02 
Acid Hydrazoic Alkyl 

acid amine 

. . ' Cone. H2S04 
CH3CH2COOH + N 3 H ) CH3CH2NH2 + N 2 +C02 

Propionic acid ' Ethylamine , 

In this reactiQn, the acyJazide (R-CON 3) and alkyl 
isocyanate (R-NCO) are fonned as an intennediate. 

(i)R-COOH+N3H~RCON3 +H20 
AcyJazide 

(ii) RCON 3 C6~6orCHCI3 A ) R-N=C=0+N2 
. (curtius rearrangement) Alkyl . 

Acylazide Isocyanate 

(iii) R-N=C=O+ H20~ R-NH2 +C02 
Alkyl isocyanate Alkyl amine 

The overall reaction which proceeds by the elimination of 
,nitrogen from acylazide followed by acidic or alkaline 
hydrolysis to yield primary amine containing one carbon less, 
is called Curtius degradation. . 

'. This method uses acid chloride to prepare prima,ry amine 
through acylazide. 

o 00 
II SOCl2 II. NaN3 II 

R-C-OH )R-C-CI-~)R-C-N3 
Acid Acyl chloride, Acylazide 

° . ~ . -N2 . 2NaOH 
R-C-N3 ----'T R-N=C=O ) R-NH2+ Na2C~ 

Acylazide' Heat 1 ° Amine 

The mechanism of Curti us rearrangement is very similar ' 
to Hofmann degradation. 

R\/~ J~: R\/N=N=ffJ_N [Raj 
C ~ C ~ C 

~ A kybuid< J~ I 
R-N=C='O~ 
Alkyl isocyanate alkyl shift 

Schmidt reaction converts R-COOH to R-. NHt. 
which is a modification of curtius degradation. hi this reaction 
a carboxylic acid is wanned with sodium azide (Na +N 3 ) and 
conc. H2S04- The carboxylic acid is directly converted to the 
primary amine without the necessity of isolating alkyl azide. 

o , 
, II NaN3 + H2S04 (conc.) 
R-C-OH >RNH2 +N2 +C02 

, Heat 



Nitrogen Containing Compounds 

(NaN 3 + H2S04 ~N3H+NaHS04) 
o 
II Cone. H2S04 

CH3CH2-C-OH + HN3 )CH3CH2NH2 
Hvdrazoic acid Heat Ethanamine Propanoic acid J 

+ C02 +N2 
13. By Ritter reaction: It is a good method for 

preparing primary amines having a tertiary alkylgroup. Thus, 
tertiary butyl alcohol (or alkene) is treated with hydrocyanic 
acid (or alkyl cyanide) in the presence of conc. sulphuric acid 
to give tert. butylamine. 

(CH3hC-OH+H2S04 +HCN ---4 (CH3hC-NH2 
Tert. butyl alcohol Tert. butylamine 

(30 Alcohol) (l" Amine) 

[R3C-OH W) H20 + R3C+ HCN) R3cN ==CH 
Tm. carbocation 1 

H20 

[HCOO- + R3C-. NH2 (Olr R3CNH-CHO 
. 10 Amine 

or 

o 
II H OIH+ 

R-C-NH-C(CH3 h 2 ) . 
. Amide 

~ 
R-C-OH+ (CH3 hC-NH2 

10 Amine 
14~ Reductive amination of aldebydes and ketones : 

. Aldehyde or ketone when reduced catalytically with nickel, 
H2/Raney Ni or NaBH3CN. (sodium cyanoborohydride) in 
presence of excess ·of ammonia at about 150°C under pressure 
(300 atm) fonnsprimary amine through the intermediate 
formation of an imine. 

o 
II 

R-C-H+ NH3 + H2 Ni, 150"C).R-CH2_NH2 -I- H20 
AldehYde 300 atm Primary amine . 

H H 

[
I . Heat . I H2 

R-C=O+ H2HN ) [R-C=NH]---4 
. (-H20) Imine Ni 

CH3CHO+ NH3 + H2 
Acetaldehyde 

o 
II 

RC~2Amin NH2 ] 
Ni, 150"C ) CH3CH2NH2 + H20 

atm. pressure Ethylamine 

CH3 

R--C-CH3 + NH3 + H2 
Ketone 

Ni, 150"C) R-~H-NH2 
300atm . 

o NH 

II. Heat \I 
CH3 -C-CH3+ NH3 --~) CH3 -C-. CH3 

Acetone (-H20) Dimethyl ketimine 

NH2 
H2/Ni I 

--~~~~) CH3-CH-CH3 
or NaBH3CN Propan-2-amine 

. (Isopropylamine) 
This reaction probably takes place through the formation 

ofan imine (Schiff's base). 
The primary amines can also be converted· into secondary 

or tertiary amines by the following steps: 

RNH2 + 2H2C=O+ 2HCOOH ~ RN(CH3 h + 2H20+ 2C02 
30 Amine 

15. By reduction of azide witb NaBH4: 

NaBH4 
R-X + NaN3 ---4 RN3 . ) RNH2 

Alkyl halide Sodiwn Alkyl H20 (1") Amine 
00 or n azide azide 

16. By Leuckart reaction: Aldehydes or ketones react 
with ammonium formate or with formamide to give formyl 
derivative of primary amine. 

o 
, ,\I . 
/C=O+2HCOONH4 ---4 /CHNH-C-H +2H20 

Annn. fonnate 

. 0 
.. .• \I . 

)C=O+2HCONH2---4 )CHNH-C-· H+C02 +NH3 
. Fonnarrride 

These formyl derivatives are readUyhydrolysed by acid to . 
yield primary amine. 

o . 
R\ . II H+ R" . 
,/CHNH-C-H + HOH ~ )cHNH2 + H20+C02 

R R'/ 

This is called Leuckart reaction, i. e., 
R R· 
"C=O+ HCOONH4 180-200"~ "CHNH2 + H20+ CO2 R'/ Annn. fonnate L\ R'/ . 
Ketone Primary amine 

17. By the action of ammonia on alkenes : Ethylamine. 
is obtained by heating a: mixture of ethylene and ammonia at 
4500C under 20 atmospheric pressure in presence of cobalt 
catalyst (commercial preparation). 

Cobalt catalyst 
H2C= CH2+ NH3 450"C 20a) CH3CH2~2· 

Ethylene ' tm. Ethylanune 



Methods Yielding Seeondary Amines 
1. Reaction of primary amines with alkyl halides: A 

. primary amine is heated with calculated quantity of alkyl 
halide when dialkyl ammonium salt is fonned. It is then treated 
with NaOH solution to recover free secondary amine. 

+ -
R-NH2 + R-X ---4 R2NH + I-I.X" ---4 R2NH2X 

+ -
R2NH2X+NaOH---4 R2NH +H20+NaX 

Secondary amine 

CH3NH2 +CH3I ~CH3NHCH3 + HI 
Methylamine Ditrethylamine 

2.. Reduction of N-substituted amides: Reduction of 
N-substituted amides with LiAlH4 yield secondary amines .. 

Alkyl p-amino ketones are fonned by the action of ketone 
with formaldehyde and NH 3 (or primary or secondary amines). 

The product is referred to as Mannich base and the reaction 
is called Mannich Reaction. 

Heat 
CH3COCH3 + HCHO + RNH2 ---4 CH3COCH2CH2NHR 

Which can be reduced to alkyl amines. . 

LWH 
R-CONHR' + 4[H] 4 ) RCH2 NHR' + H20 

N -Alkyl acid amide 2° Amine 

3. Reduction of isonitriles: Secondary amines are 
fonned when isonitriles are reduced with hydrogen in presence 
of Pt-catalyst or sodium in presence of alcohol or Raney Ni or 
LiAlH4 • 

RN =C + 4[H] Pt or ) RNHCH 
Alkyl isocyanide LWH4 20 Amine

3 

~ RaneyNi 
CH3CH2N=C+4[H] . ) CH3CH2NHCH3 

Ethyl isocyanide or LIAlH4 N -Methyl ethanamine 

Secondary amine fonned by this method always possesses 
one -CH3 group linked directly to nitrogen. 

4. Reaction of p-nitroso dialkyl aniline with strong 

alkali solution: Pure secondary amine is· fonned when 
. p-nitroso-dialkyl aniline is heated with NaOH, or KOH 

solution. 

@-NH2 ~~:@-NR2 HN02)ON-@-NR2 

Aniline N.N '-Dialkyl aniline . p-Nitroso-dialkyl 
aniline 

OH:H 
. I 

ON@tNR2 +HOH NaOH ·)ON----lQ\--OH 
Heat ~ 

p-Nitroso-dialkyl aniline p-Nitrosophenol 

+ R2NH 
2°Amine 

This is one of the best methods for preparing· pure 
secondary amines. 
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s. Hydrolysis of dialkyl cyanamide: Pure secondary 
amine may be obtained by the hydrolysis of a dialkyl 
cyanamide with an acid or alkali . 

[CaN-CN 2NaOI\ Na2N-CN .....;2RX=~) R2N-. CN] 
Calcium Sodium Dialkyl 

cyanamide . cyanamide cyanamide 

R2N-CN+2HOH~ R2NH +C02 +NH3 
Dialkylamine 

6. Using Grignard reagent: Grignard reagent on 
treatment with dichloroamine gives secondary amine. r:-------'" 
C2HS:MgCl CI~ HsC2"" 

: + yN-H~ ~N-H+2MgCI2 
C2HsIMgCI CII HsC2 1 ______ --

Dichloroamine (2°) Amine 

Methods Yielding Tertiary Amines 

1. Reaction of alkyl halides with ammonia: When an 
alcoholic solution of ammonia is heated with excess of alkyl 
halide, a trialkyl ammonium salt is fonned. This on treatment 
with dilute NaOH solution gives tertiary amine. 

+ -
3RX + NH 3 ---4 R 3 N + 3I-1.X" ---4 R 3 NI-I.X" 

+, -
R3NI-I.X" + NaOH ---4 R3N + NaX + H20 

2. Reduction of N,N-disubstituted amides : 
Reduction with LiAlH4· is done. N,N-disubstituted amides on 

reduction fonn tertiary amines. The carbonyl group is 
converted into -CH 2 group. 

LiAlH 
RCONR2 4 )RCH2NR2 +H20 

4[H] 

3. Decomposition of tetra-ammonium hydroxides: The 
tetra-alkyl ammonium hydroxides are fonned when 
corresponding halides are treated with moist silver oxide. 

+- + -
R4NI + AgOH ---4 R4NOH + AgI 

The hydroxides thus fonned on heating decompose into 
tertiary amines. Tetramethyl ammonium hydroxide gives 
methyl alcohol as one of the products white all other tetra-alkyl 
ammonium hydroxides give an olefin· and water besides 
tertiary amines. 

(CH3)4NOH~(CH3hN +CH30H 

(C2Hs)4NOH ~(C2HshN+H2C=CH2 +H20 
Tetra ethyl armnonium 3° Amine Ethene 

hydroxide 

4. By reductive amination: This method is suitable for 
synthesis of both, secondary and tertiary amines. 
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Ni 
11 

H3C", 
/CH-N-CH3 

H3C I 
CH3 

(3°) Amine 

Separation of Mixture of Amlnes (10, ZO and 3°) 
When the mixture consists of salts of primary, secondary 

and tertiary amines along with quaternary salt, it is first 
distilled with KOH solution. The mixture of three amines distil 
over leaving behind non·volatile quaternary salt in the 
distillation flask. 

+ - + 11 
RNH2·HIorRNH3-· I+KOH --=-+RNH2 + KI+H20 

Primary amine 
(Volatile), Distillate 

+ - + - 11 
R2NH·HI or R2NH2 -I + KOH --=-+ R2NH + KI + H20 

+ + - 11 
R3N·HIor R3NH-I + KOH --=-+ R3N + KI + H20 

+ 
R4N I (non-volatile tetra-alkyl ammonium salt) has no 

reaction with KOH, however remains as residue. 
This mixture is separated into primary, secondary and 

tertiary amines by the application of following methods: 
1. Fraetional distillation : The boiling points of 

primary, secondary and tertiary amines are quite different, i. e., 
the boiling point ofC2HsNH2 is 17OC, (C2Hsh NH is 56°C 
and (C2Hsh N is 95°C and thus, these can be separated by 
fractional distillation. This method is used satisfactorily in 
industry. .. 

Z. Hofmann's method: The mixture of three amines is 
treated with diethyl oxalate (Hofinann's reagent). The primary 
amine fonns a solid dialkyl oxamide, a secondary amine gives 
a liquid oxamicester while tertiary amine does not react. 

COrOC;J:fs---HiNHR CONHR I 1 ______ + u l-2C2HsOH) I 
cofoc2Ifs-- -ii:NHR CONHR 

.... _-------_. Diethyl oxalate Primary 
amine 

DiaIkyl oxamide 
(Solid) 

COOC2HS -C2HsOH CONR2 
I . + HNR2 --=--~--+) I 
COOC2HS Secondary COOC2HS 

Diethyl oxalate amine DiaIkyl oxamic ester 
(Liquid) 

Primary amine is recovered when solid oxamide is heated 
with caustic potash solution and collected as distillate on 
distilling the reaction mixture. 

COOK COiNiiif---Ii:OK 
I '-----+--:-
CO[~iP..(~~WOK 

Heat) I + 2RNH 
COOK PritnarY ~ne 

Dialkyl oxamide Pot. oxalate (Distillate) 

The liquid (mixture of oxamic ester + tertiary amine) is 
subjected to fractional distillation when tertiary amine distils 
over. 

The remaining liquid is distilled with KOH to recover 
secondary amine. 

CONR2 HOK COOK 
I + Heat) R2NH + I +C2HSOH 

COOC2HS HOK Secondary COOK 
DiaIkyl oxamic ester amine Pot. oxalate 

3. Htnsberg's method: It involves the treatment of the 
mixture with benzene sulphonyl chloride, i.e., Hinsberg's 

reagent (C6HSS02Cl). The solution is then made alkaline 

with aqueous alkali to fonn sodium or potassium salt of 
monoalkyl benzene sulphonamide (soluble in alkali). 

C6HsS02CI +HNHR )C6HSS02NHR KOH) 
Benzene Primary amirae -HCI N -Alkyl benzene 
~phonyl ~phonannde 
chloride 

C6 HSS02N(K)R 
Soluble salt 

The secondary amine forms N,N-dialkyl benzene 
sulphonamide which does not fonn any salt with KOH and 
remains as insoluble in alkali solution. 

C6HsS02CI + HNR2 ) C6 HSS02NR2 KOH) 
Sec. amine -HCI N,N -Dialkyl 

benzene 
~phonannde 

Tertiary amine does not react. 

No reaction 
(Insoluble in alkali) 

The above alkaline mixture of the amines is extracted with 
ether. 

Two distinct layers are fonned. Lower layer, the aqueous 
layer consists of potassium salt of N-alkyl benzene 
sulphonamide (primary amine) and upper layer, the etheral 
layer consists of N,N-dialkyl benzene sulphonamide 
(secondary amine) and tertiary amine. 

Two layers are separated. The upper layer is fractionally 
distilled. One fraction obtained is tertiary amine and the other 
fraction is hydrolysed with concentrated HCl to recover 
secondary amine hydrochloride which gives free secondary 
amine on distillation with KOH. 

C6HSS02NR2 + HCI + H20~C6HsS02'OH + R2NH·HC1 

R2NH·HCI+ KOH--4 R2NH + KCl + H20 
Sec. amine 

The aqueous layer is acidified with dil. HCI and 
hydrolysed by heating with conc. HCI. The hydrochloride 
formed is then distilled with KOH when primary amine distils 
over and collected. 

C6HsS02N(K)R + HCl ----+C6HSS02NHR + KCl 
(Dil.) Sulphonannde of 

primary amine 
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C6HSS02NHR + HCI + H20~C6HsS02·0H + RNH2'HCI 
(Conc.) Primary amine 

hydrochloride 

RNH2·HCI+KOH~RNH2 +KCI+H20 

Recently benzene sulphonyl chloride is replaced by 
p-toluene sulphonyl chloride (tosyl chloride) since, the sub
stituted sulphonamides thus formed are stable solids which can 
be easily purified by crystallization. 

Physical properties: (i) Lower amines are gases or low 
boiling point liquids and possess a characteristic ammonia like 
smell (fishy odour). Higher members are solids. 

(ii) The boiling points rise gradually with increase of 
molecular mass. Amines are polar compounds like NH3 and 
have comparatively higher boi1ing points than non-polar 
compounds of similar molecular masses. This is due to the 
presence of intermolecular hydrogen bonding (except tertiary 
amines). 

H H H 
I I I 

H-N:- - -H-N:- - -H-N:- --

I I I 
R R R 
Hydrogen bonding in amines 

(iii) Amines are soluble in water. This is due to hydrogen 
bonding between amine and water molecules. Amines are also 
soluble in benzene and ether. • 

H H 
I I 

H-O:- --H-N:- - -H-O:- - -H-N:- --
I I I I 
H R H R 

Hydrogen bonding between amine and water molecules 

Solubility decreases with increase of molecular mass. 
Chemical properties: The main reactions of amines are 

due to the presence of a lone pair of electrons on nitrogen atom. 
Amines are nucleophilic reagents as the lone pair of electrons 
can be donated to electron seeking reagents, (i. e., 
electrophiles ). 

(i) Salt formation: Amines, being .basic in nature, 
combine with mineral acids to form salts. The amine salts when 
treated with NaOH liberates parent amine. 

+ 
R-NH2 + HCI ~ RNH2 . HCI or RNH3CI 
Alkylamine (Alkyl ammonium chloride) 

00) 

RNH3CI + NaOH ~ RNH2 + NaCI + H20 

R2NH + HCI~R2NH2CI- NaOH) R2NH + NaCI + H20 
2° amine 

+ 
R2NH + H2S04 ~ (R2NH2hS04 

Dialkylamine _ Dialkyl ammonium sulphate 
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R3N +HCI~R3NHCr NaOH)R3N+NaCI+H20 
3° Amine 

+ 
R3N +HN03 ~ (R3 NH)N03" 

Trialkylamine Trialkyl ammonium nitrate 

Further, amine hydrochlorides, on heating undergo 
dialkylation. 

A . 
R 3 N· HCI ~ RtNH + RCI 

Trialkylamine Dialkylamine 
hydrochloride . 
. A 
R2NH·HCI~RNH2 +RCI 

RNH2'HCI~NH3 +RCI 

+ 
2R-· NH2 + H2S04 ~ (RNH3hS04" 

(Alkyl alIlll10nium sulphate) 

With chlorauric acid, chloroplatinic acid and chlorostanic 
acid, amines form double salts: . 

RNH2 +HAuCI4 ~RNH2·HAuCI4 

2RNH2 + H2PtCl6 ~ (RNH2h' H2PtCl6 

. 2RNH2 + H2SnCl6 ~ (RNH2)z· H2SnCl6 

The reaction of diborane (BH 3 h with NH 3, I () and 2() 
amines yield an ionic compound. 

• 

H . H I H 

2RNH + "'B/ ~B/ 
1° Amin! H'/ "'" H),/ ~ H 

I 

Diborane 
H2 + 

I 
H~B/NR 
H/""'NR 

I 
H2 

'[H~ ... /H]-+ /B, 
H/ . 'H· 

However, 3() amine forms an adduct with diborane .. 
(CH3 h N+ BH3 ~ (CH3 h N ~ BH3 

3° Amine Adduct 

All the amines are basic and they are stronger bases than 
ammonia (see Section 14.4). . 

(ll) Nature of aqueous solution: Amines combine 
. with water to form alkyl ammonium hydroxides. These ionise 

to give hydroxide ions in solution, i. e., the a:queous solutions of 
amines are basic in nature. 

+ .. 
RNH2 +HOH ~ RNH30H-~ [RNH 3t +OH
l°Amine 

+ 
R2NH + HOH ~ R2 NH20H-~ [R2NH2t +OH-
2°Amine 

+ 
R3N + HOH ~ R3 NHOH-~ [R3NH]+ +OH-

3°Amine 
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The aqueous solutions of amines behave like NH40H and 
give precipitates of iron, chromium and aluminium as 
hydroxides when their salts are treated with it and also blue 
solution with copper sulphate. 

3RNH30H + FeCl3 ~ Fe(OHh +3Rl\11 ,Cl 
Brownppt. 

(iii) Reaction with alkyl haHdes (Alkylation): The 
. hydrogen atoms of the amino group are successively replaced 
by alkyl groups when amines are treated with alkyl halides. 
Finally, tertiary amine adds one more molecule of alkyl halide 
to fonn a quaternary compound. 

RNH2 R'X) RNHR' R'X)R-NR:i R'X) (R-NR3)X-
Pri. amine -FIX Sec. amine -HX Tert. amine . Quaternary salt 

Quaternary ammonium halides on. treatment with moist· 
silver oxide (AgOH) or methanolic KOH are converted . into 
their corresponding hydroxides which are strongly basic as 
NaOHorKOH. 

[R4N]+ X- + AgOH ~ [R4N]+OH- + AU' 
Quaternary Quaternary 
amm. halide amm. hydroxide 

(iv) Reaction with acid chlorides and acid anhydrides 
(Acylation or acetylation) :. (a) Acid chlorides or ,acid 
anhydrides react with primary amines and form N-substiiuted .. 
amides. . 

o o 
II II 

RNH2 + CICCH3 -HCI) RNHCCH3 
1 ° Amine Acetyl chloride N -Alkyl acetamide 

Acetic anhydride 

o 
-CH3COOH ) RNH-~-CH3 

N -Alkyl ethanamide 

(b) Secondary amines react with acid chlorides to form 
N,N-disubstituted amides. 

o 0 
II II 

R2NH +CICCH3 -HCI) R2NCCH3 
2° Amine . N,N -Dil,llkyl acetamide 

(c) Tertiary amines do. not react, since they do not have 
replaceable hydrogen on nitrogen. • 

Therefore, all these above reactions are used to distinguisn 
. between primary, secondary and tertiaryamines. 

(v) Action of sodium: Primary and secondary amihes 
form sodium salts when heated with sodium. 

2RNH2 +2Na Hl'l3t) 2[RNHr Na + + H2 t 

2R2NH +2Na Heat) 2[R2N]- Na + + H2 t 

(vi) Action of halogens : Primary and secondary 
arnines react with halogens on heating in the presence of alkali 
solution to form halogeno-amines. 

X, X 2 RNH2 . -) RNHX ---.,) RNX2 
Alkylamine NaOI [ NaOH Dihaloalkylamine 

X 2 R2NH ) R2NX 
. Dialkylamine NaOH Halodialkylamine 

(vii) Reaction with Grignard reagents: Primary and 
secondary amines (tertiary amines have no H-atom) form 
alkanes with Grignard reagents. by providing hydrogen atom of 
amines to alkyl group of Grignard reagentS. 

/CH3 
RNH2 +Mg,·. ~ CH4 +RNH-· Mg-I 

Alkylamine " I Methane . 

C2H sN:jf;:;2CH;: MgBr~2CH4 +C2HSN(MgBrh 1_________ . 
R2NH +CH3 -Mg-I ~ CH4 + R2N-Mg-I 

Dialkylamine 

(viii) Carbylamine reaction: This reaction is shown 
by only primary amines (1°). Primary amines on heating with 
chloroform in presence of alcoholic KOH to fQrm isocyanides 
(or carbylamines) which possess bad smell. This is a test of 
primary amines and is used to distinguish primary amines .from 
secondary and tertiary amines. 

RNH2 + CHCI3 +3KOH Heat) RNC + 3KCI +3H20 
Alkylamine (1°) (Ale.) Alkyl isocyanide 

. . + 
CH3NH2 +CHCI3 +3KOH Heat)CH3-N:=C+3KCI +3H20 

(Ix) Reaction with nitrous acid: (a) Primary arnines 
form alcohols with nitrous acid (NaN02 + HCI). Nitrogen gas. 
(with brisk effervescence) is eliminated and a clear solution is 
obtained (Lab test of primary amine). 

(NaN02 + HCI ~ HN02 + NaCI) 

RNH2 + HN02 (NaN°2+ HCl\ [RN=NCl] H20) 

Diazonium salt 
(Unstable) 

R.-OH+N2t +HCl 

or RNH2 + HONO ~ ROH +N2t+H20 
10 Amine Nitrous acid Alcohol 

Methylamine is an exception to this reaction. It d?es not 
yield methyl. alcohol only but can also form methyl riitrite or 
dimethyl ether, i.e., . 

CH3NH2·+2HONO~CH30N=O+N2 +2H20 
Methyl nitrite 

2CH3NH2 +2HONO----)o CH30CH3 +2N2 +3H20 
Dimethyl ether 

(b) Secondary amines. form· nitrosoamines which are 
yellow oily Hquids insoluble in water. 

R2NH + HONO~ R2NNO + H20 
2° Amine N -Nitrosodialkylamine 



On heating with conc. HCI, they give back secondary 
amines. 

R2N-NO + HCI ~ R2NH + NOCI 

[Nitrosoamines on warming with phenol and a few drops 
of conc. H2S04 give a brown or red colour which soon 
changes to blue green. The colour changes to red on dilution 
and further changes to blue or violet with alkali. This colour 
change is referred to Liebermann's nitroso reaction and is 
used for the test of secondary amines.] 

(c) Tertiary amines react with nitrous acid to fonn nitrit~ 
salts which are soluble in water. These salts on heating give 
alcohols and nitrosoamines. 

R3N +HONO~[R3NHtN02 Heat) 
3° Amine Trialkyl annnonimn nitrite 

R-OH+R2N-N=0 
Alcohol Nitrosoamine 

Tbis reaction (nitrous acid test) Is used to make 
distinction between primary, secondary and tertiary amlnes. 

(x) Reaction with carbon. disulphide: (a) Primary 
amines react with carbon disulphide to fonn alkyl derivative of 
dithiocarbamic acid which is decomposed by mercuric 
chloride to give alkyl isothiocyanate. This is Hofmann's 
mustard 00 reaction and is used as a test for primary 
amines. 

RNH2 s=c=s, s=c/
NHR

. HgC12, RNC=S 
I°Amine Heat'SH Alkyl isothiocyanate 

Alkyldithio- (Mustard oil smell) 

carbamic acid + HgS + 2HCI 
Blackppt. 

(b) Secondaryamines fonn dialkyl of dithiocarbamic acid 
which is not decomposed by mercuric chloride. 

/
NR2 

R2NH s=c=S) S=C........ HgC\ No reaction 
2°Amine 'SH 

Dialkyl dithio
carbamic acid 

(xl) Reaction with benzene solpbonyl chloride 
(Solpbonylation): See separation of mixture of amines. 

(xii) Oxidation: All th'e three types of amines undergo 
oxidation .. The product depends upon the nature of oxidising 
agent, class of amine and the nature of the alkyl group present. 

(a) Primary amines are oxidised with potassium 
pennanganate into aldimine or ketimiae which on hydrolysis 
fonn aldehydes or ketones respectively. 

RCH2NH2 [0] )RCH=NH H20/H+) RCHO +NH3 
I ° Amine KMnO 4 Aldimine Aldehyde 
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Note: . Primary amines can also undergo oxidation to nitro compounds 
through the following sequence of reactions. . 

R-NH2 [O]j R-NHOH~R-N~O 
1° AmiDe Alkyl hydroxylamine -H P Nilroso 

<:OtqIOUIId 

[O])R-N0
2 

NiIroalkaDe 

But tertiary alkylamine on oxidation with KMn04 gives 
corresponding nitro compound. 

KMn04 
R3CNH2 + 3[0] ) R3C. N02 + H20 

1° Amine Tert. nitroalkane 

(b) Secondary amines on oxidation with KMnO 4 fonn 
tetra-alkyl hydrazine and with Caro's acid (H2S0S) or H20 2 
fonn dialkyl hydroxylamine. 

R2NH [0]) R2N-NR2 
2° Amine KMn04 Tetra-alkyl hydrazine 

~2NH [0]) R2NOH 
2° Amine H2 SO S Dialkyl hydroxylamine 

(c) Tertiary amines are not oxidised by potassium 
pennanganate but are oxidised by Caro's acid or H20 2 or03 
or Fenton's reagent to amine oxides. 

. H2SOS R3N +[0] ) [R3N -)0] 
3° Amine or H20 2 Amine N -oxide 

(un) Reaction with otber eleetrophllie reagents : 
(a) Aldehydes and ketones react with primary amines in 

the presence oftraee of an acid as catalyst to fonn azomethines 
called Sebltl's base or anUs. . 

RNH2 + O=HCR' H+) RN=HCR' 
Alkylamine Aldehyde Schiffs base (Aldimine) 

H 
I H+ 

C2HsNH2+ 0=C-CH3 ~C2HsN=CHCH3 
Acetaldehyde Ethylidene ethylamine 

. / CH3 H+ /CH3 
C2HsNH2+ O=C, ~C2HsN = C, 

CH3 CH3 
Acetone Isopropylidene ethylamine 

r:-----. . H+ 
C2HsN~I!L~QJ=HCC6Hs ~C2HsN=CHC6Hs 

Ethylamine . Benzaldehyde Benzal ethylimine 

Aldehydes and ketones that have a.-hydrogen atoms react 
with secondary amines to fonn stable enamines 
(a., p..unsaturated tertiary amine). 

o 
II 

R-CH2 -C-R' + R2NH 
Aldehyde or ketone ZO Amine 

(R'=H or alkyl) 
(PTS = p-Toluene sulphonic acid) 
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The double bond in enamines can also be catalytically 
reduced to corresponding amines. 

o 0 
~ ~ 

(b) 2RNH2 +CI-C-CI--4 RNH-C-NHR +2HCI 
Carbonyl Dialkyl urea 
chloride (Symmetrical) 

o 
. ~ 

(c) RNHH +O=C=N-R' --4RNH-C-NHR' 
1° Amine Isocyanate Dialkyl urea 

(Unsymmetrical) 

o 
~. . II 

C6HSNCO + H2NC2HS ~C6HsNH-. C-NHC2HS 
Phenyl isocyanate 1° Amine N -Ethyl-Nt-phenyl urea 

. 0 
~ II 

C6HSNCO + HN(C2 HSh ~C6HsNH-C-N(C2Hsh 
2" Amine N,N -Diethyl-N'-phenyl urea 

S 
II 

(d) RNHH +S=C=N-R' ~ RNH-C-NHR' 
Isothiocyanate Dialkyl thiourea 

+ 
(e)C2HSNH2 + NOCI ~ C2HsCI +N2 +H20 

Nitrosyl chloride Ethyl chloride 

(xiv) 2° Amines react with diethyl oxalate to fonn oxamic 
ester in liquid state. 

COOC2HS /C2Hs 
I +H-N, ~ 

COOC2HS C2HS 
Dietlty} oxalate Diethylamine 

(2D) 

. /C2H S 

10N~ 
COOC2HS C2HS +C2HSOH 

Oxamicester 

(xv) Reaction ~ith BCBO and BCOOB (Methylation): 
Both primary and secondary amines are methylated by heating 

. with fonnaline solution and excess offormic acid at lOO"C. 

R-NH2 +CH20+ HCOOH lOO"C)RNHCH3 +C02+ H20 

R2NH +CH20+ HCOOH lOO"C) R2N-CH3 +C02 + H20 

(xvi) Reaction with metal ions : Lower aliphatic 
amines fonnsoluble coordination complexes with transition 

metal ions like Ag + and Cu 2+, etc. For example, silver 

chloride dissolves in aqueous solution of methylamine. 

[ 

H H j+ . . I I 
AgCl +2CH3NH2 ~ CH3-N~Ag+-N-CH3 CI-

Silver chloride Methylamine I I 
(Insoluble) H H 

Bis (methylamine) Silver (I) chloride (soluble complex) 

Similarly, like NH 3, lower.amines react with Cu 2+ ions to 
fonn a deep blue solution of soluble coordination complex. 

CUS04 +4C2HsNHl ~ [Cu(C2HsNH2)4f+so2-
Ethylamine Tetrakis (ethylamine) Copper ~II) 

Sulphate (Deep blue colour) 

(Cf.CuCI2 +4NH3 ~[Cu(NH3)4]2+C12-) 

(xvii) Cope reaction: Tertiary amine oxides on heating 
fonn an alkene and N, N-disubstituted hydroxylamine if and 
only there is p-hydrogen atom in it o-c ~l 
., . H,-N'-.CH'i ",0,0<0, . 

3 Amine . lor Caro's acid __ 

~2 +(CH3hNOH~o-CH2-~e' V ISO·C '{.;H 3 

Alkene .. 
CH2CH2R' CH2CH2R' 
I H20 2 I 

RCH2CH2-N )RCH2CH2-N ~O 
I. or 0 3 I 

"Ami"" CHi 1I;(),l A CH, 

CH2CH2R' 
, I 

R-CH=CH2+N-OH 
Alkene I 

CH3 

Uses: Lower aliphatic amines ~ used 
(i) as solvent in laboratory and industry. 
(ii) as a stabilizer for rubber latex . 

. (iii) in petroleum refining. 
(iv) in the manufacture of detergents. 
(v) as reagents in organic sYnthesis. 

Tests for Ethylamine (Tests for Primary Amines) 

. (I) Carbylamine test 

(Ii) Bofm'itlid't mustard 00 test 
Note: This testis not shown by aniline butalkylprimaryamines respond 

to this test. 

(iii) Nitrous acid test 
Note: . Aniline does not form rucohol with nitrous acid but it forms 

benzene diazonium chloride which shows dye test. 
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14.6 DISTINCTION BETWEEN PRIMARY, SECONDARY AND TERTIARY AMINES 

1. Action of CHCl3 
alcoholic KOH. 
(Carbylamine test) 

·2. Action of ~ and.HgCI2' Alkylisothiocyanate . is 
(Mustard oil test) .' . has pungent smell like "",,,,,,,,,,no, 

3. Action of nitrous ~id. 

4 .. Action of acetyl chloride. Acetyl derivative is formed. 

5. Action of Hinsberg's reagent. Monoalkyl sulphonamide is 
'. which is soluble in KOH. 

. 6. Action of methyl iodide. 

• 

lrl1olecules(moles) ofCH3Ito 
quaternary' sa It with one mOle 

amine .. 

. ILLUSTRATIONS OF OBJEC1"IVE QUESTIONS 
1. Which of the following would undergo Hofniann'~. reaction 

togiye a primary amine? [CET (Karnataka) 2006] 
(a) RCONH2. (b) RCONHCH3 
(c) RCOCI (d) RCOOR 
(Ans. (a)] 

2. Hinsberg's reagent is used to distinguish between: 

(a) 1° and 2° amines 
(c) (a) and (b) 
(Ans.(c)J 

[PMT (Raj) 2004] 
(b) 2° and 3°amines 
(d) none of these 

3. Whicbon reduction does not give primary amine? 

(a) CH3CN 
(c) CH3CONHz 
(Ans. (b)] 

[PMT (Raj) 2004] 
(b) ~HsNC 
(d) All of these 

4. Primary amine + aldehyde ~ X, what is X? 
(a) Nitro (b) Nitroso 
(c) Amino (d) Imino 
(Ans. (d)] 

S. Complete the following reaction: 
RNH2 + H2S04 ~? 

(a) [RNH3 tHS04 (b) [RNH3']~SO~-
(c) RNH2·H2S04 
(Ans. (b)] 

(d) no reaction 

6. Ethylamine and acetamide are distinguished by reacting 
with: 
(a)Br2 water 
(c) aq. NaOH and heat 
(Ans. (c)] 

(b) acidic KMn04 
(d) aq.HCI and heat 

FOlms nitrosoamine which gives nitrite in cold which on heating 
green colour with phenol and cone. gives nitrosoamine which responds to 
H2S04 (Liebennaim's test). Liebermann's test. 

Acetyl derivative is formed. 

Dialkyl sulph~namide is. 
which is insoluble in KOH. 

moles ofCH3Ito fonn OnemoleofCH3Itofonnquatemary' 

amine. 
one mole of .secondary salt with one mole of tertiaryamme. 

7. Which of the following compounds gives secondary amine 
on reduction? [DCE2004j 
(a) Alkyl nitrile 
(b) . Carbylamine 
(c) Primary amine 
(d) Secondary nitro compound 
(~ns. (b)] 

8. The basicity of compounds I, II, III and IV 
CH3NH2, (CH3 h NH, (CH3 h N, C6HSCHZNH2, 

I II III IV 
varies in the order: . 

IAMU (Engg.) 2004; AMU (Med.) 20101 
(a) I> II > III > IV (b) II> I > III > IV 
(c) III> I> II> IV (d) IV> 1 > II > III 
(Ans. (b)J 

9. Tertiary alcohol on treatment with cyanide in presence of 
cone. H2S04 gives corresponding primary amine. This 
reaction is called as: 
(a) Schmidt reaction 
(c) Leuckart reaction 
(Ans. (d)] 

(b)· Curtius degradation 
(d) Ritter reaction 

10. The end product of the reaction, 
HNO PCl 

Ethylamine--4(A)~(B) KCN )(C),is: 

(a) propane nitrile (b). triethylamine 
(c) diethylamine (d) propyl amine 
(Ans. (a)] 
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14.7 CONVERSIONS 

1. CmJversion of methylamine to ethylamine. (Ascent) 

.HNO PI ( 
CH3NH2 2) CH30H-4 CH31 

Methyl- Methyl Methyl 

NacN ,LiAlH4 ' 
. }CH3CN ) CH3CH2NH2 

t· Methyl Ethylamine 
amine alcohol iodide cyanide 

2. Conversion of ethylamine to methylamine. (Descent). 
HNO. [ . 

CH3CH2NH2 2) CH3CH20H 0] ) CH3CHO [0]) CH3COOH 
Ethylamine EthaIiol K2Cr2071H2S04 Acetaldehyde Acetic acid 

3. Conversion of ethylamine to acetone. 

HN02 K2Cr20 7 
C2HsNH2 ) C2H sOH ) CH3CHO 
Ethylamine Ethyl alcohol H2S04 Acetaldehyde 

4. Conversion of propionic acid to : 
(a) Ethylamine, (b) n-Butylamine. 

SOCl2 . Nil3 . Br2 
(a) CH3CH2COOH ) CH3CH2COCl -~) CH3CH2CONH2) CH3CH2NH2 

Propionic acid Propionyl chloride Propiona.mide KOH Ethylamine 

or 
N3H 

C2H sCOOH ) C2 H sNH2 
H2S04 (cone.) 

LiAlH PBrs KCN. Na + C H OH 
(b) CH3CH2COOH 4 )CH3CH2CH20H-~)CH3CH2CH2Br-=.:~)CH3CH2CH2CN . 2 S 

Propionic acid Ether n-Propyl alcohol . Propyl bromide Propyl cyanide or LiAlH4 ! 

·785 

5. Conversion of ethylene to 1,4-diamino butane. 
CH3CH2CH2CH2NH2 

n-Butylamine 

Br2 
H2C=CH2 ) CH2Br-CH2Br 

Ethylene CCl4 Ethylene bromide 
NaCN) NCCH2CH2CN LiAlH4) NH2CH2CH2CH2CH2NH2 

Ethylene cyanide 1,4-Diamino butane 

6. Cyclohexylamine intocyclopentylamine. 

ONH2 HfPt 

0( 

. 300"C 

8. Cyclopentanol into cyclopentylamine. 
OH o 

Oxidation A. 0-·U 



. , 

Note: Cyclopentan~l on direct treatment of ammonia undergoes 
de~ydration to give cycloalkene. 

. 9. If-butylamine into isobutylamine. 

CH3CH2CH2CH2NH2 NaN°2+ HCI) CH CH CH CH OH 
0-5"C 3 2 2 Z 

10. If-Propyl cyanide to If-propylamine. 

H 0+ 
~C. "N 3 ) ~CONH2 KBrO) 

L\ 

~NHz 

2. CYANIDES AND ISOCYANIDES 

14.8 INTRODUCTION 

Hydrogen cyanide is kriown to exist as a tautomeric mixture. 
" , -+ 

H-C-N ~ H-N =C 

Hence, it forms two typeS of alkyl derivatives which are 
known as alkyl cyanides and alkyl isocyanides. ' 

R-C==N R-N -+C 
Alkyl cyanide Alkyl isocyanide 

Compounds. havjng the formula RCN are called alkyl 
cyanides or' as nitriles of the acid which they produce on 
hydrolysis by the replacement of tenninal ' ic acid' with suffix 
'onitrile'. According to IUPAC system, cyanides are named as 
Alkane nitrile, 1; e., in the name of parent hydrocarbon 'nitrile' 
is suffixed. In naming the hydrocarbon part, carbon of the 
-CN group is also counted. 

Metbyl cyanide' Ethane nitrile 
(Acetonitrile) 
Ethyl cyanide PrOpane nitrile 
(PrOpiononitrile) 
Propylcyanide . Butane nitrile 
(Butyronitrile) 

Butyl cyanide Pentane nitrile 

+-
The 'compounds having the formula RNC are called 

isocyanides or isonitriles. The nomenclature of isocyanides is 
similar to cyanides. 

G.R.B. Organic Chemistry tor Competitions 

CH3NC' 'M~yl isocyanide ' Methyl carbylamine 
.?I ,(Methyl isonitrile) (Carbylamino methane) 

Ethylisocyariide. ' 
(Ethyl isonitrile) 
Propyl isocyanide 
(Propyl isonitrile) 

Ethyl carbyla.m.fue 
(Carbylamino ethane) 
Propyl carbylamine 
(Carbylamino propane) 

In IUP AC system, the isocyanides are also named as 
alkane isonitrile. 

+ 
CH3NC Methane isonitrile 

+-
C2HSNC Ethane isonitrile 

+ 
C3H7 NC Propane isonitrile 

14.9 ALKYL CYANIDES 
Methods of Preparation 

1. From alkyl halides : The alkyl cyanides are 

prepared by refluxing an alcoholic solution of an alkyl halide 
with potassium' cyanide at lOOOC. The disadvantage of ' this 
method is that a mixture of nitrile and isonitrile is formed. 

RX + KCN (or NaCN) lOO'C) RCN + RNC 
Alkyl (Alc.) Nitrile Isonitrile 

(Major product) (Minor product) halide 

CzHsBr + NaCN (a1c.) Heat) C2HScN + NaBr 
Ethyl bromide PrOpanenitrile 

(Major product) 
This method gives satisfactory results for primary and 

secondary halides. However, with tertiary halides, a consider
able amount of an alkene is also formed due to p..elimination of 
halides. 

2. From acid amides: Pure nitriles are obtained by 
dehydration of primary acid amides with phosphorus 
pentoxide or thionyl chloride (SOCI2) or poct3 , etc. Amides 
are distilled with phosphorus pentoxide, PzOs. 

RCONH
2 

PzOs, Heat) RCN 
Acid amide -H20 Alkyl cyanide 

PO 
CH3CONHz z s) CH3CN + HzO 

Acetamide Heat Methyl cyanide 

Industrially, alkyl cyanides are prepated by passing a 
mixture of carboxylic acid and' ammonia over alumina at 
500°C. 

. AlO 
RCONH 2 3) RCN 

Amide 2. -H20 Alkyl cyanide 
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3. From Grignard reagents: Grignard reagents react 
with cyanogen chloride or cyanogen (CN)2 to fonn alkyl 
cyanides.. ' 

RMgX +CICN 
Grignard 
reagent 

·_/x 
Ether) RcN + Mg" 

Alkyl Cl 
cyanide 

.. . Br 

(CH3}JC-MgBr +CICN Ether) (CH3hC-CN+Mg(_ 
Tertiary butyl Cyanogen Tertiary butyl "<.::1 

magneSium bromide chloride cyanide 

4. From primary amines : . Primary amines are de
hydrogenated when passed over copper· or nickel at high 
temperature to fonn alkyl cyanides. This is also a commercial 
method; 

RCH2NH2 Cu orNi) RCN + 2H2 
Primary amine 500°C Alkyl cyanide 

Cu orNi 
CH3CH2NH2 ) CH3CN + 2H2 

Ethylamine SOOOC Methyl cyanide 

5. From oximes: Aldoximes are converted into alkyl 
cyanides when distilled with phosphorus pentoxide or acetic 
anhydride. The dehydration of aldoximes occurs. 

H 
I 

R-C=NOH 
Aldoxime 

6. From alkanes: Another industrial method is the 
ammoxidation of alkanes. 

2CH3CH3 + 2NH3 +302 Catalyst) 2CH3CN + 6H20 
Ethane 500-600°C Ethane nitrile . 

Physical properties: (i) Alkyl cyanides are neutral 
substances with pleasant odour, similar to bitter almonds. 

The anion derived by deprotonation of a nitrile is 
resonance stabilized. 

CH3-C=N ~ H+ + [-CH2-C==N BCH2=C=N] 

However, the negative charge on anion: is shared,by C and . 
N, since nitrogen is not as electro negative as oxygen, hence 
nitriles are weaker acid than aldehydes and ketones. 

(ii) Lower members containing upto 15 carbon atoms are . 
liquids, while higher members are solids. 

(iii) They are soluble in water. The solubility decreases 
with the increase in number of carbon atoms in the molecule. 

(iv) They are soluble in organic solvents. 
(v) . They are poisonous but less poisonous than HCN. 
Chemical properties: (i) Hydrolysis: Alkyl cyan-

ides are hydrolysed by both acids and alkalies. On partial 
hydrolysis by using alkaline H202, amides are fonned while 
on complete hydrolysis carboxylic acids are obtained. 

H ° H ° RCN 2) RCONH2 2) RCOOH +NH3 
Alkyl AIk. H20 2 Amide W Carboxylic acid 

cyanide 

HO . 
CH3CN 2 ) CH3CONH2 

Methyl AIk. H20 2 Acetamide 
cyanide . 

(ii) Reduction : When reduced with hydrogen in 
presence of Pt or Ni, or LiAlH4 (Lithium aluminium hydride) 
or sodium and alcohol, alkyl cyanides yield primary moines ... 

RCN +4[H] Na+C2H50~) RCH2NH2 
Alkyl cyanide Primary aniine 

Cheniical reduction of alkyl (or aryl) cyanide using 
LiAlH4 or Nalalcohol to fonn primary amine is.named as 
Mendius reduction. 

LiAlH 
CH3CN + 4[H] 4 ) CH3CH2NH2 

Ethane nitrile Etbanamine 

However, when a solution of alkyl cyanides in ether is 
reduced with stan.Qous .chloride and hydrochloric acid at room 
temperature, imine hydrochloride is obtained which on sub
sequent hydrolysis with boiling water, an aldehyde is fonned 
(Stephen's reaction). 

R-C . N SnCI2 /HCI )RCH=NH'Ha~ 
[2H] Imine hydrochloride ,. 

RCHO +NH4CI 
Aldehyde 

R-C==N +2[H] DffiAL)RCH=NH H2
0lW 

) RCHO 
-7S0C Aldimine· Aldehyde 

Note: Reduction with DmAL (Oi isobutyl aluminium hydride) is a 

selective method because this reagent fe!iuces only -C= N (and 
-COOR) ~and has no effect on any reducing groups. 

(iii) Reaction with Grignard reagents : With· 
Grignard reagent, an alkyl cyanide forms a ketone which 
further reacts to. fonn a tertiary alcohol. 

R' 
.. 1= . 

R-C=N +R'MgX Ether .R ......... C·~ NMgX 
Alkyl cyanide 

R' R'. ~ 

HOH ;R-b=NH HOH;R_b=o+NH3 
-Mg(OH)X H+ . Ketone' 

It may be noted that like Grignard reagents, organo lithium 
compounds (R-Li), (due to their high reactivity) also react . 
with cyanides to fonn ketone. 

CH3CH2C==N + CH3-Li Dry)o 
Propane nitrile Methyllithium Ether 

CH3 0 

. I _.+ H20/H+ II 
CH3CH2-C=NLt --=--~~) CH3CH2-C-CH3 

Butan-2-one 
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R' R' 
I - I ~O 

R-C=O + R"MgX ~R-C-OMgX~ 
Ketone Grignard reagent I -

_ (Excess) R" -

- - R' 
- IOH 

/ R-C-QH + Mg, 
I 'X 
R" 

Tertiary alcohol (3°) 

(iv) Alcoholysis: When an alkyl cyanide is refluxed 
with an anhydrous alcohol in presence of conc. H2S04 or dry 
HCI, an imido ester is fonned, which on hydrolysis with water 
forms ester. 

[ 
' NH2 ] 

II H ° 
RCN +R'OH+HCI~ R-C-OR' Cl-~ 
Alkyl Alcohol ~ 

cyanide , RCOOR' + NH4 CI 
Ester 

- H2S04 2CH3C==N +2C2H50H +2H20 ) 
Ethane nitrile Heat 

o 
II 

2CH3 -C-OC2H 5+ (NH4hS04 
Ethyl ethanoate - -

(v) Addition of dry HCl gas : Imino and amino 
chlorides are obtained. 

- CI 
- - / R-C=N+HCI~R-C'NH 

Imino chloride 

-/CI2 

R-C=N +2HCI~R-C"" 
, -NH

2 
Amino chloride 

(vi) Addition of hydrogen sulphide: Thioamides are 
obtained. 

S 
II 

R-C=N + H2S ~ R-C-NH2 
Thio acid amide 

(vii) Reaction with ammonia and primary amines : 
Amidines are obtained. 

R-C==N+NH3 ~R-C-NH2 - --. II-
- NH 

Amidine 
If amino cyanide (H2N-CN) is taken in place of alkyl 

cyanide, the product will be guanidine. 

R-C==N + R'NH2 ~ R-C-NHR' 
1 ° Amine _, II 

NH 
Substituted amidine 
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Uses: (i) Alkyl cyanides are important intermediates in 
the laboratory synthesis of a large number of compounds like 
acids, amides, esters, amines, etc. 

(ii) Nitriles are also used in textile industry in the 
manufacture of nitrile rubber and also as a solvent particularly 
in perfume industry. 

14.10 ALKYL ISOCY ANI DES 
l\;Iethods of Preparation 

1.. From alkyl halides: The isocyanides are prepared 
by refluxing an alkyl halide solution in alcohol with silver 
cyanide. The isonitrile is the main product but small amount of 
nitrile is also fonned. 

C2H50H 
R-X +AgCN ) 

Alkyl halide (Ale.) Heat 
RNC + RCN 

Isocyanide Cyanide 
(Isonitrile) (Nitrile) 

(Main product) (Minor product) 
C2H50H 

CH 3 CI + AgCN ---=---=-----4) CH 3 NC + CH 3 CN 
Methyl chloride (Ale.) Heat Methyl isocyanide _ 

(Main product) 
This method is, thus, not suitable for preparing isocyanides 

and CN~ is an ambident nucleophile. 
2. From primary amines (Carbylamine reaction) : 

Alkyl isocyanides may be prepared by heating primary amines 
with chlorofonn and alcoholic potash. 

RNH2 + CHCl3 + 3KOH Heat) RNC + 3KCI + 3H20 
Primary amine Chloroform (Alc.) Isocyanide 

3. From N-alkyl formamides: N-alkyl fonnamides 
when dehydrated on heating with POCl3 in presence of 
pyridine give isocyanides. 

o 
II POCI 

R-NH-C-H 3 )R-N-tC+H 0 
Pyn'dine 2 N -alkyl forrnamide Isocyanide 

Physical properties : (i) Alkyl isocyanides are 
colourless, unpleasant smelling liquids. 

_ (ii) The boiling points of isonitriles -are lower than 
corresponding alkyl cyanides. 

(iii) They are insoluble in water but freely soluble in 
organic solvents. 

(iv) Isonitriles are much more poisonous than isomeric 
cyanides. 

ChemiCal properties: (i) Hydrolysis: Alkyl iso
cyanides are hydrolysed by dilute mineral acids (but not by 
alkalies) to form primary amines. • 

RN -tC + 2H20 -H+) RNH2 + HCOOH 
Alkyl isocyanide + P~ amine Formic acid 

_ In alkyl isocyanide (R-N ==C:), the carbon atom being 
negatively charged, initially attracts electrophile (i.e., H+) in 
acidic medium bUt repels nucleophiles (t. e., --OIr ~;;r:.s). As 
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a result, isocyanides are hydrolysed only by acids but not b¥ 
alkalies. 

(ii) Reduction: When reduced with nascent hydrogen 
or hydrogen in presence of nickel or platinum or Nalalcohol or 
metal/acid or LiAlH4' isocyanides form secondary amines 
containing methyl as one of the alkyl groups. 

~ Na/C2HsOH 
R-N=C +4H ) RNHCH3 

or Ni or Pt Secondary ammO e Alkyl isocyanide 

~ Na/C2HsOH 
CH3 -N=C +4[H] )CH)NHCH3 

Methyl isocyanide Dimethylamine' 

Reduction with NalC2HsOH is known as Mandius 

reduction. 
(iii) Action of heat: When heated for sometime at 

250°C, a small amount of isonitrile changes into isomeric nitrile. 

RNC Heat) RCN 

(iv) Addition reaction: Alkyl isocyanide give addition 
reactions due to presence of unshared electron pair on carbon 
atom. 

+ -
R : N : : : C : or R-N =C 

The following are some of the addition reactions shown by 
alkyl isocyanides. 

. RNC + X2 ~ RNCX2 Alkyl iminocarbonyl halide . 
(Halogen) 

RNC + S ~ RNCS Alkyl isothiocyanate 
CH3NC+S~CH3NCS 

RNC+ HgO ~ RNCO + Hg 
. . Alkyl 

isocyanate 
CH3NC +2HgO ~CH3 -N =C=O + Hg2 ° 

C2HSNC +03 ~ C2HS-N =C=0 
Ethyl isocyanide . Ethyl isocyanate . 

The famous Bhopal tragedy in Dec., 1984 was ~aused by 
extremely poisonous, methyl isocyanate (MIC). 

Methyl isocyanate is industrially prepared by the action of 
methylamine with phosgene. 

CH3NH2 +COCI2 -HCI) [CH -NH-COCI] Heat) 
3. -HCI 

CH3-N=C=0 
Methyl isocyanate 

Distinction between Ethyl Cyanide and Ethyl Isocyanide 

1. Odour Not unpleasant Extremely 
unpleasant 

1 

Soluble Insoluble 2. Solubility in 
water " 

789 

3. Hydrolysis by Yields propionic acid Produces. ethylamine 
acid C2H!lCN ~ CiHsCOOH C2HsNC.~ C2HSNH2 

4. Hydrolysis by Same as in test 3 
alkali 

No action 

5. Reduction Gives propyIamine 
(Primary amine) 

Gives ethyl 
methylamine 
(Secondary amine) 

,6. Heating . at No effect . 
250°C 

, . Changes to ethyl 
cyanide 

ILLUSTRA. TIONS OF OBJECTIVE QUESTIONS 
11. Which one of the foilowing funCtiOlial groups undergoes 

hydrolysis with alkali to yield an acid group? 

(a)-CHO 
(c) -COCH3 
(Ans. (b)] 

, [EAMCET (Engg.) 2004] 

(b) -:-CN 
(d) -Br 

12. N"ethyl formamide on dehydration with POCl3 in presence 

of pyridine gives: 
(a) ethylamine 
(c) ethyl isocyanide 
(Ans. (c)] 

° 

(b) ethyl cyanide 
. (d) methyl isocyanide 

.' II POCl3 (Hmt: C2Hs-NH-C-H .. ) C2HS-NC+ H20] 
. PyridIne 

13. Ethyl isocyanide on redUction with sodium and alcohol 
gives: 
(a) ethylamine 
( c) dimethyl amine 
[Ans. (d)] 

14. Cyanide is ~n: 

(b) propyl amine 
(d) ethyl methylamine 

(a) Zwitter ~on (b) cation 
(c) ambident nucleophile (d) electrophile 
(Ans. (c)] 

15. Acid hydrolysis of methyl isocyanide gives: 
(a) CH3 NH2 + HCOOH 
(b) CH3NHZ+ CHjCOOH 
(c) C2HSNH2 + HCOOH 
(d) CH3NH2 + CH3CH2COOH 
(AnS:(a)] . 

16. Which of the following reagents can be used to prepare ethyl 
carbylamine from ethyl iodide? 
(a) KCN (b) AgCN 
(c) CuCN (d) HCN 
[Ans. (b)] . 

17. Acetaldoxime reacts with phosphorus pentoxide to give: 
(a) methyl cyanide (b) methyl cyanate 
(c) ethyl cyanide (d) none of these 
[Ans. (a)] 



18. Which of the- following products is obtained when methyl 
isocyanide reacts with chlorine? 

. (a) CH3N=CClz (b) CH3NCI-CClz 
(c) . aCHzNC (d) ClzCHNC 
lAos. (a)] 

14.11 ALKYL NITRITES AND NITROALKANES. 
Nitrous acid exists in two tautomeric fonns. 

o 
H-O-N=O H-N< 

Nitrite form 0 
Nitro form 

Corresponding to these two forms, nitrous acid gives two 
types of derivatives, L e., alkyl nitrites and nitro alkanes. 

o 
. R-. O-N~O ; R-N< 

Alkyl nitrite 0 
Nitroalkane 

The most important alkyl nitrite is ethyl nitrite. 

ETHYL NrrRITE, CzHsON=O 

Methods of Preparation 

1. It is prepared by adding concentrated hydrochloric acid 
or sulphuric acid to aqueous solution of sodium nitrite and 
. etJfyl alcohol at very low temperature (OOC). 

~) NaN02' + HCI----i> NaCI + HN02 

CzHsOH + HN02 ----i> C2 HsONO + H20 
Ethyl nitrite 

2. From Ethyl iodide: 

C2HSI + KONO ----i>C2HsONO+ KI 
Ethyl iodide Pot. nitrite Ethyl nitrite 

3. It is also prepared by the action of nitrogen trioxide,' 
. N 203, on ethyl alcohol. 

2C2HsOH + N 203 ----i>2C2HsONO + H20 
Properties : Ethyl nitrite is a gas at ordinary conditions. 

It has a characteristic smell of apples. It is insoluble in water. 
. It is hydrolysed by aqueous alkalies or acids into ethyl 

alCohol. . 

C2HsONO+ H20 NaOH) C2HsOH + HN02 

When reduced with tin and HCI, it produces ethyl alcohol 
and ammonia. 

S . 
C2HsONO+6H n) C2 HSOH + NH3 + H20 
Ethyl nitrite Hel 

Small amount of hydroxylamine is also formed . 

. CzHsONO + 4H ----i>C2 HsOH +NH20H 
. it accelerates pulse rate and lowers blood pressure and 

reduces hypertension and severe pain of angina pictoris so it is 
used as a medicine for the treatment of asthma. and heart 
diseases. Its 4% solution (alcoholic) commonly known ~ 
"sweet 'spirit of nitre" is used as diuretic. 
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NITRO COMPOUNDS . 

Nitro alkanes are the derivatives of alkanes. They are 
isomeric to nitrites (esters). They are classified as primary, 
secondary and tertiary depending on the nature of carbon atom 
to which nitro group.is linked. 

RCH2N02 ; 
Primary nitroalkane 

(10) 

. R"" 
R/CHN02 ; 

Secondary nitroalkane Tertiary nitroalk:ane 
(2°) W) 

It may be noted that -N02 group is ambident group and 

is capable of getting attached to the carbon chain through 
o 

nitrogen (R-N< ,nitroalkane) as well as through oxygen 
. 0 
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NaNO H t 
CH2CICOOH 2)CH2N02COOH~CH3N02 +C02 
a-Chloroacetic -NaCl a-Nitroacetic acid Nitrometbane 

acid 

4. A recent method is by the hydrolysis of a-nitroalkene 
with water or acid or alkali. .' 

CH3 

I : H+ or mr 
CH3 -C"':-CHN02 + HOH 

0:H2 I 
2-Methyl-l-trltropropene 

CH3 
I 

CH3 -C=0+ CH3N02 
Acetone Nitromethane 

Physical properties : Nitroalkanes are colourless 
pleasant smelling liquids. Their boiling points are much higher 
than isomeric alkyl nitrites. They are less soluble in water but 
readily soluble in organic solvents. 

Chemical properties: (I) Reduction: Nitroalkanes 
are reduced to corresponding primary amines with Sn and HCI 
or iron and HCI or catalytic hydrogenation using nickel as 
catalyst. 

RN02 +6H Sn/HCI) RNH2 + 2H20 
NitroaUrnme ~ne 

However, when reduced with a neutral reducing agent 
(zinc dust + NH4Cl);' nitro alkanes form substituted hydro
xylamines .. 

Zn + NH4CI 
R-N02 + 4H ) R-NHOH + H20 

N -AlkylhydroxyJamine 

(il) Hydrolysis: Primary nitroalkanes on hydrolysis 
with HCI or 80% H2S04 produce hydroxylamine and 
carboxylic acid. 

RCH2N02 +H20---:l>RCOOH+ NH20H 
Secondary nitroalkanes on hydrolysis form ketones 

2R2CHN02 HQ )2R CO+N O+H 0 
B '1' 2 2 2 

01 Ing Ketone 

(iii) Action of nitrous acid: Nitrous acid reacts with 
primary, secondary and tertiary nitroalkanes differently. 
Primary nitro compound forms nitrolic acid which dissolves 
in alkali to give red solution. ' 

'. -H20 NaOH 
R-CH2 +O=NOH )R-C=NOH

j 1 Ni~us 1 
N02 acId N02 

Primary (0) Nitrolic acid 

R-C=NONa 
1 

N02 
Red coloured 
sodimn salt 

Secondary nitro compounds give pseudo nitrols which 
are colourless solids and give blue colouration which does not 
dissolve in alkali. ' 

R2CH+HON=0 -H20) R C-NO Ether or) Blue colour 
I 21 NaOH 

N02 N02 
Secondary (2°) Pseudo nitrol 

Tertiary nitro alkanes do not react wi$ nitrous acid. 
The different behaviour of nitrous acid with pri., sec',and 

tert. nitroalkanes forms the bases of the Victor Meyer's Test 
for the distinction of pri., sec. and tert. alcohols., 

(iv) Thermal decomposition : Upon rapid heating, 
, nitroalkanes decompose with great violence. Advantag~ is 

taken of this reaction in the commercial use of nitroalkanes as 
explosives. 

CH3N02 Heat) IN2 + C02 +J. H2 
2 2 

(v) Halogenation: Primaryandsecondarynitroalkanes 
are readily halogenated in the a-position by treatment with 
chlorine or bromine. Chloropicrin is formed when nitro
methane reacts with excess of Cl2 in presence of NaOH. 
Chloropicrin is an important insecticide. ' 

3CI ' 
CH3 -N02 2) CCl) N02 + 3NaCl + 3H20 

3NaOH Chloropicrin 

Br 

Br ' I Br 
R-CH2N02 2 )R-CHN02 ,2) 

10Nitroalk:ane NaOH Monobromo NaOH 
nitroalkane 

Br 

Br 
I 

R-C-N02 
I 
Br 

Dibromo nitroaUrnme 

Br2 1 
R-CHN02 ) R-C-N02 

1 NaOH 1 

R R 
2° Nitroalk:ane a-Bromoderivative 

(vi) Acidic nature of a-hydrogen atoms (action of 
alkali): The a-hydrogen atoms in aliphatic primary and 
secondary nitro alkanes become acidic due to the electron 
withdrawing nature of nitro group. In strong alkaline mediUJll, 
they behave as acid and forms salts. Consequently, they are 
called pseudo acids. The acidic character is explained on the 
basis of tautomerism,' 

+(0 R-CH2-N 
Nitro form 0-

, +/OH 
~ R-CH=N"" ' 

Ad ,form 0-

The aci form is weak acid and can form salt with strong 
alkali. 



, + /OH . + /ONa 
R-9H N"" *NaOH~R~H. N"" . 

.ACI form" 0 - Sodium siIlt 0-

Therefore, primary (l0) and secondarY (2°) nitroalkanes 
dissolve in aqueous solution ofNaOH or KOH to form salts. 
The tertiary (30) nitroalkanes do not have a-H atom and 
therefore, they do not exhibit tautomerism. The main reasons 
for acidic nature of nitroalkanes are: 

(i) The strong electron-withdrawing indt;lctive effect of 
-N02 group. 

(ii) The resonance stabilization of the carbanion formed 
by the treatment with alkali (removal of proton). 

Nitroalkanes are neutral to litmus, although 1 ° and 2° nitro
alkanes are weakly acidic as compared to aldehydes and 
ketones, they are twice as strong. For,example, pKa of nitro
methane is 10.2 while that of acetone is 20. 

Applications: Sodium salts of '1 ° and 2° nitroalkanes 
give aldehydes and ketones respectively on acidification with 
50% H 2S04 at room temperature. This reaction is called 
Nef-Carbonyl synthesis. 
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. O-N + 
2R_CH2-N02 NaOH>2R_CH=N/ a 

1° Nitroalkane Sod. salt of nitronicaci~O-
50%H SO 
--2-4-+)2R_CH=0+2NaHS04 +N20 + H20 

Aldehyde 

O-Na+ 
2R2-CH-N02 NaOH)2R2C. N(". 

2° Nitroalkane . "0- " 

50% H2S04 . 
----"'--~)2R2_C-0+2NaHS04 +N20+H20 

Ketone . 
Aqueous TiCl3 can also be used to form aldehydes and 

ketones in better yield. 

RCH2N02 
1° NitroaIkane 

Aq. TiCl3 . )R_CHO 
, Aldehyde 

Aq. TiCI3 . 
R2CHN02 ----"-~) R2CO 
2° Nitroalkane Ketone 

Uses: Nitroalkanes are used: 
(i) as solvents for polar substances such as cellulose 

acetate, synthetic rubber, etc. 
(ii) as explosives. 
(iii)- for the preparation of amines, hydroxylamines, etc. 

Distinction hetween Ethyl Nitrite and Nitroethane 

I. Boiling point Low,I7"C. 

2. Reduction with metal and acid Give alcohol + hydroxyl amine or NH3• 

(SnlHCI) or with LiA.lH4. CzHsONO + 4H ~ CzHsOH + NHzOH 

3. Action ofNaOH (alkalies). 

4. ActionofHNOz 
(NaNOz+ HO} 

RONO + 6H ~ ROH + NH3 + HzO 

Readily hydr~lysed to give corresponding 
alcohol and sodium nitrite (decomposition) .. 
~HsONO + NaOH ~ CzHsOH + NaNOz 

RONO + NaQH ~ BOH + NaNOz . 

No action with nitrous acid. 

Much higher, lI5"C. 

Gives corresponding primary amine. 
CzHsNOz + 6H ~ CzHsNHz + 2HzO 

RNOz + 6H ~ RNHz + 2HzO 

Not decomposed, i.e., alcohols are not produced. But it may 
form soluble sodium salt, because in presence of alkali the 
nitro form changes into aci form, which diSsolves in alkalies 
to form sOdium salt. 

<
OH NOH <ONa 

CH3-CH=N ~CH3-CH=N 
. .0 . 0 

Primary nitroalkanes forms nitrolic acid, which dissolve in 
alkali to r;~v:: _~~ ~olution. r 
'R-C1Hz + O=FNOH ~ R-C=NOH I ______ J. I 

NOz NOz 
Secondary nitroalkanes yields pseudo-nitrol, which dissolves 
iti. alkali to give blue solution. 
Rz-cfH+-H'O:NO ~ Rz-C-NO I ------ I 

NOz NOz 
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ILLUSTRATIONS OF OBJECTIVE QUESTIONS' 
'. 

19. Nitroethane on reduction with zinc du~t and ammonium 
chloride gives: 
(a) ethanamine 
(c) ethyl nitrite 
[Ans. (b)] 

(b) N-ethylhydroxylamine 
(d) nitroso ethane 

20. Hydrolysis ofCH3CH2N02 with85% H2S04 gives':' 

(a) CH3CH20H (b) C2H6 
(c) CH3CH=NOH (d) CH3COOH 
[Ans. (d)] 

21. 2-Nitropropane on hydrolysis with boiling concentrated 
solution ofHCI gives: 
(a) propane 
(c) propanone 
[Ans. (e)] 

(b) propanal 
(d) propanoic acid 

22. Primary nitro compounds react with nitrous acid to form 
nitrolic acids which dissolve in sodium hydroxide to give: 

. [eET (Tamil Nadu) 2001] 
(a) yellow solution (b) blue solution 
(c) colourless solution (d) red solution 
[Ans. (d)] 

23. The different behaviour of nitrous acid with 1°, 2° and 3° 
nitroalkanes forms the bases of: 

193'" 

(a) Victor Meyer's test (b) Lucas test 
(c) Baker-Mulliken's test (d) Nef-Carbonyl synthesis 
[Ans. (a)] 

24. In Nef-Carbonyl synthesis, primary nitroalkanes on 
treatment with NaOH followed by acidification with 50% 
H2S04 gives: . 
(a) aldehydes 
( c) ketoacids 
[Ans. (a)] 

(b) ketones 
(d) esters 

25. Ethyl nitrite on reduction with SnlHCI gives: 
(a) C2HsNH2 + HN02 (b) C2HsNH2 + .H20 
(c) C2HsOH+NH40H (d) C2HsOH+NaN02 
[Ans. (e)] 

26. Which of the following isomerism is exhibited in 
nitroethane? [DeE 2004] 
(a) Geometrical isomerism (b) Optical isomerism 
(c) Fw::ctional isomerism (d) Space isomerism 
[Ans. (e)] 

27. Which of the following is not nitroproduct? . [DeE 2004] 
(a) C6HSN02 (b) CH3CH20NO 

, 0 
(c) CH3CH-N< 

I 0 
CH3 

[Ans. (b)] 



G.R.B. Organic ChemistryforCompetitions 

IMPORTANT POINTS TO REMEMBER (SUMMARY) 
ALIPHATIC AMINES 

~ 

o Amines are derivatives of ammonia in which one or more H 
atoms have been replaced by corresponding number of alkyl 
groups. 
Primary (1°) amines : 

R-NH2,CH3NH2,CH3CH2NH2,C3H7NH2 
Secondary (2°) amines : 

R2NH,CH3NHCH3,C2HsNHCH3,C2HsNHC2Hs 
Tertiary (3°) amines : 

R3N. (CH3hN. (C2HshNCH3, (CH3hN-C2HS 
o In addition to the above amines, tetra alkyl derivatives 

similar to ammonium salts also. exist which are called 
quaternary ammonium salts. For example, 

. R4N+X-, [(CH3)4 N+]r, (C2HShN+C2 HSCr, 

[(CH3)4 N+ ]OH-

Preparation of primary (1°) amines 
o Ammonolysis of alkyl halides (Hofmann's method) 

By heating an alkyl halide with an excess of aqueous or 
alcoholic ammonia in a sealed tube at 100°C. 

o Ammonolysis of alcohol: By passing a mixture of 
alcohol and excess of ammonia vapours over heated 
alumina or thoria at 350"C. 

o Reduction of nitroalkanes : By the reduction of
nitroalkanes with SnlHCl or ZnlHCI or LiAlH4, the -NO 2 
group getl? reduced into -NH 2 group. 

o Reduction of alkane nitriles (Mendius reaction): When 
an alkyl cyanide (nitrile) is reduced by NalC2HsOH or 
H2/Raney Ni or LiAlH4 (LAH) or catalytically, the-CN 
group gets reduced to -CH2NH2 group. 

o Reduction of amides: By LiAlH4 or Nalaleohol amides . 
give p-amine containing same number of carbon atoms. 

o Reduction of oximes: By Nalalcohol or LiAlH4 or 
H 2INi gives 1° amine. 

. 0 Hofmann's bromamide reaction (Hofmann's 
degradation of amides): By this method an amide is. 
converted into p-amine containing one carbon atom less. 
The amide is heated with Br2 and concentrated aqueous 
KOH solution. 

o Gabriel phthalimide reaction: Phthalimide is reacted 
with ethanolic solution of KOH to form potassium 
phthalimide which on heating with RX gives N-alkyl 
phthalimide. It is put to hydrolysis with dilute HCI to form 
pure primary amine. 

o Decarboxylation of a-amino acids: By heating with 
Ba(OHh gives 1° amine. 

o By double decomposition between Grignard reagents 
and chloramine (CI-NH2)' 

o Hydrolysis of isocyanides or isocyanates : By boiling with 
aqueous solution ofKOH or NaOH gives primary amine. 

o Schmidt reaction: By treating a mixture of carboxylic 
acid and hydrazoic acid (N 3H) with cold conc. H2S04, a 
primaJ:y .ne is obtained. 

o Ritter F.(laction: It is a good method for preparing 
p-amines having a tertiary alkyl group. This reaction occurs 
between a tertiary alcohol (or alkene) and alkyl cyanide (or 
HeN) in presence of cone. H2S04 to form tert. butylamine 
through the intermediate formation of carbocation. 

o Reductive amination of aldehydes and ketones : 
. Aldehydes or ketones when reduced with Ni or H2/Raney 
Ni in presence of excess of NH 3 at about 15O"C under 
pressure forms 1 ° amine through the intermediate formation 
of an imine. 

o Leuckart reaction: Aldehydes and ketones react with 
ammonium formate or with formamide to give formyl 
derivative of primary amine which are readily hydrolysed 
by acid to yield primary amine. 

Preparation of secondary amines 
o By heating a primary amine with calculated amount of RX. 
o By reduction of N-substi luted amides with LiAlH4. 
o By reduction of alkyl isocyanides (RNC) with H2 in presence 

of Pt catalyst or NwC2 HsOH or Raney Ni or LiAlH4. 
o By heating two moles of alkyl halide with one mole ofNH 3 

in a sealed tube. 
O.By hydrolysis of p-nitroso dialkyl aniline with boiling 

NaOH or KOH solution. 
o By hydrolysis of a dialkyl cyanamide with an acid or alkali. 

Preparation of tertiary amines 
o By heating an alcoholic solution ofNH 3 with excess of RX. 
o By reduction of N,N-disubstituted amides with LiAlH4. 
o By decomposition of tetra ammonium hydroxide on 

heating. . 
o By heating ketone with secondary amines on reduction in 

presence ofNi catalyst (Reductive amination). 

Methods yielding a mixture of pri., sec. and tert. amines 
. 0 Hofmann's ammonolysis method: A mixture of amines 

(1°,2° and 3°) along with quaternary compound is formed 
when an alkyl halide is heated with alcoholic ammonia in a 
sealed tube at 100°C. 

o Ammonolysis of alcohols: A mixture of amines is also 
obtained when the mixture containing vapours of alcohol 
and ammonia are passed over heated alumina (Al203) or 
thoria (Th02) at 35O"C. 

Separation of mixture of amines (1°, 2° and 3°) 

When the mixture having· amine salts and Quaternary 
ammonium compounds is distilled with KOHsolution, the 
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mixture of' three amines di-still over leaving behind 
non-volatile quatemary salt in the distillation flask. 
The amine mixture may be separated by the following 
methods. 

o Fractional distillation : The boiling points of 1°,2° and 
3° amines are quite different and thus these can be'separated 
by fractional distillation .. This method is Used satisfactorily 
in industry. 

o Hofmann's method: The mixture of three amines is 
treated with diethyl oxalate. The .1° amine fonDS a solid 
dialkyl oxamide, 2° amine gives a liquid oxamic ester and 3° 
amine does not react. The reaction mixture is subjected to . 
fractional distillation. The 3° amine distills over and fonDS 
the first fraction. This is followed by oxamic ester which 
fonDS the second fraction. The solid oxamide remains 
behind in the distillation flask which on hydrolysis with 
KOH and then distilled to get pure amine. The oxamic ester 
is hydrolysed by boiling with KOH solution and distilled 
when pure 2° amine is obtained. 

o Hinsberg's method: It involves the treatment of the 
mixture with benzene sulphonyl chloride, i.e., Hinsberg's 
reagent (C6HSS02CI). The solution is then made alkaline 
with aqueous KOH solution where 1° amine fonDS N-alkyl 

. benzene sulphonamide (soluble in KOH). The 2° amine 
fonDS N,N-dialkyl benzene sulphonamide (insoluble in 
KOH) and 3° amine does not react. The above alkaline 
mixture oflmines is extracted with ether. The 3° amine and 
dialkyl sulphonamide passes in etheral layer while salt of 
alkyl benzene sulphonamide remains in aqueous layer. The 
etheral and aqueous layers are separated. 
The aqueous layer is acidified with dil. HCl and hydrolysed 
by heating with conc. HCl.The hydrochloride formed is 
then distilled with KOH when 1° amine distills over and 
collected. 
The etheral layer is fractionally distilled when first ether 
distills and the other fraction is hydrolysed with conc. HCI 
followed by distillation with KOH solution gives pure 2° 
amine. 

o Physical Properties: Amines are polar compounds like 
NH3 and have comparatively higher boiling points than 
non-polar compounds of similar molecular masses. This is 
due to the presence of intermolecular H-bonding. The 
boiling .points . rise gradually with increase of molecular 
mass. 

o Lower members are soluble in water. This is because the 
amines are capable offorming H-bonding with water but the 
solubility decreases with increase of molecular mass. 

o Chemical properties: The main reactions of amines are 
due to the presence of a lone pair of electrons on nitrogen 

. atom.' 
o Basic nature: Amines form salts with mineral acids (HCl 

or H2S04) which on treatment with NaOH liberates parent 
amine. 
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o Amines combine with water to form alkyl anunonium 
hydroxides which dissociate into ions. 

o Alkylation: When amines are treated with alkyl halides, 
the H atoms of amino group are -successively replaced by 
alkyl groups. 

o Acylation: Primary (Ij and secondary (2°) amines react 
with acid chlorides or acid anhydrides to give acyl 
derivatives (N-substituted amides). Tertiary amines do not 
react since they do not have replacable H atom. 

o Reaction with sodium: 1° and 2° amines form sodium 
salts when heated with sodium. 

o Action of halogens : 1° and 2" amines react with halogens 
on heating in the presence of alkali to form mono and di 
halogeno-amines. 

o Reaction with Grignard reagents : Primary and 
secondary amines form alkanes with Grignard reagents by 
providing H-atom of amines to alkyl (R) ,group of GR. 

o Carbylamine reaction: Primary amines on heating with 
CHCl3 in presence of alcoholic KOHproduce isocyanides 
(carbylamines) which possess pungent (unpleasant) odour. 
It is a test of primary amines only and is used to distinguish 
1° amines from 2° and 3° amines. 

o Reaction with nitrous acid (NaN02 + dil. HCI): Primary 

amines form alcohols with nitrous acid, HN02 (NaN02 + 
HCl) and N 2 gas is eliminated. (A distinction between 1°, 2° 
and 3° amines). 

o Reaction With carbon' disulphide : . Primary amines on 
warming with CS 2 to form alkyl derivative of 
dithiocarbamic acid which is decomposed by HgCl2 to give 
alkyl isothiocyanate (RNC . S) having pungent smell of 
mustard oil. This is known as Hofmann's mustard oil 
reaction. 

o Oxidation: Amines undergo oxidation forming different . 
products depending upon the nature of oxidising agents, 

. types of amine and the .nature of alkyl group present. 
o (a) Primary amines are oxidised with KMn04into 

aid imine or ketimine which on hydrolysis form 
aldehydes and ketones respectively. 

o (b) Secondary amines on oxidation with KMnO 4 form 
. tetra-alkyl hydrazine (R2N-NR2) and with Caro's 

acid (H2S0S) give dialkyl hydroxylamine (R2NOH). 
o (c) Tertiary amines are not oxidised by KMn04 but are 

oxidistxl by Caro's acid or H202 or 03 or Fenton's 
reagent to amine oxides. 

o Condensation with aldehyde: Primary amines condense 
with aldehydes to produce aldimine (Schiff's base). 

o Reaction with carbonyl chloride (Phosgene) : Primary 
amines on heating with carbonyl chloride (COCI2) formN, 
N'-dialkyl urea. Secondary amine fonDS N,N,N',N'-tetra 
alkyl urea. 

o Reaction with alkyl isocyanate: Primary and secondary 
amines on heating with alkyl' isocyanate form 
corresponding. substituted urea. 
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1. Fill in the blanks: 
(a) (CH3 h CNH2 is a ............ amine. 
(b) . A secondary amine consists ............ group. 
(c) Nitrogen in amines is ............ hybridized. 
(d) The IUPAC name of\H3CH2NHCH3 is ........... . 
(e) CH3CH2CH2NH2 has ............ functional isomers. 
(f) Ethylamine is ............ basic than ammonia. 
(g) Acetamide on treatment with ............ and ........... . 

forms methylamine. 
(h) Methyl cyanide on reaction with sodium and C2HsOH 

forms ........... . 
(i) Hydrolysis of N-alkyl phthalimide gives ........... . 
(j) Cl!1'bylamine reaction is used for the test of ........... . 

amines. 
(k) Primary amines on reaction with nitrous acid form ....... . 
(I) Ethylamine and acetamide both contain amino group 

but acetamide does not show basic nature because lone 
pair of electrons on ............ is delocalised by ........ . 
with the carbonyl group. 

(m) Acetamide on treatment with ............ forms ethyl-
amine. ' 

(n) N-Methyl acetamide on reduction with LiAlH4 forms 

(0) Primary nitroso-dimethyl aniline when heated with 
. NaOH or KOH solution forms ........... . 

(P) Separation of primary, seco~dary and tertiary amines 
can be made with the help of ............ in Hinsberg's 
method. 

(q) Lower amines are soluble in water due to ........... . 
(r) Tertiary amines do not react with acetyl chloride since • 

they do not have ............ on nitrogen. 
(s) ............ is, f«;>rmed when ethylamine is heated with 

CS2 in presence ofHgCl2. 
(t) The reaction, 

. SnCI IHCI H 0 
RCN 2 )(A)~RCHO+NH4q 

is known as. ~ ......... . 
(u) Isocyanides form .... : ....... on reduction with nascent 

hydrogen., 
(v) Nitroalkanes when reduced with zinc dust and 

iunmonium chloride form ........... . 
(w) Primary amines on heating with ............ and ........ . 

form alkyl isocyanides. 
(x) In Hofmann's bromamide reaction of amide, carbonyl 

carbon is lost as .......... .. 
(y) Out of isomeric amines ........ amines are most volatile. 
(z) Basic nature of amine is due to the presence of 

............ on'nitrogen atom. 
2. State whether the following statements are True or False: 

(a) Aliphaticamines are insoluble in water. 
(b) Secondary amines show carbylamine reaction. 
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(c) (CH 3 h NH is a stronger base than (CH 3 )3 N. 
(d) The hydrolysis of alkyl cyanide always yields formic 

acid. 
(e) The aqueous solution of ethylamine precipitates iron as 

ferric hydroxide when added to ferric chloride solution. 
(f) Nitrogen is evolved when ethylamine is treated with 

nitrous acid. 
(g) Acetic acid forms ethylamine when treated with 

hydraioic acid and concentrated sulphuric acid. 
(h) Primary, secondary and tertiary amines can be 

separated from their mixture by using ethyl oxalate. 
(i) There are two position isomers (amines) of molecular 

formula, C~H9N. 
(j) C2HsNH2 is neutral to litmus. 
(k) Amides on reduction with LiAlH4 form primary 

amines. 
(1) Ethylamine.ur ~ergoes acetylation with acetyl chloride. 
(m) Amides are the oxidation products ofnitriles 

(cyanides). 
(n) Nitroalkanes are less polar than isomeric alkyl nitrites. 
(0) Tertiary aliphatic amines do not react with acetyl 

chloride. ' ' 
(P) Both cyanides and nitrites are ambident nucleophiles. _ 
(q) The cyanides are also called carbylamines. 
(r) Tertiary amines react with Grignard reagents to form 

hydrocarbon . 
(s) The compound, CH3 -O-:-N=o, is methyl nitrite. 
(t) Primary amines are less soluble than tertiary amines. 
(u) Secondary amines can show metamerism. 
(v) Amines are Lewis acids. 
(w) AgCI di~solves in aqueous solution of methylamine. 
(x) a-Amino acids on heating with Ba(OHh shows decar-

boxylation to produce primary amines. 
(y) Nitriles are much more poisonous than isomeric 

isonitriles. 
(z) Pure nitriles are obtained by dehydration of acid amides 

with phosphorus pentoxide. 
3. Match the following: . 

(A) C6HsS02Cr (1) Carbylamine reaction 
(B) Conversion of amide (2) Quaternary salt 

to amine 
(C) Conversion of primary (3) Schinidt reaction 

amine to isocyanide 
(D) Dimethylamine (4) Primary amine 
(E) Tetraethyl ammonium (5) Hinsberg's reagent 

iodide 

(F) ~C-NH2 
(G) RCOOH + N3H 

+ Cone. H2S04 
(H) R3N 

(6) Tertiary amine 

(7) Hofmann's bromamide 
reaction 

(8) Secondary amine 
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4. Complete the following equations: 

(i) CH3NH2 +CHCI3 +KOH~ 

(li) RNH2 + CHCl3 + KOH~ 
(iii) C2HSNH2 + C2HsI(excess) ~ 
(iv) 'C2HsNH2 + NaN02 + HCl ~ 
(v) CH3CONH2 + Br2 + NaOH~ • 

(vi) C2HSNH2 + CH3COCl ~ 

(vii) CH3 CN + CH3MgBr ~ 
H20 

(viii) C2HsNC+ H20 Oil. HCI) 

(ix) C2HsNH2+AgCI~ 

(x) EtNH2 + KCN + Br2 KOH) KBr + (D) 

(xi) C2HsNCO+ 2KOH~ 

(xii) CH
3
CH=NOH + 4H Na/CzHs'OH) 

( ... ) R NCN H20 Xlll 2 ~ 

(xiv) X + 4H Catalytically) R-NHCH3 

(xv) X Thermal decomposition) (CH3 )3 N + CH30H 

(xvi) X + 6H Zn/HCl) RNH2 +2H20' 

(xvii) X +RI~R3N+HI 

(xviii) X ~ON-IQ\--OH+(C2H5hNH 
. (NaOH). '\::::::!./ 
(xix) (CH3 hCH-NH2 +2HCHO+HCOOH~ 

(xx) (CH3 hC-OH+HCN+H2S04 Heat) 

( .) CH CH NH (CH3COhO XXI 3 2 2 ' ) 
Heat 

5. Name (A), (B), (C) ...... in the following equations: 

(i) CH3CH2COOH NH3) (A) Heat) (B) Br2/KOH) (C) 

(ii) CH
3
CH2NH2 CJisCHO) (A) H2:Ni) (B) 

H+ . L\ 

(iii) C2HSNH2 HN02) (A)J~"HB) [OJ)(C)~(D) 
H 2S04 

(iv) CH3CH2Cl KCN) (A) H2/Ni) (B) HN02)(C) 

(v) (A)~(B) HN02) (C) ROOP) CH3I 
NaOH 12 

(vi) (A) AgCN) (B) Sn/HC~ (C) HN02) C2HSN-CH3 

I 
N=O 

(vii) PhS02CI + EtNH2 -HCl) (A) NaOH) (B) EtBr) 

(C') H30+ ) '(D) + (E) 

(viii) RCH
2
CH

2
NH

2 
Mel(excess» (A) AgOH) (B) Heat) (C) 

©COOH . . 
(ix) 0 + NH ~ (A) (1) KOH ) 

COOH . ~ (ii) RI .. 

(B)~ (C)+(D) 

(x) C2HsCN+ H20 H202 ) (A) NaOBr) 

(B) CH3COCl) (C) 

(xi) (A) Br2/KOH) (B) CHCI3/KOH(alc.» (C) Hz/Pt 

Heat ~ 
CH3NHCH(CH3 h 

(xii) (A) SOCI2) (B) NH\ (C) _L_iAlH----.:!.4---,~ 

H2NCH2CH2CH2NH2 
6. What happens when? 

(i) Acetamide is heated with bromine and potassium 
hydroxide. 

(ii) Methylamine is treated with chloroform and alcoholic 
solution of potassium hydroxide. 

(iii) Ethylamine is treated with acetic anhydride. 
(iv) Ethylamine reacts with carbon disulphide in presence 

ofHgCl2. 
(v) Ethylamine is treated with nitrous acid. 

(vi) Ethyl cyanide is treated with methyl magnesium 
bromide followed by hydrolysis. 

(vii) Nitroethane is reduced with zinc and ammonium 
chloride. 

(viii) Nitropropane is treated with nitrous acid. 
(ix) Ethyl nitrite is reduced with LiA1H4 • 

(x) Alkyl cyanide is reduced with sodium metal in 
ethanol. 

7. (i) Name the reaction that is used to convert an amide into 
primary amine containing one carbon atom less than 
the parent. 

(ii) Name the product obtained when ethyl cyanide is 
treated with (a) alkaline hydrogen peroxide and ' 
(b) dilute hydrochloric acid. 

(iii) Write the position isomers ofC3H7N02. 
(iv) Name the compounds that are formed by heating 

[(el-h)3 NC2Hs t OIl"""". 
(v) Name the compounds that are formed by heating 

[(CH3)4 NtOH- .. 

(vi) Name the reaction used to convert primary amine into 
isocyanide. . 

(vii) Write three isomers of molecular formula C3H9N 
(amines). 

(viii) Name the type of amine if it reacts with benzene 
sulphonyl chloride to form a solid soluble in alkali. 

(ix) Give the structure, of A. (C3H9N) if it reacts with 
benzene sulphonyl chloride to form a solid insoluble 
in alkali. 

(x) Primary amines are formed by the use of phthalimide. 
,What is the name of the reaction? 
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8. How will you prepare etliylamine from the following? 
(a) Methyl cyanide; (b) Propionamide; (c) Propionic acid; 
(d) Ethyl alcohol; (e) Acetic acid; (f) Acetamide. 

9. How will you obtain the following from ethylamine? 
(a) Ethyl alcohol; (b) N-Ethyl acetamide; (c) Ethyl 
isocyanide; (d) Ethyl isothiocyanate; ( e) Acetaldehyde. 

10. Write short notes on: . 
(a) Carbylamine test 
(b) Hofmann's bromamide reaction 
(c) Gabriel phthalimide synthesis 
(d) Mustard oil reaction 
(e) Basic nature of amines 

11. How would you distinguish between? 
(a) Ethylamine and diethylamine or primary amine and 

secondary amine. 
(b) Ethylamine and acetamide. 
( c) Diethylamine and triethylamine. 
(d) Nitro ethane and ethyl nitrite. 

12. How would you bring the following conversions? 
(i) Ethylamine to ethyl alcohol. 
(ii) Acetic acid to methylamine. 
(iii) Propionamide to ethylamine. 
(iv) Ethyl chloride to n-propylamine (in 2 steps). 
(v) Ethyl amine to ethyl isocyanide. 

(vi) Ethyl alcohol to methylamine. 
(vii) Acetic acid to ethylamine. 
(viii) Ethylamine to methylamine. 
(ix) Methylamine toethylamine. 
(x) Ethylamine from CH30H(3 steps). 
(xi) n-Butylamine from propene (3 steps). 

(xii) Isopropylamine from acetone. 
13. (a) Give the reactions of nitrous acid with primary, 

secondary and tertiary aniines. 
(b) Name the products with chemical reactions when the 

following compounds are hydrolysed: 
(i) CH3CH2CNwith dil. HCI 
(ii) CH3CNwith alkaline H20 Z 
(iii) C2HsNCwith dit HCI 
(iv) C2HsN02 withdil. HCI 

14. Explain the following: . 
(i) Alkyl cyanides have a higher bOiling point than the 

corresponding alkyl halides. 
(ii) Cyanides are soluble in water but isocyanides are 

insoluble. 
(iii) Why are amines basic in nature? 
(iv) Ethylamine is more basic than aniline~ 
(v) Why amines are more basic than amides? 

(vi) Tertiary amine has lowest boiling point ofa group of 
isomeric amines. 

(vii) Silver chloride is soluble in methylamine. 
(viii) The shape of (CH3 )3 N is pyramidal. 

. + . 
(ix) Me4NOIr is more basic than Me3N. 
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(x) The boiling point of ethylamine is 17"C whereas that 
of diethylamine is 7.4"C. 

(xi) (CH3)3 CNH2 and (CH3 )3 CCH2NHz cannot be 
prepared by· ammonolysis of corresponding alkyl 
bromides while each can be prepared from a 
carboxylic acid. 

(xii) The~ is decreasing order in basicity of: 
CH3NH2 >CH3N-CHCH3 >CH3CN. 

, (xiii) Dimethylamine is a stronger base than ,trimethyl 
amine. 

IS. Compare the basicities of: 
(i) (a) H2C=CHCH2NH2, (b) CH3CH2CH2NH2, 

(c) HC==CCH2NH2. 
[Hint: The significant difference among these three bases is the 

kind of hybridization with P-carbon atom. The more 
s-character it has, the more electron withdrawing and base 
weakening it will be. Thus, decreasing order of basicity is, 

(b) > (a) > (c)] . 

(ii) (a) HO(CH2)2NH2,(b)HO(CH2)3NH2, 
(c) CH3CH2NH2. 

[Hint: The electron withdrawing capacity of OH decreases 
electron density on nitrogen atom thereby decreasing 
basicity. This effect dec~s as the distance between OH 
group and N increases in the chain. Thus, decreasing order 
ofbasiciiy is, 

(c) > (b) > (a») 

(iii) (a) CH3NH2, (b) (CH3 hNH,(c) NH3, (d) C6HsNH2' 
[Ans. (CH3hNH > CH3NH2 > NH3 > CJlsNHiJ 

(iv) Methylamine, Dimethylamine, Aniline, N-Methyl
aniline. 

IAns. Dimethylamine > Methylamine> N-Methylaniline > 
Aniline) . 

(v) C2HsNH2, (C3H7 )3 N, CH3CONH2, CH3NHNa +. 

[Ans. CH~HNa + > ~HsNHl > (C~7 )3N > CH3CONH2 ] 

(vi) CH3CH2CH2CH2NH2, CH3 -CH- CH2NH2 
(1) I 

CH3CH2CHCH3 , 

I 
NH2 

(llIl. 
[Ans. IV<lI<ID<1] 

CH3 
(Il) 

(CH3 l3C-NH2' 
(IV) 

16. Suggest a convenient scheme for separating aniline, 
N-methylaniline,toluene and phenol, present together in a 
mixture. Distillation is not to be used. 

ANSWERS 

1. (a) primary; (b) imino ( )NH); (c) sl; (d) N-Methyletbanamine or 

N-Methylammoethanti; (e) two [CH~CzHs and (CH3)3N]; 
(f) more; (g) Btl, KOH; (h) ethylamine; (i) primary amines; G) 
primary; (k) primary alcohols; (1) nitrogen, resonance; (m) L~; 
(n) methylaminoethane; (0) dimethylamine; (P) benzene sulphonyl 
chloride; (q) hydrogen bonding; (r) replaceable hydrogen; (s) 
Ethyl isothiocyanate; (t) Stephen's reaction; (u) secondary amines; 
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(v) hydroxylamines;(w) chlorofonn, KOH or NaOH; (x) CO~-; 
(y) tertiary (CH3hN; (z) an electron pair. . 

2. (a) False-Lower members are· soluble in water. Solubility 
decreases with increase of molecular mass; (b) False-Do not 
show carbylamine reaction; ( c) True; (d) False-AlkYl cyanide on 
hydrolysis yields an acid depending on the nature of R; ( e) True; (f) 
True; (g) False-Acetic acid forms methylamine on treatment with 
NlH and cone. HZS04; (h) True; (i) True; G) False-Basic; (k) 
True; (I) True; (m) False-Amides are hydrolysis products of 
nitriles; (n) False-Nitroalkanes are more polar than alkyl nitrites; 
(0) True; (P) True; (q) False-Isocyanides are also called 
carbylamines; (r) False-Tertiary amine does not react with 
Grignard reagents; (s) True; (t) False-Primary amines are more 
soluble than tert. amines; (u) True; (v) False-Amines are Lewis 
bases; (w) True; (x) True; (y) False-Nitriles are less poisonous 
than isomeric isonitriles; (z) True. 

3. (A-5); (B-7); (C-I); (0-8); (E-2); (F-4); (G-3); (H-6). 
4. (i) CHlNHZ + CH03 + 3KOH ~ CH3NC + 3KO + 3HzO 

(ii) RNHz + CHCl3 + 3KOH ~ RNC + 3KCI + 3HzO 

(iii) CzHsNHz + CzHsI ~ (CzHs)zNH CzHsl, 

CzHsI . 
(CzHshN ~(CzHs)4NI 

(iv) CzHsNHz+NaNOz+ HCI~CzHsOH + Nz+NaCI+HzO 
(v) CH3CONHZ + Brz + 4KOH ~ CH~z + KZCOl 

+ 2KBr+2HzO 
(vi) CzHsNHz + CH)COCI ~ CzHsNHCOCH3 + HCI 

(vii) CH3CN + CH3MgBr ~ (CH3)zC· NMgBr 2HzO) 

(CH3}zCO + NH3 + Mg(OH)Br 

(viii) CzHsNC + 2HzO Oil. HCI) C2HsNHz + HCOOH 

(ix) 2CzHsNHz + Agel ~ [(CzHsNHzhAgt cr 
(x) KOH + Brz~ KBrO + HBr 

EtNHz +KBrO ~ EtNHBr + KOH 
. N .Brolmelhylamine 

EtNHBr + KCN ~ EtNHCN + KBr 
N -Cyanoethylamine 

(D) .. May be EtNHBr or EtNHCN. 

(xi) CzHsNCO + 2KOH ~ CzHsNHz + KZC03 

(xii) CH3CH=NOH + 4H Na/alcohol) CHlCHzNHz + H20 

(xiii) . RzNCN H20) R2NH + CO2 + NH3 

(xiv) RNC+ 4H CatalyticalJy) RNHCHl 

(xv) [(CH3)4NtOH ~l.) .(CH3)3N + CH30H 
~o~tton . 

(xvi) RNOz + 6H Zn/HCI) RNHz + 2HzO 

(xvii) R2NH + RI ~ R3N + HI 

(xviii) ON@N(CzHsh Heat) O ... /(5\nH + (CzHshNH 
QiaOEQ l~ 

(xix) (CHlhCHNHz + 2HCHO + HCOOH Heat) 

(CH3)lCH-N(CH3h + CO2 + H20 

(xx) (CHl)lC-OH + HCN + HzS04 ~ 
(CH3)lC-NHZ + HCOOH 

(xxi)CH3CHzNH2 (CH:OhO
) CH3CHzNHCOCH3 + CH3COOH 

eat 

5. (i) (A) CH3CHzCOONH4 (Amm. propionate); 

(B) CH3CHzCONH2 (Propionamide); 
(C) CH3CHzNHz (Ethylamine) 

(ii) (A) CH3CHzN=HCC6Hs; 
(B) CH3CH2NH-H2CC6Hs 

(iii) (A) CzHsOH; (B) CH3CHO; (C) CH3COOH; 
(D) CH~z (Methylamine) 

(iv) (A) CHlCHzCN; (B) CH3CHzCHzNHz; 
(C) CH3CHzCHzOH(Propyi alcohol) 

(v) (A) CH3CONH2; (B) CH3NHZ; (C) CHlOH 
(vi) (A) CzHsCI; (B) CzHsNC; (c) CzHsNHCH3 

(vii) (A) PhSOzNHEt; (B) PhSOlN(Na)Et; (C) PhSOlN(Et}z; 
(D) PhS020H; (E) [EtzNHztOlr . 

(viii) The amine undergoes exhaustive methylation forming 

RCHlCHzNMeir, (A), which is converted to (B), 

RCH2CH2NMeiOIr. When (B) is heated, a Hofinann 

elimination occurs. 
RCHzCH2NMeiOH~ ~ RCH=CHz+MC]N + HzO 

(B) . (C) 

(ix) (A) ©... CO)NH; (B) ©CO)NR; 
. CO CO 

(C)and(D) ©O COOH andRNHz 
COOH 

(x) (A) CzHsCONHz; (B) CzHsNHz; (C) CzHsNHCOCH3 
(xi) (A) (CH3)zCHCONH2; (B) (CH3)zCHNHZ; 

(C) (CH3)zCHNC 

~ ~ ~ ~ 
(xii) (A) HOCCHzCOH; (B) CICCHzCCl; 

.~ ~ 
(C) HlNCCHlCNHZ 

6. (i) CH3CONHZ + Brz + 4KOH ~ 

CH~z + 2KBr + K1COl + 2HzO 
(ti) CH3NHZ + CHCIl + 3KOH~ CH3NC+ 3KCl + 3HzO 

(iii) CHjCH2NH2 + (CH3CO)20 ~ 
CH3CH2NHCOCHl + CH3COOH 
/NHCzHs H . 

(iv) CzHsNHz+ CSz~ S=C, ~ CzHsNCS 
. SH Ethyl isotbiocyanate 

(v) C2HSNH2 + HNOz~ CzHsOH + Nz + H20 

2H0 
(vi) CzHsCN + CH3MgBr ~_ CzHs-C=NMgBr -4 

I 
CHi 

CzHsCOCHl + NH3 + Mg(OH)Br 

(vii) C2HsNOz + 4[H] r:::Cl) CzHsNHOH + H20 
Elhyl hydroxylamine 

(viii) CH3CHzCH2NOZ+ HN02~ CHlCH2CH-N02+ HzO 
I 

NO 
Nitrosonitro ·propane 

LiAlH 
(ix) CzHsONO + 4[H] 4 ) CzHsOH + NH20H 



(x) RCN + 4H NalC2HsOH) RCH2NH2 

7. (i) Hofmann's bromamide reaction; 
(ii) CH3CH2CONH2 (Propanamide); 

CH3CH2COOH (Propionic acid); 
(iii) CH3CH1CH1N02, CH3-CH(NOz)-CH3; 
(iv) (CH3)3N, Cz14; 
(v) (CH3)3N, CH30H; 

(vi) Carbylamine reaction; . 
(vii) CH3CH1CH1NH2, CH3CH1NHCH3, (CH3)3N; 

(viii) Primary amine; 
(ix) CH3CH2NHCH3; 
(x) Gabriel's phthalimide reaction. 

8. See the preparation of ethylamine. 
9. See the properties of ethylamine. 

11. (a) Ethylamine (primary amine) gives carbylamine test. It gives a 
foul odour when heated with chloroform and alcoholic KOH. 
Diethylamine (secondary amine) does not give this test. 

(b) Acetamide when heated with NaOH, gives a smell of 
. ammonia, ethylamine does not evolve NH 3' Ethylamine gives 

carbylamine reaction while acetamide does not give this test. 
(c) Diethyl';nune reacts with nitrous acid to form N-nitrosoamine 

which is water insoluble yellow oil while triethylamine reacts 
with nitrous acid to form soluble nitrite salt. There is no visible 
sign of reaction. Diethylamine reacts with benzene sulphonyl 
chloride and forms a solid insoluble in alkali. Tertiary amine 
(triethyl amine) does not react with benzene sulphonyl . 
chloride. . 

(d) Ethyl nitrite on hydrolysis forms C1HsOH while nitroethane 
does not undergo hydrolysis. 

12. (i) CzHSNH2 + HN02~ C2HsOH + N2 + H20 

(ii) CH3COOH NH3) CH3COONH4 Heat) CH3CONH2 

Br2/KOH CH NH --=-----+> 3 1 

. Br2/KOH 
(iii) CH3CH1CONH1 ) CH3CH1NH1 

(iv) C2HsCI KCN) CzHsCN NaI~~OH) C2H sCH2NH2 

(v) C1HsNH1+ CHCI3+ 3KOH Hea\ CzHsNC+ 3KCl + 3H20 

(vi) C2HsOH [OJ) CH3CHO [0]) CH3COOH 

[Now proceed as (ii)] 

(vii) CH3COOH LiAlH4) CH
3
CHzOH S0Cl2 ) 

. NH3 
CH3CHzCI----==->- CH3CH1NHZ 

(i) NH3) CH CONH P:Ps) 
(il) Heat 3 Z 

. CH3CN Na/C~sOH) CH3CH2NHZ 

(viii) See conversion Sec 14.7. 
(ix) See conversion Sec. 14.7. 

(x) CH30H SOClz ) CH3CI KCN) 

CH3CN NalC2HsOH) CH3CH2NH2 [H] 
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HBr/HPZ KCN 
(xi) CH3CH=CH2 . ) CH3CH2CH2Br~ 

.. CH
3
CH2CH2CN Na/CzHsOH) CH

3
CHzCHzCHiNH2 

. . 4[H] 

(xii) CH3COCH3 H 2NOH) (CH3hC=NOH 

LiAIH 
__ ...:.4-+) (CH

3
)zCHNH2 

13. (a) Primary amines produce nitrogen gas. 
RNH2 + HNOz~ ROH + Nz + HzO 

Secondary amines produce a yellow oily layer. 
R2NH + HN02 ~ R2NNO + H20 ~ 

N -Nitrosoamine 
(Yellow oil) 

Tertiary amines form soluble nitrite Salts. 
R3N + HNOz~ [R3NHTN02 

(b) (i) CH3CH2CN + 2H20 Oil. Hel) CH3CH2COOH + NH3 

Propanoic acid 

OH- ) CH
3
CONH2 

H:P2 Etbanamide 

(iii) CzHsNC + 2HzO Dil. HCl) CZHSNH2+ HCqGH 
Etbanamine 

(iv) CzHsNOz + H20 Dil. HO) CH3COOH + NH20H 

14. (i) Alkyl cyanides are polar and exist as highly associated 
molecules, thus possess higher boiling point than alkyl 
halides which are less polar molecules. 

(ii) Alkyl cyanides are polar and form hydrogen bonding with 
water molecules while isocyanides do not form hydrogen 
bonding with water molecules . 

. (iii) Amines contain a lone pair of electrons on its nitrogen atom 
which is easily available for protonation. This is the cause of 
basic nature. Any other group which increases the tllectron 
density on nitrogen increases the basiCity . 

(iv) Ethyl group is an electron releasing group, i.e., it increases 
electron density on nitrogen due to +1 effect. On the other 
. hand phenyl group is an electron withdrawing group, i. e. , it 
decreases the electron density on nitrogen due to -/ effect. 
Thus, ethylamine is more basic than aniline. 

(v) In simple amines, the unshared electron pair is usually 
localised on the nitrogen atom, hence available for 
protonation. In amides, the electron pair is delocalised to the 
carbonyl group through resonance. 

c:~ n. r + 
R-C-NHz +--+ R-C=NH2 

(vi) Primary and secondary amines can form hydrogen bonds 
. whereas tertiary amines fail to do so. 

(vii) Methyl amine like NH3 forms a complex with Ag+ ions 
thereby decreasing the concentration of silver ions in 
solution. Thus, the product of concentration of silver and 
chloride ions is less than solubility product of AgCl. ' 

(viii) Nitrogen forms three si -hybridized sigma bonds to the 

carbon atoms 'of the methyl groups and has a non-bonding 

electron pair in the fourth sp3~orbital. Thns, (CH3)3N has 

roughly pyramidal shape. 
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+ 
(ix) Me4NOIr completely ionises' while M~ like NH3 

combines with water to produce OIr ions. 
, ' +, ", 

M~N + H:P~[M~NH](OHr .. ' [Me3~+ (OH-1 
Kb of this reaction is very small. Thus. due to high concen
indion of OH- ions in Me4 NOIr, it is more basic. , ' 

(x) Ethylami.rie possesses ,two hydrogen atoms ~t Can form 
hydrogen bonds whereas diethylamilie having only 'one 
hydrogen atOm is capable of forming only one hydrogen 
bond. 

(xi) For the preparation of(CH3)3CNH2(a tertiary butyl amine). 
a tertiary alkyl bromide is required which has the tendeDcY 
to elimin8te HBr. 

(CH3)3C8r -HBr, (CH3hC=CH2 Atka 
, In the case of (CH3)3CCH2NHZ which is actually a primary 
amine. a primary alkyl bromide, (CH3)3CCH2Br is 
required. This possesses a large group,,(CH3)3C-CHZ-. 
which has large sterle effect ,and thus ~l reaction is 
difficult to form (CH3hCCH2NH2. However, 
rearrangement occurs to form an alkene. 

+ + 
(CH3hCCHlBr ---+ (CH3)3CCHZ -+ (CH3hCCHzCH3 

',,80.1 ' 

, These amiiles can be prepared 'eaSily' from; ~ 
corresponding acidS which follow HOImann's broniatni,de, ' 

(CH ) C-COOH ,"(i)PC's, (cH) 'Cco-..n/' <Ikl ,'~' 
,,33 ",(")NH" ,33 ,~1uZ,"''''','OH' 

, 11 3 , ' , ' • .' ,Ai, 

, ' ',',' "",' " '(CH3)iCNH2" , " 
reaction in which there is no chance (,'If alken6 (9~~6n ~ue' ' 

, to intramolecular ~arrangement., ' ,: 
, (Xii)- The ,hybrid atomic orbitals used, bymtrogen in the " ,',~' 

,compounds are Sp3. Sp2 and sp respectively: " 

,CH3NHz(sp3), CH3N " CHCH3(si~).CH.~CN(sp), , 

The corilpeun4 With least ~har8cteris, most basiC; thus, 
CH3NH2 is most basicanq CH3CN'isleast~iG as it has 
more s-charaCter. ' . .' ,J'.> ' "". 

(xiii) Two factors operate in deciding the basicity of alkyl amines, 
i.e., inductive effect and solvation effeCt., " ',", , " ' 
Inductive effect: Alkyl group being, <\ilectron";leasing, 
increases the charge density on nitrogetLThis in tum 
increases the basicity of amiJies. Thus, the expected order of 
basicity is: ',' . ' " , . . 

R~ > RzNH> RNH2 > NH3 ' 
But the steric factor in RiN makes the availability of a lone 
pair of electrons on nitrogen poor than in R2NH.predicting 
R2NH a stronger base than R3N.' , , 

. r 
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";r OBJECTIVE OUESTIOMS 
SET I: This elI contains the questions with single correct answer. 

I 3 

1. CH;3-C:-NH2 is a: 

I 
CH3 

(a) primary amine 0 (b) secondary amine 0 
(c) tertiary amine 0 (d) quaternary salt . 0 

2. Ethylamine reacts with nitrous acid to form: 

[PMT (Haryana) 2004) 
(a) methyl alcohol 0 (b) ethyl alcohol 0 
(c) ethane 0 (d) ethyl nitrite 0 

3. The reaction between primary amine, chloroform and few 
drops of alcoholic KOH is known as: (AFMC 2008] 

(a) Hofmann's reaction 0 
(b) Kolbe's reaction 0 
(c) Carbylamine reaction 0 
(d) Reimer-Tiemann's reaction 0 

4. The compound which on reaction with aqueous nitrous acid 
at low temperature produces an oily nitrosoamine is: 
(a) methylamine 0 (b) ethylamine 0 
(c) triethylamine 0 (d) diethylamine 0 
[Hint: R2NH + HONO ~ R2N-NO (nitrosoamine) yellow 

oil.] 

. 5. Gabriel phthalimide synthesis is used in the preparation of: 

[AMU (Med.) 2006] 
(a) 1° amim~ 0 (b) 2° amine 0 
(c) 3° amine 0 (d) 4° amine 0 

6. Which one of the following is the weakest base? 
(a) Triethylamine 0 (b) Diethylamine 0 
(c) Ethylamine 0 (d) Ammonia 0 

7. Methylamine can be prepared by: 
(a) wurtz. reaction 0 
(b) Friedel-Crafts reaction 0 
(c) Hofmann's bromamide reaction 0 
(d) Clemmensen'sreaction 0 

8. Nitroparaffms on reduction give: 
(a) amides 0 (b) alkylamines 0 
(c) ammonium salts 0 (d) acetanilides 0 

9. Primary amines are identified by: 
(a) Hofmann's reaction 0 
(b) Carbylamine reaction 0 
(c) Friedel-Crafts reaction 0 
(d) Biuret reaction 0 

10. Amines are more basic than: 

(a) alcohols 0 (b) ethers 0 
(c) esters 0 (d) all of these 0 

U. A colourless, odourless and non-combustible 
liberated when ethylamine reacts with: 

(a) NaOH 0 (b) CH3COCI 
(c) NaN01 + HCI 0 (d) H2S04 

gas IS 

o 
o 

12. The product (D) in the following sequence of reactions is: 
',' '. 

CH3CO(:)H~(A)· Heat >(B) pzOs) . 

(C) Na + C1HsOH ) (D) 

(a) ester 0 (b) amine 0 
(c) acid 0 (d) alcohol 0 

13. The strongest base among the following is: [AIEEE 20071 
(a) C6HsNHz 0 (b) CH3NHZ 0 
(c) (CH3 hNH 0 Cd) (CH3 h N 0 

.14. When a primary amine is warmed with carbon disulphide in 
.. the presence of mercuric chloride, the product is: . 

(a) carbylamine 0 (b) alkyl isothiocyanate 0 
(c) mercap.tan 0 (d) alkyl cyanide 0 

15. The correct order of basic nature of CH3 NH1 , (CH3 h NH, 

(CH3)3 Nand NH3 is: [CET(Karnataka) 2009] 
(a) CH3NHZ >(CH3hNH>(CH3hN>NH3 . 0 
(b) (CH3hN> (CH3 hNH>CH;3NHZ >NH3 0 
(c) (CH;3 hNH> CH3NH2 > (CH3 hN> NH3 0 
(d) NH3 >(CH3)3N>CH3NH2 >(CH3hNH 0 

16. Ethylamine reacts with acetyl chloride to form: 
(a) N-ethyl acetamide 0 (b) ethyl chloride 0 
(c) ethyl acetate 0 (d) ethane 0 

17. Ethylamine reacts with nitrosyl chloride (NOCI)to form: 
(a) ethyl chloride 0 (b) ethyl alcohol 0 
(c) ethyl nitrite 0 (d) nitroethane 0 

18. Ethylamine on oxidation with acidified KMn04 gives: 

(a) an acid 0 (b) an alcohol 0 
(c) an aldehyde 0 (d) a nitrile compound 0 

19. Which one of the following will give primary amine on 
hydrolysis? 
(a) Nitroparaffm 0 (b) Alkyl cyanide 0 
(c) Amide 0 (d) Alkyl isocyanide 0 

20. When methyl iodide is treated with ammonia, the product 
obtained is: 
(a) methylamine 0 (b) dimethylamine 0 
(c) trimethylamine 0 (d) all of these 0 

. 21. Which ofthe following does not react with acetyl chloride? 
(a) (CH3)3 N 0 (b) (CH3 )2NH 0 
(c) C2HSNH2 0 (d) C2HsOH 0 

22. A solution of ethylamine: 
(a) turns blue litmus red 
(b) turns red litmus blue 
(c) does not affect the litmus 
(d) bleaches the litmus 

o 
o 
o 
o 

23. Which of the following is the least basic amine? 

(PET (Kcrala) 20101 
(a) Methylamine 0 (b) Ethylamine 0 
( c) Diethylamine 0 (d) Aniline 0 
(e) Benzylamine 0 

24. When acetamide reacts with Br2 and caustic soda, then we 

get: IPMT (MP) 20051 



Nitrogen Containing Compounds 

(a) . acetic acid 0 (b) bromoacetic acid 0 
. (c) ethylamine 0 (d) CH3NHZ 0 

25. Butanonitrlle may be prepared by: 
(a) propyl alcohol + KCN 0 
(b) butyl alcohol + KCN 0 
(c) butyl chloride + KCN 0 
(d) propyl chloride + KCN 0 

26. Which compound is obtained at the end of the following 
reaction? 

Ethylamine HN02) (A)~(B)~(C) 
(a) Ethyl cyanide 0 (b) Ethylamine 0 
(c) Methylamine 0 (d) Acetamide 0 

27. Mark the correct statement: 
(a) methylamine is slightly acidic 0 
(b) methylamine is less basic than ammonia 0 
(c) methylamine is more basic than ammonia 0 
(d) methylamine forms salts with alkalies 0 

28. When amine is heated with chloroform and alcoholic KOH, 
. a bad odour compound is formed. The compound is: 

(AIEEE 2002; CBSE (Med.) 20031 
(a) an alcohol 0 (b) analdehyde 0 
(c) a cyanide 0 (d) an isocyanide 0 

29. Which of the following reactions does not yield an amine? 

(a) R-C;!E;;;N+H20~....... 0 

(b) R-X+NH3~.······ 0 

(c) R-CH-NOH+[H] Na ) ...... . 
C2HSOH 

o 

L~ . 
(d) RCONH2 +4[H]· 4 ) ...... .. o 

30. Acetamide is treated with the following reagents separately. 
Which one of these would yield methyl amine? 

[CBSE (PMT) Prelims 20101 
(a) NaOH-Br2 0 (b) Sodalime 0 
(c) PCIs 0 (d) Hot conc. H2S04 0 

31. Nitroalkane is acidic only towards: 
(a) Na2C03 0 (b) CzHsOH 0 
(c) NaOH 0 (d) liquid NH3 0 

32. Which of the following is not an ambident nucleophile? 
(a) -ONO 0 (b) -OCH3 0 
(c) -CN 0 (d) -CNO 0 

33. Amines behave as: (CET (Karnataka) 2008) 
(a) aprotic acid 0 (b) neutral compound 0 
(c) Lewis acid 0 (d) Lewis base 0 

34. The hybridization of nitrogen atom in amines is: 
(a) sp 0 (b) spl 0 
(c) Sp3 0 (d) dsp2 0 

35. An organic compound (A) on reduction gave a compound 
(B). Upon treatment with HN02, (B) gave ethyl alcohol and 
on warming with CHCl3 and alcoholic KOH, (B) gave 
offensive smell. The compound (A) is: 
(a) CH3CN 0 (b) CzHsCN 0 
(c) CH3NH2 0 (d) CH3NC 0 

803 

36. Silver chloride is soluble·· in methylan}ine due to the 
formation of: 
(a) [Ag(CH3NH2 )4]CI D· (b) [Ag(CH3NH2 h]CI 
(c) [Ag(CH3NHzh]CI 0 (d) [Ag(CH3NH2)]CI 

37. Hinsberg's reagent is: 

o 
o 

(a) benzene sulphonamide 0 
(b) benzene sulphonic acid 0 
(c) benzene sulphuryl chloride 0 
(d) benzene sulphonyl chloride 0 

38. Which of the following compounds caused tragedy of 
Bhopal in 1 984? [EAMCET (Engg.) 2007; 

Punjab PMET (Med.) 2008) 
o (b) Methyl isocyanate . 0 (a) Phosgene 

(c) Carbon monoxide o (d) Methyl cyanate . 0 
39. Trimethylamine has: 

(a) planar geometry 
(b) trigonal bipyramidal geometry 
(c) pyramidal shape 
(d) octahedral geometry ... <-"-- --:...;.,,' 

40. C3H9N represents: . ~" 

(a) primary amine 0 (b) secondary amine i 
(c) tertiary amine 0 (d) aU of these l"<'\ .. o , • 

41. The conjugate base of [(CH3 hNHt is: 

(a) (CH3hN 0 (b) (CH3hN~ 

o 
o 
o 
o 

0' 
. .0 

o 
(c) (CH3 hN+ 0 (d) (CH3hN+ 0 

""'''-~.. . ,.' : 

42. CH3CHl NH2 containsabasicNH2 group,but.CH3CONH2 ; 
. .., .---,., - , 

does not because: 
(a) in CH3CONH2, the lone pair orefectiOnOtlN::aiomls 

delocalised due to resonance ..... __.. 0 

(b) CH 3 CONHz is amphoteric in natUre .0 
(c) in CH3CH2NH2, the lone pair of electrons'bti N-atom 

. is delocalised due to resonance 0 
(d) CH3 CONH2 is an acidic derivative 0 

43. Acetamide and ethylamine can b~<li~tingUislledby using: 
(a) aqueous HCI and heat ( '",. .-. ... 0 
(b) aqueous NaOl~J!tl(Lheat./ 0 
(c) Br2 water '. -./ 0 
(d) acidic KzCr20~ , 0 

44. The correct increasing orderofbiisic'stfengtnsin? . 
CH3CH2CN,CH3CH2NHZ,CH3N=CHCH3 is: .... 
(a) CH3N=CHCH3,CH3CH2NH2,CH3CH2CN.O·'· 
(b) CH3CH2NHZ,CH3N=CHCH3,CH3CH2CND: 
(c) CH3CH2CN, CH3N=CHCH3,CH3CH2NH2 n· 
(d) CH3CHl CN, CH3CH2NH2, CH3N=CHCH3, _ 0 

45. Which one of the following behaves both as nucleophile and) 
as an electrophile? .,...... . .. . ..~~ 

(a) CH3C==N - / 0 (b) CH3-0H JD 
(c) H2C=CH---'CH3 0 (d) CH3 ~NH~. I 0 

46. The boiling points of amines and their correspo1i~g 
alcohols and acids vary in the order: 
(a) RCHzNH2 > RCOOH> RCHzOH 
(b) RCHzNH2 >RCH20H>RCOOH 
(c) RCH2NH2 < RCaOH < RCH20H 

(d) RCH2NH2 :~CH2.9!!5~C..Q2fI 
. -- . 

n 
iO 
·0 
'. 0 
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;41. Reduction of ru~oalkanes in neutral medium, (e.g., 
Zn+ N14Cl) fonnsmainly: 

.' , ,,(a)R-':"'NHz : D. (b)R,-NHOH IJ 
'" (c) R"-N~N-CI 0 (d) all of these 0 

48. Which. one of the t'ollowingon reduction with LiAlH4 yields 
asecondaryamine? ' [CBSE (Med.) 2007] 

, (a), Methyl cyanide 0 (b) Nitroethane 0 
, " (c) Methyl isocyanide 0 (d) Acetamide, 0 
, 49; A primary 'nitroalkane is treated with nitrous acid" which of 

the following will be the main product? 
(a) Pseudoni,trol o (b) Nitrolic acid 0 
(c) , A primarY amine 0 (d) A primary alcohol 0 

SO, A nitrogenous compound is treated with HN02 and the 

prodUct so foimed is further treated with NaOH solution which 
produces blue colouration. The nitrogenous' compound is: 
(a) CH3CHzNHi 0 (b) CH3CH2NOz 0 
(c) CH3CHzONO 0 (d) CH3CHN02 0 , I 

CH3 

~51. 'By heating alkyl halide with alcoholic ammonia in a ~ealed 
, tube; a mixture of three amines areformed and this reactioh 
.is known as: 

, (a) Hofmann's bromamide reaction 0 
, (b) Hinsberg'smethod 0 

" (c) Hofmann'smethod 0 
, '(d)anunonolysis of alcohol, " 0 

<" ,52, By distilling glycine with barium hydroxide, it gives: 
(a)ethy1amin~ [J (b) methylamine 0 
( c r anlino !lcid ' 0 (d) acetic acid 0 

5.3. Et1!.ylamine is obtained by the action of sodium hypobromite 
, ,onthe following alnide: 

(a). folmamide ' 0 (b) acetamide 0 
(c)propanamide 0 (d) butanarnide 0 

54~ >Primary 'amines ,on oxidation with acidified KMnO 4, 

fQUmved by hydrolysis gives: 
,', ,,(a), aldehydes only 0 (b) ketones only 0 

'(c) aldehydes or ketones 0 (d) carboxylic acids 0 
.55. ' Secon<iary amines on oxidation with KMn04 gives: 

, (~)diaIkylhydrOxylamine 0 
(b )teiraalkylhydrazine 0 
(c )kclones' , 0 
(d) amineoxide 0 

'56~: Secondary amine~on oxidation with Caro's acid gives: 
. 00' " , 0 

(b)tetraalkyl ' 0 
k.etones, 0 

o 
[JEE (Orissa)2010] 

[] 

o 

o 
o 
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59. Whicll of the following ' methods is generally not employed 
for the' separation Of primary,' secondary and tertiary 
amin~s? ' 
(a) Fractional distillation 0 ' 
(b) Hinsberg's'method 0 
(c) Hofmann's method 0 
(d) Filtration 0 

60. How many primary amines are possible for the formula 
C4 H11 N? [MGIMS (Wardha) 2006; JEE (WB) 2008] 

005 DW6 0 
003 0,004 0 

61. Primary, secondary and tertiary amines, can be distinguished 
by: ' , [AFMC2010] 
(a) Schiff's test 0 (b) Fehling's test 0 
(c) Hhisberg test ", 0 (d)Tollen's test 0 

62. When methyl cyanide is hydrolysed itlpresence Of alkali, if 
fonns: 
(a) acetamide ,0 (b) methane 0 
(c) CO2 + H20, IJ (d) acetic acid 0 

63. ' By passing the mixture of thevapours of alcohol and excess 
of ammonia over heated alumina at 350°C, the main product 
obtamed is: 
(a) primary amine 0 
(b) secondary amine " 0 
(c) tertiary amine ' 0 
(d) a mixtureofpri., sec. and tert. amines 0 

64. What is the_decreasing order of basicity of pri., sec., tert., 
ethyl amines and NH3 ? 
(a) NH3 >C2HsNH,2>(C2HshNH>(C2Hsl3N ' 0 
(b) (C2Hs)3N>(C2HshNH>C2HsNH2 > NIh 0 
(c) (C2HshNH>C2HSNH2 >(C2HshN>NH3 0 
(d) (C2HshNH>CzHsNHi >NH3 >(C2HShN 0 

65. Alkylation is possible iIi: 
(a) primary amines only 0 
(b) secondary amines onl~ 0 
(c) tertiary amines only , 0 
(d) primary and secondary amines both 0 

66. Secondary amine fonnsyellow oily liquid with nitrous acid, 
which on warming with phenol and conc. H2S04 gives a 
brown or red colour and which at once changes into 
blue-green. This reaction is called as: 
(a) Carbylamine reaction '0 
(b) Liebermann's nitroso reaction 0 
(c) Gabriel phthalimide reaction 0 
(d) Hofmann's mustard oil reaction 0 

67. Tertiary amines dissolve in cold nitrous acid to form salt, 
which Qn warming decomposes to give: 

,(a)'R3NHN02 0 (b) R2NNOO 
, (c) ,ROH 0 (d) R2NNO+RQH 0 

68., Acetamide, reacts with NaOBr in alkaline medium to form: 
(a) ,NH3 0 (b) CH~NH2 ,0 
(c) CH3CN , ,,0 (d) CH3CH2NH2 0 

69~ Hofmann's hypobromite reaction affords a method pf: 
(a) preplU'ingatertiary amine ' 0 
(b ) preparing a miXture of amines ' 0 
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(c) stepping down a series 0 
(d) stepping up a series 0 

70. Treatment of a:mInonia with excess of ethyl chloride will 
yield: 
(a) diethylamine 0 
(b) methylamine 0 
, (c) tetraethyl ammonium chloride 0 
(d) ethane 0 

71. By heating ammonium chloride with two equivalents of .. 
formaldehyde it form~: 
(a) dimethylamine 0 (b) ethyl amine 0 
(c) methylamine 0 (d) ammonium formate 0 

72. Comparing basic strength of NH3, CH3NH2 and 

C6H5NH2' it may be concluded that: .[AMU (Engg.) 2009} 
(a) basic strength remains unaffected 0 
(b) basic strength ofNH3 is highest 0 
(c) basic strength of alkylamine is lowest 0 
(d) basic strength of arylamine is loweSt 0 

73. During acetylation of amines, what is replaced by acetyl 
group? [CPMT 20081 
(a) Hydrogen atom attached to nitrogen atoin 0 
(b) One or more hydrogen atoms attached to nitrogen atom 0 
( c) One or more hydrogen atoms attached to carbon atom 0 
(d) 'Hydrogen atoms attached to either carbon atom or 

nitrogen atom 0 . 
74. Which one of the following is called a carbylamine?: 

IJEE (WB) 20091 

(c) CH3CH2CH2CONHCH3 
(d) CH3CH2CH2CONHCOCH3 

79. Which is most basic? 

.805 

o 
o 

IUGET (Med.) 2002; PET (Kerala) 2007J 
(a) C6H5NH2 0 (b) (C6HshNH 0 
(c) C2HSNH2 0 (d) (C2HShNH . Q 

80. Among following the weakest base is: (AIIMS 2003 J . 
(a) C6HsCH2NH2 .. 0 (b) C6HsCH2NHCH3D 
(c) 02N-CH1NH2 0 (d) CH3NHCHO.O 

81. The correct order of the· basic strength of. following 
compounds is: [SCRA 20091 

~ .. 
CH3 CN 

(3) (4) 
(a) 4>:2 > 3 > 1 . 0 (b) 4 > 2 > i >3 
~) 1>3>2>1 D(~ 1>3>4>2 

82. Ethyl isocyanide on hydrolysis in acidic medium gives: 

o 
o 

[AIEEE 20031 
(a) RNC 0 (b) RCONH2 0 (a) ethanoic acid and ammonium salt o 

o 
o 
o 

(c) RCN 0 (d)· RCH = NH 0 (b) propanoic acid and ammonium salt 
75. Which is'IQost basic? [AFMC 20091 (c) ethylamine salt and methanoic acid 

(a) Aniline' 0 (b) p-nitroaniline 0 (d) methylamine salt and ethanoic acid 
(c) Benzylaroirie 0 (d) p-methylaniline 0 83. In the reaction, 

76. The correct order of basicities of the following compounds Hel Boiling H20 . 
is: . '" [I1T(S)2001} CH3CN+2H~{X) ) (Y); 

/NH. . '_ ._~~ ____ Jlletel1!!Y is: (BHU 2004; BVP (Med.) 20071 
--~-----GHy-G~------€Hr=€H-2----Nl-f2 (a) acetaldehyde 0 (b) ethylamine . 0 . 

. . (1) NH2 . (2) (c) acetone 0 (d) dimethylamine 0 . 
.. 84. A primary amine is formed from an amide, by the treatment· ?'" . of bromine and alkali. The primary amine has: . . 

(CH3hNH CH3-C-NH2 IBHU2004J . 
. (3) (4) (a) I carbon atom less than amide 0 

(a) 2 >1> 3 > 4 0 (b) I> 3> 2 > 4 0 (b) 1 carbon'atom more than amide 0 
(c) 3 > 1 > 2 > 4 0 (d) 1 > 2 > 3 > 4 0 ( c) 1 hydrogen atom less than amide 0 

77. The compound that will react most readily with NaGH to (d) 1 hydrogen atom more than amide 0 
form methanol is: [lIT (8) 2001) , . SnC1 2/HC1 . t" 

+ 85. C6H5C==N + 2[H] ) C6H5CHO+ NH3 
(a) (CH3)4~r 0 (b) CH30CH3 0 The above reaction is: [DPMT2004) 
(c) (CH3)3Sr 0 (d) (CH3hCCl 0 (a) Mendiusreaction 0 . 

78. CH3CH2Cr NaCN) (X) Ni/H2) (Y) Acetic anhydride) (Z) 

(Z) in the above reaction sequence is: [CBSE (Med.) 2002J 
(a) CH3CH2CH2NHCOCH3 0 
(b) CH3CH2CH2NH2 0 

(b) Schmidt reaction D. 
(c) Rosenmund reaction 0 
(d) Stephen's reaction 0 

POCt3 86. HCONHR .,) (A)+ H20; 
Pyndme 

(A) in the above reaction is : [BHU 2005J 



(a) RCH=NOH o (b) R-N==C=O o 
+ -

(c)R-C"""':'N 0 (d) R-N=aC 0 
87. Which ofthe following is obtained in carbylamine reaction? 

(EAMCET (Med.) 2005) 
(a) C2H,NH2 0 (b) COCl2 0 
(c) C6HsCN 0 (d) C6H,NC . 0 

88. Acetonitrile on reduction gives: [MHCET (Med.) 2005] 
(a) propanamine 0 (b) methanamine 0 
(c) ethanamine 0 (d) none of these 0 

89. An isonitrile on reduction gives: [JIPMER 2005] 
(a) 3° amine 0 
(b) 2° amine [1 
(c) 10 amine 0 
(d) quaternary ammonium salts 0 

90. Which one of the following methods is neither meant for the 
synthesis nor for separation of amines? (AIEEE 20051 
(a) Hinsberg's method 0 (b) Hofmann's method 0 
(c) Wurtzreaction 0 (d) Curtius reaction 0 

91. Reaction of cyclohexanone with dimethylamine in the 
presence of catalytic amount of an acid forms a compound if 
water during the reaction is continuously removed. The 
compound formed is generally known as:' 

[AIEEE 2005; UPSEE (Engg.) 20071 
( a) a Schiff's base 0 (b) an enamine 0 
(c) an imine 0 Cd) an amine 0 

92. Which of the following chemicals are used to manufacture 
methyl isocyanate that caused "Bhopal Tragedy"? 

. [AIIMS 2005] 

(i) Methylamine (ii) Phosgene 
(iii) Phosphine (iv) Dirnethylamine 
(a) (i) and Oi) 0 (b) (iii) and (iv) 0 
(c) (i) and (iii) 0 (d) (ii) and (iv) 0 

93. In the following sequence of reaction, the major product (c) is: 

94. 

CH3CH21 NaCN) (A) OH- (B) BrzlNaOH (e) 
Partial hydrolysis ) ) 

. (DCE 2009) 

(a) CH3CH2NH2 
o 
II 

(b) CH3CH2-C-NHBr 

(c) CH3CH2COONH4 
o 
II 

o 

o 
o 

(d) CH3CH2-:-C-NBr2 0 

Ethyl chloride on heating with AgCN forms a compound 
(X). The functional isomer of(X)is: [KCET 2005] 

(a)C2H,NC 0 (b) C2HsNH2 0 
(c) C2HsCN 0 Cd) none of these 0 

95. The major organic product formed from the following 
reaction, 
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,---/0 (i) CH3NH2 . 
;--\ (ii) LWH

4 
(iii) H

2
0) ••. IS: 

[JIPMER (Med.) 2007; AFMC 20101 

,--/0 - NHCH
3 '-- / 

(a) /\ 0 (b) /\ 
NHCH3 

o 

'---LNHCH3 '--INHCH3 
(c) /\ 0 (d) /\ 

OH . . OH 
o 

96. Which one of the following statements about CH 3 CN is not 
true? [PMT (Kerala) 2006] 
(a) Its IUPAC name is ethane nitrile 0 
(b) The bond betWeen C and N is a triple bond 0 
(c) The C-C-N bond angle is 1800 0 
(d) The carbon-carbon bond is longer than the carbon-

nitrogen bond 0 
(e) It has a relatively high boiling point due to hydrogen 

bonding 0 
97. Match the List I with List II and pick the correct matching 

from the codes given below: 
List I 

(Reactants) 

A. RX + KCN ethanol) 

List II 
(Products) 

1.~NH2 

C. CH3C=aN LiAlH4') 3. CH3COOR 

D /Q'CONH HOfinann's) 4. CH3CH2NH2 • ~ 2 degradation 

Carbylamine 
E. R-NH2 ) 5. RNC 

reaction 
CHC13 /KOH 

Codes: [PMT (Kerala) 20061 
(a) A-3, B-1, C-2, 0-5, E-4 0 
(b) A-2, B-3, C-4, 0-1, E-5 0 
(c) A-3,B-2,C-l,0-5,E-4 0 
(d) A-5, :8-:-3, C-2, 0-4, E-l 0 
(e) A-4, B-2, C-3, 0-5, E-l 0 

98. Which of the following is not a usual method for the 
preparation of primary amines? (UPSp: (Engg.) 2010] 
(a) Curtius method • 0 
(b) Gabriel phthalamide reaction 0 
(c) Hofmann's method' 0 
(d) Reductive amination of >C=O . 0 

99. Choose the correct order for the boiling points ofarnines: 
[CET (Gujarat) 2006] 

(a) CH3NH2 > (CH3 hNH> (CH3hN 

(b) (CH3hNH > (CH3 hN>CH3NH2 

o 
o 
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(c) (CH3hN <CH3NH2 < (CH3hNH 

(d) CH3NH2 «CH3hNH«CH3hN 
D 

D 
100. State the product available by the following reaction: 

101. 

102. 

CH3CH2CN+ethanol+H20 Cone. H2S04 ) 
11 

(CET (Gujarat) 2006) 

(a) ethyl formate + NH3 0 
(b) ethyl propanoate + N;H3 0 
(c) ethyl butanoate + NH3 0 
(d) ethyl acetate + NH3 0 
Which of the following reacts with Hinsberg's reagent 
(Benzene sulphonyl chloride) to fonn the product soluble in 
KOH?[BHU 2006] 

(a) Primary amine 0 (b) Secondary amine 0 
(c) Tertiary amine 0 (d) Quaternary amine 0 
Potassium phthalimide reacts with 'A' which on hydrolysis 
gives isopentylamine, what is 'A'? [DPMT 2006) 

CH3 

I 
(a) CH3-CH-CH2CH2Br o 

CH2Br 
I 

(b) CH3-CH-CH2CH3 D 

CH3 
I , 

108. 

109. 

110. 

111. 

(a) C6HsNH2 > NH3 > CH3NH2 > (CH3 h NH . 
(b) NH3 >C6HSNH2 >CH3NH2 > (CH3 hNH . 
(c) (CH3hNH>CH3NHz >NH3 >C6HSNH2 
(d) CH3NH2 > (CH3hNH> NH3 >~6HsNH2 
Which one of the following is most basic? 

·.807 

D 
D, 
o 
D 

[DCE (Engg.) 2007) 

(a) FCH2NH2 0 (b) FCH2 CH2NH2 0 
(c) C6HsNHz D (d) C6HsCH2NH2 0 
Isopropylamine with excess of acetyl chloride will give: 

[M;HCET (Med.) 2007] 

(a) (CH3COhN-CH-(CH3h D 
(b) (CH3)2 CH-'-N-COCH3 0 . . I 

H . 
(c) (CH3 hCHN(COCH3h 
(d) CH3CH2CH2-N-COCH3 I . . 

H 

o 
D 

Reduction of alkyl nitrile produces: [CET (J & K) 2007) 
(a) secondary amine 0 (b) primary amine 0 
(c) tertiary amine D (d) amide D 
Which of the following amines can be directly oxidised to 

. the corresponding nitro compound by .potassiQm 
peJ;111anganate? . [PMT (Kerala) 2007J 
(a)~ iCH3NU2 : D(b) (CH3hCFI-NHiD 
(c) (CH3 hNH D (d) C6HSNH2 0 
(e) (CH3hC-NH2 0 

(c) CHr-:-CH-fHCH3 D ·112. An aliphatic amine on treatment· with aIcoholiccarbon 
disulphide and mercuric chloride forms ethyl 

103. 

104. 

105. 

106. 

107. 

Br 

o 

Which has the highest pKb value? (DCE 2006) 

(a) R3C-NH2 0 (b) R2NH 0 
(c) RNH2 0 (d) NH3 0 
Amine that can not be prepared by Gabriel phthalimide 
synthesis is: . (PET (Kerala) 20101 . 

(a)benzylamme 0 (b) aniline 0 
(c) methyl amine D (d) iso-butyl amine D 
(e) tertiary-butyl amine D 
CH3NH2 + CHCl 3 + KOH--+ nitrogen containing 

compound + KCI + H2 O.Nitrogen containing compound is: 
(lIT 20061 

(a) CH3-C=N o (b) CH3-NH-CH3 D 
+ --

D (d) CH3 -N==C D 

The molecular formula C3H9N cannot represent: 
[BCECE (Med.) 2007] 

Ca) 1° amine D (b) 2° amine 0 
(c) 3° amine D (d) quaternary salt 0 
The correct order of basic nature in aqueous solution is: 

(DCE (Engg.) 2007] 

113. 

isothiocyanate, the reaction is known as: [AIIMS 2007] 
(a) Hofmann's reaction D 
(b) Hofmann's rearrangement D 
(c) Hofmann's mustard oil reaction . D 
(d) Hofmann's bromamide degradation reaction D 
In order to distinguish between C2HSNH2 and C6HsNH2, 

which of the following reagents is useful? 
. (BHU(Mains) 2007] 

(a) Hinsberg reagent D (b) J3-naphthol D 
(c) CHCl3IKOH 0 (d) NaOH D 

SET II: This set. contains the questions with tWo or more correct 

114. 

115. 

116. 

answers. 

Primary, secondary and tertiary amines can be distinguished 
by the action of: 
(a) CS2/HgCl2 D (b) NaN02/HCI 0 
(c) CHCl 3/KOH D (d) X 2 /NaOH 0 
Nitroalkane and alkyl nitrite can be distinguished by the 
action of: 
(a) alkali D (b) nitrous acid D 
(c) mineral acids D 
(d) reduction with SnlHCI D 
A mixture of three amines (pri., sec. and tert.) can be 
prepared by: 
(a) Hofmann's bromamide reaction D 
(b) the reduction of nitroalkanes, cyanides and Qximes D 
( c) ammonolysis of alkylhalides D 
(d) ammonolysis of alcohols D 
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~ 117. Primary amines may be obtained by: (b) Hofmann' s mus~ oil reaction 0 
(3) the reduction otnitroalkanes 0 (c) Diazonium salt (as the intermediate) 0 
(b) the reduction ofalkyl isocyanide 0 (d) Hofmann's bromamide reaction ' • 0 

,(c) the decarboxylation of amino acids 0 122. When methyl iodide is treated with ammonia, the product 
(d) 'the bydrolysis of alkyl isocyanate 0 obtained is/are: 

118" Tertiary amines may be obtained by: (a) methylamine 
, (a)' Gabriel pbthalimide synthesis 0 (b) ,dimethylamine 
: (b) beating an alcoholic solution of~onia with excess (c) trimethylamine 

o 
o 
o 
o of RX 0. '(d) quaternary ammonium salt 

(c) the hydrolysis of dialkyl cyanamide • 0 123. The name CH3 -C-N is: 
(d) thermal decomposition of quaternary ammonium (a) methyl cyanide 0 (b) methyl carbylamine 0 

bydroXide . ' 0 (c)'eth~enitrile, 0 (d) acetonitrile 0 
119. All the three amines (pri., sec. and lert.) react with: ,124. The positive carbylamine test is given by: ' 

(a) HOM 0 (b) RX 0 [BHU (Mains) 2007] 
(c) HCI 0 (d) CH3COCI 0 (a)N,N-dimethyl aniline 0 

120. ' A mixture oftbree amines can lle separated into individual , (b) 2,4-dimethyl aniline 0 
on~ by: (c) N-methyl-o-methyl aniline '0 
(a) Carbylamine reaction 0 (d) 'p-methyl benzylamine 0 
(b) Hinsberg's method 0 125. In the reaction, 
(c) Fractional distiUationmethod 0 2X + B2H6 --+ [BH2 (Xh r [BH4r 
(d) Hofmann's method 0 

121. C
4
H

II
N(X)+ HN02--+C

4
H

IO
O(30 alcohol) hence, the amine(s) Xis (are): 

<a) NH3 
(X)will give: (c) (CH3 h NH 

o (b) CH3NH2 
[lIT 2009J 

o 
o 

(a) Carbylamine reaction 0 

;:AsS~RTION.REASON TYPE gUESTION' 
These questions given below consist of anAssertion (A) 
and theReason (R). Use the following keys to choose the 
appropriate answer: , 
(a) If both(A) and(R) are correct and(R) is the correct 

explanation of{A). ' , 
(b) IfbotliA) anclR) are correct buiR) is not the correct 

explanation of{A). 
(c) If{A) is correet butR) is incorrect ' 
(d) If{A) is incorrect butR) is correct., " 

1. (A)', Ammonolysis of alkyllmJides is not a suitable method 
, for the preparation of pure pritnaJyamines. ", , 
(R) Ammonolysis of alkyl halides yields mainly secondary 

amines. ' 
2. (A), Carbylaminereactioninvolves ,chemical reaction 

between 10 amine and chloroform in basic medium. 
(R) Incarbylamine reaction, -NH2 group changes into 

--'-NC group. 

o (d) (CH3 hN 

3. (A) The main product of reaction of alcoholic silver nitrite 
and ethyl bromide is nitroethane. 

(R) Silver nitrite is predominantly covalent compound. 
4. (A) In strongly acidic solutions; aniline becomes more 

, reactive towards electrophilic reagents. ' 
(R)' The amino group being completely pro~onated in 

strongly acidic solution, the lone pair of electrons on 
the nitrogen is no longer available for resonance. 

[lIT (S) 2001] 

5, (A) CUCl 2 gives a deep blue coloured solution with 

ethybumWne. , 
(R) 'Ethyl8m.ine molecules cc;H)rdiriate with cuJW.c ions 

'forming a blue coloured complex. 
6. (A) Amines are more basic than esters and ethers. 

(R) Nitrogen isless electronegative than oxygen. It is better 
poSition to accommOdate the positive. cbargeon the 
proton. ' [AIIMS 2007] 
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. I. 
I ANSWERS I 

OBJECnVEQUEsnoNS 
1. (a) 2. (b) 3. (c) 4. (d) 5. (a) 6. (a)· 7. (c) 8. (b) 9. (b) 10. (d) 

11. (c) 12. (b) 13. (c) 14. (b) 15. (c) 16. (a) 17. (a) 18. (c) 19. (d) 20. (d) 

21. (a) 22. (b) 23. (d) 24. (d) 25. (d) 2.6. (b) 27. (c) 28. .(d) 29. (a) 30. (a) 

31. (c) 32. (b) . 33. (d) 34. (c) . 35. (a) 36. (b) 37. (d) 38. (b) 39. (c) 40. (d) 

41. (a) 42. (a) 43. (b) 44. (c) 45. (a) 46. (d) 47. (b) 48. (c) 49. (b) 50. (d) 

51. (c) 52. (b) 53. (c) 54 .. (c) 55. (b) 56. (a) 57. (d) 58. (d) 59. (d) 60. (d) 

61. (c) 62. (d) 63. (a) 64. (d) 65. (d) 66. (b) 67. (d) 68. (b) 69. (c) 70. (c) 

71. (c) 72. (d) 73. (b) 74. (a) 75. (c) 76. (b) 77. (a) 78. (a) 79. (d) 80. (c) 

81. (c) . 82. (c) ·83; (a) 84. (a) 85. (d) 86. (d) ·87. (d) 88. (c) 89. (b) 90. (c) . 

91. (b) 92. (a) 93: ~a) 94. (c) 95. (b) 96. (e) 97. (b) 98. (c) 99. (a) 100. (b) 

01. (a) . 102. (a) 103. (d) 104. (b) 105. (d) 106. (d) 107. (cl 108. (d) 109. (c) 110. (b) 

~11. (e) . 112. (c) 113. (b) 114; (a,b,c) 115. (a.b,d) 116 •. (c,d) 117. (a.c;d) 118. (b,d) 119. (a.b,c) 120. (b,c,d) 

~21. (a.b;c) 122. (a.b,c,d) 123. (a,c,d) 124. (b,d) 125. (a.b,c) 

ASSE~REASON TYPE QUESnONS 
1. (c) 2. (a) 3. (a) 4. (d) 5. (a) 6 •. (a) 
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~::::::d=:=';=J 

3. Explain the following reactions: 

(i) Cope reaction (ii) Schmidt reaction 
(iii) Curtius reaction (iv) Ritter reaction 
(v) Leuckart reaction (vi) Lossen reaction 

(vii) Wagner rearrangement 
flint: See text] 

4. CH3NH2 ) (A) 
(CH2hO . 

What is (A)? Explain why (A) is less reactive than methyl
amine? 

0/ 
~;-<, 

CH3-NH2 + CH2-CHr-~ CH3NHCH2CH20H 
(A) P-Amino alcohol 

li-amino alcohol is less reactive because it is stabilized by 
intramolecular bydrogen bonding. 

H8_+ -0 

H,J.o- I 
/N- CH2 

CH3 '-..../ 
CH2 

H-bonding also lowers nucleophilicityofnitrogen.] 

5. Complete the following reactions: 

o 0 
. II II SOCI2 (a) lIO-C-(CH2 h -C-OH----=+ 

(A) ~ (B) LiAlH4 ~ (C) 
H20 

(b) CH (CH ) CH OH p,c,c') (A) CH3NH2) (B) 
. 3 2 2 2 [0] NaBH3CN 

(c) ON-H CH3COCl) (A) LiAlH4) (B) 
H20 . 

o 

(d) 6 + NH,OH-->{A)IJAlH,) (Bl 

OH 

(e) 6 K 2Cr20 7) (A)~(B) H2/PI) (C) 
H2S04 A 

~(D)~(E) 

(g) CH3CH20H PBr3 >{A) NaCN)(B) ~~~~~ >(C) 

(h) CH3CH20H KMn°4) (A) SOCI 2) (B)~ 

(C) NaOHfBr2) (D) 
A 

(i) CH CH OH ~ (A) (I) NH3 ) (B) 
3 2 300.C (ii) H2/Ni, 300.C 

(j) (A) 
1· Amine 
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lADS. (a) (A): CI-C-(CH2»)-C-CI; 
II II o 0 

(0): H2N-C-(CH2)3-C-NH2; 
, II .,. II 

o 0 

, ',' ~>/CHZNH2 
(C): (CHz13, 

' CH2NH2 

(b) (A): ~H3-(CH2)2-CHO; 

(.il): Clh-(CH2)2-CH2-NH-CH3 

(c) (A): eN-COCH); (0): CN-CH2CH3 

'N-OH NH2 

(d)(A) , 6 ;(8),6 
o NH' NH2 

(')(A) , 6 ; (8),6 ; (C), 6 
Br 

(D),6 ;(<),0 
CH3 

I 
(f) (A): CH)-N 

I 
CH) 

(g) (A) CH)CH2Br; (0)CH3CH2CN; 
. (C) CH3CHzCH2NH2 
(h) (A) CH3COOH; (0) CH3COCl; (C) CH3CONH2; 

(D) CH3NH2 
(i) (A) CH)CHO; (0) CH3-CH2NH2 

G) (A) C2HsNH2; (0) [C2HsN(CH3)3t r; 
(C) [C2HsN(CH3)3tOW] 

6. How will you bring out following conversions involving 
three steps at most? 

CONH2 NH2 
I I 

(a) CH3-CH-CzH5---+GH3-CH-C2Hs 
o 
II 

(h) a C
-

NH
,---->. a NH

, 

(c) CH3-CH2-CN---+CH3~CH2-CH2-NH2 
o H 
II I 

~C-NH2 ~N-COCH3 

(d) L-J ~ L-J 

811 

(Hint: (a) and (b) are simply Hofmatin bromarnide reaction. 
(c) is simple reduction with Nalalcohol or with LiAlH4• 

o 
II 

~C-NH2 

(d) L-J 

7. Select the starting substance and reagent for synthesis of 
following amines: 

, 12 " 6'NH2 

(a) CH3-CH2-CH-C2H5 (b) 

(d)W 
H 

o 

(b) 6 

H 

8. Arrange the following in decreasing order of basicity: 
(a) R-CN,R-CH=NR,R-NH2 

(b) CH2=CHCH2NH2,CH3CH2CH2NH2, 
HC==C-CH2NH2 

o 0 
, ~ ~ 

(c) CH3CH2NH2,CH3-C-NH2,C6Hs-C-NH2 

(d) PhNH2, Ph2NH, Q-NH2 

(Ans. (a) R-,-NH2 > R-CH=NR > ,R-CN 

(b) CHjCH2CH2NHl > CH2=CHCH2NH2> HC-CCH2NH2 
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w 
(c) CH3CH2NH2 > CH3CONH2 > 4Hs"':"'C,-NHi 

(d) ONH2 >PhNH2 >P~2NH] 
9. Give the products when following compounds are treated 

with nitrous acid: 

(a)Q-NH2 (b)Q-NHCH3 (c)CN-H 

~ns. (a)Q-OH(b)G-,-CH3 (C)CN-NO] 

NO 

.. . CH2NH2, 

10. Writedown all possibleproduC1x when 6;; .... 11:<1 

with nitrous acid. 

f\ns. 

CH3 I . 
11. H-C-NHz is an optically active amine. Give the 

.1 
CHzCH3 

possible products when it is treated with nitrouS acid. 
Discuss optical activity of the products. . 

·CH3 .. '.',. . CH3 CH3 
I· .' HN~ .' ·1 + -N2 . '+ 

f\ns. H~C-NH2~H-'-C-N2 ~H-C 
I . ~s·c " I 

. CH~H3 CH2Cfh· CH2CH3 
, Diaioniwn salt· Catbocation 

. (2") . 
013 I . 

H-C ~ CH2=CHCH2CH3 + CH3CH=CHCH3 . I -H+ But -l-ene But -2-ene 

CHiCH3 , 
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12. Give (a) conjugate .acid (b) conjugate base of 
HO(CHzhNHz· 

f\ns. (a) HO(CH2)3NH2~ HO(CH2)3~3 
Conjugate acid . 

. (b) HO(CH213NH2 -H\ 0--(CH213NH21 
Co~ilgate base 

13. Which of the following is most basic? 

(a) 2) 0 ~)O 
(e) Q 0 (eI) Q 

NH2 ! 

o 

o 

14. Which of the following is the correct order of basic 
character? 
I. I-Amino propane 
II. ~thanarnide 
III. Guanidine [HN=C(NHz )z] 
IV .. Aniline 
(a) I>II>III>IV 0 (b) II1>I>IV>1I 0 
(c) IV>III>I>II 0 (d) III>Il>I>IV 0 

15. . Which nitrogen is protonated readily in guanidine? 
z 

1 /NHz 
HN=C",,3 

NHz 

(a) 1 0 (b) 2 0 
(c) 3 0 (d) All of these 0 

. 16. Which of the following has the highestpKbvalue ? 
, .. ' ~~ .. 

(a) CCl3....-........-NH2 0 (b) CCl3 NHz 0 

(c) F3C~NHZ 0 (d) F3C~NHZ 0 
17. Whicbofthe following is insoluble in dil. HCI? 

(a) Aniline 0 (b) Triphenylarnine 0 
(c) Ethylamine 0 (d) Dimethylamine 0 

. 18. Which of the following may be prepared by Gabriel 
phthalimide synthesis? 
(a) Aliphatic amines 0 (b) ArOmatic atnines, 0 
(c) Aliphatic arnides 0 (d) Aromatic arnides 0 

,. 19.. When an organic compound was treated with sodium nitrite 
and HCI in the ice-cold condition, Qitrogen gas was evolved. 
The compound is : 
(a) ~mitro compound 0 (b) a primary amine 0 
(c) a secondary amine 0 (d) a tertiary amine 0 

20.· In carbylamine reaction: . 
(a) the nucleophile is RNHz and electrophile is :CClzO 

. (b) the nucleopbile is primary amine and electrophile is 
CUi 0 
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(c) the nucleophile is CCli and the electrophile is primary 

amine '0 
(d) the attacking reagent is electropbile [J 

21. Which one of the following will not react with the Grignard 
reagent (C2 H; MgBr)? 

[J 

C2 HS 

I 
(c) C2HS-N . 

I 
[J 

C2HS 

22. One mole of an amme (A) consumes two moles of methyl ' 
bromide to give a quaternary ammonium salt. The amine (A) 
is: 
(a) (aI3h CCH2NH2 [J (b) (aI3)2 NCH2CH3 [J 

(c) Q(piperidine) 0 (d) O~I (Pyridine) [] 

. N 
I 
H 

23. An optically active compound (A) decoiourisesBr2/CCI4 

and releases N2 with nitrous acid. The compound (A) is : 
. NH

2
" NHCH

3
" 

(a) 6 Cl (b) 6 .. Cl 

6:
2 

, (c>, I # 

24. (A) H2/Pt) 'to Amine 

NH~H" 

Cl (d) 6 ' 
(B) H2/Pt) Z' Amine ' 

(A)and (B) respectively are: 

[J, 

(a) RNC,RNC [J (b) RCN,RCN, 0 
(c) RCN,RNC 0 (d) RNC,RCN [J 

25. (A) ~:on) Primary.amine 

The compound (A) may be : 
(a) alkylisocyanide [J (b) alkyl cyanide 0 
(c) acidamide . [J (d) 1° nitroalkane 0 

26. How many products will be obtained when propane is 
'subjected to vapour phase nitration ? 
(a) 2 . [J (b) 3 [J-

004 0005 [J 

'27. R-CI + NH3(excess)~(X)(majorprodtict), 

the major product eX) is a : , 
(a) l°amineO(b)2I>aniine [J 
(c) 3° amine [J (d) 4° ammonium salt 0 
[Hint: R-Cl + NH3(excess)~R"":'-NH2 + He( 

when ammonia is taken in excess, 1 Gamine is funned as 
the major product.] . , 

28. Mixture of 1°, 2° and 3° amines can be separated by: 
(a) HinSberg's method [J (b) fractional distillation [J 
(c) Hofinann's method [J (d) Victor Meyer's method [J 

,29. Anangefollowing amines in the decreasing order of their 
basicity: ' 

CH3CH2CH2NH2; 
(I) 6,~2; 6:H:,CH2NH2 

" ' 

(II) (nI) 

(a) I> III > II 0 (b) I> II> III [J 
(c) III>U>I 0 (d) II>m>I 0' 

30. The product obtained in the following reaction is: ' 

9 H 
III 

, , .............. C~~Hs· H-:> . , ' " 
CH:r:--......... +. . C=O~ Product 

. C-OC2 Hs H-'- .' , " 
, . II I ',..' 

o H 
(~) hypnotic agent tJ (b) . barbituric acid [J 

(c) CYclic amide 0 (d) cyclic ketone [J 
31. Which of the following amines will show carbylamine 

reaction? . 

AI2 
(a) y o 

H ¢~N--CI H3, 
o (d) __ [J 

CH3 

32. Which 'of the foilowing amines' will show pOsitive 
. Ueberlm!nn's nitroso test? 
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o (d) None of these o 
33. Which among the following is amphoteric? 

(a) CH3-NH2 0 (b) (CH3)2NH o 

ANSWERS: BRAIN STORMING .PROBLEMS I . 

13. (c) 14. (b) . 15. (a) 16. (a) . 17 • (b) 

23. (a) . 24. (c) 25. (b,e,d) 26. (c) 27. (a) 

33. (d) 34. (d) 

G.R.B. Organic Chemistry for Competitions 

34. Which of the following is the most basic· amine ? 

(a) CH3-NH2 0 (b) CICH2NHz 
(c) CI2CH-NH2 0 (d) CCI3-NH2 

18. (a) 19. (b) 20. (a) 21. (c) 22. 

28. (a,b,e) 29. (a) 30. (a,b,c) 31. (a) 32. 

(c) 

D. 

o 
o 

(a,e) 
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LINKED COMPREHENSION TYPE QUESTIONS 

Passage 1 
.' Benzene sulphonYI chloride (C6f1SS02Cl) is called 

Hfu~berg·sreagent. It isusc;:d for the.dlstfu~tion between primary, 
secondary arid tertiary amines. It is also used forseparation'of 
primary. secClnd.ary and tertiary amlnes. frOm tJ:lek mixture. . . 

(I ".2°and30 amines in mixture)" .. 

. Distillate 
(Amine A) 

1 
(i) C6HsS02Cl . 
(ii) KOH 

. (iii) Distillation· . . , '.' 

1 
Mother liC}qo~,. . 

(Amine B and amine q 

·..1 filtered ....• • 

. tr--"';-"'--~-";;;l 

Filtrate Resldue . ! 70% H2SO4 ··l10'~ H2SO4 .. 

(Amine B) (Amu,.e q 
Answer the following questions : 

1. Which of the following is correctly matched? 
R 

I 
(a) A ~R-N 

I 
R 

(c) C ~R-NH2 (d) A ~R-NH2 
2. Which of the following amines does not react with benzene 

sulphonyl chloride? 

(a) R-NH2 

R 

I 
(c) R-N 

I 
R 

(d) Both (a) and (b) 

3. Which ofthe following is primary amine R-NH2? 
(a) A (b) B 
(c) C (d) Cannot be predicted 

4. The residue insoluble in KOH obtained in the Hinsberg's 
test, corresponds to : 
(a) primary amine (b) secondary amine 
(c) tertiary amine (d) aromatic primary amine 

5. Which of the following amines represent C ? 

C
2
H

s
" (a) C2Hs-NH2 (b) /N-H 

C2H5 

. .r:. 
(d) U' 

Passage 2 
Nitrous acid reacts with all classes of amines; The products 

obtained. from ~ese reactions depend on whether the amine is 
primary, secondaryortertiary and whether the amine is aliphatic 
or aromatic.. . . . '., 

. Aliphatic PritTIary amin~s . react With nitrous· acid 
· (NaN02 + HCI) to form alcohol as major product. In addition to 
alcohol; alkene andatkyl halides are also fonned as minor product. 

Certain cyclic primary amines can undergo either ring 
· expansion 'or ring contraction reactions on treatment withhi1:rous 
acid. This ,reaction is called Demjanov. ring expansion or 
· contraction. 

"~CH-NH ' HN02) ~CH OH +rr. .OH 
.. ~.. 2 2 .~ 2 ~ 

. . Answer iliefollowkg question~: . ". . . 
1. What wilt be 'the major product when 2-amino propane js 

treated with nitrous acid? 
(a) I-Propanol (b) 2-Propanol 
(c) Propene (d) Cyclopropane 

2. The product(s) obtained in the following reaction will be: 

0<. OH NaN0
20

+ HCt, ? 

. CH
2
NH

2 
0-5 C 

O<
0H 

(a) 

CH20H O<
0H 

(b). . . 
CH3 

(c) Q=o (d) Q-0H 

3. Which of the following product(s) will be obtained in the 
following reaction? 

ITNH2 HN02 ? 

NaN02 + HC') . 
0-5°C 

. (a) ITOH 

(e) [>:-OH 
(b) D>-CH20H 
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4. Wbich oftliefollowing product(s) will be obtained when 
isopropyJamine is treated with sodium nitrite and.· 
hydrochloric acid? 

. (a) CH3-CH-CH3 . l' . 
OH 
CI 
I 

(c) CH3-:-CH-CH3 . (d) All of these 
5. Two comPounds (Aj and (B) Ilfl= ,treated with nitrous acid, 

NH2 , 

1 . 
CH3~CH:""'CH3 ;, CH3CH2CH2NH2 

, (A)' (B) 

The corresponding stable carbocation intennediates are: 
(From A) (From B) 

+ + , 
(a) CH3-CH2-CH2 CH3-CH2-CH2 

+ + 
(b) CH3-CH-CH3 CH3-CH2-CH2 

+ ' 
(c) CH3~CH-CH3 

+ 
CH3-CH-CH3 

(d) none of these 

Passage 3 

Amines are "ie, compounds~, They·act as Lewis base due to 
the presence of lone pair of electronS afnitrogen. . 

,,' -. _ ," - -', - ,,' 

HF 
. I '. ..1 

R-N: ~ B-F 
1 'I, 
H' F' 

, . Lewis base Lewis acid , 
Amines also behave as Arrhenius base as well as Bronsted base " , 

a.R.B. Organic Chemistry for Competitions 

, '. 'CH3-' NH2 +HOH ~',CH3" " NH~+OH:
CH3-NH2+H+c.r ~ CH3 ........ NH~+CI-
Basic character of amines dq>ends on the· factors like 

inductive effect; sterle hindrance and resonance. 
Alkyl groupsandele.clt'on ,ele:asing groups hence these' 

groUps increase the electron d~sity at nit1'9.~ a&'well,asthe basi~ 
character of amines. Basic, character oftertiaryami1les is reduced 
due to the sterle hindranCe of three alkylgroUJis. Experimentally it 
is observed. that stronger bases have smaller values ofpK b 
(greater values of K b). ' ' . 

Answer the following questions: 
1. Which among the following is the most basic in gas phase? 

(8) NH3 (b) CHr -:--:-NH2 
(c) (CH3)2NH (d) (CH3)JN 

2. Which among the following is the mOst basic in aqueous 
medium? ' 
(a) NIl3 (b) CH3-NH2 
(c) (CH3)2 NH (d) (aI3)3 N 

3. Which among the following factors influence the basicity of 
amines? 
I-the inductive effect of alkyl group 
II-the polar effect 
llI-the resonance 
(a) , I, II (b) I, 1lI 
(c) II, III (d) I~ II, m 

4. Which of the following is the most basic? 
(a) CH3-NH2 (b) C2HS-NH2 

NHz' 

(~6 

ANSWERS: UNKED COMPREHENSION TYPE QUESnONS ,1---....,,------.--------..... 
Passage 1 ' 1. (a) 

Passage 2 ' 1. (b) 

Passage 3 1. (d) 

2. (c) 

2. (a,c) 

2., (c) 

3. (b) 
3. ,(a,b) 

3. (d) 

" 

4. (b) 

4. (d) 

4. (c) 

,5. (b) 

5. (b) 
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15.1 INTRODUCTION 
Biomolecules are the organic compounds present as essential 
constituent ofliving organisms in different cells. They build up 
all the living systems and are responsible for their growth, 
maintenance and their ability to reproduce. 

Nearly, all the compounds found in cells are composed of 
carbon, hydrogen, oxygen, nitrogen, phosphorus and sulphur. 
The most abundant substance in living cells is water which 
amounts to approximately 70% mass of the cells. Next come 
the compounds of carbon which can be put into two types. The 
first are the small molecules containing upto 30 carbon atoms 
and these are the raw materials from which the second type of 
molecules having very high molecular masses are synthesised. 
The molecules of the second type are termed as 
macromolecules. Nearly, all the carbon compounds found in 
.living cells can be placed into one or another offour classes: 

(i) Carbohydrates, 
(ii) Amino acids and proteins, 

(iii) Nucleic acids, 
(iv) Lipids. 

15.2 CARBOHYDRATES-DEFINITION, 
NOMENCLATURE AND CLASSIFICATION 

The carbohydrates are naturally occurring organie substances 
and are present in both plants and animals. The 'dry mass of 
plants is composed of 50 to 80% of the polymeric'carbohydrate 
cellulose. Carbohydrates are formed in the plants by a process 
known as photosynthesis from carbon dioxide and water. 
Photosynthesis is catalysed by the green pigment, chlorophyll, 
in presence of sunlight.. 

BIOMOLECULES 

Animals do not synthesise carbohydrates but relyonplants 
for their supply. . 

Definition. : Carbohydrates are mainly comp()unds of . . 
. carbon, hydrogen and oxygen. The name 'carbohydrate' arose 
from the mistaken belief that the substances of this kind were 
hydrates of carbon, since their molecular formulae could be 
expressed in the form ofCx(HzO)y, i.e:,hydrog~andoxygen 
existed in the ratio of2 : 1 as in water molecule. FQr example, 

Glucose C6H 120 6 or C6 (HzO)6 

Sucrose C12H220 Il or· CIa (HzO)u 
Starch, cellulose:. (C6H)tPs)1'I or [C6 (HzO)s]1'I 
However, a number of compounds have been discovered . 

which are carbohydrates by chemical behaviour but do not 
possess the formula Cx (HzO)y, e.g., rhamnose (C6H1iOs) or 
2-deoxynbose (CSHlO04)' It is also important tonote.that aU .. 
compounds possessing the formulae;, (H20)y .are not 
necessarily carbohydrates, e.g., formaldehyde, ' 
HCHO[C(H20)], acetic acid, CH3COOH[Cz(HzOh], lactic' 
acid CH3CHOH· COOH[C 3 (HzOh], etc. Certain 
'carbohydrates are also known which containnitiogen or 
sulphur in addition to carbon, hydrogen and oxygen. However, 
the term carbohydrate has been retained. 

Carbohydrates are now defined as a class of compounds 
that include polyhydroxy aldehydes or polyhydroxy ketones 
and large polymeric compounds that can be broken. down. 
(hydrolysed) into polyhydroxy aldebydes or ketones. 

This definition is not entirely satisfactory. Carbohydrates 
contain >C=O and -OH groups. A carbonyl· compound . 

reacts with an alcohol to form a hemiacetal, 

H H 
I I 

R-C=O+ HOR' R-C-OH 
Aldehyde Alcohol I 

. OR' 
Hemiacetal 
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In carbohydrates, the carbonyl. group combines with an 
alcoholic group of the· saine molecule to fonn an internal 
hemiacetal. Thus, the correct definition of a carbohydrate is .as 
follows: 

. "A polybydroxy compound that has an aldehydic or a 
. ketonic functional group either free or as· hemiacetal or 
acetal". 

H· '0 

"cI 
I ' 

CaOH I . 
CHOH 
I 

CHOH 
I 

CHOH 
I 

CH20H 
Glucose (C6H120 6) An internal hemiacetal 

In general, carbohydrates are, white solids, sparingly 
soluble in organic solvents and (except certain polysac
charides) are : soluble, in water. Many carbohydrates of low 
molecular :J;nasses have a sweet taste. Carbohydrates are often 
referred to as saccharides (Latin, saccharnm = sugar) because 
of sweet taste of the simpler members of the class. 
. Nomellclatur.e: The names . of the simpler carbo
'hydrates end in-ose. Carbohydrates with an ald~hydic struc-
ture are known as aldoses and those with ketonic structure as . 
ketoses. The nUlliber of carbon atoms in the molecule is 
indicated by a Greek prefix. . 

Number of Carbon Aldose K~tose . atoms. in the molecule 

3 Aldotriose . Ketotriose 
4 Aldotetrose Ketotetrose 
5 Aldopentose Ketopentose 

6 Aldohexose Ketohexose 
. 7 Aldoheptose Ketoheptose 

Classification: The carbohydrates are divided into 
three major classes depending upon whether or not they 
undergo· hydrolysis, and if undergo hydrolysis, how many 
products are fonned. 
. (i) Monosaccharides (Simple sugars): These are 
single unit carbohydrates (polyhydroxy aldehydes or poly
hydroxy ketones) which cannot be broken intoiower sugars 
upon hydrolysis. With a few exceptions, they have general 
fonnula, Cn H2n On. Glucose is the most important member of 
this class. These are crystalline in nature, readily dissolve in 
water and are sweet in taste (sugars). Monosaccharides with 3 
to 9 carbon atoms are known. 

(ii) Oligosaccharid~: These include those carbo
hydrates wnlch are·fonned by interaction ofdefmite number of 
monosaccharide units with the elimination of defmite number 
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of water molecules. They are made of 2 to· 10 units of· 
monosaccharides (simple sugars). These carbohydrates on 
hydrolysis give 2 to 10 molecules of monosaccharides. These 
are called oligosaccharides.· The oligo saccharides containing 

. two monosaccharide units are·called disaccharides and those 
containing three. or four or five units and so,· on, are tenned 
trisaccharides, . tetrasaccharides, pentasaccharides 
respectively. For example, . . .. 

Disaccharides (CI2 H220 11 ) on hydrolysis give· two 
molecules of same or different monosaccharides. For example, 

Sucrose (C12H220 11 }is a disaccharide as on hydrolysis it 
gives two different monosaccharide units, i.'e., one molecule of· 
glucose and one molecule of fructose. 

H+ 
C12H220 11 + H20 . ) C6H120 6 +C6H120 6 

Sucrose Glucose Fructose 

Other examples of disaccharides are maltose and laCtose, 
etc. 

H+ 
C12H22011 + H20 ) C6Hl20 6 +C6H120 6 

Lactose . Glucose Galactose 

Trisaccharides (CIsH32016) on hydrolysis give three 
molecules of the same or different monosaccharides. For 
example, 

Raffinose (CIsH32016) is a trisaccharide as on hydrolysis, 
it gives three different monosaccharide units. 

H+ 
CisHnOl6 +2H20~C6H1206 +C6H120 6 +C6H120 6 

Raffinose Glucose Fructose Galactose 

Tetrasaccharides (C24H42021) on hydrolysis give four 
molecules of the same or different monosaccharides. For 
example, 

Stachyose (C24H4202d is a tetrasaccharide as on 
hydrolysis, it gives one molecule each of glucose and fructose 
and two molecules of galactose units. 

H+ 
C24H42021 +3H20~C6H1206 +C6H1206+2C6H1206 

StaChYOse Glucose Fructose Galactose 
. . . 

(iii) Polysaccharides (Non-sugars): Like oligosac
chandes, these are also fonned from monosaccharides but the 
exact number of monosaccharide molecules taking part in their 
fonnation is not known. They are regarded to have been 
fonned by union of 'n' molecules of monosaccharides with 
elimination of 'n' molecules of water. Thes§lcarbohydrates, 
yield a large number of molecules of monosaccharides on 
hydrolysis. The general fonnuladf polysaccharides is 
(C6HIOOS)n, where n = 100 ·3000. Starch, cellulose, inulin 
and glycogen are the examples of polysaccharides. 

(C6HIOOS)n + nH20 ---+ nC6H120 6 
Starch Glucose 
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Polysaccharides are colourless, amorphous solids having 
no taste and insoluble in cold water. These have very long 
chains or are polymers of monosaccharides that may be either. 
linear or branched in structure. If the polymer is made up from 
Ii single monosaccharide, the polysaccharide is called a 
homopolysaccharide and if two or more different monosac
charides are found in a polymer, it is called a heteropolysac-
charide. They are also called non-sugars~ . 

The complete classification of carbohydrates may be 
depicted in short in the following chart: 

Carbohydrates 

I 
I 

I 
Non-sugars 
(Polysacc

harides) 
. I ~. 

Monosacc- Oligosacc-
I I 

Homopoly- Heteropoly-

~ bon'ldes 

saccharides saccharides 

Aldoses ~etoses . 

Disacc
harides 

Trisaco
harides 

I 
Tetrasacc

harides 

15.3 MONOSACCHARIDES 
These are the simplest one unit non-hydrolysable sugars. They 
have the general formula Cn H2n 0 n where n varies from 3 to 9 
carbon atoms. About 20 monosaccharides occur in nature. The 
simplest are trioses (n = 3). 

H-C=O CH20H 
1 1 

C3H60 3 ; H-C-OH C=O 
Triose I I 

CH20H CH20H 
Glyceraldehyde . Dihydroxyacetone 
(An alqotriose) (A ketotriose) 

The most important naturally occurring monosaccharides 
are pentoses and hexoses. A common pentose is ribose and two 
common hexoses are glucose and fructose. 

. Except " ketotriose ·(dihydroxy acetone), all aldoses . and . 
ketoses (monosacbharldes) contain asYmmetric carbon atoms· 
and are optically active. Number of isomers depend on the 
number of asymmetric carbon atoms in the molecule of 
monosaccharide and is derived by the formula 2n , where n is 
the number of asymmetric carbon atoms in the molecule. . 

No. of carbon atoms 

. {CH20HCHOHCHO 
Trioses (3) . 

CH20HCOCH20H 

{

CH20H(CHOHhCHO 
Tetroses(4) . 

CHPHCHOHCOCH20H 

No. of asymmetric No. of 
carbon atoms isomers 

2 

4 

2 

8.19 

Pentoses (5) " . 
{

CH20H(CHOH)3CHO 

CH20H(CHOH)2COCH20H 

3 

2 

8 

4 

{

CH20H(CHOH)4CHO 
Hexoses (6) 

. CH20H(CliOH)3COCH20H 

Examples are: 
Aldotriose Glyceraldehyde 

Dihydroxy acetone 
. Erythrose, Threose 

Erythrulose 

4 

3 

16 

8 

Ketotriose 
Aldotetroses 
Ketotetrose 
Aldopentoses 
Ketopentoses 
Aldohexoses 

Arabinose, Ribose, Xylose, Lyxose 
Ribulose, Xylulose 
Glucose, Mannose, Allose,Altrose, 
Gulose, Idose, Galactose, Talose 

Ketohexoses - Fructose, Sorbose, Tagalose, etc. 
Aldohexoses exist in sixteen optically active forms, e.g., 

glucose, mannose, galactose, allose, altrose, idose, gulose and' 
talose each existing in two forms. The enantiomer which 
rotates the plane of polarized light to the right is written as (+). 
The other enantiomer that rotates the plane to the left is written 
as (-). The (+) and (-) signs only specify the direction of 
rotation of the plane polarized light by a particular enantiomer 
but it does not give any indication of the arrangement of OH 
and H around the asymmetric carbon atom. 

The sugars are divided into two families, the D-family and 
L-family. In 1906, Rosanoff decided arbitrarily these two 
families on the basis of configuration of the simplest sugar, 
glyceraldehyde which he took as standard exists in two 
enantiomeric forms as shown below: 

CHO CHO 
;-----t------l . Mirror r----...;t-----j 
: H-" C* -off. . : HO-C*-H : 
I 1 I 1'"'·1 1 1 1 1 I 

: CH20H : . : CH20H : 
D':-form (Glycefaldehyde) L-form (Glyceraidehyde) 

(-OH group on the right side of (-OH group on the left side of 
lowest asymmetric carbon) lowe!!t asymmetric carbon) 

. The sugars having the same configuration as of 
D-glycetaldehyde at the asymmetric carbon (adjacetit to 
primary alcoholic group) most distant from the carbonyl group 
are designated as D-sugars and those having configuration as 
L-glyceraldehyde are designated as L-sugars.Glucose from 
aldoses and fructose from ketoses are most important. The 
natural glucose and fructose are D-forms. . .. 

CHO CH20H I I . 
H-C-OH C=Q 

1 1 
HO-C-H HO-C-H 

1 1 
H-C-OH H-C--..:OH 

"'-H--e--L-O--H" -. ... ____ L ____ _ 
: . -: I H-C-OH' 
-----~----- L ____ ~----l 

CH20H CH20H 
D(+)G1uc.gse· D(-)Fruct6se 
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(i) Aldotriose: 

(ii) Aldotetrose: 
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CONFIGURATION OF MONOSACCHARIDES 

CHOCHOHCH 20H, 
CHO 
I 

H-C-OH 
I 

CHzOH 
D -Glyceraldehyde 

7H~' 
CHO CHO 
I I 

H-C-OH HO-C-H 
I 1 

. H-C-OH H-C-OH 
I I 
CH20H CH20H 

D-Erythrose D-Threose 

isomers (2)1 = 2 
CHO 
I 

HO-C-H 
I 
CHzOH 

L-Glyceraldehyde 

isomers (2)z = 4 

L-Erythrose L-Threose 

So it has four isomers, i.e., D,L-Erythrose, andD,L-Threose. 
(iii) Aldopentose: CHOCHOHCHOHCHOHCH20H, 

D-Erythrose 

CHO 
I 

H-C-OH 
I 

H-C-OH 
I 

H-C-OH 
I 
CHzOH' 

D-Ribose 

CHO 
I 

HO-C-H 
I 

H-C-OH 
I 

H-C-OH 
I 

CHzOH 
D-Arabinose 

I 
CHO 
I 

H-C-OH 
I 

HO-C-H 
I 

H-C-OH 
I 
CH20H 

D-Xylose 

isomers (2)3 = 8 

D-Threose 

I 

eHO I . 
HO-C-H 

1 
HO-C-H 

I 
H-C-OH 

I 
CH 20H 

D-Lyxose 

So aldopentoses has eight isomers, i. e., Dc and L-Ribose, D- and L-Arabinose, D- and L-Xylose and D, L-Lyxose. 
(iv) Aldohexose: CHO(CHOH)4CH20H, isomers (2)4 = 16 

D-Ribose 
I 

CHO CHO 
1 I 

D-Arabinose D-Xylose D-Lyxose 

I I I 

CHO CHO CHO CHO CHO CHO 
I II I I I 

H-C-OH HO-C-H H-C--OH HO-C-H H-C-OH HO-C-H H-C-OH HO-C-H 
I I I I I I I I 

H-C-OH H-C-OH HO-C-H HO-C-H H-C-OH H-C-OH HO-C-H HO-C-H 
I I I . I • I I I I 

H-C-OH H-C-OH H-C-OH H-C-OH HO-C-H HO-C-H HO-C-H HO-C-H 
I 1 I I I I I I 

H-C-OH· H-C-OH :-I-C-OH H-C-OH H-C-OH H-C-OH H-C-OH H-C-OH 
I I I I I I I I 
CHzOH CHzOH CHzOH . CH 20H CH20H CH20H CH20H CHzOH 

.D-Allose D-Altrose D-Glucose D-Mannose D-Gulose D-Idose D-Galactose D-Talose 



Biomolecules 

1. GLUCOSE,C,HuO" (ALDO-HEXOSE) 

Glucose is known as dextrose because it occurs in nature .as 
the optically active dextrorotatory isomer. It is also called 
grape sugar as it is found in most sweet fruits such as grapes, 
mangoes, apples and pears etc. It is present in honey also and 
is essential constituent of human blood. The blood nOl1l).ally 
contains 6S to 110 mg of glucose per 100 mL (hence named 
Blood sugar). The level may be much higher in diabetic 
persons. The urine of diabetic persons also contain 
considerable amount of glucose. In combined form, it occurs 
in disaccharides and polysaccharides such as starch ·and 
cellulose. It is also present in various glycosides like 
amygdalin and salicin. 

Preparation (Laboratory method): It is prepared in 
laboratory by acid hydrolysis of cane-sugar in alcoholic 
solution. 

H+ 
CI2H22011 + H20 ----="--~) C6H I20 6 + C6HI20 6 
Cane-sugar 
(Sucrose) 

Glucose Fructose 

HCI(dil.) is used for hydrolysis. Glucose being much less 
soluble in alcohol than fructose separates out by crystallising 
on cooling leaving behind more soluble fructose in solution. 
The two are separated by filtration. 

. Manufacture: It is obtained on a large scale by the 
hydrolysis of starch (corn starch or potato starch) on boiling 
with hot dilute H 2S0 4 or HCI at 393 K under 2-3 atm. pressure. 

. H+ 
(C6H IOOS)n + nH20 ) nC6HI20 6 

Starch !J. Glucose 
A thin paste of starch is boiled with dilute acid till the 

hydrolysis is complete. The excess of acid is neutralized with 
chalk (calcium carbonate) and the filtrate containing glucose is 
decolourised with animal charcoal. The solution is 
concentrated and evaporated under reduced pressure. Glucose 
is obtained in crystalline form. 

Physical properties: It is a Icolourless crystalline solid, 
melts at 146°C. It is readily soluble in water. From aqueous 
solution, it separates as a crystalline monohydrate 
(C6HI20 6·H20) which melts at 86°C. It is sparingly soluble in 
alcohol but insoluble in ether. It is less sweet (three-fourth) 
than cane-sugar. It is optically active and the ordinary naturally 
occurring form is ( + ) glucose or dextro form. It shows 
mutarotation. 

Chemical properties : Glucose is a polyhydroxy 
aldehyde, i.e., aldohexose. It has five -OH groups (one 1° 
alcoholic group and four 2° alcoholic groups) and one 
aldehydic group. It shows characteristics of hydroxyl and 
aldehydic groups. The' important chemical reactions of the 
glucose are the following: 

t. Alcoholic Reactions (Reactions Due to -OHGroup) 

<a) Reaction with acid chlorides and acid anhydrides : 
Glucose forms penta acetyl derivatives with acid chlorides or 
acid anhydrides in presence of anhydrous zinc chloride, ZnCI2 • 
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CHO CHO 

I ZnCI I 
(CHOH) 4 + SCH3COCI __ 2~) (CHOOCCHg)4 + SHCI 
I Acetyl chloride I . . 

CH20H CH200CCH3 
Glucose Glucose pentaacetate 

(A mixture of 
. a- and ~-) 

1}lis shows that a molecule of glucose contains 5 -OH 
groups and has cyclic structure. 

(b) Reaction with PCl s : Glucose reacts. with 

phosphorus pentachloride to form pentachloroglucose. 
CHO CHO 
I I 

(CHOH)4+SPCIs ~ (CHCI)4+SPOCI3 +SHCI 
I . I . . 

CH20H CH2CI 
Glucose . Penta chloroglucose 

(Glucose pentachloride) 

. (c) Reaction with metallic hydroxides : Glucose 
behaves' as a weak acid. It reacts with certain metallic 
hydroxides like Ca(OHh, Ba(OHh, Sr(OH) 2 , Cu(OHh, etc., 
to form metallic glucosates, i.e., CiiHI206·CaO (calcium 
glucosate) which is soluble in water. -------1 C6HIIOS ~OH + H IO-Ca-OH ~ 

Glucose - - - - - C;lcium hydroxide 

C6HIIOS--O-Ca-OH+ H20 
Calcium glucosate 

(d) Formation of' glycosides ': When treated with 
methyl alcohol in presence of dry HCI gas, glucose yields 
monomethyl ether which is actually a mixture. of (1- and 
p-forms indicating that one of the -OH group is different from 
others (supports that glucose has a cyclic structure). 

C6HIIOS-l:oi:f+H:OCH3 _H_C_l~)C6HII050CH3 + H20 I ______ ~ 

Glucose a - and ~-Methyl 
glucoside 

H OCH3 CH30 H ,,/ ,,/ 
1- l 1---' ----l 
(CHOHh 0 (CHOH) 3 0 
I J' I j 
CH- CH-

I I 
CH20H CH20H 

a-D-Methyl glucoside ~-D-Methyl glucosi;je 
(mpt. 438 K,[a]D = +158°) (mpt. 380K,[a]D =-33°) 

2. Reactions of Carbonyl Group (Aldehydic Group) 
(a) Reduction : Glucose undergoes reduction with 

sodium amalgam in aqueous solution or NaBH4 forming 
D-sorbitol, a hexahydric alcohol. 

Na-Hg 
CH20H(CHOH)4CHO+2H ) CH20H(CHOH)4CH20H 

Glucose . H20 D-Sorbitol 
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On· prolonged heating with concentrated HI and red 
. phosphorus at 110°C, glucose fonns a inixture of2-iodohexane 
and n-hexane. 

CH20H(CHOH)4CHO 
Glucose 

. HI, heat) CH CH(CH ) CH 
(Reduction) 3

1 

2 3 3 

I 
2-Iodohexane 

+ CH3 (CH2)4 CH3 
n-Hexane 

(b) Oxidation: Glucose undergoes readily oxidation 
with various oxidising agents, i.e., glucose acts as a powerful 
reducing agent. As such it reduces Fehling's solution and 
Tollens' reagent. 

. (i) Reaction with Fehling's solution : Fehling's 

solution is reduced to a red precipitate of cuprous oxide. 
CH20H(CHOH)4 CHO + 2CuO------)-

, Glucose 

CH20H(CHOH)4 COOH + CU20 
Gluconic acid (red ppt.) 

(ii) Reaction with Tollens' reagent : With 

ammoniacal silver nitrate solution (Tollens' reagent), a silver 
mirror or black precipitate is fonned. 
CH20H(CHOH)4CHO + Ag 20------)-

Glucose 

CH20H(CHOH)4COOH +2Ag 
Gluconic acid (Mirror) 

(iii) Reaction with bromine water: Glucose is oxidised 

to gluconic acid (a monocarboxylic acid) with bromine water 
or alkaline iodine solution or any mild oxidising agent. 

CH20H(CHOH)4 CHO+ [0] Br2/H2~ CH20H(CHOH)4 COOH 
Glucose Gluconic acid 

(iv) Reaction with nitric acid: Nitric acid or any other 

strong oxidising agent converts glucose to saccharic acid or 
glucaric acid (a dicarboxylic acid) containing same number of 
carbon atoms. 

HNO 
CH20H(CHOH)4 CHO + 3[0] 3) COOH(CHOH)4COOH 

Glucose (C6) Saccharic acid (C6) 

+H20 
(c) Reaction with !leN: An addition product, glucose 

cyanohydrin is fonned. 

CH20H(CHOH)4CHO + HCN ~CH20H(CHOH)4CH<CN 
Glucose Glucose cyanohydrin OH 

Hydrolysis of glucose cyanohydrin gives hydroxy acid. 
Reduction of the corresponding acid fonned gives a clue 
regarding the nature of the monosaccharide. carbon chain. 

CH20H(CHOH)4CH(CN HOH) CH20H(CHO~)4 CH(COOH 

"OH HCl 1 "OH 
HI 
(Reduction) 

CH3 -(CH2)4 -CH2COOH 
Heptanoic acid 
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. (d) Reaction with hydroxylamine: .Glucose fonns an 

oxime with hydroxylanline. 
CH20H(CHOH)4CHO + NH20H------)-

'Glucose . 
CH20H(CBOH)4 CH ~ NOH + H20 

Glucose oxime 

(e) Reaction with phenylhydrazine (Fischer's 

mechanism) : When wanned with' excess of phenyl
hydrazine, glucose first fonns phenylhydrazone by condensa
tion with -CHO group. 

CHO + H2NNHC6HS I ..•.. Phenylhydrazine 

CHOH 
I'" 

(CHOH)3 
1 

CH20H 
Glucose Glucose phenylhydrazone 

The adjacent -CHOH group is then oxidised by a second 
molecule of pheny lhydrazirie. 

CH . NNHC6HS . CH= NNHCtiHs 

I I 
CHOH+ H2NNHC6HS ------)- C=O+C6HSNH2 +NH3 
I ,I·,· . 

(CHOHh (CHOHh 
I I . 

CH20H CH20H 
Keto compoimd of 

glucose phenylhydrazone 

The resulting carbonyl compound reacts with a third 
molecule of phenylhydrazine to yieldglucosazone. 

CH=NNHC6Hs CH=NNHC6HS 
I I, 
C=O + H2NNHC6HS ------)- C= NNHC6HS + H20 
I I 

(CHOHh (CHOHh 
I I 

CH20H CH20H 
Glucosazone 

3. Miscellaneous Reactions 

(a) Fermentation: A solution of glucose is readily 
fennented by the enzyme, zymase, present in yeast to fonn 
ethanol and carbon dioxide. 

Zymase 
C6HJ20 6 ----+) 2C2HsOH +2C02 

Glucose Ethanol 

(b) Dehydration : When heated strongly or when 
treated with warm concentrated ,sulphuric acid, glucose is 

,dehydrated to. give a black mass (sugar carbon). 
(c). Reaction with alkalies : When warmed with 

concentrated alkali, glucose first turns yellow, then brown and 
finally gives a resinous mass. 
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. A dilute s.oluti.on .of gluc.ose, when warmed with dilute 
s.oluti.on .of aIhli, s.ome gluc.ose is c.onverted int.o fruct.ose and 
mann.ose. D-glucose and D-mannose are epimers. [Epimers 

• are a pair .of diastere.oniers that differ .only in the c.onfigurati.on 
ab.out It single carb.on !it.om i.e., at C-2 p.ositi.on.] e.g., 

CH=O CH-OH CH20H 
I ----'" II ----'" I ----'" 

H-C-OH ~ C-OH ~ C=O ~ 
1 
1 
I· 

Glucose 

1 
1 

·1 

Enol 

HO-CH 
II 

HO-C 
1 
I 
I 

Enol 

1 
1 
I 

Fructose 

CH=O 
I 

HO-C-H 
I 
I 
I 

Mannose 

This reacti.on is called Lobry de Bruyn Van Ekenstein 
rearrangement and is believed t.o .occur via 1,2"en.olizati.on. 

The same equilibrium mixture is .obtained even if .one 
starts with D( +) mann.ose .or D( -) fruct.ose. 

o H 0 H 

'ci '-cl 
----{-----, -----4 ---, 
I I I 1 I 
~-=C=-.QH I H.Q=C _ }I, 

I 'I 
HO-C-H HO-C-H 

I I 
H-C-OH H-C-OH 

I I 
H-C-OH H-C-OH 

I I 
CH20H CH40H 

D(+ ) Glucose . D (+ ) Mannose 
v 

Epimers 

(d) Action of concentrated hydrochloric acid: When 

heated with c.onc. HCI, gluc.ose f.orms laevulic acid. 

Cone. HCI . 
C6H120 6 . )CH3COCH2CH2COOH+HCOOH+HzO 

Laevulie aeid 

On treatment with conc. HCI, ,gluc.ose can als.o fQrm 
5-hydrQxymethyl furfural. 

---+ CH-. CH+3H20 

II II 
. HOCH2-~/-CHO 

o 
5-Hydroxymethyl furfural 

This 5-hydr.oxyrnethyl furfural gives viQlet c.olQuratiQn 
with an alcQhQlic sQlutiQn .of a.-naphthQI (Molisch test f.or 
carbQhydrates). 

This .on acid treatment with CQnc. HCI gives laevulic acid. 
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Uses: Gluc.ose is used: 
(i) in the preservati.on .of fruits and preparati.on .of jams 

and jellies. . . . 

(ii) in the preparati.on .of c.onfecti.onery and as a 
sweetening agent. 

(iii) as a fQ.od fQr patients, invalids and children. 
(iv) in the f.orm .of calcium glucQsate as medicine in 

treatment.of calcium deficiency. 
(v) as a reducing agent in silvering .ofmirr.ors. 

(vi) as a raw materialf.or alc.oh.olic preparati.ons. 
(vii) in industrial preparati.on .of vitamin-C .. 

(viii) in the pr.ocessing .oft.obacc.o. 
(ix) as an intraven.ous injecti.on tQ the patients with l.ower 

gluc.ose c.ontent in bl.o.od. 
Tests of glucose: (i) When heated in a dry test tube, it 

melts, turns brown and finally black, giving a characteristic. 
smell Qfburnt sugar. . 

(ii) When warmed with a little CQnc. H2S04 , it leaves a 

charred residue .of carb.on. 
(iii) When it is bQiled with dilute NaOH sQlutiQn, it first 

turns yellQwand then br.own. 
(IV) Molisch's test: This is a general test fQr 

carb.ohydrates. A dr.op .or twQ .of alcQhQlic sQlutiQn .of 
a.-naphthQI is added tQ 2 mL .of glucQse sQlutiQn. I mL .of 
cQncentrated H2S04 is added' carefully alQng the sides .ofthe 
test tube. The fQrmatiQn .of a vi.olet ring, at the junctiQn QftwQ 
liquids cQnfirms the presence .of a carbQhydrate. 

(v) Silver mirror test: A mixture ·Qf glucQse and 

ammQniacal silver nitrate is warmed in a test tube. Appearance 
.of silver mirr.or .on the inner walls c.onfiITilsgluc.ose. 

(vi) Fehling's solution test: A little glucose is warmed 

. with Fehling's s.olutiQn. A red precipitate .of cuprous .oxide is 
f.ormed. 

(vii) . Osazone formation: GlucQse .on heating with 

excess .of phenylhydrazine in acetic acid gives' a yellQw 
crystalline cQmpQund, m.pt. 205"C. 

Structure of Glucose: The structure :bf glucQsehas 

been established as f.ollQws: 
(A) Open chain structure: It is based .on the foll.owing 

p.oints: 
(i) Elemental analysis and m.olecular mass determinatiQn 

sh.ow that the m.olecular f.ormula.of glucQse is C6H120 6 . 

. (ii) GlucQse, .on c.omplete reductiQn with lU and red 
phQsphQrus, finaliy gives n-hexane. This indicates that it 
c.ontains a straight chain .of six carbQn at.oms; . 

(iii) It reacts with acetic anhydride and f.onns penta- acetate 
derivative. This sh.ows the presence .of five hydr.oxyl gr.oups 
each linked tQ a separate carbQn atQm as the m.olecule is stable. 

(iv) Gluc.ose cQmbines with hydrQxylamine t.o. f.orm a 
mQnQxime. It als.o cQmbines with .one m.ole QfHCN tQ f.orm a 
cyan.ohydrin. These reacti.ons indicate the presence .of a 
carbQnyl gr.oup, >C---':'O, in the glucQse mQlecule. 
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'(v) Mild oxidation of glucose with bromine water gives 
gluconic acid. Further, glucose also reduces Tollens' reagent 
and Fehling's solution. These reactions show the presence of 
an aldehyde group. 

On the basis of these observations, the following open 
chain structure can be written for glucose. 

OH OH OH OH OH H 

I *1 *1 ~.1 *\ \ 
H-' C-' -C--C--C-'-C--C=O 

1 \ 1 1 1 
H H H H H 

There are four asymmetric carbon atoms marked by 
asterisks (*) in the molecule. This representation is incomplete, 
because' a definite configuration to these asymmetric centres 
has not been assigned. The configuration of D-glucose was 
proved by Emil ,Fischer. The structure of D-glucose as 
eluci4at~ by Emil Fischer is: 

"H 0 

~6/ 
Iz 

H-C-OH 
b 

HO-C-H 
14 

H-C-OH 
15 

H-C-OH 
\6 

CH20H 
" D-Glucose 

OR 

O=C-H 

H OH 

HO H, 

H OH 

H OH 

Evidence against open-chain structure: The· open-

chain formula of glucose accounts for most of the reactions 
satisfactorily but fails to explain the following: 

(i) Even though an aldehyde group' is present, the 
glucose does not react with NaHS03 and NH3 . 

(ii) Glucose does not give the Schiff's test and 2,4-DNP 
test for aldehydes. 

(iii) Glucose does not react with Grignard reagents., 
(iv) Glucose penta-acetate does not react with hydroxyl

amine. 
(v) Two isomeric methyl glucosides (a and P) are 

obtained by heating glucose with methyl alcohol in presence of 
dry HCIgas. 

(vi) Glucose exists in two stereoisomeric forms (a. and~). 
n. -D (+ )-glucose m.p. 419K with specific rotation +110° is 
obtained by crystalHzing glucose from concentrated aqueous 
or alcoholic or acetic acid solution at 303K, whereas r>-D 
(+ )-glucose m.p. 423 K with specific rotation + 19.7° is obtained 
by crystallizing glucose from. hot and saturated aqueous 
solution orpyridilJi~ solution at 371K. 

(vii) An aqueous solution of glucose shows mutarota
ti'l'l. i. e., its specific rotation gradually decreases from + 110° 
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to +52.so in case of a-ghicose and increases from +19.7° to 
+52.so in case ofr>-glucose. 

All these observations indicate that free aldehydic group is· 
not present in the molecule.' 
. (B) Cyclic structure of glucose :, D-glucose exists in 

two optically, active forms known as a-D-glucose and 
r>-D-glucose. . .... 

a-D-glucose has specific rotation of + 110° and 
r>-D-glucose has specific rotation of + 19.7°. The two isomers 
are interconvertible in aqueous solution. The equilibrium . 
rotation is +52°. The equilibrium mixture has 36% a-glucose, 
64% 13-'glucose. Glucose forms a stable cyclic hemiacetal 
(according to Fischer) between --CHO group and the -OH 
group of the fifth carbon atom in pyranose structure. In this 
process first carbon atom becomes asymmetric giving two 
isomers (I) and(U) which differ only in the configuration ofthe 
first asymmetric carbon. 

H 0 

"61 
Iz 

CHOH 
13 

CHOH 
14 

CHOH 
15 

CHOH 
16 

CH20H 
D-Glucose 

[a ]0= +5i.so 

H OH 

"61 
Iz 

CHOH 
b 

CHOH 
~ 14 

CHOH 
Is 
CH-O 

16 
CH20H 

a --D -Glucose (1) 

[a]o +1100 

HO H 

"K 
Iz 

CHOH 
b 

CHOH 
14 

CHOH 
15 
CH--O 

16 
CH20H 

p-D-Glucose (II) . 

[a]o =+19.7° 
a -Glucose ~ Open chain form ~ ~-Glucose 

36% 0.02% 64% 

a-D-Glucose ~ Equilibrium mixture ~ ~D-glucose 

The exact spatial arrangement of different -OH groups 
was given by Emil Fischer after studying many other 
properties. 

0 

H OH II 
H 

H OH H 

HO H 0 HO H 
------"'-

------"'- ...,---

H OR -.:--

H 

a-D-(+) Glucose 
[o.]D + 110· 

H 

H OH 

Open chain structure 
(Equilibrium mixture) 

[o.]D + 52.5° 

HO H 

H OH 

HO H 0 

H OH 

H 

!)-D-(+) Glucose 
[o.]D +19.7° 
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All reducing carbohydrates, i.e., monosaccharides 
(glucose, fructose, etc.) and disaccharides (maltose, lactose, 
etc.) undergo mutarotation in aqueous solution. 

Carbon-I, in both configurations (I) and (II), is called an 
anomeric carbon atom. Due to anomeric carbon, glucose exists 
in two forms. Both the forms have different physical properties 
and are calledanomers. 

The ring structure explains all the. reactions of glucose. 
The objections against the open chain structure of glucose have 
also heen satisfactory explained, e.g., 

(i) a - '11"1 p-glucose on treatment with CH 3 0 H in presence 

of dry He Jas tomls 0,-, and (>.methyl glucosides respectively. 

H-C-OH H-C-OCH3 

I I 
H-C-OH H-C-OH 

I I 
HO-C-H HO-C-H 

I + CH30H I 
O--~~~) 0 

H-C _ OH J (Dry HCI gas) H-C -OH . I 
I. I~ 

H-C H-C 
I I 

CH20H CH20H 
a.-D-Glucose (I) a.-D-Methyl glucoside 

HO-C-H CH30-C-H 
I I 

H-C-OH H-C-OH 
I I 

HO-C-H HO-C-H I O+CHPH ) I 0 

H-<j _ OH J (Dry HCI gas) H-i-OH J 
H-C H-C 

I I 
CH20H CH20H 

poD-Glucose (II) /3-D-Methyl glucoside 

(ii) No reaction with NH3 and NaHS03 : The glucose 

ring is not velY stable. It is easily broken up by strong reagents 
like HCN, NH20H and C6HsNHNH2' etc., to give the 
intermediate -aldehyde form, which reacts with them just like 
an aldehyde. 

But weak reagents like NIl3 and NaHS03 are unable to 
open the chain and cannot react with it. This explains the 
inability of glucose to form aldehyde ammonia and bisulphite 
compound. . 

(iii) It explains mutarotation: Ordinary glucose is 0,-

glucose, with a fresh aqueous solution has specific rotation, 
[a]D + 1l 0°. On keeping the solution for some time; a-glucose 
slowly changes into an equilibrium mixture of a-glucose 
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(36%) and (>.glucose (64%) and the mixture has specific 
rotation +52.so. 

Similarly a fresh aqueous solution of (>.glucose having 
specific rotation, [a]D + 19.7°, on keeping (standing) gradually 
changes into the same equilibrium mixture (having, specific 
rotation +52.7°). So an aqueous solution of glucose shows a 
physical property, known as mutarotation, i. e., a change in the 
value of specific rotation (muta change; rotation = specific 
rotation) is called mlltarotation. 

(iv) Methods for determining the size of rings: Fischer 
and Tollens' proposed that the ring or the internal hemiacetal is 
formed between C1 and C4 

• It means the ring is Furan type or 
5-membered ring; this is called Furanose structure; 

[~H-dHj 115 112 
CH <;H 
"'-1/ o 
Furan 

or o o 

However, according to Haworth and Hirst the ring is 
formed between CI and CS

• It means the ring is Pyran type or 
6-membered ring, this is called Pyranose structure. 

CH 
5/4~3 

[H~6 ~l 
H~I/CHj 

o 

or o 
Pyran 

The two forms of D-glucose are also shown by Haworth 
projection formula which are given below: 

6CH20H 6CH20H 

~---O 5 0 

4 4 

OH OH 

a.-D-Glucose 
(0.-0(+) Glucopyranose) 

13-D-Glucose 
(13-0 (+) Glucopyranose) 

The above projection formulae show that the six 
membered ring is planar but actually the ring has a chain 
structure similar to cyclohexane. 

In Haworth formula, all the OH groups on the right in 
.. Fischer's formula·are directed below the plane of the ring while. 

those on the left go above the plane. The terminal CH20H 
projects above the plane of the ring. 

The Fischer projection formula of 0,- and ~-glucose are 

given ahead: 

.:lL 
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. ' . .. H OH HO H· 

H OH H OH 

H.v---r-H o H~.I--r-H o 
H OH H H 

H-I--~--' H--'--lr----....i 

~H20H CH20H 
a-D (+) glucopyranose poD (+) glucopyranose 

2. FRUCTOSE, FRUIT SUGAR,C6H 120 6 , 

(KETO-HEXOSE) 

It is present in abundance in fruits and hence is called fruit 
sugar. It is also present in cane-sugar and honey along with 
glucose in combined form. The polysaccharide inulin is a 
polymer of fructose and gives only fructose on hydrolysis. 
Since, naturally occurring fructose is laevorotatory, it is also 
known as laevulose. 

Fructose is a keto-hexose. It is obtained along with glucose 
by hydrol¥sis of cane-sugar with dilute H2S04, 

H2S04 (dil.) 
C12H22011 + H20. ) C6HI20 6 + C6H120 6 Warm 
Cane-sugar D-Glucose D-Fructose 

The solution having equal molecules of D-glucose and 
D-fructose is termed invert sugar and the process is known as 
inversion. 

The excess of sulphuric acid is neutralized by adding milk 
of lime. A little more of lime is added which converts both 
glucose and .. fructose into calcium glucosate and calcium 
fructosate respectively. Calcium fructosate being insoluble in 
water separates out. it is filtered off and suspended in water 
through which carbon dioxide is circulated. Carbon dioxide 
decomposes calcium fructosate into fructose and calcium 
carbonate. Calcium carbonate is removed by filtration and the 
filtrate is concentrated under reduced pressure. 

C6HIlOS--O-CaOH +C02 ~C6H1206 +CaC03 
CaJcium fi:uctosate Fructose 

Fructose is prepared on large scale by hydrolysis ofinulin 
with dilute sulphuric acid and excess of H2S04 isremoved as 
BaS04' 

. . H2S04 (dil.) 
(C6H IOOS)n + nH20· ) nC6H120 6 

. Iuulin . . Fructose 
PropertIes : The anhydrous fructose is a colourless 

. crystalline compound. It melts aU 02°C. It is soluble in water 
but insolublejn benzene and ether. It is less soluble in water 
than glucose. It is the sweetest of all sugars and its solution is 
laevototatory.Like glucose, i~also shows mutarotation. 

Structure of fructose • Fructose is a pentahydroxy 
ketone and its open chain and closed chain structures can be 
represented as: 

• 

. G R R Organic Chem;stt:),far Competjtjons 

1 

HOH2CV .. OH 
2 .5=l·· 

HO-C-H 
.. ·1 

. H-'t-OH 0 

H~-OH I 
6CH2~ 

a-D-Fructose 
[a]D =-21° 

or 

Fructose also undergoes mutarotation. 

o,-D-Fructose ~ Equilibrium mixture ~ I3-D-Fructose 
[ab -210 [a]D =-92° [ab =-133· 

However, in combined state (such as in sucrose), fructose 
exists in furanose form (a and Il). The two forms of D-fructose 
are also shown by Fischer and Haworth projection formulae, 
which are as follows: 

Haworth projection formulae 

H H 

noD-Fructose 
or no D-Fructopyranose 

Fischer projection formnlae 
1 

HOH2C-.J H 

H 3 H 

H 4 OH 

H S 

6CH20H 

o 

a-D-Fructofuranose 

JI-D-Fructose 
or JI-D-Fructopyranose 

H 4 OH 

H 5 

6 
CH20H 

o 

P-D-Fructofuranose 
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Similarly, ribose (and 2-deoxy ribose) also exist, in 
.~. ~ :lrurlmo¥e: foml. 

Fructose gives reactions similar to glucose. The. difference in 
properties.is due to the fact that it contains a ketonic group 
while glucose contains an aldehydic group. . 

ro-D-Ribose 
or q.-D-Ribofuranose 

Property 

1. Molecular formula 

2. Nature 

3. Melting point 

4 .. ' Optical activity of natural form 

5 •. With ethYl alcohol 

. 6. Oxidation 

Haworth projection 
(a-D-Ribofuranose) 

Comparison of Glucose and Fructose 

Glucose 

C6H120 6' 

Polyhydroxy aldehyde. 

146°C. 

Dextrorotatory. 

. Almost insOluble. 

Fructose 

4H I 20 6' 

Polyhydroxyketone. 

102°C. 

Laevorotatory. 

More soluble . 

. (a) with bromine water 

(b) withconc. nitric acid 

Gluconic acid. No reaction . 

Saccharic acid (Glucaric acid), . Mixture of glycollic,acid, tartaric acid and 
trihydroxy glutaric acid. 

7. Reduction with NaBH4 or Na-HglH20 l).sorbitol. Mixture'of D,sorbito\ and l).mannitol. 

8. .Calcium hydroxide Forms calciumglucosate, soluble in water. Forms calcium fructosate, insoluble in 

9. Molisch's reagent FOrmS a violet ring. 

10. Fehling's solution Gives red precipitate. 

II. Tollens'reagent Forms silver mirror. 

12. Phenylhydrazine Forms osazone. 

13. Resorcinol + HCI(di1.) (Selivanoff's test) No colouration. 

14. Freshly prepared ammonium molybdate sol. + few Light blue colour. 
drops of acetic acid (PinotT's test) 

15. No colouration. 

15.4 INTERCONVERSIONS OF MONOSACCHARIDES 
1. Conversion of aldopentose into aldohexose (Kiliiani~Fischer Synthesis) 

The conversion of an aldose to the next higher member involves the following steps: 
(i) Formation of a cyanohydrin. 

(ii) Hydrolysis of-CN to -COOH forming aldonic acid. 
(iii) Conversion of aldonic acid into lactone by heating. 

water. 

Forms a violet ring. 

Gives red precipitate. 

Forms silver mirror.' 

Forms osazone. 

Gives red or brown colour or precipitate. 

Bluish green colour on heating. 

A 

(iv) The lactone is finally reduced with sodium amalgam or sodium borohydride to give the higher aldose .. 
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CHO 
I 

(CHOHh 
I 
CH20H 
Arabinose 

(Aldopentose) 

CN 
I 

CHOH 
HCN) I 

(CHOHh 
I 
CH20H 

Ba(OHh 

• 

COOH 

I 
CHOH 

I 
(CHOHh 
I 

.CH20H 
Gluconic acid 

G.R.B. Organic Chemistry (or Competitions 

O-C O=C-H 

H~t ~ f~ __ N_a-_H_g_-), {aOl:! 
-H20 CHOH 0 in acid solution (CHOHh 

~H~ ~H20H 
I Glucose 

CHOH (Aldohexose) 

I 
CH20H 

y-Lactone 

2. Conversion of aldohexose into aldopentose (Ruff Degradation) 

(i) An aldose can be converted to the next lower member by Ruff Degradation. It involves two steps: 
(a) Oxidation of the aldose to aldonic acid by using bromine water. 
(b) The aldonic acid is treated with CaC03 to give the calcium salt which is then oxidised by Fenton's reagent (H20 2 + ferric 

sulphate) to form the next lower aldose. . 

CHO COOH 
I I 

CHOH CHOH 
I Br2 I Ca-salt . 

-----+) 

(CHOHh Hp (CHOHh 
I I . 

CH20H CH20H 
Aldohexose Aldonic acid 
(D-Glucose) 

(ii) By Wohl's method: It involves the following steps: 
(a) Formation of oxime with hydroxylamine. 

.. ) 

CHO 

I 
(CHOHh 
I 

CH20H 
Aldopentose 

(D-Arabinose) -

(b) Heating of oxime with a,cetic anhydride undergoes dehydration into cyano compound, whereas the hydroxyl groups get 
acetylated. 

(c) The acetyl derivative is warmed with ammoniacal silver nitrate which removes the acetyl group by hydrolysis and 
eliminates a molecule ofHCN. 

CH=O 
I 

CHOH 
I 

(CHOHh 
I 

CH20H 
Glucose 

(Aldohexose) 

CH=NOH 
I 

H NOH CHOH 
2 ) I 

(CHOHh 

! . 
CH20H 

Oxime 

3. Conversion of Glucose into Fructose 

Three steps are involved: 
(i) Treatment of aldose with excess of phenylhydrazine to form osazone .. 

(ii) Hydrolysis of osazone with dil. HCI to form osone. 
(iii) Reduction of osone with zinc and acetic acid to form ketose. 

CHO HC=NNHC6Hs 
I I 

CHOH 
C6HSNHNH2 

C=NNHC6HS 2H2O/H+ I I . 
) ) 

(CHOHh (Excess) (CHOHh (-2CsHSNHNH2) 

I . ! 
CH20H CH20H 
Glucose Osazone 

CHO 

I 
-HCN ) (CHOH) 

I 3 

CH20H 
Aldopentose 

HC=O CH20H 

I I 
C=O C=cO 

I 2H ) I 
(CHOHh Zn/CH3COOH (CHOHh 
I ! 

CH20H CH20H 
Osone Fructose 
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4. Conversion of Fructose into Glucose 

Two steps are involved: 
(i) Reduction of a ketose with H2/Ni to form polyhydric 

alcohol. 
(ii) Oxidation with Fenton's reagent to form aldose .. 

CH20H CH20H CHO 
I j . I 
C=O H2/Ni CHOH [ ] CHOH 
I ) I 0) I 

(CHOHh (CHOHh H20 2 + Fe
3
+ (CHOHh 

1 I· 1 
CH20H CH20H CH20H 
Fructose Glucose 

15.5 OISACCHARIOES 
Carbohydrates which upon hydrolysis give two molecules of 
same or different monosaccharides are called Disaccharides. 
They have a general formula CI2H22011' The three most 

important disaccharides are sucrose, maltose and lactose. The 
hexoses obtained on hydrolysis may be same or different. 

H+ 
C12H22011 ) C6H120 6 +C6H120 6 

Sucrose or Invertase Glucose Fructose 

Lactose If" ) Glucose + Galactose 
or Lactase 

H+ 
Maltose ) Glucose + Glucose 

or Maltase 

The hydrolysis is done by dilute acids or enzymes. 
In disaccharides, the two monosaccharides are joined 

together by glycosidic linkage. A glycoside bond is formed 
when hydroxy. group of the hemiacetal carbon of one 
monosaccharide condenses with a hydroxy group of another 
monosaccharide giving -0-bond with the elimination of a 
H20 molecule. 

1. Sucrose (cane-sugar), C uH210n: It is formed by the 

condensation of a-D-glucopyranose (CI - a) unit and 
J3-D-fructofuranose (C2 -[3) unit. These units are joined by 
a-J3-glycosidic linkage between CI of the glucose unit and C2 
of the fructose unit. 

H-IC-OH 

21 
H-C-OH 

3
1 

HO-C-H 
1 0 + 

H-
4

i-O
H J 

H-5C 
I 

6CH20H 
a-Glucosepyranose 

829 

/" 

a f3 2 
/

ICH20H 

: t?l-O°--H-O---!.~-~ 
31 41 0 

-H20 HO-CI-H H-C ~H 
-~) 4 0 51 

H-;!-OH J H-i 

OR 

H-C 6CH20H 

I 
6CH20H 
Fischer Projection formulae of Sucrose 

[a-D-Glucopyranoside, (3-D-Fructofuranoside] 

'>CH20H 
5 

----. Glucose unit 

---- (Glycosidic 
linkage) 

CH20H -- Fructose unit I . 

Haworth Projection formulae of Sucrose 

Sucrose is a non-reducing sugar since, both glucose 
(CI - a) and fructose (C2 - [3) are connected to each other 
through their reducing centre and it does not contain any 
aldehyde or ketonic group and hence does not give ·the 
properties of monosaccharides (glucose or fructose). Also, 
sucrose is stable towards alkalies and does not show 
mutarotation. 

Sucrose is our common table sugar which is obtained from 
sugar-cane and sugar beets. It is actually found in all 
photosynthetic plants. 

It is a colourless, odourless crystalline compound and 
melts at 458 K. It is highly soluble in water, slightly soluble in 
alcohol and insoluble in ether. It is dextrorotatory but does not 
show mutarotation. It is a non-reducing sugar as it does not 
reduce Tollens' or Fehling's reagent. Sucrose, on heating 
slowly and carefully, melts and then if allowed to cool, it 
solidifies to pale yellow glassy mass called 'Barley sugar'. 
When heated to 473 K, it loses water to form brown amorphous 
mass called Caramel. On strong heating, it chars to almost pure 
carbon giving smell of burnt sugar. 

Uses : Sucrose is used : 
(i) as a sweetening agent for various food preparations, 

jams, syrups, sweets, etc. 
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(ii),inthe manufacture.·of sucrose octa-acetate.required to 
denature alcohol, to make paper transparent and· to make 
anhydrous adhesives. 

Inversion of cane-sugar :,' The hydrolysis of sucrose by 
boiling with a mineral aCIQ or by enzyme invertase or sucra~, . 
produces a mixture of equal molecules of b( +) glucose and 
b(-) fructose~ . . 

H+ ° CJ2H220 Il + H20 )C6HJ20 6 + C6Hl2 6 
Sucrose' Invertase D-Glucose D-Fructose 

(This mixture is laevorotatory) 

Sucrose solution is dextrorotatory. Its specific rotation is 
+ 66.5'0,. But on hydrolysis, it becomes laevorotatory. The 
specific rotation of D( +) glucose is +52.7° and Of b("':') fructose 
is -92.4°, Therefore, the net specific rotation of anequimolar 
mixture of D( +) glucose' and b( -) fructose is, . 

+52.7°-92.4° =.:...19.850 
2 

Thus, in the process of hydrolysis of sucrose, the specific 
rotation changesfroqi + 66.5°to -19.85°, i.e., a change in the 
sign of optical rotation' from dextro to laevorotatory and it is 
said that inversion has taken place, The process of hydrolysis 
of sucrose is' thus tenned" as inversion of sugar and the 
hydrolysCd mixture having equal molar quantities of D(+) 
glucose and b(:"") fructose is called Invert sugar. The enzyme 
that brings the inversion is named as invertase. Invert sugar 
(130) is sweeter than sucrose (100), glucose (70), galactose 
(32) and lactose (10), but less sweet than fructose (170). 

. 2. Maltose (Malt sugar), C12H:z:zO Il : The partial 
. hydrolysis of starch by the enzyme diastase (present in malt) 
Produces maltose; 

Diastase 2(C6HIOOS)n + nH20 ) nC12H220) 1 . 
Starch Maltose 

It is fonned by the condensation of two molecules ofa-D
glucopyranose in which (C 1 - a) of one glucose unit is 
connected to C4 of the other glucose unit as shown below: 

Haworth Projection formulae of a-D-Maltose 

6CH20H 6C~OH 

a-D-Glucose 

~H20H'~·· 

..1-:-----0 

a-D-Glucose 

~H20H 

Glycosidic linkage a-D-Maltose 

(-fi.:lO) 
• 

' . . ,' .:,~ ':' 

. G.R.B. Organic Chemistry for CompetItions 

Fischer projection formulae of a-D- Maltose . j:q' a' .' H-. lC":""()H H-<;.' ... . 
. 1 21:l ... . 

. H-
2
C-OH H-,-OH 

. 3' 3" '. . HO- C-H ° HO- C-H '.' 

. 1 =po 4'·· .... °, 
H-' 4C. . H-C .OR I" 1 . ., . . ,', 

H_5C . H_5C .' . 
, I' 

6CH20H 6CH20H 
Glucose unit Glucose unit 
(Reducing) (Non -reduCing) . 

Further, since in maitose one of the glucose unit exists in 
the hemiacetal fonn and is a reduclngsugar which. fol'Jll8 
osazone. It also reduces Tollens' reagent, Fehling's solution 
and show mutarotation. 

3. Lactose (milk sugar),C12H 220 u : It is obtained by the 
condensation of one molecule of P -D-galactopyranose 
(C1 - P)unit and one molecule ofP -D-glucopyranose(C4 - P) 
unit as shown below: . . 

Haworth Projection formulae of P.D-Lactose 
6CH20H 6CH20H . 

~D-Galactose 

~H20H 

Lactose 

tJ-D-Glucose 

~H20H 

H 

H 

Fischer projection formulae of J3-D-Lactose 

Pl' . P 1 H 
HO-C-H ~-

H_2~-OH r-:=t-OH 
. I' 1~~J 

H:-t~_0 :: 4~ :. 1 
H_5b~- H_5C 

I I 
6CH20H 6CH20H 

I3-D -Glucose unit I3-D -Galactose unit 
(Reducing) (Non-reducing) 
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Thus, lactose like maltose is a redudng sugar 1n which 
glucose unit is in' the reducing form. It forms an osazone, 
undergoes mutarotation and also reduces' Tollens' or 
Fehling's soluti(>n. 

Reducing and non-reducing sugars,:.', Those sacc
harides which reduce Fehling's solution or Tollens' reagent or 
Bendict's solution are called reducing sugars andihose'which 
do not reduce these reagents are called non~redueing sugars. 
Reducing· sugars contain either a-hydroxy aldehyde or 
a-hydroxy ketone or they contain cyclichetniacetal or 
hemiketal or structures in equilibrium with open chain forms 
having a free -CHOor >C=O group. Non-reducing sugars. 
do not contain free aldehyde or ketone grollP.· They contain 
stable acetal or ketal structures which cannot be opened into a 
free carbonyl group. 

Reducing sugars 
D-Glucose, D-Fruct~se 

MaltOse, Lactose' 

Non -redudng sugars 
Sucrose, Starc~ Cellulose 

Glycogen, DextrlD. 

15.6 POLYSACCHARIDES (STARCH AND' 
CELLULOSE) 

Polysaccharides are polymers of monosaccharides. The most 
important polysaccharides are starch and cellulose. Theyhave 
a general formula (C6HlOOS)Il' Starch (Amylum) is most 
widely distributed in vegetable kingdom. It is foundin the 
leaves, stems, fruits, roots and seeds. Concentrated form of 
starch is present in wheat, com, barley, rice, potatoes, nuts, etc. 
It is the most important food source of carbohydrates. 

Starch: Starch is the major food material and a white 
amorphous substance with no taste or smell. When heated to a 
temperature between 200-250°C, it changes into dextrin. At 
higher temperature charring occurs. When boiled with dilute 
acid or hydrolysed by the enzyme, amyl~se (present in saliva), . 
starch ultimately yields glucose. . 
(C6HlOOS)Il~(C6HIOOS)1l1'~C12H22011~C6H1206 

Starch Dextrin Maltose Glucose 

Both nand nl, are unknown, but n is believed to be greater 
than n!. 

When treated with enzyme, diastase, it yields maltose. 
2(C6HlOOS)1l + nH20 ~ nC12H22011 

Maltose 
Starch solution gives a blue colour with a drop of iodine 

Which disappears on heating to 75-80°C and reappears on 
cooling. The exact chemical nature of starch varies from source 
to source (n =200 -1000). Even the starch obtained from same 
source c()nsistsoftwo fractions (i) amylose (20%) and (ii) 
amylopectin (80%).' . . . '. . 

Amylose is a linear polymer while amylopectin is a highly 
branched polymer. Both are composed of a-D-glucose units 
which are linked to one another through a -linkage involving C 1 
of one glucose unit with C 4 of the other by glycosidic linkages. 

.8.31 ' 

The number of D-glucose UIiits in amylose range from 60-300. 
It is soluble in hot water. Aniylopectin consists ofD-glucose 
units from 300-600. It is insoluble in water. 

s ~ S 

3.2" '32' 0··· 
, OH . OH 

. . . 

. a-1,4-Glycoside bonds 

Slruciure of amylose 

n 
Repeating monomer 

OH 
o 
I 

Repeating monomer 

Cl~1.6-Glycoside bonds 

CH20H CH2 

o~0k?r0 
OH 

n 

a-1.4-Glycoside bonds Repeating monomer 

Structure of amylopectin 
Uses: Starch and its derivatives are used: 

(i) as the most valuable constituent of food as rice 
bread, potato and com-flour, etc. ' 

(ii) in the manufacture of glucose, dextrin and adhesives 
(starch paste). 

(iii) in paper and textile industry. 
(iv) in calico printing as a thickening agent for colours. 
(v) nitro starch is used as an explosive. 

. (vi) starch-acetate is a transparent gelatin like mass and is 
used mainly for making sweets. 

Cellulose: It is found' in all plants and so is the most 
abundant of all carbohydrates. It is the material used to form 
cell walls and other structural features of the plants. Wood is 
about 50% cellulose and the· rest is lignin . .cotton. (90.;95% 
cellulose) and paper are largely composed of cellulose. Infact, 
more than 50% of all the living matter is cellulose. 

Pure cellulose is obtained by successively treating cotton, 
wool, flax or paper with dilute alkali, dilute HCI or HF. This 
treatment removes mineral matter, water, alcohol and ether. 
Cellulose is left behind as a white amorphous powder. 

Cellulose is insoluble in water and in most ofthe organic 
solvents. It decomposes on heating but does not melt. It 
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disso.lves in ammo.niacal co.pper hydro.xide so.lutio.n 
(Schweitzer's reagent) but cellulo.se do.es no.t reduce To.llens' 
reagent o.r Fehling's so.lutio.n. It do.es no.t fo.nn o.sazo.ne and is 
no.t fennented by yeast. Further, cellulo.se also. disso.lves in a 
so.lptio.n o.f zinc chlo.ride in hydro.chlo.ric acid. 

When it is treated with co.ncentrated H2S04 in co.ld, it 
slo.wly passes into. so.lutio.n. The so.lutio.n when diluted with 
water, a starch like substance amylo.id is precipitated and is 
called parchment paper. When bo.iled with dilute H 2S0 4, it is 
co.mpletely hydrolysed into. D·gluco.se. 

(C6HIOOS)n + nH20~ nC6HI20 6 
Cellulose Glucose 

When cellulo.se is treated with co.ncentrated NaOH 
so.lutio.n, it fo.nns a gelatino.us semi·transparent mass which 
imparts lusture to. co.tto.n (mercerised) and this process is called 
mercerisation. 

The cattle, go.ats and o.ther ruminants can feed directly 
cellulo.se (grass, straw, etc.,) as they have digestive enzymes 
(cellulo.ses) capable o.fhydro.lysing cellulo.se into. gluco.se. Man 
and many o.ther mammals lack the necessary enzymes in their 
digestive tract and thus canno.t use cellulo.se as fo.o.d stuff. 

Cellulo.se is a straight chain po.lysaccharide co.mpo.sed o.f 
D·gluco.se units which are jo.ined by B·glyco.sidic linkages 
between C-I o.f o.ne gluco.se unit and C-4 o.f the next gluco.se 
unit. The number o.f D-gluco.se units in cellulo.se ranges fro.m 
300 to. 50000. 

~~vo~ ~~vo~ ~~~o~ 
-o~ ~cf°~ ~r~ ~cfQ-

H OH CH20H H OH CHpH H OH CH20H 

Structure o.f cellulo.se 
Uses: Cellulo.se is used: . 
(i) as such in the manufacture o.f clo.th (co.tto.n), canvas 

and gunny bags Oute) and paper (wo.o.d, bambo.o., straw, etc.). 
(li) in the fo.nn o.f cellulo.se nitrates fo.r the manufacture o.f 

explo.sives (gun-Po.wder), medicines, paints and lacquers. The 
cellulo.se nitrates with campho.r yield celluloid which is used in 
the manufacture o.f to.ys, deco.rative articles and pho.to.graphic 
films. 

(iii) in the fo.nn o.f cellulo.se acetate fo.r the manufacture of 
rayo.n (artificial silk) and plastics. 

IMPORTANCE OF CARBOHYDRATES 
The carbo.hydrates perfo.nn two. impo.rtant functio.ns in living 
bodies: 

(i) Biofuels: Carbo.hydrates such as gluco.se, fructo.se, 
sugars, starch, glyco.gen, etc., act as biofuels and hence, 
provide energy for the fnnctioning of living organisms. 

~\":~u;~ .. (_~ . 
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In human system, all the carbo.hydrates excep,t P#l).ulo.se 
can serve as so.urce o.f energy. Starch and vario.uS·;s~gars 
(glyco.gen etc.), which are taken as fo.o.d are first hydro.lysed to. 
gluco.se by the enzymes present in the digestive. System. 

Amylase . 
2(C6HlOOS)n + nH20 ) nC12H,hOll 

Starch Maltose 

C12H220 11 + H20 Maltase) 2C6H1206 
Maltose Glucose 

Gluco.se o.n slo.w o.xidatio.n to. CO2 and H20 in the presence 
o.f enzymes liberates large amo.unt of energy which is used by 
the bo.dy fo.r carrying o.ut vario.us functio.ns .. 

C6H120 6 +602 ~6C02 +6H20+2868kJ 
Glucose 

Reserved food materials: Starch is the majo.r fo.o.d 
reserve material in plants and sto.red in seeds which is capable 
o.f making its o.wn fo.o.d by pho.to.synthesis. Similarly, glycogen 
sto.red in liver and muscles acts as the reserve fo.o.d material in 
animals. In case o.f emergency, the liver glyco.gen is readily 
hydro.lysed to. gluco.se which, in turn, gets o.xidized in the blo.o.d 

. to. provide the much needed energy. . ' . 
Bo.th glyco.gen and amylo.pectin are branched po.lymers o.f 

a-D-gluco.se; rather glyco.gen is mo.re high!>, branched than 
amylo.pectin. The mo.lecular weight o.f glyco.gen is very high 
(co.ntains 105 gluco.se units), whereas amylo.pectin chains 
co.nsist o.f 20-25 gluco.se units and glyco.gen chains co.nsist o.f 
10-14 gluco.se units. 

It may be no.ted that cellulose cannot be hydrolysed in 
our body because enzymes required fo.r its hydro.lysis are no.t 
present in o.ur bo.dy, hence, cellulose is not digestible. 
Ho.wever, grazing animals (such as co.w, buffalo. and deer, 
etc.,) can use cellulo.se o.f grass and plants as fo.od by 
co.nverting them into. glucose. 

(U) They act as constituents of cell membrane. 

15.7 PROTEINS AND AMINO ACIDS 
Proteins: Pro.teins are a class o.f bio.lo.gically important 
co.mpo.unds. They are crucial to. virtually all processes in living 
systems. Some of them are ho.nno.nes which serve as chemical 
messengers that co.ordinate certain bio.chemical activities. 
Insulin, fo.r example, co.ntro.ls the level o.f sugar in the blood' 
stream. Others are enzymes that act as catalysts o.fbio.chemical 
reactions. So.me proteins serve to. transport the substances 
thro.ugh the o.rganism. Haemo.glo.bin, fo.r instance, carries 
o.xygen in blo.o.d stream and delivers to. different parts of the 
bo.dy. There are lo.ng fibrous proteins, such as actin and 
myosin, that are fo.und in muscle. Ano.ther fibrous pro.tein, 
a-keratin, serves as the majo.r co.nstituent o.f hair, nails and 
skin, while collagen is the prime co.nstituent o.f tendons. 

, 
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Proteins are also found in toxins (poisonous materials) as well (i) Amino acids with nonMpolar side chain: . Examples 
as in antibodies. are: 

Despite their wide range of functions, all proteins have 
something in common with another. They are nitrogenous 
organic compounds of high molecular masses ranging from 
about 6000 to approximately 10,00,000. They are 
condensation polymers (actuallypolyamides) made up of 
linking together in various combinations, a number of 
different simpl~ monomeric units called a ... amino acids. 
Proteins are synthesized· by both plants and animals and on 
partial hydrolysis give peptides of varying molecular masses 
which upon complete hydrolysis give a~amino acids. 

Proteins Hydrolysis) Peptides Hydrolysis) aMaminoacids 

Amino acids: An amino acid is a bifunctional organic 
molecule that contains both a carboxyl group, -COOH, as 
well as an amine group, -NH2• They are classified as acidic 

(containing two -COOH groups), basic (containing two 
-NH2 groups) or neutral according to number of amine and 

carboxyl groups in a molecule. Neutral amino acids contain 
only one amine and one carboxyl' group. They are further 
classified according to the position of amiDe group in relation 
to carboxyl group into a~, Ih 'Y~ and o-amino acids. Out of these 
a-amino acids are most important as they are building blocks 
ofbio-proteins. 

In an a-amino acid, the amine group is located on the 
carbon atom adjacent to the carboxyl group (the a-carbon 
atom). The general structure of the a-amino acids is 
represented as: 

H ./ Carboxyl group 

1 ~ . 
R-C-· COOH 

/

1' 
. . NH 2 f- Amine group 

a-Carbon atom 

R may be alkyl, aryl or any other group. . 

2. Alanine 

• 
3. Valine· 

4. Leucine· 

5. Isoleucin~e*1 

6. Phenyl 
alanine • 

7. Proline 

Gly(G) 

Ala (.A) 

Val (V) 

Leu(L) 

.. (Essenti!ll) . 

lie (I) 
. . /NH2 

C2HsCHCH" I i COOH 
CHi 

(Essential) 

Phe (F) 
; /NH2 

C6HsCH2CH, 
.. · .. COOll 

. (Essential) 

. Pro (P) 
H2C---':-CH2 

:1 I .. 
H2C .·CHCOOH 

""-./' 
N 
, I 
H 

(It does not fit the general formula) 

The proteins differ in the nature of R~group bonded to 
a-carbon atom. The nature of R~group determines the 
properties of proteins. There are about 20 amino acids which 
make up the bio-proteins. Out of these 10 amino a,cids' 
(non-essential) are synthesised by our bodies and rest are 
essential in the diet (essential amino acids) and supplied to our 
bodies by food which we take for proper health and growth 
because they cannot be synthesised in the body. The a.~amino 
acids are classified into the following four types: 

(il) Amino acids with polar but neutral side chain : 
Examples are: 

... Essential amino acids 



2. Serine Ser (S) 

3. Threonine· Thr qJ 

4. Tyrosine Tyr(Y) 

5. Cystine Cys(C) 

8. Glutamine GIn(Q) 

(iii) Amino acids with acidic side chains: Examples are: 
. NH';:' 

1. Aspartic acid Asp (0) HOOCCH2C~· .. 2 . 
COOH 

2. Glutamic acid Glu (E) HOOCCH2CH2CH(NH
2

. 
. . COOH 

(iv) Amino acids with basic side chains: Examples are: 
tit-

1. Lysine* Lys (K) H2N(CH2)4a<NH2 
-;" 

COOH 
. (Essential) . ...' FIN, .. ' -. NH2 ' 

2. Arginine* Arg(R). /CNll(CH2ha< ,.' '.' 
H2N' (Essential). COOH 

" /NH211 
3. Histidine· His (H) . ~CCH2CH" . 

HC'..... ",. COOH 

I .... ~ , N, /. ",' 
CR ' 
(EsSendal) . 

Confignration of a-:amino acids: Exceptglycine, all the 
a-amino acids are optically active and have an asymmetric 

* Essential amino acids 
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carbon atom (a-carbon atom). Hence, each of these amino 
acids can exist in two stereoisomeric forms, i.e., D and L. 
However, all the naturally occuringamino acids belong to L 
configuration. In other words, proteins exclusively consist of 
L-amino acids. In contrast, all the sugars belong to D-series. 

Zwitter ion and isoelectric point: Since, the -NH2 

group is basic and -COOH group is acidic, in neutral 
solution, it exists in an internal ionic form called a Zwitter ion 
where the proton of -COOH group is transferred to the 
-NH2 group to form inner salt, also known as dipolar ion. 

R 
I 

H2N-, CHCOOH 
a-Amino acid 

R 

In water) H2N-bH--C06 + Ii 
R 

+ I _ 
~ H3N -CH-.:cOO 

Zwitterion 
(Dipolar ion) 

The Zwitter ion is dipolar, charged but overall electrically 
. neutral and contains both a positive and negative charge. 

Therefore, .amino acids are high melting crystalline solids 
and amphoteric in nature. Depending on the pH of the 
solution, the amino acid can donate or accept proton. In the 
acidic medium, COO- ion of the Zwitter ion accepts. a proton to 
form the cation (lI)while in the basic medium, + NH 3 ion loses 

a P!Oton to fonri the anion (III). 
H 0 H 0 

+ I II . H+ + I II 
H3N--C-C-OH t----- H3N--C-C-O-

I I 
R R 

Low pH (Acidic soln.) 
Positive fom (II) 

(Cation) 

Zwitter ion (1) 
Neutral fom 

H 0 
OW I II 

-----~) H2N--C-C-O-
. -H20 I . 

.<Proton removed) R 
High pH (Basic soln.) 
Negative fum (III) 

(Anion) 

Thus, + NH 3 group acts as the acid while COO- group acts 

as the base;. 
When an ionised form of amino add is placed'in an electric 

"field, it will migrate towards the opposite electrodes. Depending 
on the pH of the medium, following three things may happen: 

(i) In acidic solution (low pH), the positive ion moves 
towards cathode [exist as cation, structure (11)]. 

(ii) In basic solution (high pH}, the negative ion moves 
towards anode [exist as anion, structure (111)]. 
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(iii) The Zwitter ion does not move towards any of the 
electrodes [neutral dipolar ion, structure (I)]. 

The intermediate pH at whieh the amino add shows no 
tendeney to migrate towards any of the eleetrodes and 
exists the equilibrium when plaeed In an eleetrie field is 
known as isoeleetrie point. This is characteristic of a given 
amino acid and depends on the nature of R-linked to a-carbon 
atom. 

(A) As regards the ehemical properties, a-amino acids 
show the reactions of -NH 2 group, -COOH group and in 
which both the groups are involved. A summary of chemical 
properties is given below: 

NaOH 

C2HSOH 

Dry HCl 

Decarboxylation 

Ba(OHh;A 

LiAlH4 

4H 

-

Alkylation 

CH3Br 

Acetylation 

CH3COCI 

HN02 

HCI 

PCIs 

H 

+ 
H3NCHCOOC2Hs 

I I· . R AgOH 

2NCHCOOC2Hs 
I Ethyl ester 
R 

/NHCH3 

RCH, 
'COOH 

N -Methyl derivative 

/NHCOCH3 

RCH"COOH ' 

N -Acetyl derivative 

. RCHOHCOOH 
a-Hydroxy acid 

+ -
/NH3CI 

RCH'COOH 

Salt formation 

/NH2(HCI) 

RCH'COCI 

Amino acid chloride 

.835 

Action of heat: a-Amino acids lose two molecules of 
water and form cyclic amides. 

, NHfll---llojoc 
R-CH~ :_-_-_t:_-: _ ..>CH-R ~ 

'CO OH H HN"'" t,.. ______ ~ 

o 

" /NH-C"" 
R-CH,C_' ~H-R +2H20 

~ 
CH -NHiH-------lio OC CH2-NH-CO 
I 2 '--.:;.-------- I Heat) I I 
cof6fI-------Il: HN-CH2 (-2H20) CO-NH-CH2 J.. __________ .J. 

Glycine (2 molecules) Diketo piperazine 

Jl-Amino acids lose a molecule of ammonia per molecule of 
amino acid to yield a, Jl-unsaturated acids. 

CH2--CH-COOH Heat )CH2=CH-COOH 
~L _____ J · (:-NH3) Acrylic acid 

1 NH H:' (a,f3-Unsaturated acid) • !.. ___ 2 _____ I ...• ' 

~-Amino propionic acid 

CH3-CH-' CHI -COOH Heat )CH3CH CHCOOH 
,..L ___ ... , (-NH3) Crotonic acid ' 

L~1-_I.!: 
~-Amino butyric acid 

y-Amino acids and a-amino acids undergo intramolecular 
dehydration to form cyclic amides called Laetams. 

CH2-cH2 -CH2-CO CH2-CH2-CH2-CO 
I J Heat) I I 

. Nl{ii---------ii:":'O (-H20) NH-------1 _______________ J 

'Y-Amino butyric acid 'Y-Butyrolactam 

CH2CH2CH2CH2CO . CH2CH2CH2CH2CO 

kHu ---l1=b (-~:~j LNH·-.-.J 
B-Aiiiiiio Wieric-:a"Cfl B-Valerolactam 

These lactams have stable five or six membered rings. 

. (B) FormatioJl of proteins-Peptide bond: Proteins 
are f~rmed by joining the carboxyl group of one amino acid tQ 
the a-amino group of another amino acid. The bond formed 
between two amino acids by the elimination of Ii' water 
molecule is caned a peptide linkage or bond. The peptide 
bond is simply another name for amide bond .. 

-' cf6H--~+--ii+-N- ~-' C-N-+H20 . . r---------- I II I· . 
o 'H 6 H 

Carbpxyl group Amine group of Peptide bond 
of one amino acid other amino acid 



The product formed by linking amino acid molecules 
through peptide linkages, -CO-NH-, is called a peptide. 
Peptides are further designated as di, tri, tetra or penta peptides 
accordingly as they contain two, three, four or five amino acid 
molecules, same or different, joined together in the following 
fashions. 

o H 0 

II r------- I II 
H2N-CH-C-,OH + H+N-CH-C-OH 

I ~-------II (2 molecules) R (-H20) R _ 

o H 0 
II I II 

H2N-CH-C-N- CH-C-OH (Dipeptide) 
I Peptide I 
R linkage R 

When the number of amino acid molecules, is large, the 
product is termed polypeptide which may be represented as, 

o 0 
~ ~ 

H2N-CH-C- -NH- CH-, C-
, I I 

R R' 

A polypeptide 
n~. 

-NH-CH-COOH 
I 

R" 

Depending upon the number of amino acids present, the 
peptides have been classified as: 

(i) Oligopeptides - Contain 2 to 9 amino acids. 
(ii) Polypeptides Contain 10 to 100 amino acids. 
(iii) Proteins - Contain more than 100 amino acids. 
The formation of a protein linking together different amino 

acids is not a random process. Each molecule of a given protein 
has the same sequence of the amino acids along its polypeptide 
chatn. Haemoglobin consists of 574 amino acid units in its 
molecule in a definite sequeQce. When only one specific amino 
acid in the sequence is changed, it becomes a defective 
haemoglobin which loses its specific property.of ~carrying 
oxygen in blood stream and results in a disease called sickle 
cell anaemia. . 

Normal haemoglobin, 

'-. Val-His-Leu-Thr-Pro-Glu-Glu-LYs-' ' 

Sickle cell haemoglobin, 

-Val-His-Leu-Thr-Pro-Val-Glu-Lys

Composition of proteins :. Composition of a protein 
varies with source. An approximate composition is as follows: 

Carbon 50-53%; hYOrogen 6-7%; oxygen 23-25%; 
nitrogen 16-17%; sulph~ about 1 %. Other elements may also 
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be present, e.g., phosphorus (in nucleoprotein:;)~""iodine (in 
thyroid proteins) and iron (in haemoglobin). T' 

Structure of proteins : The structure of-proteins is very 
complex. Their complete structure may be !>tudied under three 
hea4in~s, i.e., primary, secondary and tertiary. 

1. Primary structure of proteins: The 'primary 
structure of a protein refers to the number and sequence of 
the amino acids in its polypeptide chains (discussed in the 
formation of prote~ns). The primary structure is represented 
beginning with the aniino acid whose amino group is free (the 
N-terminal end) and it forms the one end of the chain. Free 
carboxyl group (C-terminal end) forms the other end of the 
chain. 

o 0 
Left hand side II II Right hand side • 

H2N_--CH-C-NH- CH-C-NH ... OI-COOH 
. \- I I . 'I / 

\ R R' R" 

One end (R R' R" b d'ffi t) Other end (N - tenninal end) , , ."may e same or 1 eren (C-tenninal end) 

Side chains may have basic groups or acidic groups as 
-NH2 in lysine and -COOH in aspartic acid. Because of 
these acidic and basic side chains, there are positively and 
negatively charged centres. Though the peptide linkage is 
stable, the reactivity is due to these charged centres in the side 
chains. -

The primary structure of a protein is usually determined by 
its successive hydrolysis with mineral acids or enzymes into 
various products having decreasing molecular mass as shown 
below: 

Protei:qs ~ ProteQses ~ Peptones ~ Polypeptides 
~ Simple peptides ~ a-Amino acids 

-The first eVer primary structure of a protein, i.e., Insulin 
'was determined by the British Chemist, Frederic Sanger 
(awarded Nobel. Prize in 1963). Since, then, the primary 

, structures of so many different proteins have been determined. 
Primary structure tells us nothing about the shape or 

conformation of the molecule. Most of the bonds in protein 
molecules being single bonds can assume infiirite number of 
shapes due to fteerotation about single bonds. However, it has 
been confirmed that 'eaoh protein has only a single three 
dimensional conformation. ' ' 

2. Secondary struetureofproteins: The arrangement 
(f'Ixe~ configuration) of polypeptide chains assumed as a 
result of hydrogen bonding is called the secondary 
structure of proteins. It gives information: 

(a) about the manner in which the protein chain is folded 
and bent; 

(b) about the nature of the bonds whicQ stabilize this 
structure. 
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Secondary structure of proteins is mainly of two types 
depending upon the size of the R -groups. 

(i) a-Helix:. This' structure is formed when the . 
chain of a-amino acids coils as.a right handed screw (called 
a-helix) because of the formation of intramolecular 
hydrogen bonding between amide groups of the same peptide 
chain, i. e., NH group in one unit is linked to carbonyl oxygen of 
the fourth unit by hydrogen bonding. This hydrogen bonding 
between different units is responsible for holding helix in a' 
stable position. The side chains of these units prpject outward 
from the coiled backbone. 

The a -helix is also known as 3.6'3 helix, since each turn of 
the helix has approximately 3.6 amino acids and a 13 
membered ring is' formed by H-bonding. The pitch or the 
distance betweeri two successive turns is 54 pm. 

Such proteins are elastic, i.e., they can be stretched. On 
stretching weak hydrogen bonds break up and the peptide 
chain acts like a spring. The hydrogen bonds are reformed on 
releasing the tension. Proteins such as myosin in nucleus and 
keratin in hair, wool, nails, claws, horns, feathers and dead 
outer layers of skin cells have d-helix structure (Fig. 15.1). 

a-Helix 

Fig. 15.1 

I 
I .\'H. I .. rrr,) 
. W:-W 

.' 0 I '0' I I I 
I H .I 
I I I I I 

~ ___ N-C])I 
C A~cj~1 

!~ ~: 
Ii-Bonds in a-Helix 

a-Helix structure 

(ii) J3-pleated sheet: A different type of secondary 

structure is possible when polypeptide chains are arranged side 
by side in a zig-zag manner with alternate R-groups on the 
same side. The chains are held together by a very large number 
of hydrogen bonds between c=o arid NHof different chains. 
Thus, the neighbouring peptides chains are bonded together by 
intermolecular H-bond resulting in the formation of a flat 
sheet. These sheets can slide over each other to form a three 
dimensional structure called a J3-pIeated (folded) sheet. The 
silk protein fibroin has a J3-pleated structure. 

The a-helix type structure is assumed if R-groups are 
larger whereas j3-pleated sheet type structure (Fig. 15.2) 

generally exists in cases if R-groups are smaller. 

Fig. 15.2 p-Pleate.d sheet structure 

3. Tertiary structure of proteins: The tertiary 
structure of proteins refers to the definite geometric 
pattern in which the entire protein molecule folds up in the 
three dimensional space to produce a specific shape (or 
compact' form). Further folding, twisting and bending of 
secondary, structure is called the tertiary structure of proteins . 
The two important tertiary structures of proteins are fibrous 
structure and globular structure. The fibrous proteins, e.g., 
silk, collagen and keratins have large helical content and have 
rod like rigid shape insoluble in water. At normal pH and 
temperature, each protein will take a shape (tertiary structure) 
that is energetically most stable. This shape is specific to a 
given amino acid sequence and is called the native state of the 
protein. The tertiary structure of a protein is c~trolled by 
several different kinds of interactions that serveto hold the 
folded segments of tle chain in place. These interactions may 
be any of the given below: 

(i) Intramolecular hydrogen bonding, 
(ii) Ionic interaction or salt bridge, 

(iii) van der Waals' interaction or disulphide' (S-S) 
bonds, 

(iv) Hydrophobic (water hating side chains) interaction. 
An example of disulphide bridge is found in insulin which 

consists of two polypeptide chains. 
Perutz and Kendrew shared the 1962 Nobel Prize in 

Chemistry for determining the tertiary structure of haemo
globin and myoglobin through X-ray diffraction studies. 

Globular proteins possess tertiary structure. In general, 
globular proteins are very tightly folded into a compact 
spherical form. . '.. ' 

Characteristic differences between globular and fibrous 
proteins are given ahead: 
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1. These are cross-linked proteins and These are linear condensation 
are condensation product of acidic polymer. 
and basic amino acids. 

2. These are soluble in water, mineral These are insoluble in water 
~ acids and bases. but soluble in strong acids and 

bases. 

3. These proteins have three These are linear polymers held 
dimensional folded structure. together by intermolecular 
These are stabilised by internal hydrogen bonds. 
hydrogen bonding. 

Proteins can also be classified on the basis of their functions. 

i: i~9t~iQ .... ,'-)Fllnttfc{o" : Examples 

L En.zytDes Biological catalysts, vital to Trypsin, pepsin .. 
all living systems. 

2. Structural proteins Proteins that hold living Collagen. 
systems together. 

3. Hormones Act as messengers. Insulin. 

4. Transport proteins Carry ions or molecules from Haemoglobin. 
one place to another in the 
living system. 

5. Protective Destroy any foreign Gamma 
proteins substance released into the globulin. 
(antibiotics) living system. 

6. Toxins Poisonous in nature. Snake venom. 

Tests of proteins: 
(i) Biuret test: On adding a dilute solution of copper 

sulphate to alkaline solution of protein, a· violet colour is 
developed. This test is due to the presence of peptide 
(-CO-NH-) linkage. 

(ii) Xanthoproteic test: Some proteins give yellow 
colour with concentrated nitric acid (formation of yellow stains 
on fmgers while working with nitric acid. in laboratory). The 
formation of yellow colour is due to reaction of nitric acid with 
benzenoid structures. Thus, when a protein solution is warmed 
with nitric acid a yellow colour may be developed which turns 
orange on addition ofNH40H solution. 

(iii) Millon's test: When millon's reagent (mercurous. 
and mercuric nitrate in nitric acid) is added to a protein 
solution, a white precipitate which turns brick red on heating, 
may be formed. This test is given by proteins which yield 
tyrosine on hydrolysis. This is due to presence of phenolic 
group.' 

(iv) Ninhydrin test: This test is given by aU proteins. 
'When a protein is boiled with a dilute solution of ninhydrin, a 
violet colour is produced. 

(v) Nitroprusside test: Proteins containing -SH group 
give this test. When sodium nitroprusside solution is added to 
proteins having -SH group, a violet colour is developed. 
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W H W r acC\ /OH I (XC, ,/~ 
"I !\.OH +1

COOH-+. I ;-=N-"'lN 
IINH2 II 
o . 0 

Ninhydrin Amino acid Violet Complex 

(vi) Molisch's test: This test is given by those proteins 
which contain carbohydrate residue. On adding a few drops of 
alcoholic solution of a-naphthol and cQncentrated sulphuric 
acid to the protein solution, a violet ring is formed. 

(vii) Hopkins-Cole test : On adding concentrated sul
phuric acid down the side containing a solution of protein and 
glyoxalic acid, a violet colour is developed. 

Uses of proteins: (i) As food: Proteins constitute as 
essential part of our food. Meat, eggs, fish, cheese provide 
proteins to human beings. . 

(ii) In textile: Casein (a .milk protein) is used in the 
manufacture of artificial wool and silk. 

(iii) In the manufacture of aminO acids: Amino acids, 
needed for medicinal use and feeding experiments, are 
prepared by hydrolysis of proteins. 

(iv) In industry: Gelatin (protein) is used in food 
products, capsules and photographic plates. Glue (protein) is 
used as adhesive and in sizing paper. Leather is obtained by 
tanning the proteins of animal hides. 

(v) In controlling body processes : HaemoglQbin 
present in blood is responsible for carrying oxygen and carbon . 
dioxide. Hormones (proteins) control various body processes. 

(vi) As enzymes: Reactions in living systems always 
occur with the aid of substances called enzymes. Enzymes are 
proteins produced by living systems and eatalyse specific 
biorogical reactions. 

The important enzymes are : 

Enzymes Reaetion eatalysed 

1. Urease Urea ~ CO2 + NH3 

2. Invertase Sucrose ~ Glucose +. Fructose 

3. Maltase Maltose ~ 2Glucose 

4. Amylase Starch ~ n Glucose 

5. Pepsin . Proteins -+ Polypeptides -+ a -Amino acids 

6. Trypsin . Polypeptides ~ a-Amino acids 

1. Carbonic anhydrase H2C03 ~ H20 + CO2 

8. Nuclease DNA. RNA ~ Nucleotides 

9. Lactase Lactose ~ Gluco~+ Galactose 

. to. Emulsin Cellulose~ nGlucose 

11. RNA Polymerase Ribo nucleotide triphnsphates ~ RNA 

12. DNA Polymerase Deoxy nucleotide triphosphate ~ DNA 
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15.8 NUCLEIC ACIDS 
In every living cell, there are found nucleoproteins, which are 
made up of proteins and natural polymers and of great 
biological importance, are called nucleic acids. Nucleic acids 
are complex compounds of carbon, hydrogen, oxygen, 
nitrogen and phosphorus. They play an essential role in 
transmission of the hereditary characteristics and biosynthesis 
of proteins. The genetic information coded in nucleic acids 
programmes the structure of all proteins including enzymes 
and thereby they control all metabolic activities of living 
organisms. 

Two types of nucleic acids are found in biological systems, 
these are: 

(i) Deoxyribonucleic acid (DNA) and 
(ii) Ribonucleic acid (RNA) 

Nucleic acids like proteins and carbohydrates are 
biopolymers. They are also called polynucJeotides and the 
simple units that make up the nucleic acid are called 
nucJeotid,es. Nucleotides are themselves composed of 
following three simple molecules: 

1. A nitrogenous base: These are heterocyclic organic 
compounds having two or more nitrogen atoms in ring 
skeleton. They are called bases because the lone pairs of 
electrons on the nitrogen atoms make them as Lewis bases. 
Their structures are given below: 

(a) Pyrimidine derivatives: 

~ ~15 
aA~)4 

H 
Uracil (U) 

(RNA) 

(;;) ;; 
-~N) 

H 
Cytosin~ (C) 

(RNA) 
(DNA) 

or , 

or 

(0) . ;l~CH, or 

H 
Thymine(T) 

(DNA) 

Cytosine (C) 

,~&H, H, 
L2 14 

'H~~ 

(iv) ~;YH, 
5-Methyl cytosine 

(b) Purine derivatives : 

~ ~~Vv 
H 

Adenine (A) 
(DNA) 
(RNA) 

~ H~N)' 
5-Hydroxy ,methyl 

cytosine 

h~ H,N~VH 
, H 
Guanine (G) 

(DNA) 
(RNA) 

2. A five-carbon sugar (pentose): In RNA, tbe sugar 
is f3 -D-ribose whereas in DNA, the sugar is f3 -D-l-
deoxyribose. 

5 
CH20H OH 

\4/,1/ 
H~ ,il\. 

I-Y 
HO OH 

D-Ribose 

or 

1'CHOHI " 
!.~ I or 2'CH2 0 

3'?HOH ,I 
4·CH =.:.....J 

I 
5'CHaOH 

2-Deoxy-(D) ribofuranose 

Both differ only at carbon atom 2'.in the ring. 
3. Phosphoric acid, H 3P04 : Phosphoric acid forms 

esters to --OH groups of the ,sugars to bind nucleotide. 
segments together. 

05
'2 . ,', 

fiN Adenine , 

,~' ," 05~ 
5' + 5' 
CH20H·" 'OH CH20H # 

)~~Hfit\'~ 
, ,~-. ~, 2' -~2' 

, I . r I I 
~~. ~ ~ 

Ribose Adenosine (Nucleoside) 



A molecule called nucleoside is formed by condensing a 
molecule. of the nitrogenous base with the appropriate pentose 
(i.e., Base + Sugar). During the formation ofnucleosides, it is 
position-I-of pyrimidine base or position-9-of purine base 
which is attached to q of the sugar (ribose or deoxy ribose) by 
a j}-linkage. 

A nucleotide results when the nucleoside combined with 
phosphoric acid mainly at carbon 5' ofthe pentose (i.e., Base + 
Sugar + Phosphoric-acid). Hence, nucleotides are nucleoside 
monophosphate. 

It is also shown experimentally that in nucleotide 
structures, the point of attachment with phosphoric acid may be 
2', 3' or 5' in the ribose molecule and 3' or 5' in t.lie deoxyribose 
molecule to the nucleoside structures; 

Thus, nucleotide is the building block of both DNA and 
RNA. The nuCleic acids are condensation polymers of the 
nucleotide mOnomers and are formed by the creation of an ester 
linkage from phosphoric residue on one nucleotide to the 
hydroxy group on carbon 3' in the pentose of the second 
nucleotide. The result is a very long chain possessing upto a 
billion or so nucleotides units in DNA. 

I 
HO-P-O-Sugar-Base 

II 1--
o 0 

I 
HO-P-O-Sugar-Base 

II I 
o 0 

. I 
HO-P-O-Sugar-Base 

II 1 
0-0 

I 
HO-P-O-Sugar-Base 

II I·' 
- 0 0 

I 
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Thus, the formation of a nucleic acid can be summarised in 
the following general way: 
Sugar (Ribose or deoxyribose) 

I 
lJase (Purine or Pyrimidine) 

I 

Phosphoric 
acid 

I 

Nucleoside 

Nucleotide 

Polynucleotide 
(Nucleic acid) 

Nitrogenous bases, combining with pentose sugars and a 
phosphate group, form eight types of nucleotide molecules, 
four for DNA and four for RNA. These are listed as follows: 

RNA nucleotides 

Base + Ribose ~ (Nucleoside) + Phosphoric ~ Nucleotide 
acid 

1. Adenine + Ribose ~ (Adenosine) + Phosphoric ~Adenylic 

acid acid 

2. Guanine + Ribose ~ (Guanosine) + Phosphoric ~ Guanylic 
acid acid 

3. Cytosine + Ribose ~ (Cytidine) + Phosphoric ~Cytidylic 

acid acid 

4. Uracil- + Ribose ~ (Uridine) + Phosphoric ~Uridylic 
acid - acid 

DNA nucleotides 

1. Adenine + Deoxyribose sugar + Phosphate ~ Adenosine phosphate 

2. Guanine + Deoxyribose sugar + Phosphate ~ Guanosine phosphate 

3. Cytosine + Deoxyribose sugar + Phosphate ~ Cytosine phosphate 

4. Thymine + Deoxyribose sugar + Phosphate~ Thymidine phosphate 

Structure of Nucleic Acids 

(i) Primary Structure : Nucleic acids are 
polynucleotides, i. e., they are formed by the combination of 
thousands of molecules of nucleotides with the elimination of 
water molecules of RNA (X =OH) and DNA (X =H) 

Base (Different purine and pyrimidine bases) 
Thus, the backbone of nucleic acid consists of alternating 

_ sugar-phosphate residues, each sugar on this backbone is 
further connected to one of the four nitrogenous bases. Thus. 
the sequence in which the four nitrogen bases are attached to 
the s:ugar-phosphate backbone of a nucleotide chain is called 
the primary strUc!UTe of nucleic acids. 
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I ' r ' 
S~QH q ,ea,'I'se' 

3' 2' 
", , " X 

,I 
HO-r--O 

o I ' , 

5~uYH O'-~ 

3' 2', 

X 
1 

HO-r=O 

S'QC,H 0,' Base , 4' l' 

H , 

3' 2' 

X 

·1 
HO-f=b 

Primary Structure 

(ii) Secondary structure: Wilkins (1953) from their' 
X-ray studies showed that the DNA molecule has a helical 
(spiral) fonn and the helix contains two 
intertwined (become twisted) strands 
(extremes). Furthennore, the two chains 
are attached in' such a. manner that Strand 
pyrimidines and purines bases point 
towards each other and its H-bonding 
between pair of bru;e~ that holds the helix 
together. , , 

On the abOve basis and X-ray analysis of DNA, J.D., 
Watson and F.B.C. Crick (Shared Nobel Prize in 1962) 
proposed a three' dimensional secondary structure for DNA. 
They , suggested that the. DNA molecule consists of two 
polynucleotide chains, twisted about a common axis, but run in 
opposite direction to fonn aright handed helix (Fig. 15.3). The 
two chains are joined together by specific hydr~gen bonds A 
(Adenine) to T (Thymine) and G (Guanine) to C (Cytosine). 
The amount (in moles) of adenine was equal to that of thymine 
(A= T) and that of cytosine was equal to that of guanine 
(C = G). In other words, the total amount of Purines was equal 
to that Ofpyrimidines (A +G = C + T). Approximately there are 
ten nucleotide units in one turn of each strand and the backbone 
(consisting of 2-deoxyriboseand phosphate units) of each 
nucleotide lies outside the helix of each strand, while the 
nitrogen bases in each strand lie in the centre of the helix. The 

Minor 
axis 

1+--- 20A ---"--... 

.......... --C·····G 

Fig.15.3 Double helical structure of DNA (Watson and Crick) 

diameter of the helix is about' 20 A. The spacing between 
adjacent pairs is 3.4 A and the distance between any two turns 
of the helix is 34 A. 

° /Deoxyribose-Adenine ... Thymine-Deoxyribose, 0 , ,~ 

/p"" '. ;P"" 
H0Deoxyribose-Guanine ... Cytosine-Deoxyribose gH 
0, /' ""p(' 

HO /p ""DeOXyribose~uanine ... Cytosine-Deoxyribose! "" gH 
,0,/, , " , ' , ""~ 
/"",' , I' , HO Deoxyribose-Adenine ... Thymine-Deoxyribose OH 

Double Belix Structure of DNA : The hydrogen bonds 
are fonned between the bases (shown by dotted lines). Because 
of sizes and geometries of the bases, the only possible pairing 
in DNA are between G (Guanine) and C (Cytosine) through 
three H-bonds and between A ,(Adenosirle) and T (Thymine) 
through two H-bonds (Fig. 15.4). Therefore, GC base pair has 
more stability as compared to AT base pair; Corresponding to 
the structure of these, bases, the above combination is 
energetically most favoured. 

The other combination of bases are energetically less' 
favoured and hence, do not occur in nonnal DNA. This means 
that the two strands of DNA are complimentary to each other. 
In addition to hydrogen bonds, other forces, e.g., hydrophobic 
interactions between the bases' are also, responsible for 
stability and maintenance of double helix. 
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DNA helices can be right handed as well as left handed. 
The J3-conformation of DNA having the right handed helices is 
the most stable. On heating, the two strands of DNA separate 
from each other (kn0WI1 as melting) and on cooling these again 
hybridize (annealing). 

/ 0" Jl CYTOS1NE GUANINE 

HO/P"O" N-H ...... 0K=. ~t( 
s,CH • . '1 2' 3' 

t> l' If N 
4' . N··· .. H-N 

3' 2' --( FN· l' C\~i' 
Q ° O ..... H-N,· . 
. ,,/ H, .. H 0 HO 
~\ . N N-H .. ·· .. ··· .. ···O. CH3 \l 

5.c~: ,rv, .... ~KLti. 2' 3' \, 
. N;:=H Bonds N 4' 

l' 5' 
3'2" 0 OCH2 

/0 ADENINE THYMINE b HO 
\. . I. \ / 

Nucl;'tides . . . cfP 'b 
CI:tEMICALSTFlUCTURES OF BASE·PAlRS AND SUGAR-PHOSPHATE CHAINS / . 

Fig. 15.4. DNA molecule showing arrangement of base pairs, 
sugars and phosphoric acid 

As regards the secondary structure of RNA, helices are 
present but only single stranded. 

15.9 FUNCTIONS OF NUCLEIC ACIDS 
Nucleic acids have two important functions: 

1. Replication, 
2. Protein synthesis. 
1. RepJication: The process by which a single DNA 

molecule produces two identical copies of itself is called 
replication or cell division. So, DNA has this unique property 
of duplicating itself. Replication of DNA is an enzyme 
catalyzed process. The genetic information for the cell is coded 
in the sequence of bases Adenine (A), Thymine (T), Guanine 
(G) and CytOsine (C) in the DNA molecule. During division of 
the cell, DNA molecules replicate and produce exact copies of 
themselves. Each daughter cell has DNA molecules identical 
to that of the parent cell. Actually it begins by partial 
unwinding of the double helix through breaking of the H-bonds 
between pairs of bases leading to the formation of two isolated 
strands and each strand serves as it template of pattern for the 
synthesis of a new strand in the cell enviromrient. Because of 
the base pairing principle, each new strand in complimentary to 
its old template strand and DNA replication takes place only in 
3' ~ 5' direction. In this way hereditary effects are transmitted 
from one cell to the other. 

2. Protein synthesis: Another important function of 
DNA is the synthesis of all the proteins present in a cell. The 
DNA molecules in the cell nucleus hold the code for'the protein 
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synthesis. The genetic information is coded in DNA in the form 
ofspecific sequence of bases. The DNA directed synthesis of 
protein occurs in the following two steps: 

(i) Transcription, 
(ii) Translation. 
(i) Transcription: It inv.olves copying of DNA base 

sequence into a RNA molecule called the messenger RNA 
(mRNA). The bases of mRNA are complementary to those of 
the DNA strand. The new chains contain ribose' instead of 
deoxyribose and the base sequence is different which is 
determined by DNA. Messenger RNA contains only four 
bases, i.e., Adenine (A), Guanine (G); Cytosine (C) and Uracil 
(U). DNA molecules contain the four bases, i.e., Adenine (A), 
Guanine (G), Cytosine (C) and Thymine (n. The complemen-
tary base pairs are as follows: ) 

DNA mRNA 

Adenine (A) UracH(U) 

Guanine (G) Cytosine (C) 

Cytosine (C) Guanine (G) 

Thymine(T) Adenine (A) 

Opposite each Adenine (A) of DNA, there appears on 
RNA a Uracil (U); opposite Guanine (G) is Cytosine (C); 
opposite Cytosine (C) is Guanine (G) and opposite Thymine is 
Adenine. Thus, AA TCAGTT on DNA becomes VUAGUCAA . 
on RNA. 

After transcription mRNA moves from the nucleus of the 
cell to a ribosome in the cytoplaSm where it serves as template 
for the protein synthesis. 

(ii) Translation: The mRNA directs protein synthesis 
in the cytoplasm of the cell with the help of ribosome RNA 
(rRNA) and transfer RNA (tRNA). This process is called 
translation. 

The ~equence of bases in mRNA are read in a serial order 
in groups of three at a time. Each triplet of nucleotides (having 
a specific sequence of bases) is known as codon. Each codon 
specifies one amino acid. Further since, there are four bases, 
therefore, 4 3 = 64 triplets or codons are possible. Out of these 
61 triplets code for specific amino acids, while the remaining 
three (UUA, UGA or 'UAG) are known to code for chain 
termination or stop codons. Since, there are only 20-odd amino 
acids, so that more than one codon can be called the same amino 
acid. For example, four triplets (i.e., GGU, GGC, GOA, G.GG) 
code for glycine and two triplets (i.e., UUU and VUC) code for 
phenyl alanine. Similarly, valine has four, leucine has six, lysine 
has two and tryptophan has only one triplet. 

The DNA sequence that codes for a specific protein is 
called a Gene and thus every protein in a cell has a 
corresponding gene. The relation between the nucleotide 
triplets and. the amino acids is called the Genetic Code. 
Nirenberg, Hollayand Khorana presented the Genetic Code for 
which they were awarded Nobel Prlzein 1968. 
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The role of DNA and RNA in the synthesis of protein can 
be shown by following diagram: 

. .' 

~~Ofr:::~T~rT~TcCl···· 
Sequence ofTriplets in mRNA-GAC-CAC-ACU-UGG-GAA .... 

IT-- I I I II 
Protein .. . aa) - 002 aa3 aa4 --'- 005 

Fig. 15.5 DNA-mediated synthesis of proteins 

Mutation: A mutation is a chemical or physical change 
that alters the sequence of bases in DNA strands that can lead to 
the synthesis of proteins with altered a-amino acid sequence. 
Anything·that causes mutation is called mutagen. A mutation 
results from X-ray or ultraviolet light, ionisation radiations, 
chemicals or viruses. The changes' in sequence of bases in 

. DNA are repaired automatically by special enzymes in the cell. 
If it is not, the protein produced has no biological activity and 
the cell dies. 

These mutations often prove harmful and give rise to 
symptoms that cause diseases. Sickle cell anaemia is one such 
example. Such disease is passed on from one generation to the 
next generation. 

15.10 LIPIDS 

Lipids are constituents of plants and tissues which are 
insoluble in .water but soluble in organic solvents such as 
chloroform, carbon tetrachloride, ether or benzene. They 
include a large variety of compounds of varying structures 
such as oils and fats; phospholipids, steroids, etc. Lipids are 
mainly made of carbon, hydrogen and oxygen. The number of 
oxygen atoms in a lipid molecule is always small as compared 
to the number of carbon atoms. Sometimes, small amounts of 
phosphorus, nitrogen and sulphur are also present. They have a 
major portion of their structure like a hydrocarbon (aliphatic or 
fused carbon rings). In the lipids (fats), most of the energy is 
contained in the long hydrocarbon chains offatty acids, Lipids 
serve as energy reserve for use in metabolism and as a major 
structural material in cell membranes for regulating the 
activities of cell 'and tissues. . 

Simple lipids are triesters of glycerol with long chain 
monocarboxylic acids which can be saturated or unsaturated. 
These are generally called triglycerides of fats and oils. 

Another very important class of lipids is the phos
pholipids. These are polar lipids and like the fats, are esters of 
glycerol. In this case, however, only two fatty acid molecules 
are esterified to glycerol, at the first and second carbon atom. 
The remaining end position of the glycerol is esterified to a 

843 

molecule of phosphoric acid, which in turn is also esterified to 
another alcohol. This gives a general structure. 

R" 
I 
o 

. I. 
O=P-O-CHz 0 

I I " OH CH-O-C-R' 
I 
CHzO-C-' R 

. . " o 
This structure gives the phospholipids good emulsifying 

and membrane forming properties and hence they are used as 
good surfaetants. 

Cell membranes are composed of phospholipids and 
proteins in aboutequal.proportion. Phospholipids facilitate the 
transport of ions and molecules in and out of the cell and 
regulate the concentration of molecules and ions within the 
cell. They provide structural support for certain proteins . 

The coriuilon examples. of phospholipids are lecithins and 
cephalines which are found in brain, nerve cells and liver of 
animals. These ate also found in egg yolks, yeast, soyabeans 
and other foods. . 

Lecithin contains a quaternary nitrogen whereas cephaline 
contains OIlly primary nitrogen. 

The above mentioned lipids are mainly straight chain 
compounds. There is a third class of lipids which are not 
straight chain compounds. They are called Sterols. The sterols 
are composed of fused hydrocarbon rings and a long 

. hydrocarbon side chain. Cholesterol is most important 
compound of this class and is found in animals only. It exists 
either free or as ester with a fatty acid. Cholesterol is also the 
prec\ll"sor of hormones. Cholesterol and its esters are insoluble 
in water. So, they are deposited in the arteries and veins if the 
blood cholesterol rises. This leads to high blood pressure and 
heart diseases. Cholesterol is a part of animal cell membrane 
and is used to synthesise steroid hormones, vitamin-D and bile 
salts. 

Waxes : These are simple lipids and they are esters of 
long chain fatty acids and monohydric alcohols. General 
formula of waxes can be given as RCOOR' (See sec. 13.11). 

Waxes are found as protective layers on fruits, leaves and 
animals. They are insoluble in water, flexible and non-reactive. 

Hormones: These are the chemicals which are secreted 
by ductless glands and transported to different parts of the body 
by the blood stream where they control different physiological 
actions of the body. 

The word hormone is derived from Greek language, which 
means to gear up or to excite. Hormones control cell and tissue 
growth, heart beat, blood pressure, sec.retion of digestive 



enzymes, kidney function, the reproductive system and 
lactation, etc. 

In mammals, the secretion ofthe honnones is controlled by 
anterior lobe: of the pituitary gland located at the base of brain. 
These hormones are then carried to other gland such as adrenal, 
cor:tex and sex glands to stimulate the production of other 
hormones. 

Classification .of hormones: On the basis of structure 
and composition, hormones are classified into following types: 

Steroid Honnones 

(a) Adrenal 
hormones 

cortex 

(i) Cortisone or Adrenal 
AJdosterone cortex 

(b) Sex hormones 
Androgens 

(ii) Testosterone Testes 

Gestogens 

(iii) Progesterone Corpus 
luteum 

Estrogens 

(iv) Estrogens, Ovary 
Estrone or 
Estradiol 

(e) Amine hormones 

(v) Th~roxine. Thyroid 
gland 

(vi) Epinephrine or Adrenal 
Adrenaline medulla 

(d) Peptide hormones 

(vii) Insulin 

(viii) Oxytocin 

Pancreas 

Posterior 
pituitary 
gland 

Controls mineral balance in the 
body and metabolism of fat, 
carbohydrates and protein ..... 

Regulates and stimulates male 
sex organs. 

It controls the development and 
maintenance of pregnancy. 

It maintains the normal function 
of female sex organs. 

It regulates metabolism oflipids, 
protei~s and carbohydrates. 

It controls blood pressure and 
increases pulse rate. It helps to 
releasefatty acids from fat and 
glucose from liver glycogen. 

Maintains glucose level in 
blood and glucose metabolism. 

It helps to release milk from 
mammary glands. It also helps 
to con~t uterus after the child 
birth. 

(IX) Vasopressin Pituitary 
glands 

It regulates, reabsorption of 
Water in the kidney. . 

(X) Angiotensin-II Blood Potent vasoconstrictor, i.e., 
pl,asma of contractS the blood vessels. 
persons 
with high 
blood 
pressure 
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15.11 OUR FOOD" 

The substances which supply the raw materials for 
various life processes along with energy as to control body 
functions and maintain its growth are known as food. Food 
is essential for human beings. Without food life is not possible. 
Food is required for energy, growth and repair of old parts or 
tissues. 

The food is comprised of the compounds namely : 
carbohydrates, proteins, lipids, mineral salts, vitamins and 
water. In addition to these, a proper diet also includes 
non-digestible roughage. Roughage increases the bulk of the . 
food so that movement of food down the aiimentary canal is 
made easy. 

The food, which we take, can broadly be divided into 
following groups on the basis of their functions: 

(ij Energy yielding food - Carbohydrates, f;;tts. 
(ii) Body building food - Proteins, minerals. 

(iii) Protective food - Vitamins, minerals. 
Before discussing the importance of various constituents 

of food, it is essential to learn about cellular energetics and 
digestion. ., 

Cellular energetics ': Only those chemical reactions 
occur spontaneously in which the free energy (AG) has 
negative value. The reactions for catabolism are accompanied 
by negative AG, i.e., energy is released. However, a large 
number of reactions for anabolism are not spontaneous as they 
require energy, i.e., AG is positive. 

Anabolism; AG1 > 0, 

Catabolism; AG2 < 0 , 

In living system, both the reactions occur. simultaneously 
and free energy released during catabolism is used for 
anabolism. Such reactions are called coupled reactions. For 
coupled reactions, 

AG1 +AG2 <0 

Both catabolic and anabolic reactions proceed through the 
same intermediate, adenosine triphosphate (ATP), which is 
referred universal euergy currency of the cell. The energy 
produced in catabolic reactions is transferred to A TP and is 
then carried to various places in the cell where it is released. 
During anabolic reactions, an ATP molecule releases energy 
when it is hydrolysed to ADP and AMP. 

'1 ATP + H20 -----t ADP + PO~- + Energy 
(Adenosine diphosphate) 

ADP + H20 ~ AMP + PO~- + Energy 
(Adenosine monopl!osPhate) 

The energy of A TP is renewed when ADP and AMP are 
converted into A TP. 

ADP + PO~- + Energy (provided by food) -----t ATP 
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Digestion: Digestion of food can be summarized in the 
followingfonn: 

Amylase 
I. Polysaccharides -----.:...--~) Disaccharides 

[

Saliva (~~);J (Maltose, etc.) 
Pancreatic JWce 

(Intestine) 

Maltase . 
. ) Glucose 

(IntestiBe)" 
: ... 

PepsinlHCI 
2. Proteins ----+) Proteases and Peptones 

(Stomach) 

Trypsin Peptidases.. 
----=-:::....--~) Peptides ) A.."Illno aCIds 

[p~:~~eJ • (Intestine) 

(Intestine) 

3. Fats Bile salts )0 EnmIsified fats 
(From liver) 

Lipases . 

( 

.) ) Fatty acids + Glycerol 
Pancreatic and 
intestine juice 

After digestion, there are present glucose, amino acids, 
fatty acids along with vitamins and mineral salts. Undigested 
food and secretions are pushed forward into the reaction from 
where these are excreted. 

CQMWONENTSOFFOOD 

The various components of our food are as follows: 
,.j,,€at'bohydrates : These are the compounds of carbon, 

hydrogen and oxygen. These are energy yielding substances. 
One gram of carbohydrates yields 4.0 ltilocalories. Potatoes, 
rice, com and other cereal grains are good sowies of' 
carbohydrates. Milk contains lactose,a disaccharide. Sucrose,' 
another disaccharide is obtained from sugarpane and sugar
beet. A number of polysaccharides common in our diet are not 
nourishing because there are no enzymes to digest them. 
Cellulose is an example of this type. 

C~b()hydrate metabolism is a process of converting 
carbohydrates present in food into monosaccharides by various 
enzymes during digestion. The glucose is absorbed through the 
walls of the small intestine into blood stream and tben 
distributed to the otber organs. Metabolism of glucose involves 
two processes: 

(i) Glycolysis: The series of reactions that change glucose 
into pyruvate with the fonnation of ATP. 

(il) Cellular respiration : Pyruvate can be converted irlto 
ethanol, lactate or the acetyl group of the acetyl co-enzyme. 

Importance (Functions) of carbohydrates: 

(i) Monosaccharides play an important role in all the 
metabolic reactions of the body. 

1 .' 

.. " 

(ii) Glucose is oxidised in the process of respiration to 
yield energy. 

(iii) Glucose is used in the synthesis offats and proteins. 
(iy) Ribose and deoxyribose sugars form nucleic acid, 

RNA and DNA. 
(v) Excess ofmonosaccbarides in the body are stored as 

glycogen. 
2. Proteins: Proteins are required to repair the old 

tissues and build new ones. It is said that living beings can live 
for sufficiently long time without carbohydrates and fats but 
not without proteins. The name Protein was given by Mulder 
(1838) and was derived from Greek word Protios (meaning to 
take the first place). Important sources of protein are milk, 
cheese, eggs,cQrn,wheat, peas, beans, etc. Protein food also 
contains essentiaL~'n.!ino acids. During the process of 
digestion, the ptoteins'are "hydrolysed by enzymes producing 
amino acids which are absorbed by blood and reach the various 
tissues. 

. '. Pepsin .' . . Trypsin 
Proteins . . .) Polypeptides ) Amino acids 

·Proteases ' ·Chemotrypsin 

Amino acids have many uses in the body. They are used in 
the fonnation of new cells or repair of old cells, synthesis of 
other amino acids, enzymes,hormones, antibodies, etc. Unlike 
carbohydrates and lipids whicb can be stored, there are no 
storage molecules for antino acids. Some amino acids are 
metabolised to pyruvate, some to acetyl co-enzyme A and 
others to various intennediates in:. glucose metabolism and 
energy is obtained by their breakdown intoC02'imd H 2O. 

. 3. Fats (Lipids): Oils and fats are very good fuels for 
. the biological processes in our body. Oils and fats occur widely 
in animal and plant ltingdom. In pla,nts, they are mainly present 

. in seeds. Fats are present in butter, meat, vegetable oils and 
milk. Fats fonn part of all membranes and regulate the 
activities of the cells and tissues. Fats also act as an 
emulsifying agents, vitamins, honnones and regulators of 
metabolism. During digestion, fats are hydrolysed to fatty 
acids and glycerol. The fatty acids areoxidised in mitochondria 
of liver cells to fonn acetyl co-enzymes A which enters the 
citric acid cycle for production of A TP--:-The universal energy 
transfer agent. The energy provided by lipids is much more 
than provided by the metabolism of cw-bohydrates and 
proteins. 

4. Water: Wateris the chief solvent in the body. It is the 
medium for transportation and it takes part in most of the 
chemical reactions of the body. Approximately 70% of total 
body weight is due to water. A nonnal bealthy adult will ingest 

. and excrete about 1.5 to 3.0 litres of water per day. It is 
essential to maintain water balance in body. 

5. Minerals ~ Minerals of inorganic elements required 
by man are sodium, potassium, chlorine, sulphur, iodine, 
magnesium, calcium, phosphorus and iron, Some elements like 
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copper, zinc, cobalt, manganese, molybdenum, flqorine are 
required in small amounts and are called as trace elements. 

Inorganic minerals are involved in various metabolic 
reactions of the ,cell and thus help in the growth and 
development of the cells: Ions play an important:. role in 
maintaining osmotic pressure and acid-base balance in the 
cells. . . 

6. Vitamins: In addition to air, water, carbohydrates, 
proteins, fats and mineral' salts, certain organic substances 
required for 'regulating some of the body processes and 
preventing certain diseases are called vitamins. These 
compounds cannot be synthesised by an organism. These 
vitamins are required in small amounts and deficiency of any 
one causes one disease or the other. Thus, vitamins are 
essential constituents of our diet. Several of these vitamins are 
known and are designated as A, B, C, D, Band so OQ. Many of 
these are now synthesised on commercial scale. 

15.12 BALANCED DIET 

A balaneed diet is a diet which contains, aU the essential 
food constituents in proper proportion so that the need for 
calories, minerals, vitamins and other nutrients is 
adequately met with. It varies according to age and the. 
amount of work. A balanced diet should have the following 
three qualities: 

(i) It should be rich in various essential constituents. 
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(ii) It should provide just enough raw materials ,needed 
for the growth and development, repair an<:\., replacement of 
cells, tissus and organs of the body. . 

(iii) It should provide the necessary energy required by 
the body. 

The requirements of various constituents have been deter
mined and these are shown in the table given below: 

In metabolism, we generally obtain 4.0 kilo calories of 
energy from one gram of carbohydrates, 4.0 kilo calories from 
one gram of protein and about 9.3 kilo calories from one gram 
of fat. It has been found that we obtain about 50% energy from 
carbohydrates, 35% from fats and 15% from proteins. The 
recommended diet for a moderateiy active adult is given in the 
following table: 

Food 
Recommended amounts (g per day) 

, ... Aduitman Adoltwoman 

Cereals 520 440 
Pulses 50 45 
MeatlFish 30 30 
Egg 1 

Milk 200 150 
FatS/Oils 45 25 
Sugar 35 20 

Roots and tubers 60 50 
Green leafY vegetables 40 100 

Other vegetables 70 ·40 

TABLE: CONSTITUENTS OF BALANCED DIET 
,', 'j.) '.; ", ' ," : " 'f. . , ,,,'.-

Total 
IDdlvldual . ealorlii* Pl;Otein$; iq"'dUllll IrOD" Vit.:A .·Thiamine ,Riboflavin N1eotina .. "ViLe J!oIic,add YJt.BI:&, Vit;.D, 

: (keal)' i,(g)" ; !'(t.PP;,. ,J~~i ( .. ~ : <mg) '. '''',(mg) ... ide(IDg)< ' (",g) ,(.g).; <~'!' ,;~ .. 

Man 2800 55 0.4-().5 24. 750 1:4 
" 

1.7 19 40 100 1 
(Moderately active) 
Woman 

(a) Moderately active 2200 45 0;4-().5 32 750 1.1 1.3 15 40 100 1 

(b) Pregnant 2700 59 1.0 40 750 1.3 1.5 17 40 300 1.5 

(c) Lactating 2750 70 1.0 32 1150 1.4 1.6 19 80 150 1.5 

Boy (16--18 years) ,,' 2820 53 . 0.5-0.6 25 750 1.4 ' ,1.7 19 40 100 1 200 

Girl (16--18 years) 2200 44 0.5-0.f:i 35 750 1.1 1.3 15 40 100 1 200 
-

If a nutrient is not taken in adequate amounts for a long time, symptomS of deficiency of that nutrient appear in the organism. 
Over nutrition or taking in a large amount of a particular nutrient is also harmful for the body. Thus, proper nutrition, i. e., balanced 
diet is very essential for.good health. . . 
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I Name 

WATER-SOLUBLE VITAMINS 

1. Vitamin BI 
(Thiami~ or Aneurin) 
(C12H lsN4SOCI2) 

2. Vitamin ~ or G 
(Riboflavin or Lactoflavin) 
(CI7H2oN406) 

3. Vitamin B3 
(Pantothenic acid) 
(C9H170SN) 

4. Vitamin~ or P-P 

< (Nicotinic acid or Niacin)' 
CJIsN02(CsH4N-COOH) 

S. Vitamin B6 
(Pyridoxine or Adennin) 
(CgH Il0 3N) 

147 

TABLE OF VITAMINS 

Sourees Funetions Effeds ofdefieieney 

l. 

Rice polishings, wheat .flour, Major component of co-enzyme Berl-berl, loss of appetite and vigour, 
pulses meal, eggs, yeast,meat, co-carboxylase required for retarded groWiJ(:t1instipation, weak heart 
liver, green vegetables, cereals carbohydrate and amino acid beat, muscle atrophy, even paralysis. 
and fruits, etc. metabolism. 

Cheese, egg white, yeast, Combines with phosphoric acid to CbeUosls (cracking oflips and corners of 
tomatoes, green vegetables, form co-enzyme FAD essential the mouth); retarded growth, causes general 
liver, kidney, meat, cereals and for oxidatiVlJ: metabolism. inflammation of tongue, i.e., dark red 
milk, etc. tongue (glossitis), scaly dermatitis at angles 

ofnares, corneal opacity, etc. 

All food, more in yeast, liver, Important component of Co-A Dermatitis, in cocks; greying. of hairs, 
kidneys, . eggs, meat, milk, required for oxidative retarded body and mental growth, 
sugarcane, groundnut, tomatoes. metabolism. reproductive debility. 

Fresh meat, liver, fish, cereals, Active group in co-enzyme NAD Pellagra (Shrivelled skin)" dermatitis, 
milk, pulses, yeast, etc. required for oxidative diarrhoea, dementia, muscle atrophy, 

. metabolism. inflammation of mucous membrane of gut. 

Milk, cereals, fish, meat, egg Important co-enzyme required in Dermatitis, anaemia, pellagra convulsions, 
yolk, liver, yeast synthesised by protein and antino acid nausea, insomnia, vomiting; affects central 
intestinal bacteria and rice bran, metabolism. nervous system, depressed appetite and,J 

(j. Vitamin H (Biotin) 
(CIOHloN:P3S) 

etc. nervousness. ,,''7 
, Yeast, vegetables, fruits, wheat, Essential for fat synthesis and Dermatitis (Skin disease), loss of appetite; 

chocolate, eggs, milk, liver and energy production. weakness, hairfall, paralysis. 
kidney. ' 

7. FoDe acid group 1 Green vegetables, soyabean, Essential for synthesis of DNA Retarded growth, aDaemiL 

8. Vitaniin BI2 
(Cyanocobalamine) 
(Q;3H8801~ lotPCO) 

9. VitaminC 
(Ascorbic acid) (cJIS06) 

FAT-SOLUBLE VITAMINS 

10. Vitamiu A(Retinol or 
Axerophthol) (C2oH300) 

11. Vitamin D 
(Ergocalciferol), (Sun shine 
vitamin) (C2sH440)and 
Cholecalciferol 

12. Vitamin E group 
Tocopherols (a., p, y) 
(C29Hso02) 

13. Vitamin K (Phylloquinone) 
(C3IH~2)(K1 and K2) 

yeast, kidneys, liver, synthesised and maturation of blood 
by intestinal bacteria. corpuscles. 

Meat, fish, liver, eggs, curd, Required for chromosome Pernieious anaemia, RBC deficient in 
milk, synthesised by intestinal duplication and formation of haemoglobin, retarded growth, 
bacteria. blood corpuscles. inflammation of tongue and mouth. 

Lemon, orange, amla and other Essential for formation of Seurvy, breakdown of immune defence 
citrus fruits, tomatoes, green collagen, cartilage, bone, teeth, System, spongy and bleeding gums, fragile 
vegetables, potatoes,' carrots, connective tissue and RBCs and blood vessels and bones, pyorrhea, 
PePPer and germinated grains, for iron metabolism. exhaustion, nervous breakdown, high fever, 
etc. wound-healing and growth retarded. 

Synthesized in cells of liver and Essential for synthesis of visual Xerophtbalmia (hardening of cornea of 
intestinal mucous membrane pigments; growth and division of eye) and soft cornea. Xerosis (dryness of 
from carotenoid pigments· found epithelial cells. . skin, respiratory passages, night-bDndness, 
in, milk, butter, kidneys, egg urinary bladder, ureters and intestinal 
yolk, liver, fish oil, cod liver, mucosa), Impaired growth, glandular 
green and yellow vegetables: seeretion and reprodueticm. 

Synthesized in skin cells in Regulates absorptiOl~ of calcium Riekets (deformation of bones) in children, 
sunlight from 7~dehydrochole- and phosphorus in intestine, osteomalacia (soft bones and joint pain in 
sterol also found in butter, liver, mineral deposition in bones and adults), soft and fragile teeth. 
kidneys, egg yolk, fish oil, meat teeth. 
and milk. etc. 
Green . vegetables, egg yolk, Essential for proper SterlUty (impotency), loss of sexual power 
vegetable oils (like wheat spermatogenesis, pregnancy, of reproduction (i.e., increased fragility of 
germoil, cotton seed oil etc), lactation and muscular function, RBCs) and muscular atrophy. 
imhnal tissues. milk and fish etc. 
Carrots, lettuce, cabbage, ESS!lntial for synthesis of Haemorrhages, excessive-bleeding 
tomatoes, liver, egg yolk, fish, prothrombin in liver, which is injury, poor coagulation of blood. -
meat, cheese; synthesized by required for blood clotting. 
colon bacteria. 

in 
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IMP~RTANT .POINTS' TO REMEMBEi=I. JSUNiMARY) 

CARBOHYDRATES 

o They occur in all plants, animals 'and are essential for life. 
Sugars, starch and cellulose (most abundant in nature) are 

. the best known members of carbohydrate series. 
o The general formula for a carbohydrate is Cx (H 20) y and 

IPpears to be the hydrates of carbons. Carbohydrates are 
often referred to as Saccharides because of sweet taste of 
the simpler members of the class. . 

o Carbohydrates are optically active polyhydroxy 
aldehydes or ketones or substances that give such· 
compounds on acidic or enzymic hydrolysis. 

o In carbohydrates, the carbonyl gTOUP combines with an 
alcoholic group of the same molecule to form an internal 
hemiacetal. 

o The sweet 
disaccharides) 
carbohydrates, 
non-sugars. 

carbohydrates (monosaccharides and 
are known as sugars. The non-sweet 
e.g., starch and cellulose are called 

o Sugars that reduce Tollens' reagent, Fehling's solution an"d 
Benedict's reagent are called as reducing sugars, e.g., all 
monosaccharides and disaccharides like lactose and 
maltose, etc. Carbohydrates which do not reduce the above 
reagents are called non-reducing sugars, e.g., sucrose 
(disaccharide) and polysaccharides (starch, cellulose, etc.) 
Classification: The carbohydrates are divided into: 
(i) Monosaccharides : these are single unit· carbo
hydrates and called simple sugars. They can.'t be hydrolysed 
further to simpler sugars. 

o Monosaccharides are further classified as aldoses (-CHO) 
and ketoses (ketonic group) as well as on the basis of 
number of carbon atoms present in them (e.g., trioses 
tetroses, pentoses and hexoses, etc.) 
(ii) Oligosaccharides: These are made of2 to 10 units of 
monosaccharides. 
(a) Disaccharides (C 12H 220 n ): These on hydrolysis 

give two molecules of same or different 
monosaccharides, e.g., 

Sucrose + H20 ~ Glucose + Fructose 

Maltose + H20 ~Glucose (2 molecules) 

Lactose + H20 . H~ ) Glucose + Galactose 

,!'". 

(b) Trisaccharides (ClsH32016): These on hydrolysis 

give three molecules. of the same or different', 
monosaccharides,e.g., 

Raffinose + 2H20 ~ Glucose + Fructose + Galactose 

(c) Tetrasaccharides(C24H4202l): These on hydrolysis 

give four molecules Qf the same or different 
monosaccharides, e.g., ' 

Stachyose + 3H20 . H+ ) Glucose + Fructose + Galactose 
(2 moles) 

(iii) Polysaccharides (C6HIOOS)II: These carbohydrates 

are of high molecular weight (polymers) which yield many 
(> 10) monosaccharides molecules on hydrolysis. e.g., 

Starch or Cellulose + nH20 ~ nGlucose 

Glucose or Dextrose or Grape-sugar or Blood sugar 
o Its important sources are grapes, honey, human blood and 

urine of diabetic patients. 

Preparation 

o From sucrose (Laboratory method): By hydfolysis in 
presence of dilute HCI, sucrose gives a mixture of glucose 
and fructose. Glucose being insoluble. in alcohol (than 
fructose) crystallizes on cooling leaving behind more 
soluble fructose in solution and separated by filtration. 

o From starch (Manufacture method) : Starch on 
hydrolysis with hot dilute HCI or H2S04 gives glucose. 
Fructose or Laevulose or Fruit-sugar 

o It is found along with glucose in the juice of ripe fruits and in 
honey. hi combined state it occurs in cane sugar and insulin 
(a polysaccharide). 

Preparation 

o From sucrose (Cane sugar): By hydrolysis with dil. HCI 
or H 2S04, cane sugar gives equal molecule of glucose and 
fructose (called invert sugar) and the process is known as 
inversion. 

o After neutralisation with CaC03 and filtration, the filtrate is 
then concentrated under reduced pressure and crystallized. 

o From insulin: By hydrolysis with dilute H 2S04 , 

Physical Properties of Glucose and Fructose 

o Both glucose and fructose are soluble in water sparingly 
soluble jn alcohol and insoluble in ether. Melting point of 
glucose is 146°C while fructose is 102°C. Glucose is.dextro
rotatory while fructose is laevorotatory, but both belong to 
D-family. Both glucose and fructose undergo mutarotation 
in aqueous solution. 

Chemical Properties of Glucose and Fructose 

o Acetylation (Action of CH3COCVZnCl2 or AC201 

CH3COONa): Both glucose and fructose forms corres
ponding penta-acetyl derivatives indicating the presence of 
5-OH groups.' 
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tt. 
," Cl Reactio~ with PCls: Both forms pentachloride. 

Cl Reaction with metallic hydroxide : With Ca(OHh, 

glucose forms calcium glucosate (C6 H120 6 ·CaO)which is 
soluble in water while fructose forms calcium fructosate 
(C6H120 6·CaO) which is insoluble in water. 

Cl Reaction with CHJOH in presence of dry HCl: Both 

glucose and fructose on treatment with CH30Hldry HCI gas 
forms a-, and f3-methyl glucosides and fructosides 
respectively indicating that one of the -OH group is 
different in a- and /3- structures ,(supports the cyclic 
structure). 

Cl Reduction: PIHI reduces both glucose and fructose into 
n-hexane indicating the presence of a straight chain of six 
carbon atoms. 

Cl Reduction with Na-Hg1H20 or NaBH4' glucose forms 
D-sorbitol while fructose gives a mixture of D-sorbitol and 
D-mannitol. '.III! 

Cl Oxidation: Depends on the nature of oxidising agent 
used.' ' ' 

Cl With mild oxidising agents like Brz water: Glucose is 

oxidised to gluconic acid,CH20H-(CHOH)4 ---COOH(a 
monocarboxylic acid), while fructose is not oxidised. 

Cl With strong oxidising agents like cone. HNO J: Glucose 

is oxidised to saccharic acid or glucaric acid, 
HOOC-(CHOH)4 ---COOH (a dicarboxylic acid), while 
fructose gives a mixture of HOOC-CH20H (glycollic 
acid) and HOOC-(CHOHh -' COOH (tartaric acid). 

Cl Reducing character: Being easily oxidised, glucose acts 
as a powerful reducing agent. With Tollens' reagent 
(ammoniacal AgN03), glucose is oxidised to gluconic acid 
and reduces Tollens' reagent to silver mirror. Similarly, 
Fehling's solution is reduced to give a red precipitate of 
cuprous.oxide. 

a Although fructose contains ketonic group, yet it also 
reduces Tollens' reagent and Fehling's solution. It is due to 
the fact that dilute solution of alkali present in these reagents 

849- , 
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convert fructose Into an equilibrium mixture of glucose, . 
fructose and mannose (enolisation),; So, it has redllcing 
character. For example, 

CHO HO-C-H 

I " H-C-OH ~. C-OH ~ 
I 'I 
I I 
I I 

(Glucose) (Enol) 

HO-C-H 

" . HO-C 
I 
I, 
I 

CH20H 
I ' 
C~O 
I 
I 
I, 

(~ructose) 

oCHO 
I 

HO-C-' H 
I 
I 
I 

(Enol) (&rannose) 

Cl Reaction with HCN: Both on,~ddition of HCN form 
cyanohydrin. 

Cl Reaction with hydroxylamine (NHzOH): Both form 

oximes with NH20H 
Cl Reaction with phenylhydrazine (HzNNIiCfiH~) : Both 

form osazone on treatment with excess ofphenylhydrazine. 
a. Fermentation : Both on fermentation in presence of 

zymase forms ethyl alcohol and CO2. 
a Reaction with alkali.: When heated with concentrated 

NaOHlKOH, glucose firsttums yellow, then brown and 
finally gives a resinous mass. Fructose is not effected by 
cone. NaOH. 

a With dilute alkali, both glucose and fructose undergo a, 
rearrangement to give equilibrium mixture of three sllg;rrs 
(glucose, mannose, fructose). This reaction is called Lobry
de Bruyn Van Ekenstein rearrangement. 

aD-glucose andD-mannose are epimers, i.e., a pair of 
diastereomers that differ only in the configuration at C2 
position. 

Cl Action of cone. HCl: Both on heating with conc. HCI 
give laevulic acid (CH3COCH2CH2COOH} . 
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.:. Very.Short Answer Type 

1. ~ill in the blanks :. 
(a) A disaccharide consists of two .. ; ...... joined by ........ . 

bonds. 
(b). A polysaccharide i.sa polymer of ........ . 
(c) A compound that contains both ......... and ........ .is 

called amino acid. . 
(d) Protein is a polymer of ........ . 
( e) Polymer of nucleotides are called ...... ~ .. 

. (f) . Loss of biological activity of proteins by physical or 
chemical changes is termed ........ . 

(g) Compounds of living systems that are soluble in 
organic solvents but insoluble in water, are called . 

(h) The formulaCx (H20)y can be assigned to ........ . 
(I) . The aInino acids in polypeptide chain are joined by 

.... ; .... bonds. 
(j) The glycerides which contain saturated carboxylic 

acids are called ........ . 
(k) Glucose and cane-sugar can be distiJ.lguished by ........ . 

re;J.gent or ......... solution. 
(1) ATP is ......... triphosphate. 
(m) Pepsin hydrolysis proteins into ........ . 
(n) Catabolism and anabolism occur ......... in a cell and 

• combination of these is called a •........ reaction. 
(0) An organic substaD.ce which is essential in small 

quantity for maintaining good health is called a .. c.-;; ... 
::;" 

(P) Lipids HydrolysiS) ......... + ........ . 
(q) Deficiency of ......... causes scurvy. 
(r) Exposure of body to sunrays produces ........ . 
(s) Vitamin C is chemically called ........ . 
(t) A normal hea1thyman requires .... ., ... per day. 
(u) Aniino acids are the.end products of the digestion of . 

(v) Sucrose is non ......... sugar. 
(w) Anaemia is caused by lack ot ......... and iron. 
(x) Starch is a polymer of ......... while cellulose that of 

(y) Chemical name of vitamin B12 is ......... 
(z) In RNA, the sugar is ......... whereas in DNA, the sugar is. ~_ .. ~.... . 'I- " 

State whether the following statements are True or False: 
(a) Fructose is an aldose.. . 
(b) Glycogen is the sugar stored in liver. 
(c) The sugar base present in DNA is.ribose. 
(d) Glucose andJructose are both monosaccharides. 
(e). Proteins are the principal source of energy in the body. 
(f)' Both animals and plantS synthesise carbohydrates.' 

, (g) Carbohydrate. is a polyhydroxy compound that has an 
aldehydic or a ketonic functional gn;>up either free or as 
hemiacetal or acetal. . 
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(h) Raffinose is a trisaccharide. On hydrolysis, it gives 
three molecules of glucose. 

(i) The natural glucose and fructose are D-forms. 
(j) Aldohexoses exist in 26 optical forms. 
(k) Glucose undergoes oxidation with Fehling's solution or 

Tollens' reagent. . 
(1) Epimers are a pair of diastereomers that differ only in 

the configuration about a single carbon atom. 
(m) .Glucose is more sweeter than fructose. 
(n) Glucose in the form of calcium glucosate is used as 

medi¥ine in treatment of calcium deficiency. 
(0) Inspite of the fact that glucose possesses an aldehydic 

group, it does not react with NaHS03 , NH3 and 
Schiff's reagent. . • 

(P) Both a-D-glucose and ~D-glucose have the same 
specific rotation. 

(q) The solution having equal molecules of D-glucose and 
J)-fructose is termed invert sugar. 

(r) Proteins-are synthesised by plants only. 
(s) The bond formed between two amino acids by the 

elimination of a water molecule is called peptide 
linkage. 

(t) Toxin (snake venom) is also a protein. 
(u) RNA contains the genetic code and directs protein 

synthesis through DNA. . 
. (v) Achemical or physical change that alters the sequence 

of bases in DNA molecule is called mutation. 
(w) Vitamins A, D, E and K are water soluble. 
(x) The energy provided by lipids is much more than 

provided by the metabolism of carbohydrates and 
proteins. 

(y) Deficiency of iodine results in a disease, goitre. 
(z) Vitamin C is synthesised in skin cells in sunlight. 

3. Match the following: 
[A1 1. Glucose 

2. Hydrolysis of . 
cane sugar 

(a) Disaccharide 
(b) Protein 

3. Zwitter ion (c) Polysaccharide 
4. Peptide linkage (d) Insulin 
5. Sucrose (e) Monosaccharide 
6. Hormone (f) Biological cataJyst 
7. Nucleic acid (g) Inversion 
8. Starch (h) Ketos~ 
9. Fructose (i) Polymer ofnucleotides 

10. Enzyme (j) a-amino acid 
[B1 1. Denaturation (a) Glucose 

2. Vitamin C (b) Sucrose 
3. Night-blindness (c) Photosynthesis 

. 4. ATP (d} pepsin 
5. Reducing sugar (e) Iodine 
6. Non-reducingsugar (f) Nucleic acids 
7. lIydrolysis of proteins (g) Ascorbic acid 
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8. Synthesis of proteins (h) Energy transfer 

9. Goitre 

10. Chlorophyll 

reagent 
(i) Loss of biological , 

activity by protein 
(j) Vitamin A 

4. Matrix match type questions. 

5. 

Match the entries of Column I with appropriate entries of 
Column II. The entries inColumn I are labelled A, B, C and 
D, while the entries in ColUnln II are labelled p~q; rand s. ' 
Each entry of Column I can have corr,ect matching with one 
or more than one options in Column II. 

Column I 

(A) Glucose 

(B) Sucrose 

(C) Lactose 

(0) Cellulose 

Column I· 

(A) Adenine 

(B) Thymine 

(C) Uracil 

(0) Deoxy ribose 

ColumnU' 

(P) Osazone 

(q) Disaccharide . 

(r) Reducing 

(s) Non-reducing 

ColumnU 

(P) Purine 

(q) Pyrimidine. 

(r) RNA 

(s) DNA 

6. What happens when? 
, (i) Glucose is heated with phenyl hydrazine. 

(ii) Glucose is treated with hydroxylamine. 
(iii) Cane-sugar is boiled with dilute sulphuric acid. 
(iv) Cane-sugar is warmed with dilute hydrochloric acid. 
(v) Glucose is made,to react with Tollens'reagent. 

(vi) Glucose reacts with bronllne water. ' 
(vii) Glucose solution is heated with Fehling's solution. 

(viii) Glucose is heatedwithconc. HN03 • 

(ix) Glucose is treated with m in the presen~ of red 
phosphorus. . 

(x) Alanine.is treated with nitrous acid .. 
7. Prove by giving one chemical reaction that:',. 

(i) glucose has a carbonyl grQUp. '. ' 
(ii) glucose has an aldehydic group. 

(iii) glucose has hydroxyl group, 
(iv) glucose is an aldose while fructose is a ketose. 
(v) cane-sugar is a disaccharide. . 

8. (i) ClaS~ify the following into monosaccharides,disac
charides and polysaccharides: 
Ribose, glycogen, maltose, deoxyribose,' lactose, 
fructose, ghlCOse, cane-sugar, starcb-, cellulose. 

(ii) Give one example of each of the following: 
(a) Reducing sugar, (b) Non-reducing sugar. 

(iii) Name the monomers ()f starch, 
(iv) Name the monomers of cellulose. 

8st,.' 

(v) How many naturally occurring amino ~cids are there? 
(vi) Name the sugars present in nucleic acids. 

(vii) Name the base present in RNA. 
(viii) Name the disease caused due to the deficiency of: 

. (a) VitaminB12 , (b) Vitamin C, (c) VitaminB!. 
(ix) , Name the protein that'stores oxygen in the muscle 

tissue. , 
(x) Name the product~ obtained by hydrolysis ofATP. 

.:. ShortAnawer Type 
9. Answer the following: 

(i) What are anomers? 
(ii) What are proteins? 

(iii) What is mutation? 
(iv) What is glucosidic linkage? 
(v) What is mutarotation? 

(vi) What is Ii peptide bond? 
(vii) What is denaturation of proteins? 

(viii) What isa nucleoside? When does it become 
nucleotide? 

(ix) What is glycolysis? 
(x) What is digestion? 

10. How the following conversjons are Inade? 
.(i) Glucose into osazone. ' . 

, (ii) Glucose into glucaric acid. 
(iii) Giucose into sorbitol. 
(iv) Glucose into n-hexane. 
'(v) Glucose into fructose. 
(vi) Fructose into glucose. 

(vii) Glucose into arabinose. 
(viii) Arabinose into glucose. 

ll. How will you distinguish between? 
(i) Glucose and fructose. 

(ii) Glucose and sucrose (cane~sugar). f'--"-li 

(iii) Glucose and starch. 
(iv) Glucose and glycine. 
(v) Gly«ine and acetamide. 

11. Write short notes on: 
(i) Inversion of cane-sugar. 

(ii)' Glycoside linkage .. 
(iii) Lipids. 
(iv) Vitamins~ 
(v) Zwitter ion. 

(vi) Isoelectricpoint. 
(vii) Peptide linkage. 

(viii) Coloured tests of proteins. 
(ix) Mutarotation. . 
(x) Food digestion. 

13. (a) Name the vitamins, deficiency of which cause: 
, (i) Niiht-blindness" (ii) Rickets, (iii) Poor coagulation 
. of blood, (iv) Beri-beri and (v) Impotency 

(b) Name the sources of following vitamins: . 
(i) VitarninA, (ii) Vitan;tin C, (iii) Vitamin D. 

( . 
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14. (a) How is glucose metabolised in living system? 
(b) How is fat digested in our body? 
(e;) Why mineral salts ar~ necessary in food? 
(d) What is the function of water in living system? 
(e) Whatis glycolysis? Where does it occur? What are the 

end products of glycolysis? 
(t) What is haemoglobin? What is its function? 
(g) Why does the amylase present . in saliva becomes 

inactive in the stomach? 
(h) How does the acidic medium of stomach helps in the 

digestion ,of proteins? 
15. Explain the following: 

(i) Why do glucose, manilose and fructose form identical 
osazone? 

(Ans. The formation of osazone iilVolves C-l and C-2. Glucose, 
mannose and fructose have identical configuration at C-3, 
'C-4 and C-5. Hence, they form sameosazcine.] 

(ii) Aldoses give positive Tollens', Fehling's and osazone 
reactions but fail to respond Schitrs and bisulphite 
tests. 

(Aus. The open chain form is very very small and Tollens', 
Fehling's,and osazone reactions are irreversible in nature, 
the equilibrium is thus shifted to restore this small 
concentration till whole of the aldoses react. Schiff's and 
bisulphite reactions are reversible, the equilibrium is thus 
not disturbed and open chain form having -CHO group 
iS,not available in good concentrations.] . 

(iii) The amino acid in water acts as an ampholyte. 
Acting as 

+ an acid +' 
(Ans.H3NCHRCOOH + OW , 'H3 NCHRCOO- + H20 

Cation Ampholyte 
Acting as 

a base 
:;;=, =====,!' H2NCHRCOO- + H/)] 

Anion 
(iv) In an electric field, the amino acid migrates towards 

cathode when pHis below the isoelectric point while 
it migrates towards 'anode when pH is higher than 
isoelectric point. 

(Ans. Isoelectric point is the pH at which the amino acid has net 

(v) 

( Ans. 

(vi) 

+ 
zero charge and exists as dipolar ion (H3NCHRCOO-). 

When pH is below the isoelectric point, the cation 
+ . 

(H3NCHRCOOH) predominates and it migrates to the 

, cathode while at pH higher tl;!an isoelectricpoint the anion 
(H 2N CHRCOO-) predomin~tes and it migrates to anode.] 

Why is D-fructose used for sweetening cold drinks 
but not hot ones? 

The sweeter form is fructopyranose. The high temperature 
causes a shift in thepyran6se ~ furanose equilibrium 
towards the less sweet furanose.] 

The structur,al feature di~tinguishes proline from the . 
other q-amino acids: 

(Ans. Proiine is 2° amine and also the amine N is a part of five 
melJ.lbered ring.] 

(vii) Despite having an aldehydic group, glucose does not 
'~ive ~,4-DNi> test. what does it indicate? 
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(Ans. Glucose does not have an open chain structure and hence it 
does not have a free -CHO group. Actually -CHO 
group combines with Cs-OH to form an hemiacetal ring 
which is a six membered oxide ring. Thu~ glucose largely 
(99%) exist in the cyclic hemiacetal form and so it does 
not give 2,4-DNP test.] 

(viii) What forces are responsible for the stability of 
a-helix? Why is it named as 3.613 helix? 

(Ans: The stability of a-helix structure is due to intramolecular 
H-bonding between -NH- and -CO groups of the 
same polypeptide chain: The a-helix is named as 3.613 
helix, since each tum of the helix has approximately 3.6 
amino acid and a l3-membered ring is formed by 
H-bonding.] 

16. The specific rotation of two glucose anomers are a = + 110° 

and ~ = + 19° and for the constant equilibrium mixture is 
+52.7°. Calculate the per cent composition of the anomers in 
the equilibrium mixture. 
(Ans. a-anomer = 36.2% and l3-anomer = 63.8%] 
( Hint: Let a and b be the mole fractions of a and I}-anomers in 

equilibrium mixture. Thus, 
a+b=l 

!l0° a+ 19° b = 527° 
Solving both equations, we get a = 0.362 and b = 0.638] 

17. Use mild oxidation and reduction separately to differentiate 
between D-erythrose and D-threose. 
(Ans. Threose gives an optically active enantiomer while 

erythrose gives the optically inactive meso-isomer on 
mild oxidation. 

HO H HO H 

I I [0] I I 
HOCH2-C-C-CHO ~ HOOC-C-C-COOH; 

I II I 
H OH H OH 

D-Tbreose D_( -) Tartaii.c acid 

HO OH HO OH 

I I [0] I I 
HOCH2-C-C-CHO ~ HOOC-C-C-COOH 

I I I I 
H H H H 

D-Erytbrose Meso-tartaric acid 

Threose gives an optically active enantiomer while 
erythrose gives the optically inactive meso-isomer on 
mild reduction. 

HO H HO H 

I I 'Reduction I I , 
HOCH2-C-C-CHO ) HOCH2-C-C-CH20H 

I I I I 
H OH H OH 

D-Tbreose D-I,2,3,4-Butanetetrol 

HO OH. HO OH 

, I I Reduction I I 
HOCH2-C-,-C-CHO --~ HOCH2-C-C-CH20H] 

I I I I ' 
H H H H 

D-Erytbrose Meso-l,2,3,4-Butanetetrol 
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18. Define invert sugar. Calculate the specific rotation of invert 
sugar given that [o.]D =+52.7° for D-glucose and 
[o.]D = -92.4" for D-fructose. 
(4.08. Invert sugar is the equimolar mixture of D-glucose and 

D-fructose. It is obtained by hydrolysis of sucrose. The 
specific rotation is one-half the sum of those of individual 

monQsaCCharides:![ +52.7°+(-92.4°)] = -19.9°] 

19. Find the average molecular mass of starch given that an 
aqueous solution. of 10.0 gIL of starch has an osmotic 
pressure 5.0x 16-3 atm at 25°C. What is the approximate 
number of glucose units in this sample of starch? . 

(4.ns. Osmotic pressure = M: V x R x T 

or M=~xRxT 
RxV 

M = 1 0
3 x 0.0821 x 298 = 48931.6 glmol 

5x\0- xl . 
Each glucose unit in starch . has . molecular mass 
= 180-1.8 = 162 glmol 
The number of glucose units in the sample of starch 
= 48931.6 302] . 

162. 

20. Name the monosaccharides' which the following give on 
hydrolysis? 
(a) sucrose, (b) maltose, (c) lactose, (d) starch, (e) insulin. 

ANSWERS 

1. (a) Monosaccharides, glycoside; (b) monosaccharides; (c) amino 
and carboxylic groups; (d) a-amino acids; (e) nbcleic acids; 
(f) denaturation; (g) lipids; (h) carbohydrates;. (i) peptide; G) fats; 
(k) Tollens', Fehling's; (I) adenosine; (m) amino acids; 
(n) simultaneously, coupled; (0) vitamin; (P) glycerol,' mono
carboxylic acids; (q) vitamin C; (r) vitamin D; (s) ascorbic acid; 
(t) 2820 kcal; (u) proteins; (v) reducing; (w) B,complex; 
(x) a-glucose, Ji-glucose; (y) cyanocobalamine; '(z) ribose, 
deoxyribose. . 

2. (a) False-Fructose is a ketose; (b) True; (c) False-The sugar 
base in DNA is deoxyribose; (d) True; (e) False-Proteins are the 
building blocks of cells; (f) False-Only plants synthesise 
c.arbohydrates; (g) True; (h) False-On hydrolysis, it gives three 
molecules of monosaccharide units one each of glucose, fructose 
and galactose; (i) True; (j) False---:-Aidohexoses exist in 24(= 16) 

optical forms; (k) True; (1) True; (m) False-Fructose is more 
sweeter than glucose; (n) True; (0) True; (P) False-The specific 
rotation of a-D-glucose is + 110" and of Ji-D-glucose is + 19";(q) 
True; (r) False-Proteins are synthesised by both plants and 
animals; (s) True; (t) True; (u) False-DNA contains the genetic 
code and directs protein synthesis through RNA; (v) True; (w) 
False-Are fat soluble; (x) True; (y) True; (z) False-Vitamin D is 
synthesised in skin cells in sunlight. 

3. [A] (I-e); (2-g); (3-j); (4-b); (S--a); (6-d); (7-i); (8-e); 
(9-h); (IO--f). "I 

[B] (I-i); (2-:-g); (3-j); (4-h); (5-a); (6--b); (7-d); (8-f); 
(9-e); (1O-e). 

4. (A-p, r}; (B--q, s); (C-p, q, r); (O-s). 
5. (A-p, r, s); (B-q, s); (C-q, r); (0-8). 
6. (i) CH20H(CHOH)4CHO + H2N.NHCJIs ---,)0 

CH20H(CHOH)4CH=NNHQ;Hs 
• Glucose phenylhydrazone . 

7. 

8. 

9. 

853 

With excess of phenylhydrazine, glucosazone, 

CH20H(CHOHh-C .. NNHCJ1s, isformed. 
I 
CH~NNHQ,H5' 

(ii) CH20H(CHOH)4CHO + H2NOH ~ . 
CH20H·(CHOH)4CH =NOH· 

Glucose oxime 

(1'1'1') C H 0 H 0 Dil. HzS°4 r·H 0 r·H 0 12 22 II + . 2. ) '-t> 12 6 + ~ 12 6 
Cane sugar Glucose Fructose 

(iv) Same products as in (iii) 

+2Ag 
Silver 
mirror 

(vii) CJ11~66 + 2Cu(OHh + NaOH ~ 
CH20H(CHOH)4COONa+ CU20 + 3H20 

Redppt. 

HN03 (viii) CH20H(CHOH)4CHO + 2[0] ----7» 

COOH·(CHOH)4COOH 
Glucaric ooid 

(ix) n-Hexane is formed. 
(x) CH3CHCOOH + HONO 4- CH3CHCOOH + N2 + H20 

I .. I .. 
NH2 OB· 

(i) Glucose reacts with HCN, NH20H an4phenylhydrazine 

respectively. 
(ii) Glucose can be oxidised to gluconic acid by bromine water, 

Tollens' solution or Fehling's solution. 
(iii). Gl\lcose undergoes acetylation with acetyl chloride. 
(iv) Glucose can be oxidised with bromine water but fructose 

does not give this reaction. 
(v) 

(i) 

(1i) 

(iii) 
(iv) 
(v) 

(vi) 
(vii) 

(viii) 

(ix) 
(x) 
(i) 

(ii) 

Cane-sugar on hydrolysis gives oIle molecule of glucose 
and one molecule of fructose; i.e."two monomers. . 
Monosaccharides: Ribose, deoxyribose, glucose, fructose. 
Disaccharides : Maltose, lactose, cane-sugar. . 
Polysaccharides i Glycogen, starch, cellulose. 'l 
Reducing sugar--Glucose; Non-reducing sugar-eane 
sugar (sucrose).' . 

a-Glucose. 
Ji-Glucose. 
Twenty. 
Deoxyribose and ribose. 
Adenine; cytosine; guanine; uracil. 
(a) Pemicious anaemia, (b) Breakdown of immune defence 
system, (c) Beri-beri. 
Myoglobin. 
ADP and AMP along with phosphate ionS and energy. 
A pair of isomers that differ with respect to orientation of 
the -OH group at carbon-I. 
Proteins are polymers of amino acids having peptide 

. linkage. 
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(iii) Sudden change in the sequence of nitrogenous bases along 
the DNA strand and can synthesise a new protein with 
altered amino acid sequence. 

(iv) The linkage formed by the combim[tionOfhydroxyl group 
of the hemiacetal carbon of one monosaccharide with the, 
-OH grpup of the other monosaccharide. 

(v) The process that involves the change in the optical rotation 
of either form of glucose in aqueous solution to that of 
equilibrium mixture is known as mutarotation. 

. (vi) The linkage that unites various ami!1o acid units in a peptide 
molecule is known as peptide bond. 

,0 
11.-----1 ' 

H2N-CH-C,-:::-OH + Ii{ NH-CH-COOH ~ I ------ ,I 
R . R 

r-----' 
10 I 

: II : 
H2N-CH .... -C-NK-CH-COOH 

I -P~ptid~ bO"oo I 
R R 

(vii) On heating or on treatment with mineral acids globular 
proteins undergo coagulation to give fibrous protein. It loses 
whole or a part of biological activity. 

(viii) The molecule in which one of the organic bases is linked 
with a sugar is called nucleoside. When a phosphate group 
is also attached to the nu~le(Jside, the compound is known as 
nuCleotide. 

(ix) It is the anaerobic conversion of 6-carbon atoms compound, 
glucose, into two molecules of pyruvic aCid. -

(x) It is the process of breaking up of a _complex food into 
, simple molecules. 

10. (i) Treat glucose with excess of phenylhydrazine. 
(ii) Treat glucose with nitric acid. 

(iii) Treat glucose with NaBH4 or H2/Pd. 
(iv) Treat glucose with phosphorus and hydrogen iodide. 

. ~v), Treat glucose with excess of phenylhydrazine' and treat 
osazone with dil. HCI to form osone. Reduce' osone with 
Zn/ CH 3COOH to form fructose. 

(vi) Reduce fructose with H2 in the presence ofNi and treat the 
"alcohol with Fenton's reagent. 

(vii) Follow Ruff degradation (orWohl's method). 
(viii) Follow Killiani-Fischer synthesis. 

II. (i) Glucose decolourised red colour of bromine water. It is 
oxidised to gluconic acid. Fructose does not react with 
bromine water. 
Fructose gives a red colour with resorcinol and conc. HCI 
while glucose does not give any colour. 
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(ii) Glucose on heating with Tollens' reagent gives silver mirror 
while sucrose does not. Glucose gives red ppt. with 
Fehling's solution while sucrose does not. 

(iii) Glucose gives positive tests with Tollens' reagent and 
Fehling's solution while starch does not. Starch gives blue 
colour with iodine solution while glucose does not. 

(iv) Glucose gives positive tests with Tollens' reagent and 
"Fehling's solution while glycine does not. 

(v) Acetamide gives an odour of ammonia when heated with 
NaOH while glycine does not. Glycine gives purple colour 
with ninhydrin while acetamide does not. 

13. (a) (i) Vitamin A, (ii) Vitamin D, (iii) Vitamin K, (iv) Vitamin Bb 

(v) Vitamin E. 
(b) (i) Synthesised in cells of liver and intestinal mucous 

membrane from carotenoid pigments found in milk, butter, 
egg yolk, liver, fish oil, etc. 

(ii) Lemon, orange and other citrus fruits, tomatoes, green 
vegetables, etc. 

(iii) Synthesised in skin cells in sunlight, found in butter, liver 
.egg yolk, fish oil, etc. 

14. (a) Metabolism of glucose involves two processes: 
(i) , Glycolysis-The series of reactions that change glucose 

into r:~tVate with the formation of ATP. 
(ii) Cellular respiration-Pyruvate can be converted into 

ethanol, lactate or the acetyl group of.the acetyl co-enzyme. 

(b) I II ' . L··d Bile juice E I'fi 'd f: n sma mtestmes, IpI s ) mu SI Ie at 

E ' I'fi d f: Lipase Gl ' I F 'd mu SI e at ) ycero + atty aCI s. 
(c) Inorganic minerals are involved in various metabolic 

reactions of the cells. Ions play important role in maintaining 
osmotic pressure and acid-base balance in the cells. 

(d) . Water is the medium for transportation in the body. It takes 
part in most of tIle chemical reactions of the body. 

(e) Conversion of glucose into pyruvic acid. It occurs in 
cytoplasm of anaerobic cells without oxygen. It is 
accompanied by release of ATP. 

(f) Haemoglobin is a globular protein present in red blood cells. 
It carries oxygen from one part of the body to the other. 

(g) Amylase becomes inactive in stomach due to low pH value. 
(h) The acid denatures the proteins and then proteins are 

hydrolysed. 

ProteI'ns -,-P_e.:..ps_in~ P I t'd Trypsin Ami ·d - ) 0 ypep 1 es ) no aCI s 
Protea~s Chemotrypsin 

20. (a) Glucose + Fructose, (b) 2 molecules of glucose, (c) Glucose + 
Galactose, (d) Glucose, (e) Fructose. 
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SET I: This set contains the questions with single correct answer. 

1. A carbohydrate consists of: 
(a) carbon and oxygen 
(b) . carbon, hydrogen and oxygen 
(c) carbon, hydrogen.and nitrogen 
(d) carbon and hydrogen 

2. Which of the following is a monosaccharide? 

o 
o 
o 
o 

(a) Sucrose 0 (b) Galactose 0 
( c) Maltose 0 (d) Lactose 0 

3~ Which of the following carbohydrates is most abundant in 
nature? [CPMT 2001) 
(a) Glucose 0 (b) Fructose 0 
(c) Starch 0 (d) Cellulose 0 

4. The sweetest of all sugars is: [PMT (MP) 2007] 
(a) glucose 0 (b) lactose 0 
(c) sucrose 0 (d) fructose 0 

5. Sucrose on hydrolysis gives: [JEE (Orissa) 2006] 
(a) glucose only 0 (b) glucose and galactose 0 
(c) glucose and fructoseO (d) glucose and lactose 0 

6. The commonest disaccharide has the molecular:formula: 
(a). ClOH1S 0 9 0 (b) CIOH200 lO 0 
(c) CII H22 0 ll 0 (d) CI20 22 0 ll .0 

7. The disaccharide present in milk is: 
(a) sucrose 0 (b) lactose 

. ( c) maltose 0 (d) none of these 
8. Which of the following monosaccharides is a pentose? 

(a) Glucose 0 (b) Fructose 
(c) Arabinose' 0 (d) Galactose 

9. Which gives red colour with Fehling's solution? 
(a) Glucose 0 (b) Cellulose 
(c) Benzaldehyde 0 (d) Cane-sugar 

10. Starch is a polymer of: 
(a) fructose 
(c) both (a) and (b) 

ll. Enzymes are: 

o (b) glucose 
o (d) none ofthese 

(a) carbohydrates' 0 (b) lipids 
(c) proteins .0 (d) none of these 

12. On hydrolysis, proteins give: 
(a) nucleotides 0 (b) nucleosides· 
(c) amides 0 (d) amino acids 

13. Which of the following have coiled helical structure? 

o 
o 

o 
o 

o 
o 

o 
o 

o 
o 

0' 
o 

(a) Proteins 0 (b) Lipids 0 
(c) Carbohydrates 0 (d) Vitamins 0 

14. The change in optical rotation with time of freshly prepared" 
solutions of sugar, is known as: . 
(a) specific rotation 0 (b) inversion . 0 
(c) rotatory motion 0 (d) mutarotation 0 

15. Glucose when heated with CH30Hin presence of dry HCI 

gas, u- and ~-methyl glucosides are formed. This is because 
it contains: 
(a) an aldehydic group 0 (b) -CH20Hgroup 0 
(c) a ring structure 0 (d) five hydroxyl groups 0 

. 855 

16. Which of the following carbohydrates is used in silvering of 
mirrors? 
(a) Sucrose 0 (b) Celhilose 0 ' 
.( c) Fructose 0 (d) Glucose 0 

17. Starch undergoes hydrolysis in presence of mineral acids to: 
(a) glucose 0 (b) fructose 0 
(c) maltose 0 (d) sucro~e . 0 

18. Helical structure of proteins is stabilized by: 

(a) ionic bond o (b) covalent bond D. 
(c) van der Waals' forces o (d) hydrogen bonds 0 

19. Hydrolysis of sucrose gives: 
(a) invert sugar (equal mixture of glucose and fructose) 0 
(b ) glucose . 0 
(c) fructose 0 
(d) none of the above 0 

20. DigeStion is a: _ 
(a) hydrolysis process 0 
(b) catalytic process 0 
(c) both hydrolysis and catalytic process 0 
(d) none of the above' . ·0 

21. Vitamin Cis: . [JEE (WB)2010J 
(a) ascorbic acid 0 (b) lactic acid 0 
(c) citric acid . 0 (d) paracetamcil 0 

22. Iodine deficiency in diet is known to cause: 
(a) beri-beri 0 (b) rickets 0 
(c) night-blindness· 0 (d) goitre 0 

23. When glucose is reacted with bromine water, the major 
product is: 
(a) gluconic acid 0 (b) saccharic acid 0 
(c) sorbitol 0 (d) galactose 0 

24. Glucose and fructose are: . 
( a) optical isomers 0 
(b) functional group isomers 0 -
(c) chain isomers 0 
(d) position isomers 0 

25. The number, of chiral carbon atoms, in poD (+)-gluco:oe 
molecule is: [CBSE (M~d.) 2004] 

W3 0005 0 
~A. 0006 0 

26. Which ofthefoilowing is a ketohexose? 
. (a) Glucose 0 (b) Fructose O .. 

(c) Sucrose 0 Cd) Starch 0 
27. 'The 'reag~nt which may be used to distinguish between 

cane-sugar. and glucose solution is: 
(a) Molisch's reagent ·0 (b) Iodine solution 0 
(c) Baeyer's reagent 0 (d) Fehling's solution 0 

28.' The reactions of glucose suggest that it is: 
(a) a penta hydroxy aldehyde 0 
(b) hydrate of carbon 0 
(c) a polyhydroxy ketone 0 
(d) an alcohol 0 
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30. 

Glucose is alan: -
(a) oxidi$ing sugar 
(b) reducing sligar 
( c) reducing and oxidising sugar 
(d) none of the above 
Ascorbic aCid is: " 

. (a) a vitamin [J (b) an enzyme 
(c) a protein 0 (d) an amino acid 

D· 
tJ 
o 
o 

o 
o 

- 31. Chemical name of vitamin Ais: 
(a) thiamine _ 0 (b) axerophthol (retinol) 0 
~c) ascorbic acid 0 (d) nicotinamide 0 

31. Glucose reacts with excess of phenylhydrazine and forms: . 
ICPMT2006) 

. (a) sorbitol 0 
(b) glucose phenylbydrazone 0 
(c) glucosazone 0 
(d) glucose oxime 0 

33. A compound gives both ninhydrin test and Molisch's test. It 
is: 
(a) a carbohydrate 0 (b) a carboxylic acid 0 
(c) a protein 0 (d) an amino acid 0 -

34. The carbohydrate which serves as a reserve glucose in body 
is: 
(a) sucrose 0 (b) starch . 0 
(c) glycogen 0 (d). fructose 0 

35. The substances which are even hchersources of energy than . 
carbohydrates are: 
(a) fats . D. (b) proteins 0 
(c) vitamins 0 (d) hormone!! 0 

3fi. Protein is an important constituent of our diet. It functions 
mainly as: 
(a) a source of energy 0 
(b) a construction material 0 
(~shock absorber 0 
(d) reServe food 0 

37. The coagulation of protein is called: 
(a) dehydration [j (b) decay 0 

. (c) deamination 0 (d) denaturing 0 
38. Main structural unit of protein is: 

(a) ester linkage 0 (b) etherlinkage 0 
(c) peptide linkage 0 (d) all of these 0 

39. Glucose cannot be classified as: 
(a) ahexose 0- (b) an oligosaccharide 0 
(c) acarbohydrate 0 (d) analdose 0 

40. Which one is a disaccharide? 
(a) Starch 0 (b) Lactose 0 
(c) Cellulose 0 (d) Fructose 0 

41. PQint out the wrong statement about proteins: 
. (a). They are nitrogenous organic compounds 

. molecular masses 
of high 

o 
o 
o 
o 

(b) On hydrolysis by enzymes, they give amino acids 
(c) Many of them are enzymes . 

., (d) They do not contain polypeptide linkages 
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41. The viU!lnin that is most readily manufactured in our bodies 
is: 
(a) vitamin A 0 (b) vitamin B 0 
(c) vitamin C 0 (d) vitaiilln D 0 

43. Bleeding gums is generally associated with a deficiency of: 
(a) thiamine 0 (b) ascorbic acid 0 . 
( c) folic acid . 0 (d) vitamin E 0 

44 • Vitamin A deficiency leads to a disease known as: 
. (a) night-blindness 0 (b) beri-beri 0 

(c) scurvy 0 (d) TB 0 
45. Which one of the following metal ions is essential inside the 

cell for the metabolism of glucose/synthesis of proteins? 

(a)Na+ 
(c) Mg2+ 

o (b) K+ 
(DUl\fET 20101 

o 
o (d) Ca 2+ o 

46. The reagent used for the detection of proteins is: 
(a) HN03 (conc.) 0 (b) Fehling's solution 0 
(c) Tollens'reagent 0 (d) Baeyer's reagent 0 . 

47. Starch is used to test even the small amount of: 
(a) urea in blood 0 
(b) iodine in aqueous solution 0 
(c) protein in blood 0 
(d) glucose in aqueous solution 0 

48. Which one of the following contains cobalt? 
(a) Chlorophyll - . 0 (b) Haemoglobin 0 
(c) Vitamin C 0 (d) Vitamin BI2 0 

49. On heating glucose with Fehling's solution, we get a 
precipitate whose colour is: 
(a) yellow 0 (b) red 0 
(c) black 0 (d) white 0 

SO. The only amino acid which is non-chiral is: IDPMT 1007) 
(a) lysine 0 (b) prolirie 0 
(c) glycine 0 (d) histidine 0 

51. The aqueous solution of a carbohydrate gave dark blue 
colour with iodine solution. The carbohydrate is: 

- (a) starch· 0 (b) sucrose 0 
(c) fructose 0 (d) glucose 0 

51. The organic compounds of high physiological importance 
which are essential in small amounts for the well being of all 
human beings are: 
(a) prQteins 0 (b) vitamins 0 
(c) mineral salts 0 (d) enzymes 0 

53. Which of the following has magnesium? 
. (CBSE (Moo.) 2000) 

(a) Carbonic anhydrase 0 (b) Vitamin BI2 0 
(c) Chlorophyll 0 (d) Haemocyanine 0 

S4. - The hormone which controls the presence of burning of fats, 
proteins and carbohydrates and liberates energy in the body 
is: (CBSE (Med.) 2000] 
( a) thyroxine 0 (b) adrenaline 0 
( c) insulin 0 (d) cortisone 0 

55. Which of the following is not a sex hormone? [DeE 1000J 
(a) Testosterone 0 (b) Estrone 0 
(e) Estradiol - 0 (d) Cortisone 0 
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56. Insulin is secreted from: 
(a) thyroid 0 (b) pancreas 0 
(c)' adrenal body 0 (d) none of these 0 

57. The hormone which transports glucose from blood to tissue 
is: 
(a) glucogen 0 (b) insulin 0 
(c) thyroxin 0 (d) heparin b 

58. A protein is best described as a: 
( a) polyamide 0 (b) polyester . 0 
(c) polypeptide 0 (d) polyurethane 0 

59. A disaccharide, which gives only glucose on hydrolysis, is: 
(a) h~t:>se 0 (b) fructose 0 
(c) .:,ucrose ·0 (d) maltose 0 

60. Methyl-(),-D(+)-glucoside and methyl{l-D(+)-glucoside are 

called: (AIIMS 2006; BCECE (Med.) 2007) , 
(a) geometrical isomers 0 (b) anomers' 0 
(c) enantiomers 0 (d) epimers 0 

61. Amino acids are building blocks of: 
(a) carbohydrates 0 (b) fats 0 
(c) proteins 0 (d) vitamins 0 

61. The reactions with sugars are carried out in neutral or acid 
medium and not in alkaline medium· because in alkaline 
medium sugars undergo: 
(a) decomposition 0 (b) racemization 0 
(c) inversion 0 (d) rearrangement 0 

63. Which of the following is found in cod-liver oil? 
(a) Vitamin C 0 (b) Vitamin E 0 
(c) Vitamin A 0 (d) Vitamin BI 0 

64. Proteins can be used: 
(a) as food 0 (b) in textiles 0 
(c) as enzymes 0 (d) all of these 0 

65. Biurettest is not given by: (AlEEE 20101 
( a) proteins 0 (b) urea 0 
(c) polypeptide 0 (d) carbohydrates 0 

66. Deficiency of vitamin E causes: 
(a) beri-beri 0 (b) scurvy 0 
'(c) antifertility 0 (d) none ofthese 0 

67. The enzyme pepsin hydrolyses: 
(a) proteins to amino acids 0 
(b) fats to fatty acids 0 
(c) glucose to ethyl alcohol 0 
(d) polysaccharides to monosaccharides 0 

68. Which of the foll9wing foodstuffs contain nitrogen? 
(a) Carbohydrates 0 (b) Protein 0 
(c) Fats 0 (d) None of these 0 

69. Vitamin B2 is also known as: 

(a) ribofla~in 0 (b) pyridoxin 0 
( c) ascorbic acid 0 (d) none of these . 0 

70-. The number of amino acids which form proteins in nature is 
about: 
(a) 6 0 (b) 10 0 
(c) 15 0 (d) 20 0 

71. Which one is not the essential constituent of balanced diet? 
(a) HOMones 0 (b) Carbohydrates 0 
(c) Fats 0 (d) Vitamins 0 

857 

72. The number of tripeptides formed by three different amino 
acids is: (DCE 2000) 
(a) five 0 (b) six 0 
(c) three 0 (d) four 0 

73. The pH value of a solution in which a polar amino acid does 
not migrate under the influence of electric field is called: 
(a) iso-electric point 0 (b) iso-electronic point 0 
(c) neutralisation point 0 (d) none of these 0 

74. The digestion of fat in intestines is aided by: 
(a) diffusion 0 (b) peptization 
(c) emulsification 0 (d) neutralisation 

o 
o 

75. The human body does not produce: 
. ( a) vitamins 0 (b) enzymes 0 

(c) proteins 0 (d) hormones 0 
76. An enzyme, which helps in the digestion of proteins in 

living tissues, is! 
(a) trypsin 0 (b) protease 0 
(c) urease 0 (d) none ofthese 0 

77. Tbe protein which transports oxygen in the blood stream is: 
(a) haemoglobin . 0 (b) insulin' 0 
(c) collagen 0 (d) albumin 0 

78. Which of the following gives maximum energy in metabolic 
process? 
(a) Proteins 0 (b) Fats 
(c) Carbohydrates 0 (d) Vitamins 

79. Hydrolysis of sucrose is called: 
(a) saponification 0 (b) hydration 

o 
o 

(A FMC 2010) 
. 0 

(c) inversion 0 (d) esterification o 
80. Enzyme trypsin converts: 

(a) amino acids into proteins 
(b) glucose into glycogen 
(c) starch into sugar . 
(d) proteins into amino acids 

81. Calorific value is in the order of: 

o 
o 
o 
o 

(a) fats> carbohydrates> proteins 0 
(b) carbohydrates> fats> proteins 0 
(c) proteins> carbohydrates> fats 0 
(d) fats> proteins> carbohydrates 0 

82. Vitamin BJ is knQwn as: [PMT(MP) 2000) 
(a) pyridoxine 0 (b) thiamine 0 
(c) tocopherol 0 (d) riboflavin 0 

83. Which of the following base is found only in RNAand not 
in DNA? 
(a) Thymine 0 (b) Guanine 0 
(c) Uracil 0 (d) Adenine 0 

84. Which one of the following base found in DNA but not in 
RNA? [CET (Gujarat) 2006) 
(a) Cytosine 0 (b) Guanine 0 
(c) Adenine 0 (d) Thymine 0 

85. The sequence in which amino acids are arranged in protein 
is called its: 
(a) primary structure 0 (b) secondary structure. 0 
(c) tertiary structure. 0 (d) quaternary structure [j 

86. The relationship between the nucleotide triplets and the 
amino acid is called: 
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(a) enzymes 0 (b) replication 0 
(c) genetic code 0 (d) mutation 0 

87. Amino acids present in insulin are: 
(a) 21 0 (b) 51 0 
(c) 30 0 (d) 102 0 

88. The bond that . detennines the secondary structure of a 
protein is: 
(a) ionic bond 0 (b) covalent bond 0 
(c) coordinate bond 0 (d) hydrogen bond 0 

89. Which has the maximum protein? 
(a) Groundnut 0 (b) Cow-milk 0 
(c) Egg 0 (d) Wheat 0 

90. At the isoelectric point, amino acids are present as: 

91. 

92. 

93. 

+ 
(a) H2NCHRCOOH 0 (b) H3NCHRCOO- o 

+ 
(C)H3NCHRCOOH 0 (d) H2NCHRCOO- • o 
The most important energy carrier in the living cell is: 

(a) AMP 0 (b) ADP 
(c) UDP 0 (d) ATP 

ICEE (MP) 2000) 
o 
o 

Emil Fischer was awarded Nobel Prize for his work on: 
(a) sugar and protein synthesis 
(b) optical activity 
(c) ammonia discovery 
(d) lipids 
Glucose and fructose can also be distinguished by: 
(a) Molisch's test 
(b) acetylation 
(c) a concentrated solution ofNaOH 
(d) phenylhydrazine 

o 
o 
o 
o 

o 
o 
o 
o 

94. Which of the following does not show mutarotation? 
rCBSE (PMT) Prelims 2010) 

(a) (-) Fructose 0 (b) (+) Lactose 0 
(c) (+) Maltose 0 (d) (+) Sucrose 0 

95. Glucose and mannose are: r AMU (Med.) 20071 
(a) ketohexoses 0 (b) anomers 0 
(c) ~imers 0 (d) disaccharides 0 

96. Diabetes is detected by testing urine of the patient with: 
(a) Tollens'reagent 0 (b) Nessler's reagent 0 
(c) Fenton's reagent 0 (d) Benedict's solution 0 

97. Refrigeration helps in food preservation by: 
(a) killing the genns 0 , 
(b) sealing the food with a layer of ice 0 
(c) greatly reducing the rates ofbio-chemical reactions 0 
(d) destroying enzyme action 0 

98. Yeast is: 
(a) bacteria 0 (b) antibiotic 0 
(c) virus 0 (d) fungI 0 

99. Oxidation Of glucose is one of the most important reactions 
in a living cell. What is the number of A TP molecules 
generated in cells from one molecule of glucose? 
(a) 36 0 (b) 12 0 
(c) 18 0 (d) 28 0 
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100. The pH of blood does not appreciably change by a small 
addition of an acid or a base because blood: 
(a) contains serum protein which acts as buffer 0 
(b) ,contains iron as a part of the molecule 0 
(c) can be easily coagulated 0 
(d). is a body fluid 0 

101. Biuret test is used for the detection of: 
(a) sugars 0 (b) fats 0 
(c) proteins 0 (d) saturated oils 0 

102. The common tenn used for water soluble proteins is: 
(a) glutenin - 0 (b) globulin 0 
(c) albumin 0 (d) conjugated proteins 0 

103. Which of the foiiowing is a protein? 
(a) Nylon 0 (b) Natural silk 0 
(c) Reyon 0 (d) Terrylene 0 

104; Which protein is main constituent of milk? 
(a) Casein 0 (b) Insulin 0 
(c) Myosine 0 (d) Keratin 0 

105. The total number of basic groups in the following fonn of 
lysine 

+ 
--H3N-CH2-CH2-CIl2-CH2> /0 . 

CH-C, IS: 

H2N '0-

(lIT 2010) 

(a) 0 
(c) 2 

o (b) 1 
o (d) 3 

106. Which of the following statements is true for proteins? 

o 
o 

(a) They act as antibodies 0 
(b) They act as honnones 0 
(c) They catalyse the bio-chemical reactions 0 
( d) They perfonn all these functions 0 

107. Which of the following gives maximum energy in meta
bolic process? 
(a) Carbohydrates 0 (b) Fats 0 
(c) Proteins 0 (d) Vitamins 0 

108. Fibrous proteins are present in: 
(a) wool 0 (b) muscles 0 
(c) silk 0 (d) all of these 0 

109. Globular proteins are present in: 
(a) blood 0 (b) milk 0 
(c) insulin 0 (d) all of these 0 

11 0.- Keratin, a fibrous protein is present in: 
(a) hair and nails 0 (b) wool 0 
(c) skin 0 (d) all of these 0 

111. Which of the following statements about proteins is not 
true? ' 

(a) Amino acid residues join together to make a..protein 
molecule 0 

(b) Proteins are polymers with fonnula (C6 HIO OS )n . 0 
( c) Eggs are richer in proteins 0 
(d) Pulses are good source of proteins 0 

112. A metal which can fonn a complex with insulin is: 
(a) copper 0 (b) iron 0 
(c) zinc 0 (d) cobalt 0 
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113. Secondary structure of protein refers tq~ 
(a) three-dimensional structure, specially the bond 

between amino acid residues that are distant from each 
other in the polypeptide chain 0' 

(b) regular folding patterns of'the polypeptide chain 0' 
(c) mainly denatured proteins and structures of prosthetic 

groups 0' 
(d) linear sequence of amino acid residues in the polypep-

tide chain 0' 
114. The enzyme ptylin used for the digestion of food is present 

in: 
(a) bloou 0' (b) intestine 0' 
(c) adrenal glands. 0' (d) saliva 0 

115. One ofdle essential alpha amino acid is: 
(a) lysine 0' (b) glycine 0' 
(c) serine 0' (d) proline 0' 

116. Enzymes: 

(a) accelerate bio-chemical reactions 0' 
(b) consist of amino acids 0' 
( c) have optimum activity at body temperature 0' 
(d) have all these properties 0' 

117. The function of enzymes in the living system is to: 
(a) transport oxygen 0' 
(b) provide immunity 0' 
(c) catalyse bio-chemical reactions 0' 
(d) provide energy , 0' 

118. Which enzyme hydrolysis triglyceride to fatty acids and 
glycerol? 

(a) Lipase 0' (b) Maltase 0' 
(c) Amylase 0' (d) Pepsin 0' 

119. Of the following statements about enzymes, which ones are 
true? 

(i) Enzymes lack in nucleophilic groups 
(ii) Enzyrries are highly specific both in binding chiral 

substrates and in catalysing their reactions 
(iii) Enzymes catalyse chemical reactions by lowering the 

activation energy 
(iv) Pepsin in proteolytic enzyme 
(a) (i) 0' (b) (i) and (iv) 0' 
(c) (i) and (iii) 0' (d) (ii), (iii) and (iv) 0' 

120. Which statement is not correct for enzyrrie? 
(a) It acts as a biocatalyst 0' 
(b) It can catalyse any chemical reaction 0' 
(c) Its aqueous solution.is colloidal 0' 
Cd) Its catalytic efficiency is temperature dependent 0 

121. The vitamin which is water soluble and antioxidant is: 
(a) vitaminC O'(b)vitaminB 0' 
(c) vitamin E 0' (d) vitamin D 0' 

·122 •. Which of the following vitamins contains nitrogen? 
(a) Vitamin A 0' (b) Vitamin B 0' 
(c) Vitamin C 0' (d) Vitamin D 0' 

123. A vitamin that contains both ilitrogen and sulphur is: 
(a) vitamin A ... 0' (b) vitaniin B\ 0' 
(c) vitamin B2 0' (d) vitamin B\2 0' 

124. Which of the following is not a fat soluble vitamin? 
[AMU (Engg.) 20101 

(a) Vitamin A 0' (b) Vitamin K 0' 
(c) Vitamin E .0' (d) Folic acid 0' 

125~ Rickets is caused due to the deficiency of: 
(a) vitamin A 0' (b) vitamin B 0' 
(c) vitamin C 0' (d) vitamin D 0' 

126. Which of the following vitamins contains isoprene unit? 
(a) Vitamin A 0' (b) Vitamin B2 0' 
( c) Vitamin C 0' (d) Vitamin D 0' 

127. Vitamin D is also lqtown as: 
(a) ascorbic acid 0' (b) growth vitamin 0' 
( c ) reproductive vitamin 0' (d) sunshine vitamin 0' 

128. Identify the vitamin whose deficiency in our food decreases 
reproductive power: 
(a) vitamin A O'(b) vitamin C 0' 
(c) vitamin D 0' (d) vitamin E 0' 

129. Which of the following is provitamin A? 
(a) Ascorbic acid 0' (b) j3-Carotene 0' 
(c) Calciferol 0' (d) Ergosterol 0' 

130. Vitamin Cis: 
(a) alcohol 0' (b) amide 0' 
( c) amine 0' (d) lactone 0' 

131. Vitamin Dis: 
(a) calciferol 0' (b) ~rgosterol 0' 
(c) tocoferol 0' (d) pyridoxin 0' 

132. Beri-beri is caused due to: . 
(a) vitamin A 0' (b) vitamin B 0' 

. (c) vitamin C 0' (d) vitamin D 0' 
133. Scur.vy is caused due to the deficiency of: 

(a) vitamin B2 0' (b) vitamin B\2 0' 
(c) ascorbic acid 0' (d) glutamic acid 0' 

134. The aldehyde which· is formed· during photosynthesis of 
plants is:· ICET (Tamil Nadu) 2001) 
(a) phenyl methanal 0' (b) propanal 0' 
(c) ethanal 0' (d) methanal 0' 

135. A vitamin which plays a vital role in the coagulating 
property of blood is: 
(a) vitamin A 0' (b) vitamin D 0' 
(c) vitamin E 0' (d) vitamin K [] 

136. Which is not a pyrimidine base? 

(a) Uracil 0' (b) Thymine ~"O' 
( c) Cytosine 0' (d) Guanine 0' 

137. Which statement is incorrect about peptide bOnd? 
[eBSE (Meel.) 2001) 

(a) C-N bOnd length in proteins is smaller than usual 
bond length of C-N bond 0' 

(b) Spectroscopic analysis shows planar structure of 
-CQ--c-NHgroup 0' 

(c) C-Nbond length in proteins is longer than usual bond 
lengiliofC-Nbond . 0' 

(d) None of the above 0' 
138. Bases common to RNA and DNA are: 

( a) adenine, guanine, cytosine 0' 
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(b) adenine, uracil, cytosine 0 
(c) adenine, guanine, thymine 0 
(d) guanine, uracil, thymine 0 

139. The examples of nucleoside are: 
(a) adenosine 0 (b) cytidine 0 
( c) uridine 0 (d) all of these [J 

140. The examples of nucleotide are: 
(a) adenylic acid 0 (b) guanylic acid P 
(c) uridylic acid 0 (d) all of these 0 

141. In nucleic acids, the sequence is: 
(a) base-phosphate-sugar 0 
(b) base-sugar-phosphate 0 
(c) sugar-base-phosphate 0 
(d) phosphate-base-sugar 0 

142. A 'base-sugar-phosphate' unit in nucleic acid is called: 
(a) base phosphate 0 (b) phosphotide 0 
(c) nucleotide 0 (d) nucleoside 0 

143. The function of DNA is: 
(a) to synthesis RNA 0 
(b) to synthesis the necessary protein 0 
(c) to carry the heriditary characteristics 0 
(d) all are correct 0 

144. RNA is a: 
(a) single helix strand 0 (b) double helix strand 0 
(c) triple helix strand 0 (d) none of these 0 

145. Nucleic acids are: 
(a) polymers ofnucleosides 0 
(b) polymers of nucleotide!; 0 
(c) polymers of purine bases 0 
(d) polymers of pyrimidine bases 0 

146. Which of the following is responsible for the heridity 
character of cell? 
(a) RNA 0 (b) DNA 0 
(c) Proteins 0 (d) Hormones 0 

147. The energy storediri the cells of a' living body is in the form 
of: 
(a) fats 0 (b) glucose 0 
(c) ATP 0 (d) proteins, 0 

148. Which of the following biomolecules contains a 
non-transition metal ion? 
(a) Haemoglobin 0 (b) Chlorophyll 0 
(c) Insulin 0 (d) Vitamin BI2 0 

149. Lactose is made of: (PET (Kerala) 2010] 
(a) a.-D~glucose only. 0 
(b) (l-D-galactose and (l-D-glucose 0 
(c) a.-D-glucose and (l-D-glucose 0 
(d) (l-D-galactose and a.-D-glucose 0 
(e) a.-D-galactose and (l-D-glucose 0 

,150. Which of the following is least related to the other three? 
(a) Galactose 0 (b) Glucose 0 
(c) Mannose 0 (d) Arabinose 0 

151. The letter 'D' and 'L 'in carbohydrates represents: 
(a) its optical rotation 0 (b) its mutarotation 0 
(c) its direct synthesis 0 (d) its configuration 0 
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152. Carbohydrates are used by body mainly: 
(a) for obtaining vitamins 
(b) as a source of energy 
(c) for building muscles 
(d) for all its development needs 

153. Which of the following is a disaccharide? 

(a) Glucose 0 (b) Fructose 
( c) Sucrose 0 (d) Starch 

154. Sucrose is made up of: 

o 
o 
o 
o 

o 
o 

(a) D-glucose + L-fructose 0 
(b) D~glucose + D-fructose 0 
(c) D-fructose + L-glucose 0 
(d) L-fructose + L-glucose 0 

ISS. a.-D-glucose and (l-D-glucose differ from each other due to 

the difference in one of the carbons with respect to its: 
(a) configuration' 0 
(b) number of -OH groups 0 
(c) conforination 0 
(d) size of hemiacetal ring 0 

156. When sucrose is heated with conc. RN03 in presence of 

V20 S as catalyst, it gives: 
(a) formic acid "0 (b) oxaIicacid 0 
(c) saccharic acid 0 (d) dinitrosucrose 0 

157. The reagent which forms crystalline osazone derivative 
when reacted with glucose, is: 
(a) Fehling'ssolution 0 (b) Benedict solution 0 
(c) phenylhydrazine 0 (d) hydroxylamine 0 

158. The number of asymmetric carbon atoms in fructose is: 

002 C~3 0 
004 0~5 0 

159. Which of the following is the structure ofD-xylose? 

CHO 

H-t--OH 

(a) H H 

H H 

CH2 0H 

CHO 

H--+--flH 

(c) HO H 

H H 

CH20H 

CHO 

HO-+-'---H 

o (b) H-I--< H 

H H 

CH20H 

CHO 

HO-f---H 

o (d) HO H 

H OH 

o 

o 

160. Sugars are characterised by the preparation of osazone 
, derivatives. Which sugars have identical osazones? 

(a) Glucose and fructoseO (b) Glucose and arabinose 0 
(c) Glucose and lactose 0 (d) Glucose and maltose 0 
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161. Which one of the following is laevorotatory? 
[PMT (MP) 2007J 

(a) Glucose 0 (b) Fructose 0 
(c) Sucrose 0 (d) Lactose 0 

162. An example of non-reducing sugar is: [CET (J&K) 2007J 
(a) sucrose 0 (b) maltose 0 
(c) lactose· 0 (d) cellobiose 0 

163. Which one of the following is the reagent used to identify 
glucose? 
(a) Neutral FeCl3 0 (b) CHCl3 and alc. KOH 0 
(c) AmmoniacaiAgN030 (d) C2HsONa 0 

164. Starch on hydrolysis by a dilute inorganic mineral acid 
gives: 
(a) glucose 0 (b) fructose 0 
(c) sucrose 0 (d) maltose 0 

165. Milk changes after digestion into: 
(a) glucose· 0 (b) fructose 0 
(c) lactose 0 (d) cellulose 0 

166. Raffinose on hydrolysis forms: 
(a) glucose 0 (b) fructose 0 
(c) galactose 0 (d) all of these 0 

167. Charring of sugar is due to: 
(a) oxidation 0 
(b) reduction 0 
(c) dehydration 0 
(d) reduction and hydration 0 

168. Glucose gives silver mirror with ammoniacal silver nitrate 
because it has: [MUCET (Med.) 2007J 
(a) ester 0 (b) aldehyde 0 
(c) ketone 0 (d) alcoholic AgN03 0 

169. Lactose on hydrolysis gives: [CET (Punjab) 2006J 
(a) glucose 0 (b) fructose 0 
(c) fructose + glucose 0 (d) glucose + galactose D 

170. Cellulose is a linear polymer of: 
(a) a-glucose 0 (b) l3-g1ucose 0 
(c) a-fructose D (d) amylose 0 

171. Fructose reduces Tollen's reagent due to: 
[CBSE (PMT) 2010J 

. (a) enolisation of fructose followed by conversion to 
aldehyde by base . 0 

. (b) primary alcoholic group 0 
(c) secondary alcoholic group 0 
(d) asymmetric carbons 0 

172. Starch is converted into maltose in about half an hour's time 
by: 
(a) zymase 0 (b) invertase 0 
(c) maltase 0 (d) diastase 0 

173. On hydrolysis of starch, we finally get: 
(a) glucoseO 
(b) fructose 0 
(c) glucose and fructose both 0 
(d) sucrose 0 

174. An aldose is converted into its next higher homologue by: 
(a) Wohl's method 0 

(b) Amadori rearrangement 
(c) Killiani's reaction 
(d) Mutarotation 

175. Glucose is stored in our body as: 
(a) carbohydrates 0 (b) fats 
(c) glycogen 0 (d) lipid 

176. Molisch test is used for the detection of: 
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o 
o 
o 

o 
o 

(a) fats 0 (b) carbohydrates 0 
(c) alkyl halide 0 (d) alkaloid 0 

177. The aqueous solution of carbohydrate gave a dark blue 
colour with iodine solution. The carbohydrate is: 
(a) glucose 0 (b) fructose o 

o (c) sucrose 0 (d) starch 
178. Which of the following is used to prepare paper? 

(a) Glucose 0 (b) Sucrose octa acetate 0 
( c) Starch 0 (d) Cellulose 0 

179. Iodine test is shown by: [BUU 2000; BCECE (Med.) 2007J 
(a) polypeptide 0 (b) glycogen 0 
(c) starch 0 (d) glucose 0 

180. Which substance chars when h~ated with conc. H2 S04 ? 

(a) Carbohydrate 
(c) Fat· 

[AIIMS2001J 
o (b) Hydrocarbon 0 
o (d) Protein 0 

181. In aqueous solution, an amino acid exists as: 

(a) cation 
(c) dianion 
(e) neutral molecule 

182. The pK 01 and pK 02 

[PMT (Kerala) 2010J 
o (b) anion 0 
o (d) zwitter ion 0 
o 

of an amino acid are 2.3 and 9.7 

respectively. The isoelectric point of the amino acid is : 
[AMU (Med.)2010J 

(a) 6.0 0 (b) 3.7 0 
(c) 12.0 0 (d) 7.4 0 

183. The correct statement about theJollowing disaccharide is: 

CH20H 
...t---Q 

H OR 
(I) 

H HOH2C 

OCH2CH20 

OH H 
(II) 

[lIT 2010J 
(a) ring (I) is pyranose with a-glycosidic link 0 
(b) ring (I) is furanose with a-glycosidic link 0 
(c) ring (II) is furanose with a-glyc.osidic link 0 
(d) ring (II) is pyranose with ~glycosidic link 0 

184. How many forms are possible for a triglyceride formed from 
. three different acyl groups? [DPMT 2002J 
(a) Three 0 (b) Two 0 
(c) More than three 0 (d) One 0 

185. Secondary structure of protein is mainly governed by: 
[PMT (Kerala) 2010J " 
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(a) hydrogen bonds 0 (b) covalent bond 0 
(c) ionic bonds 0 (d) disulphide bonds 0 
(e) dative bonds 0 

186. Which is fight and flight organ? [UGET (Med.) 2002) 
(a) Adrenal . 0 (b) Thyroid 0 
(c) Pituitary 0 (d) K.i~ey 0 

187. In tran~fer RNA anticodon for the messenger RNA codon 
G-C-Ais: IDUMET 2010; AMU (Med.) 2010) 
(a) C-G-U 0 (b) G-C-U . 0 
(c) U-G-C 0 (d) G-U·C . 0 

188. Enzymes are made up of: 
[CBSE (Med.) 2002;PMT (Pb.) 2007) 

(a) carbohydrates . 0 
(b) nitrogen containing carbohydrates 0 
( c) edible proteins 0 
(d) proteins with specific structure 0 . 

189. Which is not a true statement? . 
ICBSE (Moo.) 2002; PMT (Pb) 2007) 

(a) a-Carbon of a-amino acid is asymmetric 0 
(b) All proteins w:e found in L-form 0 
(c) Human body CM sy:p.thesize all proteins they need 0 
(d) At pH = 7 both amino acid carboxylic.groups exist in 

ionised form 0 
190. The glucose is an example of: ICPMT 2002] 

(a) disaccharide 0 (b) aldohexose 0 
(c) ketohexose D. (d) none of these 0 

191. Which of the following is the most abundant carbohydrate 
found in plants? .[DCE 2006) 
(a) Cellulose 0 (b) Starch 0 
(c) Lipids 0 (d) Fructose 0 

192', Which of the ,following compounds shows aromatic 
properties? (CPMT 2003) 
(a) Valine 0 (b) Leucine 0 
(c) Serine 0 (d) Tyrosine 0 

193. Which of the following is the sweetest sugar? 
(CBSE (Med.) 2003) 

(a) Sucrose 0 (b) Glucose 0 
(c) Fructose 0 (d) Maltose 0 

194. LackofvitaminBt causes: (BHU 2002) 

(lil)scurvy 0 (b) beri-beri 0 
(c) dermatitis . 0 (d) lips inflammation 0 

195. Soaps can be classified as: . ICPMT 2003) 
(a) carbohydrates 0 (b) etherS 0 
(c) salts offatty acids 0 (d) none of these 0 

196. The reason for double helical structure of DNA is operation 
of: [AIEEE 2003) 
(a) hydrogen bonding' 0 
(b) electrostatic attractions 0 
(c) van der Waals' forces 0 
(d) dipole-dipole interaction 0 

197. Complete hydrolysis of cellulose gives: (AIEEE 2003) 
(a) D-fructose 0 (b) D-ribose 0 
(c) D-glucose 0 (d) L-glucose 0 

-,., 
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198. Which of the following structures does represent the peptide 
chain? ICBSE (Med.) 2004) 

H 0 
I I II 

(a) -N-~-I-rNH-C-NH- 0 

o H 

H H 
I I I I I I I I 

W-N-~-T~T-T-N-T-T-T- 0 

o 
H H H 0 
I I ~ I I I I II 

(c) -N-T-~-N-T-':'~-N-r--~C- . 0 . 

o 0 
H 0 H 
I I I II I I' I I I 

(d) -N-C-C-C-N-C-C-N-C-.C-C-0 
. I I I I I II I I 

H 0 
199. The enzyme which hydrolysis triglycerides to fatty acids 

and glycerol is called: 
[CBSE (Med.) 2004; OGET (Moo.) 2007) 

(a) . maltase 0 (b) lipase 0 
(c) zymase 0 (d) pepsin 0 

200. The helical structure of protein is stabilized by: 
. (CBSE (Med.) 2004; UGET (Med.) 2007) 

(a) dipeptide bonds 0 (b) hydrogen bonds 0 
(c) ether bonds 0 (d) peptide bonds 0 

201. The purine base present in RNA is: [AIIMS2004) 
(a) adenine 0 (b) cytosine 0 
(c) uracil 0 (d) thymine 0 

202~ A nucleoside on hydrolysis gives: 
[CET (Karnataka) 2004) 

(a) an aldopentose and an heterocyclic base 0 
(b) an aldopefttose and an orthophosphoric acid 0 . 
(c) a heterocyclic base and an orthophosphoric acid 0 
(d) an aldopentose, a heterocyclic base and an orthophos-

phoric acid . 0 
203. Insulin production and its action in human body are 

responsible for the level of diabetes. This. compound 
belongs to which of the following categories? 

[AIEEE 2004; Jamia Millia (Engg.) 20071 
(a) A co-enzyme 0 (b) A hormone 0 
(c) An enzyme 0 (d) An antibiotic 0 

204. The two forins of D-glucopyranose obtained from 

D-glucose are known as: lilT 2005) 
(a) epimers 0 (b) anomers 0 
(c) enantiomers 0 (d) geometrical isomers 0 

205. The group linkage present in fats is: (AFMC 2005; 
MGIMS (Med.) 2008) 

(a) ester linkage 0 (b) peptide linkage 0 
(c) glycosidic linkage 0 (d) none of these 0 
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206. The conversion of maltose to glucose is possible by the 
enzyme: [AFMC 20051 
( a) zymase 0 (b) lactase 0 
(c) maltase 0 (d) diastase . 0 

207. Which one of the. following biomolecules is insoluble in 
water? [AIIMS 20051 
(a) a-Keratin 0 (b) Haemoglobin 0 
( c) Ribonuclease 0 (d) Adenine 0 

208. Which one. of the following statements is true for protein 
synthesis (translation)? [AIIMS 20051 
(a) Amino acids are directly recognize by m-RNA 0 
(b) The third base of the codon is less specific 0 
(c) Only one codon codes for an amino acid 0 
(d) Every I-RNA molecule has more than one amino acid 

attachment .' 0 
209. GlUcose has difference from fructose in that it: [BHU 20051 

(a) does not undergo hydrolysis 0 
(b) IS a monosaccharide 0 
(c) gives silver mirror with Tollens' reagent 0 
(d) none of the above 0 

210. Which of the following amino acids is optically inactive? 
(BHU2005] 

(a) Phenyl alanine 0 (b) Glycine 0 
(c) Glutamic acid 0 (d) Asparagine 0 

211. A certain compound gives negative test with ninhydrin and 
positive test with Benedict's solution. The compound is: 

(DCE2005) 
(a) a lipid 0 (b) a protein 
(c) an amino acid 0 (d) a monosaccharide 

212. Which of the following is not correct? 

o 
o 

[EAMCET (Engg.) 2005) 
(a) Chlorophyll is responsible for the synthesis of 

carbohydrates in plants 0 
(b ) The compound formed in the addition of oxygen to 

haemoglobin is called oxyhaemoglobin 0 
(c) Acetyl salicylic acid is known as aspirin.. 0 
(d) The metal ion present in vitamin B12 is Mg 2+ 0 

213. DNA mUltiplication is called: 
[AMU (Med.) 2005; PMET (Med.) 2008) 

(a) translation 0 (b) transduction . 0 
( c) transcription 0 (d) replication _ 0 

'214. The pyrimidine bases present in DNA are: IAIEEE 20061 
(a) cytosine and adenineO (b) cytosine and guanine 0 
(c) cytosine and thymine 0 '(d) cytosine and uracil 0 

215. The term anomersof glucose refers to: [AIEEE 2006] 
(a) isomers of glucose that differs in configuration at 

carbons one and f.our (C-l and C-4) 0 
(b) a mixture of (D-) glucose arid (L-) glucose 0 
(c) enantiomers of glucose . 0 
(d) isomers of glucose that differ in configuration at carbon 

one (C-l) ,~-, 0 

216. Among the following, L-serine is: 

C02H 

(a) H2N+CH20H 

H 
. C02H 

(b) HOH2C+H 

NH2 
NH2 

(c) H~C02H 
CH20H 

. CH20H 

(d) H2~~H 
C02H 
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[AIIMS2006) 

o 

o 

o 

o 

217. Thymine is: (AIIMS 2006) 
(a) 5-methyl uracil 0 (b) 4-methyl uracil . 0 
(c) 3-methyl uracil 0 (d) I-methyl uracil 0 

218. Lysine is least soluble inwater in the pH range: 

(a) 3 to 4 0 (b) 5 to 6 
(c) 6to70 (d) 8t09 

[AIlMS 2006) 
o 
o 

219. All monosaccharides ................. Tol1ens' reagent. 

fCET (J&K) 2006) 
(a) oxidise 0 (b) condense with 0 
(c) reduce 0 (d) add to 0 

220. RNA differ from DNA in respect of a base:' [AFMC 2006) 
(a) thymine 0 (b) adenine 0 
( c) cytosine 0 (d) guanine 0 

221. Thebestsourceofv'itaminAis: IAFMC2006] 
(a) beans 0 (b) pulses 0 
(c) orange 0 (d) carrot 0 

222. Which one of the following is a peptide hormone? 

(CRSE (Med.) 2006) 
(a) Thyroxin 0 (b) Adrenaline 0 
(c) Glutathione 0 (d) Testosterone 0 

223. During the process of digestion, the proteins present in food 
materials are hydrolysed to amino acids. The two enzymes 
involved in the process, 

Proteins Enzyme (A) ) Polypeptides Enzyme (8) ) Amino acids 

are respectively: (CBSE (Med.) 2006) 
(a) pepsin and trypsin 0 (b) invertase and zymase 0 
(c) amylase and maltase 0 (d) diastase and lipase 0 

224. Biotin is an organic compound present in yeast. Its 
deficiency in diet causes dermatitis and paralysis. It is also 

known as: IPMT (Kerala) 2006) 
(a) vitamin H 0 (b) vitamin B3 0 
( c) vitamin B12 0 (d) vitamin D 0 
(e) vitamin E 0 
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225. Match List I with List II and pick the correct matching from 
the codes given below: 

List I List II 
A. Thymine 1. Pyrimidine base 
B. Thiamine 2. Enzyme 
C. Insulin 3. Cell wall component. 
D. Pepsin 4. Honnone 
E. Phospholipids S. Vitamin B\ . 
Codes: (PET (Kerala) 2006) 
(a) A--4,B--3,C--l,~S,E--2 0 
(b) A-S, B-3, C-4, 0-1, E-2 0 
(c) A-3, B-2, C--l, 0-5, E-4 0 
(d) A-2, 8--4, C--I, 0-3, E--S 0 
(e) A-I, B--5, C-4, 0-2, E--3 0 

226. Which of the following exists as Zwitter ion? 
(PET (Kerala) 2006; PMT (Kerala) 2008} 

(a) p-Amino phenol 0 (b) Salicylic acid 0 
(c) Sulphanilic acid 0 (d) Ethanolamine 0 
(e) p-Amino acetophenone 0 

227. Insulin regulates the metabolism of: 

ICET (Karnataka) 2006)· 
( a) minerals 0 (b) amino acids 0 
( c) glucose 0 (d) vitamins 0 

228. At pH = 4, glycine exists as: ICET (Karnataka) 2006} 
+ 

(a) H3N-.:..CHz-COO- 0 
+ 

(b) H3N-CHz-COOH 

(c) HzN-CH2-COOH 
(d) H2N-CH2 -COO-:-

o 
o 
o 

229. Starch is converted to ethanol by fermentation, the sequence 
of enzymes used is: IDPMT 2006} 
(a) amylase, maltase, zymase 0 
(b) diastase, maltase, zymase 0 

. (c) amylase, invertase, zymase 0 
. (d) amylase, zymase, maltase 0 

230 Configuration of mannose and glucose differ at C-2. 
positio~, they are tenned as: ID PMT 2006) 
(a) epimers 0 (b) anomers .0 
(c) racimers 0 (d) mesomers 0 

231. Monomer of nucleic acid is: 
IDCE 2006; AMU (Engg.) 2007) 

(a) nucleotides 0 (b) nucleosides 0 
(c) amino acids 0 (d) carboxylic acid 0 

232. Vitamin B6 is known as: (PMT (Haryana) 2006) 

(a) pyridoxine 0 (b) thiamine 0 
(c) tocopherol 0 (d) riboflavin 0 

233. Ananopeptide contains .................. peptide linkages. 
(GGS (Indraprastha Univ.) EE 2006) 

(a) 10 0 (b) 8 0 
(c) 9 0 (d) 18 0 

234. A mixture of amylose and amylopectin is called: 
(EAMCET (Med.) 2007; DCE 2008) 

G.R.B. Organic Chemistry tor Competitions 

(a) lactose 0 (b) starch 0 
(c) . cellulose 0 (d) sucrose 0 

2~5. Which of the following indicates open chain structure of 
glu~o~e? [DCE (Engg.) 2007)' 
(a) Penta-acetyl derivative of glucose 0 
(b) Cyanohydrin fonnation with HCN 0 
(c) Reaction with Fehling solution 0 
(dJ Reaction with Tolleils' reagent 0 

236. Which of the following disaccharide has different type of 
linkage? (DPMT 2007) 
(a) Maltose 0 (b) Galactose 0 
(c) Starch 0 (d) Sucrose 0 

237. Which of the foUowinghexoses will fonn the same osazone 
when treated with excess of phenyl hydrazine? 

(PET (Kerala) 20071 
(a) D-glucose, D-fructose and D-galactose 0 
(b) D-glucose, D-fructose andD-mannose 0 
(c) D-glucose, D-mannose and D-galactose 0 
(d) D-fructose, D-mannose and D-galactose 0 
(e) D-glucose, D-galactose and D-talose 0 

238. The secondary structure of a protein refers to: 
(AIEEE 2007) 

(a) fixed configuration of the polypeptide backbone 0 
(b) a.-helical backbone 0 
(c) hydrophobic interactions 0 
(d) sequence of a.-amino acids 0 

239. Which one of the following is a conjugated protein? 
. (BCECE (Med.) 2007) 

(a) Phosphoprotein 0 (b) Glycoprotein 0 
(c) Chromoprotein 0 (d) All of these 0 

240. Which one is the correct representation of peptide bond? 

o 
/I 

(a) H-C-N-
I I 
OH 
I 

(c) H-C-N-
I I 

(DCE (Engg.) 2007) 

o 
II o (b) -C-N-

I 
o 

H 

o (d) None of these o 

241. Which functional group participates in disulphide bond 
formation in proteins? (JIPMER (Med.) 2007) 
(a) Thioacetone 0 (b) Thiol 0 
(c) Thioether 0 (d) Thioester 0 

242. Which one of the following statements about amino acids is 
not true? . (PMT (Kerala) 2007) 
(a) They are constituents of all proteins 0 
(b) They are all high melting solids 0 
(c) Most naturally occurring amino acids. have 

. D-configuration 0 
(d) They are characterized by isoelectric point .' 0 
(e) Glycine is the. only naturally occurring amin~ acid 

which is optically inactive . 0 
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243. 

.244. 

245. 

246. 

247. 

248. 

249. 

250. 

25'1. 

252. 

253. 

P.olypeptides having, molecular weights above 10,000 are . 
known as: [CET (J&K) 2607] 

(a) proteins 0 (b) horinones 0 
(c) amino acids 0 (dJ terminal anllnO acids 0 
Which of the following biomolecules actsas specific 
catalysts iIi biological reaction? (EAMCET (Engg.) 2007J 
(a) Carbohydrates 0 (b) Lipids '0 
(c) Vitamins 0 (d) Enzymes 0 
RNA and DNA arechiral molecules, their chirality is due to: 

. [CBSE (Med.) 2007] 
(a) crural phosphate ester units o. 
(b) D-sugar component ·0 
(c) L-sugarcomponent 0 
(d) chirai bases 0 . 
A sequence of how many nucleotides in messenger RNA 
makes a codon for an amino acid?' [UGET (Med.) 2607] 
(a). .Three 0 (b) Four 0 
(c) One 0 (d) Two 0 
Which one of the following vitamins is water soluble? 

(CBSE (Med.) 2007) 
(a) Vitamin K 0 (b) Vitamin A 0 
(c) VitaminB 0 (d) VitaminE 0 
Vitamin Bt2 contains: [BCECE (Med.) 2007] 

(a) Co 0 (b) MnO 
(c) Mg 0 (d) Fe 0 
The vitamin which is neither soluble in water nor in fat is: 

[PMT (Kerala) 2007). 
(a) biotin 0 (b) phylloquinone 0 
(c) thiamine 0 (d) ergocalcifel'oC 0 
(e) pyridoxine 0 . 
The hormone that helps in the conversion of glucose to 
glycogen is: . . IUGET (Med.) 2007] 
(a ) cortisone 0 (b). bile acids 0 
(c) adrenaline. 0 (d) insulin' 0 
Pickout the state~ent which~s not true? . 

(PET (Kerala) 2007) 
(a).Tetrazine is harmful edible colour' . 0 
(b) BHT is an antioxidant 0 
(c) Alitame is an artificial sweetner . 0 
(d) Sodium alkyl sulphate is a catimlic detergent 0 
(e) The performance ·of a rocket propellant is measured in 

terms of specific impulse 0 
Insulin is: (AFMC 2007) 
(a) an amino acid 0 (b) a protein 0 
(c) a carbohydrate 0 (d) a lipid 0 
Proteins when heated with. conc. HN03 giv.e a yellow 

colour. This is: (AMU (Med.).2007) 
(a) oxidising test 0 (b) xanthoprotic tes.t 0 
(c) Hoppe's test 0 (d) acid-base test 0 
The beta and alpha glucose have different specific rotations. 
When either is dissolved in water, their rotation changes 
until the some ftxed value results. This is called: . 

(AIIMS 2008) 

255. 

256. 

257. 

258. 
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(a) epirnerisation 0 (b) racemisation I"~ 0 
(c) anomerisation 0 (d) mutarotation. 0 
Glucose contains in addition to aldehyde group: ( .. ' 

[AFMC 2008; MGIMS (Med.) 2008] 
(a) one secondary -OHand four primary -OH groups 0 
(b) one primary -OH and four Secondary -oH groups 0 

. (c) two primarY -OH and three secondary -OR groups 
. '0 

(d) three primary -OHimd two secondary -OHgroupsD, . 
Which of the following does not form anoxi~e? 

.'. [UGET(Med.)2008] . 
(a) Glucose . n (b) Glucostfpentaacetate 0 
(c) Arabinose .' .' o (d) Galactose" 0 
Which . set of terms correctly identifies " the . carbohydrate 
shoWn? . [PET (Kerala) 2008J 

· .. HOH2~H 
U··,· ·OH 

LPentose 2. Hexose 3; Aldose 
S.Pyranose 6. Furanose 
(a) 1,3 and 6 0 (b) 1, 3 andS 
(c) 2,3 and S 0 (d) 2,3 and 6 
(e) 1,4an06 . 0 . 

.4. Ketose 

o 
o 

A tripeptide is written as Glycine-Alanine-Glycine. the 
correct structure of the tripeptide is: [JEE (WB) 2008] 

,0 CH3 .. 

(a)NH2~~~COOH 
o CH) . 

. . . CH3 .0 CH3 

(b) NHiJY~NH.(COO~ 
'0 

o 

(e) . NH2~l*N0cOOH 
OCH3 

CH3< 0 

(d) NH2~~N0COOH . 

.0 CH3 

o 

o 

o 

o 

259. Denaturation of protein: [PMT (Kerala) 2008] 

(a) disrupts the primary or secondary or tertiary strJlcture 
of protein .0 

(b) disrupts the secondary and tertiary structures only D. 
(c) disrupts all the primary, secondary, tertiary and even 

the quaternary structures of protein . 0 
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(d) .will not affect the original biological activity 0 
(e) is always irrc;v~rsible ' , 0 

. 260. Which of the following sets consists only of essentialamino 
aciQs?' " IVITEEE20081 

(a) .Atanine~ tyrosine; cystine 0 
(b) Leucine, lysine, tryptophan 0 

, . (c) Alanine, glutamine,lysine 0 
. (d) Leucine, proline,glycine 0 

261. In DNA, the complimentary bases are: ICBSE(Med.) 20081 
(a) adenine and guariine; thymine and cytosine 0 
(b) uracH and adenine; cytosine and guanine 0 

, ( c). " adenine and thymine; guanine and cytosine 0 
(d)' ~enine ~d thymine; guanine and uraeil 0 

261. Which of the following is not present in a nucleotide? 
, . I. IDPMT 20081 

(a) Cytosine "0 (b) Guanine 0 
(c) Adenine 0 (0) Tyrosine 0 

263. Which of the following is an amine hormone? 
(CBSE (Med.) 20081 

,. (a) Itisulin D (b) Progestergne " 0 
(c) Thyroxine 0 (d) Oxypurin 0 

. 264. A .diabetic person carries a packet of glucose with him 
. always, because: ' (CET(Karnataka) 20091 

(a) glucose increases the blood sugar level slowly 0 
(b) glucose reduces the blood sugar level ' 0 
(c) glucose increases the "blood sugar leve~ almost 

instantaneously , . 0 
(d) glucose r~uces the blood sugar level slowly 0 

265. The two functional groups present in a typical carbohydrate 
, . are: " '. (AIEEE 20091 

(a)' -OH and-COOH [] 
(b) -CHO and -COOH 0 

(c),;>C=Oand-OH 0 

(d) --,----OH and -CHO 0 
266. How many trlpeptides can be prepared by linking the amino 

acids glycine, alanine and phenyl alanine? 
(EAMCET (Engg.) 20091 

(a) One 0 (b) Three ' 0 
(c) Six 0 (d) Twelve 0 

267. Th~re are 20 naturally occ~g ~o acids. The maximum 
number of tripeptides that can be 'obtained is: ' 

lCET (Karnataka) 20091 

: (a) 6470 0 (b) 7465 0 
"'-- (c) 5360 i 0 (d) 8000 0 

268. Enzyme*ctuaHy:IAFMC 20091 
(a) are biolpgical catalysts 0 
(b) are b~ochemical enhancers . 0 
(c) decreases rate of reaction 0 ' 
(d). increases activation energy 0 

269. Acodon has'a sequence of A,and specifies a particular B 
. thatis to be incorporated into a C. What are A, B, C? 
':i. . , IEAMCET (Engg.) 20091 

. G.R.B. Organic Chemistry for Competitions 

A B C 
(a) 3 bases amino acid carbohydrate 0 
(b) 3 acids carbohydrate protein 0 
(c) 3 bases protein amino acid 0 
(d) 3'bases ' amino acid protein 0 

170. The segment of DNA which acts as the instrumental manual 

..... ..; .. for the synthesis of the protein' is: (CBSE (Med.) 20091 
(a) ribose 0 (b) gene 0 ' 
(c) nucleoside 0 (d) nucleotide 0 

271. Which of the following hormones contains iodine? 
(CBSE (Med.) 20091 

(a) Testosterone 0 (b) Adrenaline 0 
(c) Thyroxine 0 (d) Insulin 0 

,272. Whic.h of the following statel1lents is not true? 
IDPMT20091 

(a) Pheromones are secreted outside the ,body by the 
insects 0 

(b) Aspirin is analgesic and antipyretic 0 
, ( c) '. Sucrose is a dipeptide commonly known as aspartame 

o 
(d) . The DNA assists in the synthesis of RNA molecules 

o 
SET II ': This set contains the questions with two or more correct answers. 

273. The essential amino acids are: 
(a) glycine 0 (b) alanine 

" (c) valine 0 (d) leucine 
274. Carbohydrates have been classified on the basis of: 

o 
o 

(a) sugars and non-sugars 0 
(b) reducing character 0 
(c) optical activity 0 
(d) hydrolysis (complexity of structure) 0 

275. Glucose reacts with methanol in presence of dry HCI gas to 
form: 
(a) pentamethyl derivative 

,(b) tetramethyl derivative 
(c) a-methyl glucoside 
(d) ~-methyl glucoside 

276. Th~ disaccharides (C12Hi20n) are: 

(a) cane sugar 0 (b) raffmose 
(c) lactose 0 (d) maltose 

277 ~ Glucose is: 
(a) dextrose 
(c) aldohexose 

278. Fructose is: 

o (b) grape sugar 
o (d) ketohexose 

(a) grape sugar 0 (b) fruit sugar 
(c) ·laevulose 0 (d) ketohexose 

279~ Fructose may be differentiated from glucose by: 
(a) action oflime 
(b) the action of concentrated alkali 
(c) optical rotation 

. (d) oxidation with nitric acid 
280. Glucose and fructose can be distinguished by: 

(a) Fehling's solution test 

o 
o 
o 
o 

o 
o 

o 
o 

o 
o 

o 
o 
o 
o 

[J 
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(b) Furfural test " 0 
(c)Selivanoff;s test' 0 
(d) 'Molisch test 0 

281. Which one are polysaccharides? 
,(a) Sucrose 0 (b) Inulin, ' ' 0 

'. (c) Starc;:h 0 (d) Cellulose 0 
282 .. ' Gluc()se and fructose give same,type ,ofreac,tions: 

,,(a) withphenylhydrazine:, ," 0 
"(1» on reduCtion with'Na-HgIH20 0 

(c) with Fehling's solution 0 
(d) 'warming with dilJ,lte alkali 0 ' 

283. Glucose does hot react with: 
(Ii)'" l~OH , 0 (b) HCN 0 

"(c) :N~S03 0 (d)NH3 0 ' 
, 284. MUulrolatio(l is shoWn by: ' 

(a) glucose 0 (b) fructose 0 

,~ . . . -

867 

H 

HO 

H OH 
'Y' 

(a) Xis a reducing sugar and ris a non-reeJucing sugar 0 
(b) X is a non-reducing sugar andY is a reducing sugar 0 
(c) the glycosidic,' linkages in X and Yare a- and P-

respectively 0 
(d) the glycosidic linkage in X and Y are \3- and' a-

respectively 0 
(c) sucrose 0 (d) starch 0 287. Starch and its derivatives are used in: ' 

285. Starch is made up of: (a) manufacture of glucose 0 
(a), a-glucose pyranose 0 (b) a-glucose furanose 0 
(c) l3-fnictosepynlnose 0 (d)l3-fructose fuianose 0 

(b) manufacture of fnictose 0 
(c) calicoprinting and textile industry 0 

286. The correct statement(s) ;tbout the followmg sugars X and Y (d) the manufacture of dextrin and adhesives 0 
is (are): [lIT 2009) 288. Raffinose on hydrolysis gives: 

H 

HO 

, CH20H 
.A---O 

H 

o 
H OH OH H 

'X' 

These questions given below consist of anAssertion (A) 
and the Reason (R). Use the following keys to choose the 
appropriate a,nswer: 
(a) Ifboth(A) and(R) are correct and(R) is the correct 

explanation of (A). 
(b) Ifboth(A) and(R) are correct but(R) is not the correct 

explanation of (A). 
(c) If (A) is correct but(R) is incorrect. 
(d) Jf(A) is incorrect but(R) is correct. 

1. (A) All monosaccharides are sweet in taste. 
(R) All monosacch~des have the general formula, 

C6HI2 0 6 · , 

2. (A) Fructose is 'the sweetest sugar. 
(R) Fructose is a functional isom~r of glucose. 

3. (A) Fructose does not contain an aldehyde group but still 
reduces Tollens' reagent. ' 

(R) IIi presence of dilute solution of alkali, frUctose under- ' 
goes epimerization to form glucose and mannose. 

4. (A) Cellulose is not digested by human beings. 
(R) Cellulose is a polymer ofl3-D-glucose. 

5. (A) a-amino acids have Zwitter ion structure. 
(R) a-amino acids on heating fonn cyclic amides. 

(a) mannose 0 (b) fructose 0 
(c) glucose 0 (d) galactose 0 

6. (A) 
(R) 

7. (A) 
(R) 

8. (A) 
(R) 

9., (A) 
(R) 

E~es are proteins but proteins are not enzymes. '. 
Enzymes are biocatalysts and possess' astable con
figuration having an active site pocket. , 
Uracil occurs in DNA. 
RNA undergoes replication. 
Purine base present in DNA are adenine and guanine. 
The base thymine is present in RNA whereas base 
uracil is present in DNA. 
IIisulin is a globular protein. 
Gum is a polymer of more than one type ofniofl(,-;ac-
charides. . 

10. (A) A solution of sucrose in water is dextrorotatory but on 
'hydrolysis in' presence of little HCI, it becomes 
,laevorotatory . 

(R) Sucrose, on hydrolysis gives unequal amounts of 
glucose and fructose as a resuIt-ofwhich change in sign 
of rotation is observed. 

11. (A) Glycosides are liydrolysed in acidic conditions. 
(R) Glycosides areacetals. [AIIMS 20031 

"12. (A) Sucrose isa non-reducing sugar. 
(R) It has glycosidic linkage. [AIIMS 20041 
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13. (A) Maltose is a reduCing sugar which gives two moles of 
, D-glucose on hydrolysis. ' , 

(R) Maltose has a I, 4-13-glycosidic linkage., [AllMS 2005) 

14. (A) Alpha (a-) amino acids exist as intemal_~alt in solution 

as they have amino and carboxylic acid groups in near , 
vicinity. 

G.R.B. Organic Chemistry (Or Competitions 

(R) H~' ion given by carboxylic (-eOOH) group is 
captured by amino (-NH2 ) group having lone pair of 
electrons. ' (AlIMS 2007) 

, 15. (A) Disruption of the natural structure of a protein is called 
, denaturation. ,~ 

(R) The change in colour and appearance of egg during 
cooking is due to denaturation. [AIIMS 2008) 

ANSWERS 
, , 

,OBJECTIVE QUESTIONS 

1. (b), 2. (b) ,3. (d) 4. (d) , 5. (c) 6. (d) 7. (b) 8. (c) 9. (a) 10. (b) 

11. (c) ~2, (d) ,13. (a)' 14. (d) , 15. (c) 16. (d) 17. (a) 18. (d) 19.' (a) 20. (e) 

21. (a), 22. (d) 23. (a) 24. (b) 25. (c) 26. (b) 27. (d) , 28. (a) 29. (b) 30.(1;1) 

31., (b) 32. (c) 33:. (c) 3,4. (c) 35.' (a) 36. (b) 37. (d) 38. (c) 39. (b) 40. (b) 

41. (d) 42. (d) 43. (b) 44. (a) 45. (c) 46. (a) ,47. (b) 48. (d) 49. (b) SO. (c) 

51. (a) 52. (b) 53. (c) 54. (c) 55. (d) 56. (b) 57. '(b) 58. (c) 59. ,(d) 60. (b) 

61. (c) 62. (d) 63. (c) , 64. (d) 65. (d) ,66.,(c) ,67. (a) 68. (b) 69; (a) 70. (d) 
'. ~. 

71. (a) 72. (b) ,73. (a) 74. (c) 75. (a) , 76. (a) , 77. (a) 78. (b) 79. (c) SO. (d) 

81. (a) 81. (b) 83. (c) 84. (d) , ,85. (a) 86~ (c) , 87. (b) 88. (d) 89. (a) " 90. (b) 

91. (d) , 92. (a) 93. (c) : 94. (d) , 95. (c) , 96. (d) 97., (c) 98. (a) 99. :c) 100. (a) 

101. (c) 102. (c) 103. (b) 104. (a) 105. (c) 106., (d) 107. (b) 108. (d) 109. (d) 110. (d) 

111. (b) 112. (c) 
. ,~ 

113. (b) , 114. (d) 115. (a) 116. (d) '117. (0) , ' 118. (a) ,119. (d) " 120. (b) 
, 

12L (a) 122. (b) i " 123. (c) 124. (d) 125. (d) 126. (a) 127. (d) 128. (d) 129. (b) 130. (d) 

131. (a) 131. (b) 133. (e) ,134. (d) , 135. (d), 136; (d) 137. (c) 138. (a) 139. (d) 140. (d) 

141. (b) 142; (c) 143. (d) 144. (a) 145. (b), 146. (b) , ' ' 147. (c) 14,8. (b) 149. (b) , ' ISO. (d)' 

1,51. (d) 152. (b) 153. (c) 154. (b) ISS, (a) 156. (b) 157. (c) 158. (bY 159. (c) , 160. (a) 

161. (b) 162. (a) 163. (c) 164. (d) 165. (b) 16(j; (d) , 167. ,(c) , 168. '(b) 169. (d) 170. (b) 
.. 

171. (a) 172. (d) '173. (a) ,174. (c) '175. (c) , 176. (b) 177. (d) 178. (d) 179. (c) 180. (a) 

181. (d) 181. (a) 183. (a) , )184. (c) 185. (a) 186, (a) 187. (a) 188; (d) 189. (b)' 190. (b) 

191. (a) 192; (d) 193. (c) ~i94. (b) 195. (c) 196. (a) 197. (c) 198. (c) 199. (b) 200. (b) 

201. (a) 202. (a) 203. (b) 204; (b) 205. (a) 206. (c) , 207. (a) 208. (b) 209. (c) 210. (b) 

211. (d) 212. (d) 213. '(d) , ' (; 214. (c) , 215. (d) 216. (c) 217. ,(a) 218. (d) 219. (c) ,220., (a) 

221., (d) 222. (e) , , ,223. (a) 224.'(a) " ' 225. (e) 226. (c) 22,7. (c) 228. (b) , ',' 229. (b) 230. (a) 

231/ (a) 
\ 

,233. (b) 232. (a) , 234; (b) ,235. (a) 236. (d) 237. (b) 238. (b) 239. (d) 240. (b) 

241. (b) 242. (c) 243. (a) 244. (d) '" ' 245. (b) ,2~. (a) 247. (c) 248. (a) 249. ,(a) 250. (d) 

251. (d) , 25~. (b) 253. (b) , 2S4~ '(d) 255. (b) , 256. (b) 257. (a)' 258. (c) 259. (b) 260. (b) 

261. (c) 262. (d) 263, (c), 264. (c) , 265. (c) 266. (c) 267. (d), 268. (a) , 269. (d) 270,. (b) 

271. (c) 272. (c) l73. (c,d) . 274. '(a,b,d) 275. (c,d) 276., (a,c,d) 277. ' (a,b,c) 278. (b,c,d) 279. (a,b,c,d) 280. (b,c) 

281. (b,c,d) 282. (a;c~d) 283. (c,d) ')84- (a,b) 285. (a,d) 286. (b,c) 287. {a,c,d) , 288. (b,c;d) 
, , 

ASSERTION.,REASONTYPE QUES1'IONS 
.. ~ ')" 

1. (c) 2. (b) .' 3; (a) 4. (b) 5. (a) 6. (a) 7. (d) 8. (c) 9. (b) 10. (c) 

11. (a) 12. (b) 13. (c) 14. (a) 15. (b) 
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[ BRAIN STORMING PROBLEMS)· 
1. The function of DNA in biological organism is to : 

(a) assist in the synthesis of RNA molecule 
(b) store information ofheridity characteristics 
(c) assist in the synthesis of protein and polypeptide 
(d) all of the above 

2. A nanopeptide contains how many peptide linkages? 
(a) 10 0 (b) 8 
(c) 9 0 (d) 18 

3. Phospholipids are esters of glycerol with: 

o 
o 
o 
0' 

o 
o 

(a) three carboxylic acid residues 0 
(b) two carboxylic acid residues and one phosphate group 

,0 
(c) one carboxylic acid residue and two phosphate groups 

o 
(d) three phosphate groups 0 

4. Addison's disease is due to the deficiency in the secretions 
of which harmone? 
(a) Adn~nals 0 (b) Testosterone 0 
(c) Progesterone 0 (d) Diethyl stillbestrol 0 

5. Match List Iwith List lland select the correct answer using 

the codes given below the lists: 
List I List II 

(Name of vitamin) (Deficiency reslllt) 
I. Ascorbic acid A. Beri-beri 
II. Retinol B: Cracked lips 
III. Riboflavin C. Scurvy 
IV. Thiamine D. Night-blindness 
Codes: 
(a) foB, II-A, I1I-C, IV-D o (b) I-A, II-B, III-C, IV-D . 0 
(c) I-D, H-C, III-B, IV-A o (d) I-C, II-D, III-B,. IV-A 0 

6. Which of the following exist in Zwitter ionic·form? 
(a) Alanine 0 (b) tJlucose -D 
(c) Fructose 0 (cl) Ethanamide 0 

+. 
7. An a-amino acid exists as, NH3' -CH - COOHat (PH = 2) 

:. . 1 . 

R '. 

and its isoelectric point is 6. The aininoacid at pHI 0.97 will 
exist as: 

+ 
(a) NH3-CH-COO- 0 (b) NH2-CH-COO-0 

1 ' ,I 
RR 

. + -
(c) NH2-CH-COOHO (d) NH2-CH-COOH 0 

1 ". 'I . 
R 'R . .' . '. 

8.' Semi esse~tial amino acids Me : 
(a) aspartic acid and histidirie 0 
(b) arginine and histidine 0 
(c) lysine and histidine 0 
(d) aspartic acid and arginine ' 0 

9. Which of the following biomolecules will give blue 
colburation with Cu 2+ and purple colour with ninhydrin 
solution? 
(a) Aldehyde 0 (b) a-Amino acid 0 
(c) Carbohydrate 0 (d) DNA [J ' 

10. Match List I with List II and select the correct answer from 

the given codes: 
List I List II 

A. First amino acid (i) Glycine 
synthesised in lab 

B. Sulphur containing (ii) Cystine 
amino acid 

C. Amino acid of highest (iii) Methionine 
isoelectric point 

D. Optically inactive (iv) Arginine 
amino acid 

Codes: A B C D 
(a) (i) (ii) (iii) (iv)' 0 
(b) (iii) (ii) (iv) (i) 0 
(c) (iii) (iv) (ii) (1) 0 
(d) (iv) (iii) (ii) (i) 0 

11. Which of the following orders of sweetness is correct? 
(a) Sucrose> glucose'> fructose> maltose D 

-.' 

(b) Fructose> sucrose> glucose> maltose 0 1 

(c) Fructose> sucrose> maltose> glucose 0 
(d) Glucose:> fructose> sucrose> maltose D 

12. Which among the following is the monomer of starch? ' ' 
(a) Glucose o (b) Sucrose 
(c) Fructose o (d) L.actose 

13. Prosthetic group of glycoprotein is: 
(a) fat o (b) carbohydrate 
(c) protein . 0 (d) nucleic acid 

14. In the given reaction, 

C6 H12 0 6 
Red P/HI 

) (A)+ CH3-(CH2 k-~-CH3 
423K 

Gluco~ n-Hexane 
the compound' A' is: 
(a) 2-iodohexane o (b) I-iodohexane 
(c) 3-iodohexane o (d) 4-iodohexane 

15. A HOH/H+ ) glucose + fructose 

B HOH/H+ ) glucose + glucose 

C HOH/H+ ) glucose + galactose 

the disaccharides A, B and C respectively are: 
(a) lactose, S\lcrOSe, ~altose 
(b) -sucrose, maltose, lactose 

, (c) sucrose, lactose, maltose 
(d) maltose, sucrose, lactose 

.' 
" 

..... ',.! 

"'. 

0 
0 

0 
0 

0 
0 

0.· 
D 
o 
Q 

x " .• " . "~' 
, " ~ 

~. " 
"" .. 

,-' 

,\'.' 
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16. Glucose Phenylhydrazine) . X . 
(C6HSNHNH2) 

Fructose Phenylhydrazine) y 
(C6HsNHNH2) 

X and Y are : 
(a) different osazones 0 
(b) same osazones 0 
(c) each molecule of glucose reacts with 3 molecules of 

phenylhydrazine 0 
(d) each molecule of fructose reacts with 2 molecules of 

phenylhydrazine 0 
·17. Amino acid molecules are usually: 

(a) laevo . 0 (b) dextro 0 
(c) meso 0 (d) racemic . 0 

18. In a chernicaltest, a biomolecule gives purple' ring on 
treatment with a-naphthol and conc. H2S04 , The chemical 
test and biomolecule respectively are : 
(a) molisch test, protein 0 
(b) molisch test, carbohydrate 0 
(c) ninhydrin test, carbohydrate 0 

, (d) ninhydrin test, protein 0 
19. Match List Iwith List lIand select the correct anSwer from 

the codes given below the list: 
List ( List II 

(Name of protein) (Type of protein) 
A. Haemoglobin (i) Chromoprotein 
B. Mucoproteins (ii) Phosphoprotein 
C. Casein (iii) Glucoprotein 
D. Haemocyanin (iv) Metalloprotein and' 

chromoprotein 

Codes: ABC D 
(a) (i) (ii) (iii) (iv) 0 
(b) (iv) (i) (ii) (iii) 0 
(c) (iv) (iii) (ii) (i) 0 
(d) (i) . (iv) (iii) (ii) 0 

20. Raffmose is a molecule of carbohydrate. It is a trisaccharide 
containing: 
(a) fructose, glucose, galactose 0 
(b) fructose, glucose, glucose 0 
(c) galactose, galactose, glucose 0 
(d) glucose, fructose, sucrose 0 

21 .. Which of the following is/are ~educing sugar(s)? 
(a) Sucrose 0 (b) Fructose 0 
(c) Maltose ',0 (d) StarCh 0 

2.2. Which of the isoelectric pH can be calculated using 
following relation? . 

(a) ! [pKal + pKa2 ] 0 (b) ~ [pK"1 -pKa2 ] 0 

(c) 2[pKal + pKa2 ] 0 (d) 2[pKal-pKa:J 0 

, 23. 1\rLtch List (with List II and selectthe correct answer from 

l. , codes given helow the list: 

G.R.B. Organic Chemistry for Competitions 

List I Listll 
(Metal) (Enzyme) 

Ai' Fe (i) Ascorbic acid oxidase 
8;' Cu (ii) Cytochrome oxidase 
C. Ni (iii) Alcohol dehydrogenase 
D. 'Zn (iv) Urease 
Codes : A B C D 
(a) (i) (ii) (iii) (iv) 0 
(b) . (ii) (i) (iv) (iii) 0 
(c) (iv) (iii) (ii) (i) 0 
(d) (i) (iv) (iii) (ii) 0 

24. Which one of-the following polysaccharides is composed of 
j3- glycosidic link? 
(a) Starell 0 . (b) Glycogen 0 
(c) Dextrin 0 (d) Cellulose 0 

25.. Ribose and deoxyribose differ in structure around a single 
carbon; namely: 
(a) C-I 0 (b) C-2 0 
(c) ;e-3 0 (d) C-4 0 

26. Th~ carbon atoms involved in osazone formation are: 
~1~2 0OO2~3 0 
(c) 3 and 4 0 (d) 5 and 6 0 

27. The bonds in protein structure, that are not broken on 
denaturation, are: 
( a) hydrogen bonds 0 (b) peptide bonds D 
(c) ionic bonds 0 (d) disulphide bonds 0 

28. The number of base pairs present in each turn of DNA helix 
is: 
(a) 9 0 (b) 10 0 
(c) II 0 (d) 12 0 

29. Functionally active form of vitamin Dis: 
(a) cholecalciferol 0 (b) ergocalciferol 0 
(c) dehydro cholesterol 0 (d) calcitriol 0 

30. Which one of the following is the most important essential 
fatty acid in the diet? 
(a) Linoleic acid 0 (b) Arachidonic acid 0 
(c) Oleic acid 0 (d) Palmitic acid 0 

31. The phenomenon of mutarotation is exhibited by : 
( a) glucose 0 (b) fructose 0 
(c) sucrose 0 (d) maltose 0 

32~ Select the carbohydrate which gives only glucose on 
hydrolysis: 
( a) sucrose '. 0 (b) lactose 0 
( c) maltose 0 (d) galactose 0 

'. 33. Match List. with List nand select the correct answer from 

the given codes: 
List I 

(Carbohydrate) 
A. Glucose" 
B. Fructose 
C. Lactose 
D. Sucrose 

List U 
(Source) 

(i) Sugar cane 
(ii) Milk 
(iii) Fruit 
(iv) Grape 
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Codes: A B C D 
(it) (iv) " (iii) (ii) (i) 0 
"(b) (i) (ii) (iii) (iv) 0 
(c) "-to (iv) (ii) (iii) . 0 
(d) (iii) "(i) " (ii) " (iv) 0 

34. Rice does not contain: 
(a) alanine 0 (b) glycine 0 
( c) lysine 0 (d) leuCine 0 

35. Which of the following is not found in nucleotides? 
(a) Guanine 0 (b) Cytosine 0 
(c) Adenine 0 (d) Tyroxine 0 

36. Wliich of the following do not undergo hydrolysis? 
(a) Glucose 0 (b) Fructose 0 
(c) Cane sugar 0 (d) Maltose 0 

37. The amino acids which has a non-polar side chain is: 
(a) lysine 0 (b) serine 0 
(c) aspartic acid 0 (d) alanine 0 

38. Insulin has 51 amino acids in two polypeptide chains, these 
" polypeptide chains are cross-linked by : 

(a) peroxy link 0 
(b) disulphide bond 0 
( c) diazobond 0 

ANSWERS: BRAIN STORMING PROBLEMS I 

1. (d) 2. (b) 3. (b) 4. (a) 5." (d) 

11. (b) 12. (a) 13. (b) 14. (a) IS. (b) 

n. (b,e) 22. (a) 23. (b) 24. (c) 25. (b) 

31. (a,b,d) 32. (c) 33. (a) 34. (c) 35. (d) 

871 

". 
39. 

(d) two carbon-carbOn double bond~ \ -"-" 0 

The pKal and pKa2 values of alanine are 2.3 and 9.7 

respectively. The isoelectrlc point of alanine is: 
(a) 3 0 (b) 7 "-
(c) 8 o (d) 6 

1 - "" 
[Hint: Isoelectric point 2" [pKOI + pK02 ] 

=4[2.3 + 9.7] =6] 

40. The reaction, 
CHO 
I 

(CHOH)4 Br2 water) A 

I " 

~ CHO 

Caco3 B-H202/Fe2+ J
HOH

) 
~ )~'-'" 3 

I 
CH20H CH20H 

o 
o 

Aldohexose Aldopentose 

6; 

16. 

26. 

36. 

is called: 
(a) Ruff degradation 
(b) Hofmann's'degradation 
(c) Killiani-Fisehersynthesis 
(d) Wacker's synthesis 

(a,d) " 7. (b) 8. (b) 

(b,c) 17. (a) 18. (b) 

(a) 27. (b) 28. (b) 

(a,b) 37. (d) 38. (b) 

9: (b) 

-19. (c) " 

29: (d) 

39. (d) 

10. 

20. 

30. 

40. 

(b) 

(a) 

(a) 

(a) 

o 
o 
o 
o 
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Y:.~~~~~~~~~ LIN,KED COMPREHENSION TYPE QUESTIONS 
. .., 

Passage 1 
. Carbohydrates are polyhydroxy aldehydes and ketOnes and· 

thos'e.coJ;Ilpounds which 'on hydrolysis give such.comp~ttndsare .. 
also carbohydrates. The carbohydrates· wbich. are not· hydrolysed . 
are . calIe<i'·monosaccharides.. Other carbohydrates $'e .. 

···oligosaccharides . and' polysaCcharides. Monosaccharides . with 
aldeh!dic group are\called aldose·. and those'· with· free ketonic 
groupsare'caUedketose.'Carbohydratesare optically actiVe ..... 

. ,',Nwnberof()pticalisomers'= 2n. .... ..•..... 
Where, '1i=numberofasynlmetnc carbons. Carbi>hydrates 

areinilin:}YsY'nthesised by plants' dUring photesynthesis;. . . . 
Answer the following questions: .• .. . . ... 

. 1. Maiinl1l1n number of monosaccharideunitspresent·in 
oligosacch!lrides is : 
(a) 8 (b) 10 
(c) 15 . (d) 40. 

2.· Aldose sugar present in nucleic acid is : 
(a) arabinose (b) xylose 
(c) d~xyribose . (d) all "fthese 

.3; First member ofkefose sugar is : 
(a)ketotriose (b) ,ketotetrose 
(c)ketopentose .. (d) ketohexose . 

4. Firstmernber of aldose sugar is :. . 
{a)alclotriose .. . .. . (b) aldotetrose . 

. (b) aldopentose .. (d)~ldohexose . 
5. Iri the molecule, CH20HGHOHCHOHCHOHCHOHCHO;· 

the numherofopticai isomers will.be : 
. (a) 16 . (b) .8 

(c) 32 (d)' 4 

.... ' ....... ' Passage2······ ....•. 

CarbohYd!ate~which differ' in configuration af'glycosidic 
catOO,h(i.e.,C~l in.aldoses andC~2 in ketoses) arecalledanomers. 
:rtiecarbohy(Jrates which· differ in configuration at any 
asyrumetciccatboriatom other than glycosidic carbon are called 

... 

R~a~htLInfo~'cl~i~n . A, . , .. 

epimers .. 1'he an.omers whoseconfiguranori differ at C~ I are 
. dfastereoiners. The'4ililStereomers are not mlrror image of each 
othetatia'theirphysiCal properties'are different. Epirners are also 
configurational diastereotners; . . 

Answer the following questions: 
Select whether the following statements are true or false: 

·1. Glucose and mannose are epimers. 
(af True (b) False. 

2. The compounds givenbelow are anomers . 
CHO CHO· 

I . . I 
H~C __ OH . H-C-OH 

. I . I 
HO---':C-'-H HO-C""':-H 

I I 
H-C-OH HO-C-H 

I I 
H--'-C-OH H-C-OH 

I I 
CH20H CH20H 

D~G1ucose D-Galactose 
(a) True (b) False 

. 3. a~(D) glucose ancl(3-(lJ) glucose are anomers~ 

(a) True (b) False 

. Epimerisation M . 
4; Glucose .' . >. annose 

. Epimerisation can be achieved by adding aqueous solution. 
ofNaOH .. 

. (a)·· True .' (b) False 
5 .. Glucose and fructose are also epiniers. 

. (a). True· . (b) False 

. Passage 3 
Threecllrbohydfate molec\:iles A, Band C were analysed by a 

scientistfottheiri~entification. Their characteristics are tabulated 
as: 

B 
..., ,.. ........ 

C .. 

1. TolIens'reagent Forms silver mirror Forms silver mirror No effect 
.. 

2. Fehling!s saltJtion Fonns red precipitate Forms red precipitate No effect 

3. Phenylhydrazj.ne . 
. i . 

Same osazone (yellow ppt.) '- • Osazone (yellow ppt.) No effect 

4 .. Resorcino\.+HCI (aq.) No colouration Red or brown coloured precipitate Reddish brown precipitate which dissolves in ethanol 
I 

5.; Molecular formula CJi120 6 c;;H120 6 el2H22011 

6. Fiydrolys~sin acidic me.dium No hydrolysis No hydrolysis Gives A andB 

7. Melting point i 146°e 102°e I 85°e 
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Answer the following questions : 
1. Which of the following is not a reducing sugar? 

(a) A (b) B . 
(c) C (d) All of these 

2. Compound (C) has no free carbonyl group. It is a 
. disaccharide named : 
(a) sucrose . (b) lactose 
(c) . fructose (d) none of these 

3. Match List Jwith List))md select the correct answer from 

the codes given below the list: 
List I List n 

CompouHd (A) . (i) Sucrose 
Compound (B) (ii) Glucose 
Compo • .md (C) (iii) ,Fructose 

873 

,Codes: A . B C 
.. (a) Glucose Fructose Sucrose . 0 

(b) Fructose Glucose Sucrose 0 
(c) Sucrose Glucose Fructose, 0 
(d) Sucrose· Fructose Glucose 0 

4. Which of the following will not show mutarotation? 
(a) A ' (b) B 
(c) C (d) All of these 

s. Compound (A) and (B) have same configuration at : 
. (a) C-I and C-3 (b) C-l and C-2 

(c) C-2 and C-3 (Ii) C-3 and C-4. 

i ANSWERS :LlNKED COMPREHENSION TYPE QUESTIONS+--J _______ "---"_~,..---,;,....------'-__, 

Passage 1 1. (b) 2. (c) 3. (b) 4. (a) S. (a) . 

Passage 2 1. (a) 2. (b) 3. (a) 4. (a) S. (b) 

Passage 3' t:(c} 2. (a) 3. (a) . 4. (c)· S •. (d) 
., -'-, 



16 
AROMATI,C COMPOUNDS 

(Benzene and its Derivatives) 

16.1 MEANING OF THE TERM AROMATIC • 
The term aromatic has been derived from the Greek word 
aroma meaning pleasant odour. Earlier chemists applied this 
term to those organic compounds which differed from' 
aliphatic and alicyclic compounds and possessed pleasant 
odour or derived fromodourous compounds. The compounds 
such as balsams, resins, essential oils. etc., were called 
aromatic compounds. The term aromatic is, however,a 
misnomer, as now it is known that all aromatic compounds do 
not necessarily possess pleasant smell. Not only that, many of 
the aliphatic compounds also possess fine fragrance. 

On close examination, it was found that aromatic 
compounds have a higher percentage of carbon in comparison 
to aliphatic comPounds and were associated with chemical 
stability. With the development of structural theory, the stable 
character of aromatic compounds was attributed to the 
presence of hexagonal ring structUre specific of benzene, i.e., 
they contained at least six carbon atoms connected by a 
conjugate system of three double bonds, forming a hexagonal 

,ring known as benzene nucleus. 

. I 
_c~C"c_ 

I " -C~ c-
~C/ 

I 
The term aromatic is now reserved for benzene and for 

all carbocyclic derivatives which resemble witb benzene in 
cbemical behaviour. These are also called benzenoid' 

compounds. However, there are some compounds which 
resemble benzene in their. chemical behaviour but do not 
contain benzene ring. Such compounds are' termed as 
non-benzenoid compounds. Examples are furan, thiophene, 
pyrrole and pyridine, etc. 

All aromatic' hydrocarbons (benzene, naphthalene, 
anthracene, etc.) have been given a new name 'Arenes'. 
Thus, the term aromatic compounds stands for arenes an,d 
their derivatives.-

Benzene is the simplest aromatic hydrocarbon. It is 
represented in one of the following manners: 

H 
I 

H-C~C"C_H 
I I\, 

H-C~C/C-Ii 

I 
R 
(i) 

© 
(iv) 

o o 
(ii) (iii) 

(v) 

The common names and structures of some of the 
aromatic hydrocarbons (arenes) are given below along with 
classification: 

All arenes have general formula, Cn H2n _ 6y where yis the 
number of benzene rings and n is not less than six. These are 
divided into two groups: 
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(i) Monocyclic aromatic hydroca~bons : These consist of only one benzene ring, i.e., y=1 (General formula: Cn H2n -6) 

and include benzene and its homologues. 

C~6' 0 I . or © Benzene· 

CH3 CH3 

<:,H8 , 0 or © C~5CH3 Toluene 
(Methylbenzene) 

CH2CH3 CH2CH3 

CgH IO , 0 or ©, C~SCH2CH3 Ethylbenzene 

CH3 CH3 OCHl ©OIl, . /CH3 
Ortho-xylene or C6H~ 

. CH3 (1,2-Dimethylbenzene) 

0 
CH3 . 

©JCHl' 
. /CH3 

I #CH3 

or C6~" . Meta-xylene 
. CH3 (l,3-Dimethylbenzene) 

CH3 . CH3 

0 © 
/CH3 . 

Para-xylene or . C6~" . 
CH3 (1 ,4-Dimethylbenzene) 

CH3 CH3 
./ 

CH2CH2CH3 

C9H12, ©, C6HsCH2CH2CH3 n~Propylbenzene 

/CH3 
CH" 

/CH3 © CHl, Isopropylbenzene C~sCH" 
CH3 (Cumene) 

CH3 ©CHl, C6H3(CH3)3 Adjacenttrimethylbenzene 
CH3 (1,2,3) 

CH3 

©OIl C6H3(CH3)3 Unsymmetrical trimethylbenzene . . , 
(1,2,4) 

CH3 

CH3 . 

HlC©CHl' C~3(CH3)3 . Symmetrical trimethylbenzene 
(Mesitylene) (1,3,5) 

• ".'1-
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(U) Polycyclic aromatic hydrocarbons: These 
contain two or more benzene rings. These are further divided 
into 'two classes: 

(a) Those which contain isolated benzene rings. 
Examples are: 

<0>-<0> <OrH2«Q) 
DiphenYI 
(C 12fl!:o) . 

. Diphenylmethane 
(CI3HI2) 

(b) Those in which two or more benzene rings are fused 
or condensed. Examples are: . 

Naphthalene 
(C1oHs) 

Anthracene 
(C1.Jiw) 

Phenanthrene 
(C1.Ji1O) 

16.2 SOURCES OF AROMATIC HYDROCARBONS 
AND AROMATIC COMPOUNDS 

Coal and petroleum are the two important sources of aromatic 
hydrocatbons and other aromatic compounds. Till about 1950, 
coal was the chief source of these. compounds but now 
petroleum is the main source. 

• 

Coal is a complex mixture of aromatic compounds with 
large quantities of free carbon. When coal is heated in steel. 
retorts at high temperatures in absence of air, it changes into 
non-volatile material coke. The process is called carbonisation 
or coking of coaL Carbonisation gives a number of volatile 
products besides. coke. 

Coke 
(about 70%)' 

Carbonisation of coal 

Coal-tar 
(4-5%) 

I 

Ammonia 
liquor 

(8-10%) 

Coal gas 
(17%) . 

Oneofthe products of carboilisation is a black viscous oil 
with unpleasant odour, known as coal-tar which is used as a 
solvent for dry cleaning and in the mariufacture of dyes, drugs, 
perfumes,explosives and plastics, etc. The actual composition 

.. of the coal-tar varies with the nature of the coal and 
carboni sing temperature. Be~ides suspended carbon particles, 
the following colllllion substances are present in coal-tar: 

(i) Neutral: . Benzene, toluene, xylenes, naphthalene, 
. anthraCene, etc. Water (about 50%). 

(ii) Acidic :Phenol,cresols, etc. . 
(iii) Basic . :.', . Pyridine, quinoline, etc. 
The removal.ofwater is necessary before coal-tar is 

subjected to fractional distillation. . 
Coal-tar distillation: • Coal-tar still contains. about 4% . 

water. It is taken in a preheaier where it is heated by a pipe 
. through which the vapours of the still are passing. He~e it loses 

most of the water along with some low boiling hydrocarbons. 
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The following fractions are collected separately at different 
temperatures: ' 

Main fraction' 
Temperature, 

. Chief constituents 
range 

l. Light oil or 80-170°C Benzene, toluene,xylenes, etc. 
crude naphtha 

2. Middle oil or 170-230°C Phenol, naphthalene, pyridine, etc. 
carbolic acid 

3. Heavy oil or 230-270°C Cresols, ' naphthalene, quinoline, 
creosote oil etc. 

4. Green oil or 270-360°C Anthracene, phenanthrene, etc. 
. 'anthracene oil 

5. Pitch Residue 90-94% of carbon 

Each fraction is then worked by and its constituents are 
separated. 

Petroleum as a source: Today most of the benzene, 
toluene and xylenes are obtained from petroleum. These are 
actually the raw materials for most of the aromatic 
compounds. C6 to Cg fraction of petroleum naphtha is heated 
over platinum-rhenium-alumina catalyst at 520°C at about 20 
atmospheric pressure. This process is' termed as 
catalyst-reforming. The process converts alkanes into cyclo 
alkanes and aromatic hydrocarbons. 

CH3 CH2 CH 

H2C/ CHl -H2, 500·C. H2C~CH2 - 3H2 • 
H~/"-cH 

I I I I 
" H2C~CH2 

Catalyst 
H2C~CH2 

Catalyst 
H~/CH (Pt-Alz03) 500°C 

CH2 CH2 CH 
n-Hexane Cyclohexane Benzene 

CH3 
I 

CH3 
I 

CHg 
I 

CH2 CH C 

H2T/ rH3 -H2 Hzr/"rH2 -3H2 • 
H<:/''''-CH 

I " H2~CH2 
Cat. 500·C 

H2C~CH2 
Catalyst 

H~/CH (Pt-AI~3) 500·C 
CHl CH2' 'CH 

n-Heptane . Methyl cyclohexime Toluene 

CHz CH 
./CHz ~ /'-
~H KH2 

HC THz . ~2H2. HC rH + - II H~ CH CH CHZ HC CHz 

'CH2 ~ ~/ 
CH2 CH 

1,3-Butadiene Cyclohexene Benzene 

16.3 GENERAL· CHARACTERISTICS OF' 
AROMATIC COMPOUNDS OR. 
COMPARISON OF AROMATIC AND 
ALIPHATIC COMPOUNDS 

l. ¥omatjc ' compoun,ds" are nn.g or' . closed-chain 
....• ¢orilpounds·while' allphatic·compounds have open-chain 

structure .. 
2. Aromatic compounds are richer in carbon content than 

the aliphatiC ones. The benzene, C6H6, contains 92'73% carbon 
but hexane, C6II14 has 83.7% carbon. On account of being 



Aromatic Compounds 

richer in carbon content, aromatic compounds bum with 
smoky flame with chloroform and chloral hydrate as an 
exception. 

3. Though aromatic compounds are unsaturated (benzene 
nucleus consists of three double bonds), yet they are stable. 
They undergo substitution reactions like halogenation, 
nitration, sulphonation, etc. . 

(a) Concentrated nitric acid converts the aromatic· 
hydrocarbons and their derivatives to nitro derivatives 
(nitration). Direct introduction of -N02 group into aliphatic 
compounds is rather uncommon. 

(b) With concentrated sulphuric acid, aromatic· 
compounds formsulphonic acids. (sulphonation). 
Sulphonation is practicaliy unknown in aliphatic compounds, 

4. Hydroxy derivatives of aromatic compounds (phenols) 
. are acidic in nature whereas those of corresponding alcohols 
are neutral. 

5. Aromatic amino compounds are less basic than 
aliphatic arnines. . 

6. Chlorine and bromine form addition as well as 
substitution . products with aromatic hydrocarbons. The 
substitution is more common. Monohalogen derivatives of 
benzene are more stable and less reactive than alkyl halides. 
They arenot affected by most of the reagents which react with 
alkyl halides under normal conditions. .. . . 

7. Primary amines of aromatic hydrocarbons react with 
nitrous acid to form dia,zo compounds (diazotisation). This 
does not occur in aliphatic arnines. Aliphatic primary amines 
with nitrous acid form alcohols. . 

8. Homologue;; of benzene, irtespectiveof the length of 
the chain, get oxidised.to benzoic acid, i.e., benzene nucleus is 
stable and side chain gets oxidised. No such relationship. is 
known in the aliphatic series. . 

9. A number of reactions such as Friedel~Crafts reaction, 
Perkin reaction, chloromethylation, mercuration, etc., are only 
shown by aromatic compounds. 

10. AromatiCity: Aromatic compounds are cyclic and 
planar. They undergo suhstitution rather than addition 
reactions. This property is common to all aromatic compounds 
and is referred to as aromaticity or aromatic character. 
Aromaticity is due to extensive delocalisation of 1t-electrons in 
planar ring-system. According to Huckel rule all aromatic 
compounds' must have (4n + 2)1t electrons where n is an· 
integer, i. e., n = 0, 1, 2, 3, ... and possesses unusual stability due 
to complete de1ocalization of 1t-electrons. 

Hiickel rule is not applicable to non-aromatic compounds, 
even if they are cyclic and planar in nature. Taking the 
following examples, we can prove the validity of Hucke I rule: 

(a) Benzene: In benzene, there are three double bonds 
(All carbon atoms are sp2 ~ybridised), i. e., 61t electrons. 

4n+2=6 O-:::Y 
4n=6-2 4 I 

nr=l ~ 
Therefore, benzene shows aromatIC' character. 
(b) Naphthalene: There ate five double bonds In 

naphthalene, i. e., I 01t electrons. 

4n+2=10 
4n=1O-2 =8 
n=2 
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Therefore, naphthalene shows aromatic character. 
(c)Cyciopentadiene: The molecule consists of two 

double bonds (All carbon atoms are not sp2 hybrldised), i.e., 

41t electrons. 
4n+2=4 
4n=4-2=2 

. n =0.5 (not an integer) 
Therefore, cyclopentadiene is non~aromatic. 
Cyclopentadienide ion is aromatic. 

It has 61t electrons used in delocalisation (including one 
lone pair) 

:. (4n + 2) 1t Huckelrule is verified for n = 1. Hence, it is 
aromatic. . . 

In addition to these compounds, there are. a number. of 
monocyclic ions whkh are aromatic in character according to . 

. Huckel's rule. Examples are: 

v ... + 
Cydopropenyl 
cation(21t 'e') 

(Cyclopropenium salt) 

o .+ 
Cycloheptatrienyl 

cation 
(611: 'e') 

CycIopentadienide 
anion 

(61t'e') 

Therefor~, aromaticity may be defined as" An aromatic 
compound baving a reasonably planar cyclic structure 
with (4n + 2)1t electron . clouds and possessing unusual 

stabllity due to delocalization of1t-eleetrons". 

SOME SOLVED EXAMPLES 

Problem 1. Show whether the following compounds, 
exhibit aromaticity . 

. (a) Pyridine, (b) Cyclo-octatetraene, (c) Pyrrole, 

. (d) Cyclobutadiene, (e) Furan, if) Thiophene. 
Solution: (a) Pyridine has the following structure: . 

o 
It has three double bonds, i. e., 61t electrons. 

4n+2=6 
4n=6 2 4 
n=l 

Therefore, pyridine shows aromaticity. 
(b) Cyclo-octatetraene has the following structure: 

o 
It has four double bonds, i. e., 81t electrons. 
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.4n+2=8 . 
4n=8-2=6 
n = 1.5 (not !Uliilteger) '. 

Therefore, cyc1o-octa~tti:i.ene does ·not:show aromaticity. 

(e) Pyrrol •• 0" sbowslIf!)Illlltieity: "', , " 

~ 
H 

(d) Cyclobutadiene, 0 is non-aromatic. 

(e J Furan, o· shows aromaticity. 

R 
(f) Thiophene, o shows arom~ticity. 

~ .. 

16.4 ISOMERISM AND NOMENCLATURE OF 
BENZENE DERIVATIVES 

Benzene derivatives are obtained by the replacement of one, 
two, three, four, five or six hydrogen atoms from the benzene 
molecule with equal number of univalent groups. 

-H -H 
C6H6 +X) C6HSX) C6H4X a 

Benzene Monosubstituted + X Disubstituted 

-H 
X) C6H 3X3 ....... C6X 6 

+ Trisubstituted Polysubstituted 

Since, all the six hydrogen atoms in benzene are 
equivalent, only one monosubstituted derivative is possible. 
Thus, anyone carbon atom in the benzene ring can be 
numbered as I but for uniformity the top carbon atom of the 
nucleus is numbered as I, while the rest· are numbered in. 
clockwise direction, as shown below: 

A 

@ 
When two hydrogen atoms in benzene are replaced by 

two univalent groups (which may be same or different), 
three position isomers are possible. Since, the six hydrogen 

.. atoms in benzene are equivalent, the position 1,2 and 1,6 are 
equivalent. The 1,2 (or 1,6) disubstituted benzene derivative is 
known as the ortho (0-) compound. The 1,3 and 1,5 positions 
are equivalent and a 1,3 (or 1,5) disubstituted derivative is 
known as the meta (m-) compound. The 1,4 disubstituted 
derivative is known as the para (p-) compound. 

I 

©y @B A@ 
¥ 

Ortho (0-) isomer 
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., 
Meta (roo) isomer 

@@ 
A B 

• Para (p-) isomer 

In the case of trisubstituted derivatives of benzene, the 
number of isomers depends on the nature of substituents. 

(a) ~fthe three substituent groups are same, then three 
isomers are possible. They are termed adjacent (1,2,3), 
unsyriunetrical (1,2,4) and symmetrical (1,3,5) iso~ers. 

6 2A 2A 6 2 @~ @~ @~. 
5Q3 A 5Q3 A5Q3 A 

A 
Adjacent isomer Unsymmetrical isomer Symmetrical isomer 

(b) If two substitUent groups are identical andthir:d 
different, then six isomers are possible. . . \ 

(c) If all the three substi~ent groups are different" 
then ten isomers are possibl~~ 

The following guidelines are followed in naming benzene 
derivatives. Many of the benzene derivatives have been given 
special names which are generally more common in use. 

1. A six membered closed-chain structure with alternate 
single and double bond or with delocalization of 1t-electrons is 
known as benzene nucleus or ring. The root word for benzene 
derivatives is benzene. 

2: The names of the mono. substituted benzene 
compounds are usually derived by prefixing the name .of the 
substituent before the word benzene. The special names are 
given in brackets in the following examples: 

CH3 C2Hs CI 

©; © © 
Methylbenzene Ethyl- ChIoro- Nitro-

(Toluene) benzene benzene benzene 

©J 
-OR. CHO COOH 

© @; ©; 
Amino- Hydroxy- Formyl- Carboxy-
benzene benzene benzene benzene 
(Aniline) (phenol) (Benzaldehyde) (Benzoic acid) 

or Benzenamine 
CH-CH2 OCH3 

© © 
Methoxybenzene Vmylbenzene 

(Anisole) (Styrene) 
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In certain cases, there is apparent departure from the said 
point. For example: 

Benzene sulphonic acid Benzene diazonium chloride 

3. A carbon chain connected to one of the carbon atoms 
of the benzene ring through a carbon atom, other than those of 
simple functional groups like --CHO, -COOH; )CO,--COX, 
etc., is called a side-chain. Thus, --CH3, --CH2CH3, 

--CH=CH2, --CH2C~ --CH2NH2, etc., whe~ linked to 
benzene nucleus constitute a side-chain. The side-chain 
substituted compounds are generally named as aliphatic' 
compounds in which the aromatic portion is shown as Ii 
substituent. The following names are given to residues formed 
by the loss of one or more hydrogen atoms from the benzene 
and toluene: 

©J; 
CHz-

© 
[C~SCH2-] 
Benzyl 

(phenylmethyl) 

Examples: 

CH2COOH ©; 
2-Phenyl ethanoic 

. acid 

. CH2CI 

© 
I-Ch1oro~ I-phenyl 

methane - ' 
(Benzyl chloride) 

o-Phenylene 

CH< ' ©; . 
[YiHsCH<] 
Benzal 

(Benzylidene) 

2-Phenylethanol 

l,l-Dichloro-l-phenyl
methane 

(Benzal chloride) 

o-Tolyl 

C~ 

© 
[C6HsC~] 

Benzo 
(Benzylidyne) . 

2 I 
'CH2CH2CI 

© 
l-Chloro-2-phenyl', 

ethane 

1,1,1-Trichloro-l
, phenylmethane 
(Benzo chloride) 

©:; ©~' 
l,2-Diaminobenzene 

(o-Phenylene diamine) 
2-Chlorotoluene 

(0-Tolyl chloride) 

4. (a) When two similar substituentsare attached to the 
benzene ring, the relative position of the substituents must be 
indicated by adding the symbols 0-(1,2), m-(1,3) or p-(1,4) 
before the prefIx. 
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CH3 

©t'; 
CH3 ' 

©CH,; 
' '"CH3 

© 
I,i-Dimethyl- 1,3-Dimethyl-

' CH3, 

benzene benzene 1,4-Dimethyl-
(o-Xylene) (m-Xylene) benzene 

(p-Xylene) 

Cl N02 S03H ©CI ©NO'; ©SO,!! 
1,2-Dichlorobenzene 1,3-Dinitrobenzene 1,3-Benzene disulphonic 

, (o-Dichlorobenzene) (m-Dinitrobenzene) acid (m-Benzene 
disulphonic acid) 

OH OR OH 

©fH ©OH © 
OH 

o-Dihydroxy benzene' m-Dihydroxy benzene p-Dihydroxy benzene 
(Catechol) (Resorcinol) (Hydroquinone) , 

(b) If two substituents are different and the compound has ' 
no special name on account of any of the substituents, the two 
substituents are named successively in alphabetical order and 
!he name ends with suffIX benzene. Examples are: 

cQJ N02 

Br 
I-Bromo-4-iodobenzene 
(p-Bromoiodobenzene) 

I-Bromo-3-nitrobenzene 
(m-Bromonitrobenzene) 

I-Bromo-2-chlorobenzene 
(o-Bromochlorobenzene) 

(c) If one of the two groups is such that it gives a special 
name to the molecule, then the compound is named as the 
derivative of that special.compound and the special (principal) 
functional group is numbered as 1. 

OH CH3 

© ; rryBr; 
N02 ~, 

NH . 

© 
Cl 

3-Ni1iophenol', 2-Bromotoluene 4-Chloroaniline 
(m-Nhrophen()l), (o-BromOtoluene) (p-Chloroaniline) 

5. The positions of substituents in tri or polysubstituted 
benzene derivatives are generally shown by suitable numerical 
prefIxes. " 

CH3 CH3 rryCH
3; rry 

~CH3 H3C~CH3 
1,2,3-Trimethyl

benzene 
, 1,3,S-Trimethyl- 1,3,S-Trihydroxy-

benzene (Mesitylene) benzene (phloroglucinol) 



If one of the groups is such that it gives a special name to 
the compound, the compound is named as its derivative .and . 
special group is assigned the position 1. The order of 
decreasing properties of common substitueilts is: 

-S03H, -COOH, ---eN, -CHO, )C = 0, ~H, 
-,-NH2• -R, ":"""'N02, -x. 

. 'Q1e positions of groups are always designated by the 
lowest combination of numbers . 

. 02.N~NO'Br~Br 
. ~ ~ 

' N02 Sr 
2,4,6-Trinitrophenol 2,4,EHribromo-

(Picric acid) aniline 

·©O~Br 
15 3 

4 

CI 
.2-Bromo0.4-chloro-
5-iodonitrobenzene 

COOH 

.. ·~01·2NH2 
sr~N02 

2-Amino-5-bromo-
3-nitro benzoic acki 

5-Amino-3-chloro-2-
nitrophenol 

SOaH 

·@NH2 

CI . 
3~Amino-4-chloro

benzene sulphonic acid 

The following list includes the aromatic compounds 
which are generally named by specialnatnes: 

CH3 CH3 COCH3 

©OH ;©NH2
; .. © ; ©6~O 

o-CresOl ~Toluidine Acetophenone . Salicylaldehyde. 

©., coo. H; .©COOH ; .. © .. 'COOH 

COOH .. OH '., NH2 ' 
. Phthalic acid ' . Salicylic acid Anthranilic acid 

@' NHCOCH3 

© ©C0)NH 
S02 

S03H 
Sulphanilic acid Acetanilide Sacchar4t 

OH OH CH-CHCOOH 

©~~ ., ©OCH, © 
CHO 

Pyrogallol Vanillin Cinnarnic acid 

Problem ,2. Write the 1UPAC names of the following: 
(i) Orthobromotoluene; (ii) C6HsCH2COOH, 

(ill) Br-< O>-NH2. (/v) ©H, 
Br 

(Vl)~', 
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CHBr2 

(viI) © · . OCH3 

(viii) ~O CI , 
l8)CHO 

(ix) 

Br 
o 
II 

~-C-CH' 
(x) ~NHCH' 

,N(CH3h 

(x/I) © 
NO . ,2 

CH3 

~591 3

2

.

sr 
Solution: (i) ~ 

2-Bromotoluene 
or 2-Bromo-1-methylbenzene 

2 1 
CH2COOH 

(ti) © 
2-Phenyl ethanoic acid 

Sr 

(ill) B'(O )-NH. 

(iv) 

Sr 
2,4,6-Tribromoaniline 

Methyl benzoate 

(v)' ~03 '·GI 
H3C~ 

(vi) 

(vii) 

4-Chlorotoluene 
o 
II 

~H' 
Phenyl ethanoate 

CHBr2 

© 
Br 

4-Bromo-l,l-dibromo-l-phenylrilethane 
(4-Bromobenzal bromide) 
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, ,:.. 

" ,': OCR3 

"(vi,ii)',.rAlO' ~,' Cl:,: , 
" ~CHO 

or 

! • , '" w.. .,..; ~ 

2-Chloro-3-tnethoxy benzaldehyde 

'0 
, II 

, NH-C-CH3 

(cr)@ 
lV-Phenyle~de 

(~)~:3 
, '. ,'N-Mt?thylbenzamide, 

e
n
),':-' '@::, ..... 

(x~i) 

3-Methyl-lV-methylaniline "" 
(3-Methyl~lV-metliylbenienamine) 

. N(CH3)2 ' 

'@Q
I

3

2 

"" N02 
" 4~Nitro-lV .N"dimeth)11 anilfue . 

(4-Nitro-N ,N-dimethylbenzenamine) 

" Problem 3. Write the structural formulae for: 
" .. (d}Benzotrijluoride" ' 
, "(b) 3,5.;.Dinitrobenzyl chloride, , 

(c) Trityl bromide (Triphenylmethyl bromide), 
(d) Biphenyl, , " " " ' 

i. '," (e)'2;4!~DimethYldiphenylmetli(i.1ie" 
: (In ;3~Diph,enylbutane, ':'" , , 

(g) 'Tosyl chloride (p-toluene Suiphonyl (Chloride), 
(h) Phenylnitromethane, ' 

Solution: .. 
CF3 (a)© " CH2C1 

(b) ©' " 02N N02 

Br 

(e) <O~O) (d) (0)-<0) 

H3C 

(e) H3C@-cH2-@ 

881 

Note:( ') on: second number indicates that one of substi~ents is 
preSent in the second ring. ' 

' CH3 

(ID© .. ~ 

CH2N02 

(h) © 
S02CI 

Problem 4Con:ect each of the following and write its 
corresponding structure. ' 

, (a) 2,4,6-Trinitrobenzene, (b) 4-Chloro-meta-xylene, 
( c) 2-Aminonitrobenzene, (d), l-Ethyl-4-butylbenzene, 
(e) l-Chloro-2-chlorOpropylbenzene, , 

Solution: 

(a)N~shOuid be 1,3,5. 02
N©to, 

N02 
1,3,5-Trinitrobenzene 

(b) 'meta,' is used only for disubstituted derivatives: 
The correct name is l-chloro~2,4-dimethylbenzene . 

Cl ©CH, 
CH3' 

(c) Amino group has priority over nitro group. 
The correct name is 2-:-nip-oaniline. 

NH2 . ©No, 
. {d} Substituents 'have not been listed in alphabetical 

order, The correct name is I-butvl-4-ethylbenzene. ' . , ' c,n ~ 

"@' 
C2RS 

(e) The position of the 2-Chloropropyl group is uncertain. 
The correct name should be l-chloro-2~(2/-chloropropyl) 

,benzene. 

16.5 BENZENE 

C~,O or © 
Benzene is the first member of aromatic hydrocarbon series. It 
was fIrst discovered by Faraday in 1825 in Qil gl'iS obtained by 



. the destructive distillation of whale oil. In 1833, Mitscherlich 
, '(jbtained it by distilling benzoic acid with lime. In 1845, 

Hofmann obtained it from coal-tar, which is still a commercial 
source of benzene. Large quantities of benzene are obtained 
now-a-days from petroleum. 

Methods of Preparation 

1. Decarboxylation of aromatic acids (Laboratory 
preparation): Benzene is conveniently prepared in the 

laboratory by heating the mixture of sodium benzoate and 
soda lime. This reaction is called decarboxylation. 

·.~O. COONa + NaOH ~aO 10 © + Na2C03 . .l8J Heat, . 

Sodium benzoate . '. Benzene 

BenZoic acid and phthalic acid (0- benzene dicarhoxylic 
acid) also gives benzene on dis~illation with lime. 

2. From benzene derivatives: 
. . (i) From phenol: Benzene is obtained by reduction of 

ph~nol with red hot: zinc powder . 
. OH 

© Distill 
. . +d;~ 10 © +ZnO 

.' Phenol Benzene 

[-OH group ofthe benZene nucleus is replaced by -H in 
this reaction.] 

(iI) From chlorobenzene: Chlorine of the benzene 
nucleus caD. be substituted by hydrogen in two ways: 

By doing reduction with Ni-AI alloy and NaOH. 
CI © + 2[H]. N:':I0Y, © + HCI 

Cblorobenzene Benzene 

orb)' preparing its Grignard reagent and then hydrolysing it. 

Mg H20 
C6HsCI .) C6HsMgCI.. >, C 6H6 

Cblorobenzene Dry ether Phenyl magne- Benzene 
sium chloride . 

OH +Mg<· , 
CI 

(iii) Fro~ ~enzenesulpbonJc acid: (Replacement of 
sulphonic acid·group.-· . S03H). . 

. Benzene is. obtaim;:d . by boiling benzene sulphonic acid 
with dilute hydrochloric acid under pressure at 150-200°C or 
hydrolysing it with superheated steam. 

· S03H 

© +HOH 
Steam 

. Benzene sulphonic· .. ' 
. acid . 

I 50-200°C 
» 

HCl, Pressure 

}tis,known as desulpbonation. 

© +H,SO, 

Benzene 
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(iv) ~rom aniline: (Replacement of-NH2 group) 

Aniline is first diazotised with sodium nitrite and 
hydrochloric acid at 0-1 OQC when benzene diazonium chloride is 
fonned which is then reduced to benzene by SnCl2 and NaOH or 
absolute ethyl alcohol or hypophosphorous acid (H3P02). 

NaN02 + HCI --t NaCl + HN02 
NH2 

© +HN02 +HCI 

Aniline 

O-lOOC 
10 

N2CI 

© 
Benzene diazonium 

chloride 

N2C1 © +2[H] ~:,!. © +N,+HCI 

Benzene 

N2C1 . © +H,PO,+H,O ~ © +N,+HCI+H,POl 

3. Synthesis from ethyne: When acetylene is passed 
through a red hot metallic tube, cyclic polymerisation takes . 
place and benzene is formed. 

HCJ+HC~H 
III ~. 

HC+~CH 

Three molecules 
of acetylene 

Red hot iron tube' 
10 

1500-2000°C © 
3CH3-C . CH 

Propytie 

Red hot tube 

CH3 

H1C©CH1 
1,3,5-Trimethylbenzene 

(Mesitylene) 

2HC==CH + CH3-C==CH 
Ethyne Propyne 

10 

CH3 

Red hot tube © 
l600°C-2000°C . 

Toluene 
CH3 

Red hot tube © 2CH3-C==CH + HC==CH 10 

Propyne . CH3 
m-xylene 

+ 0- and p-isomers 

4. Manufacture: Benzene is obtained on a large scale 
from the following sources: 

(i) From coal-tar: See section 16.2 •. 
. (il) From petroleum: See section 16.2. 
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5. Aromatisation : By cyclization of long chain alkanes 
on heating at 500 - 550°C under high pressure in presenc.e of 
oxides of Cr) Vor Mo (catalyst) supported over alUmina or 
Pt-Al20 3? (i.e., catalytic reforming). 

Cr203iVzOsIMo203 
C6H14 -----~-~) C6H6 + 4H2 

500°C 
/I-HeXane at high pressure Benzene 

Properties of Benzene 

Physical: (i) Benzene is a' colourless, mobile and 
volatile liquid. Its boiling point is 80°C and freezing point is 
5.5°C. It has characteristic odour. 

(ii) It is highly inflaminable and burns with sooty flame. 
(iii) It is lighter than water. Its specific gravity at 20°C is 

0.S7SS. . 
(iv) It is immiscible with water but miscible with organic 

solvents such as alcohol and ether. 
(v) Benzene itself is a good solvent. Fats, resins, rubber, 

etc., dissolve in it. 
. (vi) It is a non-polar compound and its dipole moment is 

zero. 
(vii) It is an extremely poisonous substance. Inhalation of 

vapours or absorption through skin has a toxic effect. 
Chemical: Benzene is a stable compound. Even though 

its molecular formula, C6H6 , indicates a high degree of 
unsatu'ration, it is not so reactive as alkenes or alkynes. It does 

< not show the usual reactions of unsaturated hydrocarbons. 
Benzene does not form any additiop. product with halogen 
acids and hypochlorous acid. It resists oxidation by alkaline 
KMn0 4 , (i.e., no decolourisation) and does not decolourise 

<bromine solution. However, under special conditions, it shows 
some addition'reactions. , 

In many respects benzene behaves like a saturated 
hydrocarbon as it gives substitution reactions, i.e., hydrogen 
atoms are replaced by other atoms or groups (benzene is more 
reactive than alkanes). Benzene is not. affected by alkalies. 

The principal reactions of benzene can be studied under 
three heads: 

(i)' Addition reactions, 
(ii) Electrophilic substitution reactions, 

(iii) Oxidation reactions. . _ 
(i) Addition reactions (Reactions in which benzene 

behaves like unsaturated hydrocarbons): . 
(a) Addition of hydrogen (Hydrogenation): Benzene

reacts with hydrogen in the presence of nickel (or platinum) 
catalyst at 150°C under pressure to form cyc1ohexane. 

Benzene 

ISO.c,N~, .... 0 or c,;H12 

Cyclohexane 

(C6H6 ·:+3H2 ~ C6H12 ) 
Benzene Cyclohexane 

Birch reduction takes place in presence of lithimll or Na 
metal and liquid NH3 • 
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Q
' H 

I I', 
H H 

1,4-Cyclohexadierie 

(b) Addition of halogen: . Benzene reacts with chlorine 
or bromine but not with iodine in' presence of sunlight or 
ultraviolet light to produce crystalline' hexachlorid€l8 and 
hexabromides, respectively. 

Out of nine theoretic~lly possible isomers of benzene 
hexachloride (1,2,3 A,5,6-hexachlorocyclohexane), the 

.. 'Y-isomer is the most important one and is used as a powerful 
insecticide under the name of 'gammexane' or '666' or' 
'lindane'. It is also used extensively as a pesticide in 
agriculture for killing termite ( white ants) from soil. This 
addition reaction involves' a free-radical mechanism. The 
'Y-isomer can be represented as: 

H H 

CI 

Gammexane 

(c) Addition of ozone: When treated with ozone in 
. presence ofan inert solvent such asCCI,j,CHC13 orCH2Cl2 at . 
low temperature (l96-200K),,,benzene triozonide is produced 
which on decomposition with zinc dust and water ,yields 
glyoxal. 

0-'.;-0 . ' 

H . '1""'\ \ 
,C, 0 '<xc~ 0 , .. 

HC CH . -c '."'" CH/ _~ CHO 

I II 30 . HI: ··'i .. · .. '" -+3H20' I + 3- : .,·i .... ' .. ,_ 0 ~31' +3H:P2 
HC" /CH . Y~'S(/CH,O/" Zn CHO 

"'c"... 0 __ .- C Glyoxal 
H -~/ //H . 

Benzene 0-+0 
Benzene triozonide 

(ii) Electrophilic substitution reactions: The reactions 
in which hydrogen atom of the benzene ring is replaced by an .~
electrophile are called electrophilic aromatic substitution 
(EAS) . reactions. BeDZ~ne undergoes electrophUic 



88~t·· 

• substitution reactions becauS1l it is an .electron rich system 
due to delocaIized n;-electrons. The reactions can be 
rep~sented -as: , ©"H +E-Nu C...".". ©"E +!lNu ' 

E-Nu ~ E+ +Nu:. 
Mechanism 

In allelectrophilic aromatic substitution reactions, the 
first step is the formation of an eJe(trophile, E +. The 
important electrophiles used in the aromatic substitution are 
th Ii II" e 0 OWlIl!: 

I 
Eleetrophile Name . Source NaD)eof substifu-

(E"'> tionreaction 
. ' .. , -

Cl+ Chloronium Clz + AlCl3 or Chlorination 
FeCI. 

.. 
. Br+ . Bromonium Brz + AlBr3 or Bromination 

FeBr. ! 
~ 

+ 
EN03 + H2SO4 N02 Nitronium Nitration 

S03 or Sulphur Cone.; Sulphonation H)S04' 
+ trioxi~e . FUming sul-S03H 

phurie acid 

.R+ Alkyl RX + AlX3 Friedel-Crafts 
earbocation (X=CI or Br), (Alkylation) 

ROH+W 
:. +., . 
R7C- 0 . Aeyl RCOCI + AlCl3 Friedel-Crafts 
,~ '-I~ 

earboeation (Acylation) 

In .the' second step, the' electrophile (E+) attacks the 
aromatic iring to fomi intermediate carbocation called 
d-coniplex(or arenium ion) which is stabilized by resonance. 

~ . H ,.' . + . 'lYE' (S<W). (fE' ' 
Carbocation 

. .' . (cr-complex) . 

.. 'c.rrr:F.r .•. +.···.·HE~ rl'~-Cf.' HE=~: 
.:~.. +lq)' .... ~ .. -~' 

Resonance forms of carbocation (arenium ion) Resonance "'; . .', hybrid 

. "In'the third step, the carbocation loses the proton to form 
theslibstitution product. . 

,.,+:~ .• 

~+.NU: V'·' . 
, (Fast) 

10 

~E ·V. + H-Nu 

Carbocation Substitution product 

.' .•. ,The second step is slow <:me while the third step is fast. 
.' ~~Usi.e:lectrophilic substitution in benzene. ring is believed to 
.;;~e;a bimolecular ESe2] reaction .. 

................ 
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Note Benzene undergoes electrophilie substitution while alkenes 
undergo eleetrophilic addition. 

Both react with electrophiles to forin carbocations (point 
of similarity). 

)c0+ 
Alkene 

Benzene 

E 
I ........ C+ C./' 

./' - ........ 

The carbocation formed by alkene usually combines with 
the nucleophile, to fOrIn the addition product while nucleophile 
removes a proton from benzene carbocation to form 
substitution product as to maintain the aromatic character 
(point of dissimilarity) . 

E 
+1 

)c-c( +Nu: -
Nu E 

,I 1/ 
/C-C, 

+~ (J .E N-
.~. + u: 

Addition product 

- ("{E V +H-Nu 

Substitution product 

(a) Halogenation :Benzene undergoes chlorination 
when it is treated with chlorine in presence of Lewis catalyst 
such as AICl3 or FeCI 3 an~ in absence of light. 

Cl CI CI ©+CI2 o~~~,,, © ~ ©Cl+ © 
Benzene . Chlorobenzene o-Diehloro- CI 

benzene p-Dichloro-
benzene 

Mechanism 

Step l.Formation of the electrophile (CI+). 

CI-. CI + FeCI 3 ~ GI+ +'FeCI4 
Step 2.The electrophile a~cks the benzene ring to give 

an intennediate carhocation which is stabilized by resonance. 

Benzene 

(Slow) .. (fel 
Carbocation 

O+HQHOHg_H 
I . CI - CI - . CI == (+,' Cl 

# + ~ + ,--

Resonance stabilized earbocation Resonance 
hybrid 
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Step 3. Removal of proton gives chlorobenzene. 

+~ 

«Fl. -= CI ~FeCI4 .. 
~ (Fa&) 

CI o + FeCla + Hel 

Chlorobenzene 

_(_Fast_).-;., C,H,Cl + FeCI, + HCl] 

Similarly, benzene undergoes bromination when it is 
treated with bromine in presence ofFeBr3 or AlBr3, but not so 
fast as chlorination. 

© + Br, FoBr,. ©Br + HBr 

Bromobenzene 

But iodination of benzene is reversible and slow 
(C12 > Br2 > 12), Therefore, iodination takes place in presence 
of an oxidising agent, i.e., HI03 or HgO to remove HI 
fonnation, (which is a strong reducing agent). 

5HI + HI03 ~3I2 +3H20 

Direct fluorination is impossible due to explosion. 
C6H6 + 3F2 ~ 6HF + 6C 

With excess of halogens in presence of anhydrous AlCl3 
(catalyst) and dark, all the hydrogen atoms of benzene ring 
may be successively replaced. For exal'Jlple, 

Anhyd. AICh Clx>=Cl Cl 
I +6HCI 

Dark, Cold ~ CI 
CI 

o +6Cl, 

Benzene 
(C~) CI 

Hexa chlorobenzene 

·.~_885 

[
C6HSH + NO,'; (Slow\ +C6Hs< H <] 

. N02 

+ H H 

~N02- ~N02 V +~ 
~-OH @1H .' -:;::r . ,-

_ N02 == .': +', N02 
~ + '--" 

Resonance forms of carbocation Resonance hybrid 

Third step: Removal of proton fr()m carbo cation gives 
nitro benzene. 

H 

HS04 .. 
(Fast) 

Nitrobenzene 

[+C'H'<:o, + HSO, (F"'l'C,H,NO, + H'S04] 

If nitrobenzene is further nitrated or benzene is heated 
with nitrating mixture (conc. HN03 +conc. H2S04 ) at about 
90°C, m-dinitrobenzene is obtained. , 

N02 ' N02 © + (~~~ H,:.~_r ©N02 + H20 
Nitrobenzene . m-Dinitrobenzene 

On heating benzene with fuming nitric acid and cone. 
H2S04, 1,3,5-(sym-) trinitrobenzene is fonned which is used 
as a powerful explosive. 

(C6CI6) © 
" 0 ,+ 3HN03'(Fu.ming.) (b) Nitration: Benzene undergoes nitration when 

treated with concentrated nitric acid in presence of 
concentrated sulphuric acid (nitrating mixture), i.e., 
nitrobenzene is fonned.The reaction is carried at 40-:-50°C, 
when one of the H atom from the benzene ring is replaced by 
nitro group (NO;, i.e., nitronium ion is attacking species). 

O + HN03 H2S04 (cone.).. 0 2 + H
2
0 © ©NO' 

(conc.) 50°C . 

Nitrobenzene 
Mechanism 

First step: Fonnation of the electrophile (NO;). 

HN03 +2H2S04 ~ NO; +2HS04 + H30+ 

Second step: The electrophile attacks'the benzene ring 
to give an intenne~iate carbocation which is stabilized by 
resonance. 

~~ 
Benzene 

+ H 
(SlOw), UNO, 

Carbocation 

$-Trinitrobenzene 

+3H2(y 

(c) Sulphonation: Benzene fonns benzene sulphonic 
acid with hot concentrated SUlphuric acid while with fuming 
sulphuric acid or oleum (conc.· H2S04 +S03) at high 
temperature, m-benzene disulphonic acid is formed. 

S03H S03H ' ' 

© .~. © ,::~:,A' ©SO~ 
Benzene Benzene m-Benzene 

sulphonic acid disulphonic acid 

Sulphonation can also be carried out at room temperature 
in presence of BF3 catalyst. . 

© .. + H2S04 
.(Conc.) 

Benzene 
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So for sulphonation, it must be hot and conc. HzSO 4 and 
+ 

the attacking species is S03 (neutral) orS03H. 

Mechanism 

First step: Formation of the electrophile Sll,or S03H. 

2H2S04 ,H30+ + HSO;;: +S03 
+ 

[S03 + H30+ -----t S03H + H20] 

, , Second step: The electrophile attacks the benzene 
nucleus to form carbocation which is stabilized by resonance, 

+ H 

(S'ON) , USOi ~, V +
S0

3 

Bem;ene Carbocation 

[

'(Slow) <H J C6HSH + S03 ) +C6HS 

Benzene SOi 

+ H H 

~S03 -~S03 V +lzY 

- 0' " ~03 ==~:03 ~ + ~' 
Resonance 

Resonance fonns of carbocation hybrid 

Third step: Carbocation loses the proton. 

(J.+ ~HS04 , 

# (Fast) O
~S03 

+ H2S0 4 
# '(Regenerated) 

[
+ C6H5<H + HSO;;: 

, SOi 

Fourth step: 

0 803 HO+ I . 3 .. 

#,' 
Benzene sulphonic acid 

[C6HsSOi + H30+ -----t C6H5S03H + H20] , 

(d) Friede)"Crafts reaction: This reaction was 
discovered by Friedel and Craft in 1877 and used for 
introducing an alkyl or acyl group in benzene nucleus by an 
alkylating or acylating agent in presence of a suitable catalyst. 
, The alkYlating agent is usually an alkyl halide, aiialcohol 
or an alkene, while the acylating agent may be an acid chloride 
or acid anhydride. The catalyst maybe AlCI3 , FeC13 , SnCI4 , 

BF3, BCl3 or ZnClz. Out of these, anhydrous aluminium 
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chloride (AlCI3 ) is the best and gives satisfactory results. A 
few examples are given below : 

1. Alkylation (Formation of Benzene Homo)ogues) 

(i) C6H6' +CH3CI 
Benzene Methyl 

chloride 

Anhyd. AlCl3 
,8 ) C6HSCH3 + HCI 

Toluene 

Anhyd.AlCI3 ' , 

(ii) C6H6 + C2H50H 8) C6H5C2HS + H20 
, Ethyl alcohol Ethylbenzene 

" Anhyd. AlCl3 
(iii) C6H5H +- C2.H4 8) C6H sCzH5 

Ethylene Ethylbenzene 

Anhyd. AlCl) 
(iv) 2C6H5H +CH2CI2 8 ) (C6H5hCH2 

Diphenylmethane 

+2HCI 
Anhyd. AlCl3 

(v)3C6HsH+CHCI3 8) (C6HshCH 
Triphenylmethane 

+3HCI 

Anhyd. AlCl3 
(vi) C6HSH +CH3CH2CH2CI 8) C6HsCH(CH3 h 

Benzene n-Propyl chloride lsopropylbenzene 

+HCI 
, + 

In this reaction, the primary carbocation (CH3CH2CH2 ) 

rearranges to' a ,more stable secondary carbocation 
+ , , 

(CH3 -CHCH3)to form isopropyrbenzene. 

.. Anhyd. AlCl) " , 
(vn) C6H6 +CH3CH=CH2 8) C6H5CH(CH3h 

Propene lsopropylbenzene 

Anhyd. AlCl3 
(viii) C6H6 + H2C=CH2 8) C6HsCH2CH3 

Ethene Ethylbenzene 

Anhyd. AlCl3 ' , 
8 ) C6HSCH3 + Hp 

'Methyl 
beniene 

, Anhyd. AlCl3 ' 
(x) C6H6 + (CH3hS04 "8 )C6H5CH3 +CH3HS04 

, Dimethyl" Toluene 
sulphate 

. '~-. 

Mechanism 

First step: CH3CI + AlCI3 ~,CH; + AlCI;;: 
Electrophile' 

[RCI + AlCl3 ~ R + + AlCI;] 

,Second step: 

(S'ow;(fCH' ~ V' + CH; 

Benzene Carbocation 
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Resonance forms 

Third step: 

~
H 

CH3 I, + AICI4 
.# . 

CH3 a + AlGI, + HCI 

. Toluene 

[+C6HS<: + AlCl, (F •• ) C,Hs -R + AlCl, +HCll 

Toluene readily undergoes Friedel-Crafts reaction. 
2. Acylation (Formation of Ketones) 

AlCl3 
C6H6 +CICOCH3 ) C6H5CQCH3 + HCI 
Benzene Acetyl chloride (Anhyd.) Acetophenone 

CH3C0)o' AlCI
3

' 

C6H6 + ) C6HsCOCH3 + CH3COOH 
CH

3
CO (Anhyd.) Acetophenone Acetic acid 

Acetic anhydride 

This also follows electrophilic substitution. The 
electrophile RCO+ is first formed (same mechanism). 

RCOCI + AICl3 ~ RCO+ + AICI',; 
Acyl carbocation 

Therefore, Friedel-Crafts reaction proceeds through the 
intermediate formation of R + or RCO+ . 

Friedel-Crafts reaction has the following drawbacks : 
(i) Mono alkyl derivative readily undergoes further 

alkylation to produ<;e poly-substituted derivatives. 
(ii) It is easy to introduce methyl, ethyl or isopropyl 

group but usually difficult to introduce n-propyl or n-butyl 
group as isomeric change may occur. 

Anhyd. AlCl3 ' <CH3 

C6H6 + CH3CH2CH2CI , ) C6H 5CH , 
Benzelle n-Propyl chloride CH

3 

© + CH'rHCH2Br 
CH3 

Isobutyl bromide 

lsopropylpenZene 

+HCI 
C(CH3)3 

Anhyd.AICI,. © . 
Tert, butylbenzene 

Benzene 
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<CH3 
CH 

© 
CHCH o 2 3 

Sec. butylbel1Z((J1e 
(68%) 

CH2CH2CH2CH3 

+© 
n-Butylbenzene 

(32%) 

In the mechanism of alkylation, the carbocation (R + ) 

formed frot:Q, an alkyl halide (or alkene or alcohol) can 
rearrange (1,2:.hydride shift) to a more stable carbocation 
(T> S > P) and so the major product obtained from the 
reaction is usually the one from the more stable carbocation, 
i.e., 

+ 

+ 
CH3-CH-CH-CH3 

I 
CH3 

Sec carbocation 

Rearrange 
) 

+ 
CH3CHCH3 

Sec. carbocation (2°) 

Rearrange + 
---,--' ---;) CH3-C-CH:r-·-C;H3 

. 'tn3 ' 
/ 

Tert. carbocation 

(iii) The presence of m-directing group in the benzene 
ring hinders the reaction, because they deactivate the ring for 
further substitution. For example, nitrobenzene, benzoiC acid 
and benzene sulphonic acid, etc., do not' undergo 
Friedel-Crafts reaction. 

Besides alkylation and acylation, this reaction has 
recently been applied in number of other cases. For example, 

CO+HCI 
~ 

o 
II 

(CI-C~H) 

(Anhyd.) AlCl3 --,.---~) C6HsCHO + HCI 
Benzaldehyde 

C
6H6 +CICONH

2 
(Anhy4.) AlCI3> C

6
H

5
CONH

2 
+ HCr 

Benzene Chloro- . Benzamide' 
formamide 

C
6H6 +CICOCI' '(Anhyd.) AlCI\ C6H

s
COCI + HCI 

Carbonyl. Benzoyl 
chloride chloride 

+ 
The electrophile, COCl is first formed. 

+ 
(COC12 + AICl 3 ~ COCI + AICI:;) 

(e) Mercuration: 'Benzene when heated with 
alcoholic solution of mercuric acetate at (WO~150°C), a' 
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hydrogen atom is replaced by acetoxy mercuric acid group and 
forms acetoxy mercury benzene. 

C6H6 + (CH3COOhHg ~ C6HsHgOOCCH3 
Benzene. Mercuric acetate Phenyl mercuric 

. acetate 

+CH3COOH 

This reaction is called mercuration and is employed in the 
preparation of certain medicines' and . other organic, 
compounds. 

C6H5HgOOCCH3 + Br2 ~ C6HsBr 
Acetoxy mercury benzene Bromobenzene 

+ BrHgOOCCH3 

(f) Formylation :.' It is a direct method for introducing 
o 
II 

an aldehydic group (-C-H) in benzene. It is c~ned 
Gattermann-Koch synthesis when a mixture of dry HCI gas 
and carbon monoxide is used in presence of anhydrous . 
alwninium chloride. 

Anhyd. AICl3 
C6H6 +CO + HCI' ) C6H5CHO + HCI 
Benzene d, Benzaldehyde 

o 
II- . ' 

The electrophile, H-C+ is fIrst formed. 

o 
. II 

CO+HCl ~ H-C-Cl, 

0, 9 
, II . II . , 
(H-C-CI + AlCl3 ~ H-C+ + AlCI4") 

(g) Gattermann~aldehyde reaction: The synthesis of 
aldehyde with HCN is virtually the same reaction and is called 
Gattermann synthesis. 

Anhyd.AICI3 ' 
C6HSH + HC==N + HCI d ) C6HsCH=NH·HCl 
Benzene 

+ 

.HOH 
~. C6H5CHO + NH3 ·HCl 

Benzaldehyde 

The electrophile, H C= NH is fIrst formed, 

H-'-C=N + HCI ~ ClHC= NH 
, + 

(ClHC= NH + AlCl3 ~ HC= NH+ AlCI4") 

(h) Chlorornethylation (Blance reaction): A chloro.:. 
methyl group, -CH2CI, is introduced in benzene nucleus by 
heating it with formaldehyde and HCI in presence of either 
anhydrous ZnCl2 or AlCl 3 as catalyst to form benzyl chloride. 
The process is known as chloromethylation. 

Anhyd. AICl 3 
C6H6 + HCHO + HCI d ) C6HsCH2CI + H20 
Benzene Benzyl chloride 
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(iii) Oxidation' reactions: Benzene is a stable 
compound. It is not attacked by ordinary Qxidising agents. 
AcidifIed potassium permanganate, chromic acid, i.e., strong 
oxidising'agents convert benzene slowly into carbon dioxide 
and water on heating. Being inflammable liquid it burns in air 
witli smoky flame,(combustion). 

2C6H6 +1502 Burn) 12C02 +6H~0 

'When vapours of, benzene and air are passed' over 
vanadium pentoxide at 450-500°C, maleic anhydride is 
obtained (catalytic oxidation). 

CHCO 
C6H6 +9[0] V20 5 ) II )O+2C02 +2H20 ' 

Benzene 450-500°C CHCO 
Maleic 

anhydride 

(iv) Reduction: '. On reductioQ with hydroiodicacid 
(HI) at 250°C, benzene forms cyclohexane and methyl 
cyclopentane. ' 

2@+12m-O + 0--='+61, 
Benzene Cyclohexane Methyl cyc10pentane 

(v) Action of heat: Benzene vapours on passing 
through red-hot tube of iron or molten . lead at 700-800°C 
gives biphenyl (diphenyl). 

2C H <,Red-hot tube 
6 6 . • 

Benzene 700-800°C 

(C~,--Ct;H5) 
Diphenyl 

(vi) Condensation with carhonyl compounds: 
Aldehydes and ketones react with benzene in the presence Of 

'. conc. H2S04 to give gem-diphenyl alkane. 

)c==jo+ -~ Conc.H2SOJ )c R r-----H~ R <$' 
R' L _____ R~ 0 ) -H

2
0 R' 0 

Gem-diphenyl alkane 

Uses: Benzene is used, 
(a) in dry-cleaning, (b) as a motor fuel when mixed with 

petrol, (c) as a solvent, (d) in the manufacture of gatnmexane 
(as insecticide), (e) in the preparation of nitrobenzene, 
chlorobenzene, benzene sulphonic acid, aniline, styrene, etc. 
Many of these are employed for making dyes, drugs, plastics, 
insecticides, etc. . 

16.6 STRUCTURE OF BENZENE 

1. Molecular formula : On the basis of analysis a'nq 
molecular mass determination, the molecular formula of 
benzene comes to be C6H6 - \ 

2. Unsaturation: The molecular formula, C6H 6,· 

indicates that it has high degree of un saturation as it has eight 
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hydrogen atoms less than the corresponding paraffin, C6H14. 
Thus, benzene is an unsaturated compound containing double 
and triple bonds. 

3. Open-chain structure: Assuming carbon atom to 
be tetravalent and hydrogen monovalent, the following open~ 
chain structures can be proposed for benzene molecule: 

(i) CH3 -C==C-C=C--CH3 
(ii) H2C=C=CH-CH=C=CH2 
(iii) HC==C-CH2-CH2-O==CH 
(iv) H2C=CH-C==C-CH=CH2 
All the above. open~chain structures were rejected because 

these were hav~Ilg different properties than the properties of 
benzene. 

(a) Benzene adds six hydrogen atoms or six chlorine atoms. 

Raney Ni 
C6H6 + 3H2 . 200-2500C) C6H12 
Benzene Cyclohexane 

Sunlight 
----»0 C6H6Cl6 

(b) Benzene forms a triozonide. 

Benzenehexaehloride 
(BHC) 

CH2Ci2 ----» C6H6 (03h 
Benzene triozonide 

(c) Halogen acids and hypochlorous acid do not add on to 
benzene while in the above structures addition should take 
place readily. 

(d) Benzene is resistant to 'oxidation (like saturated 
compounds) even, with strong oxidising agents like 
K2CrZ07/H2S04 or acidic KMn04, etc. Further alkaline 
KMnO 4 also does not react with benzene in cold. Similarly, 
benzene does not decolourise bromine solution. These are 
typical tests of all unsaturated alkenes and alkynes. 

The above points thus confirm that benzene is a 
unsaturated compound but different than aliphatic 
unsaturated hydrocarbons. Hence, it cannot be 
represented by an open-chain structure similar to alkenes 
or alkynes. The properties (a) and (b) suggest that the 
molecule of benzene possesses three double bonds. 

4. Ring structure: The following are some more 
points which are in favour of different structure of benzene 
(which behaves like a saturated compound) and probably the 
ring structure. 

(a) Benzene gives substitution reactions like 
halogenation, nitration, sulphonation, etc. 

. FeC13 (1) C6H6 +CI2 · ) C6H5Cl, (Halogenation) 
Benzene Chlorobenzene 

H2S04 (cone.) 
(ii) C6H6 + RN03 . ) C6H5N02, (Nitration) 

(Cone.) Nitrobenzene 

Heat . 
(iii) C6H6 + H2S04 ----» C6H5S03H, (SulphonatlOn) 

(Cone.) Benzene 
sulphonie acid 

Benzene gives only one mono-substituted product. It 
shows that all the hydrogen atoms are equally and 
symmetrically distributed among the six carbon atoms. 

(b) Benzene forms three isomeric disubstituted products 
(ortho, meta, para). 

5. Kekule's formula: In view of the above facts, 
Kekule in 1865 suggested a ring structure of benzene in which 
the ring was composed of six carbon atoms, each of which 
carries one atom of hydrogen. To satisfY the fourth valency of 
the carbon atom, he suggested three alternate double bonds. 

H 
I 
C . 

H-C~ ......... C-H 

1, II 
H-C~C/C-H 

I 
H 

Evide'nces in favour of Kekule's Structure 

(i) X-ray crystallographic studies of benzene show the 
presence of hexagonal structure with carbon cen1,!es at a 
distance of 1.4 A and carbon-hydrogen distances are 1.09 A. 
Electron diffraction and Raman spectra also confirm this view. 

(ii) Studies on magnetic rotation and molecular refraction 
show the presence of three double bonds and a close 
conjugated system. 

. (iii) Benzene combines with three molecules of hydrogen 
or three molecules of chlorine. It also combines with three 
molecules of ozone to form triozonide. These reactions 
. confirm the presence of three double bonds. 

H 

Hq } +C't:H 

Il~ Red Hot .. 

HC:~CH 
H 

Acetylene (3 moles) 

(iv) The synthesis of benzene from three wolecules of 
acetylene also favours Kekule's structure. J" 

(v) The formation of only one monosubstituted product 
confirms that all the six hydrogen atoms are equivalent. 

X o 
(vi) The formation of three isomers 

products confirms this structure. 
X X 

OIX' 0 , , X 

ortho (i) 
(1,2) 

meta (ii) 
(1,3) 

of disubstituted 

X 

o 
X 

para (iii) 
(1,4) 
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(vii) The fonnation of three isomers 
products also confirms Kekule's structure. 

of trisubstituted 

X X 

O,X O,X 
~ X ~ 

(1,2,3) X 
(1,2,4) 

X 

xOx 
(1,3,5) 

Objections against Kekule's Formula 

First objection: Ladenberg pointed out that on the 
basis ofKekule's fonnula, the ortho disubstituted derivative of 
benzene should exist in two fonns and not one fonn. 

X X Ox Ox 
Double bond between 

two adjacent carbon atoms 
Single bond between 

two adjacent carbon atoms 

Kekule explained this objection by proposing that double 
bonds in benzene ring were continuously oscillating between 
two adjacent positions. 

1 

-0: ~:O: 
4 4 

Thus, the positions 2,6 are really symmetrical with respect 
to position I and the ortho isomers 1,2 or 1,6 represent the 
same compound. 

Second objection: Inspite of the fact that benzene 
molecule consists of three double bonds, it is stable towards 
oxidising agents. Actually benzene behaves as a saturated and, 
extra stable molecule as it does not decolourise bromine water 
and Baeyer's reagent. It shows substitution reactions. It was 
shown by WiIlstatter that a similar closed-chain compound 
cyclo-octatetraene, though contains alternate single and 
double bonds similar to benzene, is not so stable as benzene. 

To explain the second objection, many modifications were 
suggested by proposing other fonnulae but none of them was 
found to be entirely satisfactory. ' 

, H H' 

/C=C", 
HC CH 

II II 
HC CH 

"'C-:-C/ 
H H 

Cyc!o-octatetrae.ne 

6. Some ,other formulae of benzene: 
(i) Ladenberg's prism formula: Each ~ 

carbon atom is linked with three other carbon ' , 
atoms and fourth valency is satisfied by , 
hydrogen. This is a stable structure as there is no 
unsaturation. Further, this fonnula demands two 
ortho derivatives. 
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Ladenberg's fonnula is a three dimensional structure 
whereas X-ray studies of benzene molecule indicate a planar 
structure. The fonnula fail~; to account for reduction and 
addition reactions. 

(ii) Claus-diagonal formula: Each carbon is linked to 
three other carbon atoms, i.e., two neighbours and one 
diagonally opposite. The fonnula fails to 00 
account the reduction and addition products. . 
However, the fonnula explains the. . . 
simultaneous fonnation of ortho and para 
isomers. Lengthening of bonds brings . . . 
instability, thus the fonnula is against the stability of benzene 
molecule. . 

(iii) Dewar's parallel formula: . The fonnation of 
benzoquinone by electrolytic oxidation of CD 
quinol supports this fonnula but it was rejected 
on the ground that it was not symmetrical. I·· .\ 
X-ray determination shows that length of all 
C-C linkages should be lAO A but the length . . 
of para bond in this fonnula is 2.80 A which is . 
very high. 

(iv) Armstrong and Baeyer's centric formula: In 
this fonnula, fourth valency of e~ch carbon atom is directed 
towards the centre. By the mutual action of these valencies, a 
state of equilibrium is reached in the ring which ~ 
accounts for the aromatic properties. These . 
valencies become very active during the course 
of reaction. When one molecule of hydrogen or 
bromine is added, the state of equilibrium is 
disturbed and two double bonds appear in the 
compound. This compound behaves as a typical diolefin. 

~H ~~ ~O. Br 
V-H l(j)J ~ Br 
(CsHs) (CsH6) (C6H6Br2) 

However, this fonnula had no satisfactory explanation for . 
the behaviour of polynuclear hydrocarbons and therefore was 
rejected. 

(v) Thiele's formula: Thiele (in 1899) introduced a 
useful concept of partial valencies. He considered each carbon 
atom of a double bond to possess a certain partial valency, 
represented by a dotted line. 

1 2 3 4 

CH2= CH-CH=CH2 
I I I I 

CH2=CH-CH=CH2 
I I I 1 

, I I t I , I I 
til I I I I I 
I t I I 

I L. _____ J I 

(l ,3-Butadiene) or Conjugated system 

In butadiene molecule, the valencies at carbon 2 and 3 
mutually satisfy each other leaving valencies at 1 and 4 free 
for addition. [Butadiene shows 1,4-~ddition] 

Thiele noted that Kekule's fonnula is a 
closed conjugated system without terminal 
carbon atoms as in butadiene. Hence, all the 
partial valencies neutralise and more 
stability comes to benzene molecule. 

.. .. 
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This formula was rejected because the same concept could 
not explain the stability of cyclo-octatetraene possessing four 
conjugated system. 

7. Present day position regarding the structure of 
benzene: The stability and the structure of benzene has 
been explained on the basis of two modern tbeories. These 
theories are: 

(i) Resonance or valence-bond theory. 
(ii) Molecular orbital theory. 
(i) Resonance theory or valence-bond theory: . If a 

compound can _ be represented by more than one structural 
formula from \" . .:: point of view of electronic' configuration, 
then none lJi ~!'!.em represents the compound. These different 
structures must be such that the position of the nucleus 
remains thl. same in each of the structure but the position of 
electrons can charige. The structural formula of such a 
compound is somewhat intermediate (hybrid). between the 
various proposed formulae. This state is known as 
'Resonance'. It is also observed that the compound which is 
in state of resonance is much more stable than the expectation 
from the known structure. . . 

On the basis of resonance theory, benzene is believed to 
be a resonance hybrid of the following canonical structures: . 

(I) and (II) stfuctures(Kektiie)are far more stable than the 
rest of the structw;:es.· Thus, these' two 'Kekule' structureS 
contribute far more' to resoiuince· (80010)· than the rest of the 
structures. 

O~O~W~() 
(I) 

(V) 

(II) 

... 

-0 
+ 
(VI) 

(III) (IV) 

+ 

-0 
•• 
(VII) 

Since, the two Kekule's structures are equivalent, the 
stability of the resulting resonance hybrid is very high. 
Resonance gives each C-C bond in benzene some double 
bond character and this has been confirmed by measuring 
bond length between two adjacent carbon atoms in various 
compounds of benzene. The bond length C-C (single bond as 
in ethane) is 1.54 A and C=C (double bond as in ethene) is 
1.33 A. The carbon to carbon bond length in benzene has been 
found to be 1.39 A which lies between single and double bond 
length values. . 

Resonance can occur in a molecule if it is planar. Thus, all 
the C and H are expected to be planar. Instead of using two 
Kekule'SStructures, the hybrid is represented for the sake of 
convenience only, by one structure as shown below: (Actually 
hybrid form carmot be represented on paper). 

© 
~~brid fonnula of benzene 

8~L 

Resonance Energy 

The resonance energy which is responsible for stability 
can be calculated from the heat of hydrogenation and heafof 
combustion datas. 

Heat of hydrogenation is the .amount of heat evolved 
when one mole of an unsaturated compound is hydrogenated 
in presence of a catalyst. 

O + H2 Catalyst. 01 + !:J-[ 

(28 kcalfmol) 
Cyclohexene 

O+3H2 

Cyclohexene 
(hypothetical) 

Cyclohexene 

Catalyst • ·0 + !:J-[ 

(58 kcaVmol) 
Cyclohexene 

. Actually when benzene is fully hydrogenated, it gives 
cyclohexane and 49 kcaVmol of heat is evolved. So benzene is 
said ·to be stabilized by a resonance energy of 36 (85-49) 
kcal/mol. Therefore, resonance energy (R.E.) is the differerice 
in the energy contents of contributing (hypothetical) structures 
and the most stable (actual) of the resonance hybrid .sirUcture. 
Thus, the' actual molecule of benZene .is 36 kcal (150 kJ) more 
stable than the hypothetical molecule. In other words, 36 
. kcaVmol is the resonance energy of benzene. 

... Hence; benzene (and other members of the arene family) 
behave like a stable compound and give mainly substitution 
reactions rather than addition reactions. 
Note: (i) According to Kekule, each structure was real, but changed 

rapidly from one fonn to another. 
(ii) According to resonance theory, both Kekule's structure are 

imaginary. The real structure of benzene is hybrid, not a 
mixture of the two Kekule's forms. 

(ii) Molecular orbital theory applied to benzene 
structure : All six carbon atoms in benzene are 
sp2 -hybridized. The sp2 -hybrid orbitals overlap with each 

other and with s-orbitals of the six hydrogen atoms forming 
C-C and C-H a-bonds. Since, the bonds result from the 
overlap of planar sp2-orbitals, all carbon and hydrogen 

atoms in benzene lie in the same plane and all the bond 
angles are 120° as shown below: 

H H 
\ crj 

C-eJ-C 

~~ - ~20o 
H-C 1200 C:::J:. H 

Y ~ 
C-C 

/ \ 
H H 

(C-H) bond length = 1.09 A 
(C-C) bond length =: 1.40 A 
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After the fonnation of six C-C and six C-H cr-bonds, 
one 2 p-unhybridized orbital is left unused on each carbon 
atom. They are parallel to each other and perpendicular to the 
plane of sp2 -orbitals. The lateral overlap of these p-orbitals 

produces 31t-molecular orbitals containing six electrons as 
shown in (b) and (c). As the overlapping on both sides is equal, 
all the six p-orbitals unite to fonn a continuous 1t-molecular 
orbital containing six electrol;ls as shown in (d) given below. 

1t 

0.000 
1t 

(a) (b) (c) (d) 

16.7 
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DIRECTIVE INFLUENCE OF FUNCTIONAL 
GROUPS IN MONOSUBSTITUTED 
BENZENE 

A substituent already present on the benzene ring exercises 
two types of influence on further substitution. 

(1) Directive or Orientation effect : The substituent 
already present on the benzene ring directs the incoming 
substituent to occupy ortho (2 or 6), meta (3 or 5) or para (4) 
position. This direction depends on the nature of the first 
substituent and is called directive or the orientation effect. 

(ii) Activity effects: The substituent alr.ea~y pr~se~t 
can increase or decrease the rate of further substitutIOn, z.e., It 
either activates or deactivates the benzene ring towards further 
substitution. These effects are called activity effects. 

1. Directive influence of substituents : On the basis of 
extensive experiments ithas been shown that when the second 

The fonnation of continuous molecular orbital suggests substituent, i.e., incoming group (guest) enters the benzene 
that there is delocalization of 1t-electrons and all the six nucleus, the main product is either a mixture of ortho- and 
1t-electrons are free to move over the six carbon atoms. Since para-isomers or the meta-isomer, depending on the nature of 
the delocalised electrons have lower energy than 10c!l1ised the first substituent, i. e., the group already present to the 
electrons, the benzene molecule becomes more stable. . benzene nucleus (host). Thus, there are two types of 

The energy of delocalization substituents-(i) Those which direct the incoming group to 
(energy of localized electrons minus ortho- and para-positions simultaneously (neglecting meta al-
the energy of delocalized electrons) is together). (ii) Tho~ which direct the incoming group to 
equivalent to resonance energy. Due to meta-position only (neglecting ortho and para-positions al~ 
de1ocalization the 1t-molecular orbital together). 
acquires the shape of an electron cloud Class-I (0-, p-directing groups) : 
composed of two dough nut shapes. of. -R (alkyl), -OH, -SH, -NH

2
, -0-, -OR, -NHR, 

full hexagonal symmetry. One lobe hes -NR -NHCOR -CI -Br -I -CH CI -CH OH 
b .Jth r bl theplaneofcr-bonds, 2" , " 2' 2' ~-a ove-an\.L-o er les_ e o.w~ - ~ ~-~--~.~~~- ~ -- -- ==Cff,;'NH-~ =CH-CN--=CH Ct)OH~ =€H=CH 

The molecular orbitals pictu~e ofbenz~ne explains all the -CH 2 cJCOOH, ~C 'H ,-J =N, ~NC, etc. 2' 
known facts about the benzene, t.e., plananty ofthe molecule, 6 5 

bond angles, equal C-C bond lengths and stabilization of CH3 CH3 CH3 

molecule. Due, to delocalization of 1t-electrons, benzene © ©r ~ 
molecule acts as a source of electrons and is eas~ly ~ttacked by 0 + RN0

3 

Cone. H2S04 ~ 0' N02 + 0 
electrophiles. However, to preserve the de1ocahzation and the ' (Cone.) 
corresponding stability, the molecule of benzene tends to . . 

. . h' dd' . 'th 1 tr h'l' '}': 1 ne o-Nltrotoluene undergo substltuhon rather t an a thon WI e ec op I IC 0 ue , .) NO 
reagents. To show the delocalization of61t-electrons benzene is (Mmor 2 

p-Nitrotoluene represented by a continuous circle or a dotted line circle as (Major) 
shown below: 

© or 

Summary 

1. Benzene has a cyclic, planar hexagonal structure. 
2. All the six carbon atoms in 'benzene are equally 

reactive and so,' all the hydrogen atoms in benzene are 
equivalent. Only one monosubstituted product is fonned. 

3. All carbon atOms in benzene are sp2 -hybridized. All 

carbon-carbon bond lengths are identical (1.39 or lAO A). The 
bond angles are 120°. 

(-CH3 group is o-,p-directing) 
Class-II (m-directing groups) : 

-S03H, -N02, -CHO, -COOH, -CN, -NH3Cl, 
-S02CI, -COCl, -COOR, -COR, -CONH2, -CCI3 , 

+ + + + 
-CF3 , -l'{H3, -NH2R, -NHR2' -NR3' etc. 

©oNo, Cooc.H,SO,. ©lN0

2 N0

2 
+ RN03 373-393 K 
(Cone.) 

Nitrobenzene m-Dinitrobenzene 

(-N02 group is m-directing) 

.' 

" 
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It is further noted that all ortho-para directing substituents 
possess a non-bonding electron pair on the 'key atom'. 

•• •• •• •• •• 
~CI:, -Br:, -OR, -OCH3 , _NH2 .. - ... .. 

The' only exception to the said rule is the methyl or alkyl 
group. 

Substituents which have a positive (or partial positive) 
charge on the key atom (atom adjacent to the ring) are meta 
directors. 

+(0 -N" ' o 

Theory of directive effects :The resonance theory 
clearly explains why certain substituents are ortho-para
directing, while others are meta-directing. 

Ortho-pata-directingAll of these ortho and para 
-directors haveatleast one pair of non-bonding electrons on 
the atom adjacent to. the benzene ring. This non-bonding 
electron pair present on the key atom of the substituent is 
distributed into the ring by interaction with the 7t-system 
(electron donating) with a result that ortho and para-positions 

attain greater electron density and the electrophile (E+) would 

naturally attack at these electron-rich centres forming ortho 
and para isomers. 

c:"S .. "S .. s is :s 

O-\J-¢'-a-6 
i.e., 

Resonance hybrid 

S 

~ -
o-product . 

E 
p-product 

The above mechanism is followed when S is -OH, 
~NH2' --CI, ~Br, -I, -OR, -NR2' -NHCOR, etc. 

J; -cO." CHj _QI CH~_. ·6CH'~ ... V . ~.. ..,.~ 
." . .' - ;.~ . . ' . . 

In methyl or alkyl group, the +1 effect of the methyl group 
or alkyl group initiates the resonance effect. Thus, methyl or 
alkyl group . directs all electrophiles to ortho and para 
-positions. 

In general, all electron donating groups (EDG) are 0-, 

p-directing. . 
Meta-directing :The substituent, S· withdrayvs 

electrons from ortho and para-positions. Thus, m-position 
becomes a point of relatively high electron density and further 
substitution by electrophile occurs at meta-position. For 
example, ~N02 group. is a meta-directing (electron 
withdrawing). Its mechanism can be explained as: 

O'N£:9.: O'N/R:- O'N/R:~ O'N~~r O'N?'"O 

O-~-G-O-6 
+ 

In these structures, there is a positive· charge at the ortho 
and para positions. Therefore, they are unreactive' to the 
attacking electrophile which is also positively charged. Hence, 
electrophilic substitution becomes difficult. 

In general,· all electron withdrawing groups (EWG) dre 
m-directing. ' .." 

2. Effect of suhstituents on reactivity :Toluene is 
more reactive than benzene while chlorobenzene is less 
reactive than benzene. Thus, substituent already present on a 
benzene ring not only directs the position of an incoming 
group but also influences the rate of reaction. 

A substituent which activates the benzene ring to 
further substitution is called an activating substituent 
while substituent which deactivates the benzene ring is 
called a deactivating substituent. 

In general, it has been observed that: 
Ortho-para-directing groups activate the benzene ring 

towards electrophilic substitution while meta-directing 
groups deactivate the benzene nucleus towards 
electrophilic substitution. 

-F, --Cl, -Br and -I (halogens) are exceptions to the 
above rule. These groups are 0-, ]Hlirecting but deactivate the 
benzene ring. 

Any substituent or group which repels or releases 
(donates) electrons into the ring, (i.e., 0...,' p-directing) 
activates the benzene ring for further substitution. The 
substituent which attracts or withdraws electrons 
(m-directing) from the ring deactivates the benzene ring 
for further substitution. 

The abnormal behaviour of halogens is attributed to the 
. fact that two opposing effects operate simultaneously. A 
halogen substifuent releases electrons due to resonance but 
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withdraws electrons also due to its high electronegativity [-I 
(inductive) effect]. The inductive effect is more pronounced 
than the resonance effect and the net result is that the benzene 
ring is rendered. electron deficient and less liable to 
electrophilic substitution. 

Effect of substituents on electrophilic aromatic substitution: 

• .. ()rtho-JHlru Di~~~rs. 
---'----

Strongly activating 

.. .. .. .. .. 
-NH2' -NHR, -NR2' -OH, -0:-.. .. 

Moderately 
deactivatin 
-C_N, -S03H, 

-COOH, -COOR, 
_____________ -r-i-C.-: HO, -COR 

Moderately activating ·I

i Str~ngly dea+ctivatin. g .. .. .. .. 
-NHCOCH3, -NHCOR, -OCH3 • -OR I· -N02, - NR3' .. .. 

- CF3 

Weakly activating . . 1_ NH
3

, - NH~ 
-CH3,-C2!!s, R,-Cr;Hs,-CH=CH2 i .-----

Weakly deactivating . !WeaklY deactivating 
.. .. .. .. 

-F:,-CI:,-Br:,-I: I-CCI3-.. .. .... . 

Introduction of a Third SulJstituent into Benzene Ring 
The position occupied by a third substituent group 

entering the benzene ring is mainly decided by the nature of 
the two groups already present on the benzene ring. 

(i) When hoth the groups belong to class I (0-, 
p-directing), the directive influence of each group is in the 
following order: 

0- > NR2 > NH2 >OH>OMe, NHCOCH3 >CH3 > X 

(X =-F>-CI>-Br>-I) 
Out of the ortho- and para-positions, the new group' enters 

p-positio)1 preferably with respect to more powerful group. 
For example, in o-chlorophenol, since -OH group is 

more powerful than -CI, the third group enters the position 
para to -OH as indicated by arrow. 

Lei La . LQJ ' other example is: LQJ 
t t 

In case, the p-position is blocked, the third group enters 
the position ortho to more powerful group. For example, in 
p-chloroaniline, -NH2 is more powerful than -CI, the new 
entrant is directed to ortho-position as indicated by arrow 
because the p-position being blocked. 

, other example is : ©CH

3 , 
(il) Wh~n both the groups belong to class II 

(meta-directing) the third group is accommodated on benzene 
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ring with difficulty. The directive influence of each group is in 
the following order: 

+ 
Me 3N> N02 >CN>S03H >CHO>CQMe>COOH 

The new entrant occupies meta-position with respect to 
more powerful group. 

For example, in m-nitrobenzaldehyde, the new group is 
direc.ted to position shown by arrow. 

CHO· N02 

& . other example is:. &. /~N02 . /~N02 
(iii) When the two groups. exert different directive 

influences the group belonging to class I takes precedence. In 
case, -the. influences of two groups reinforce each other, the 
third group enters almost entirely in one position. 

Examples are given below to explain the above point. 
CH3 . CH3 

© - ©" 
N02 

p-Nitrotoluene· 
N02 

(Position ortho to -CH3 and meta to -' N02 ) 

o-Nitrochlorobenzene 

. .Cl "'[gro2 

Smaller quantity 

CI 

©t~ 
t 

Larger quantity 

16.8 MECHANISM OF AROMATIC SUBSTITUTION 

There are three possible mechanisms for aromatic substitution: 
(1) Electrophilic, (2) Nucleophilic and (3) Free mdical 

mechanism. 
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1. Electrophilic aromatic substitution: It is believed 
to proceed by a bimolecular (8 E2 ) mechanism involving the 
fonnation of an intermediate carbocation (a-complex) which 
is a rate determining step. Examples are halogenation, 
nitration, sulphonation and Friedel-Crafts reaction, etc., 
(D~tai1s in Section 16.5) . 

2. Nucleophilic aromatic substitution: The 
replacement of hydrogen or any other substituent by a 
nucleophilic reagent is termed nucleophilic substitution. This 
replacement of hydrogen by a nucleophile does not occur in 
benzene itself under ordinary conditions, but the presence of 
an electron withdrawing group (-NOz, -eN,' -803H, 
-COOH, -CHO or' diazo -N!, etc.) is sufficient to 

activate the 0- and p-position. In general, there are three types 
of mechanism : unimolecular Ar 8 N I, bimolecular Ar 8 N 2 

and the elimination-addition mechanism via Benzynes 
(Arynes). 

(i) Unim~lecular mechanism: This mechanism is 
most uncommon in aromatic substitution. There is only one 
example and that is the decomposition of aryldiazonium 
cations in aqueous solution to yield phenol or aryl halides (in 
presence of nucleophilic halide ions). 

HOH) ArOH 
Ar I"Ni ,(Slow) N z + Ar + (Fast) k' Phenol 

Arene diazonium 
cation ' X-. ArX 

Aryl halide 
(ii) Bimolecular mechanism: Nucleophilic aromatic 

substitutions are commonly bimolecular and proceeds through 
a negative ion intermediate, i.e., cyclohexadienyl anion, e.g., 

Z Z .00
1 

.. 6 y- attaches to the positively y-+ -y-+ .. 
~ ~ charged carbon atom ,(slow) 

(Resonating structure of the 
haxadienyl anion) , 

Aryl halides undergo nucleophilic substitution only in 
vigorous, conditions. Thus, the reaction between 
chlorobenzene and aqueous alkali at 300°C to form phenol 
may be represented as follows: 

CI HO CI 

OH-+~I ~Q ~ V l2) 
Chlorobanzene Phenol 

This replacement when facilitated by the presence of an 
electron withdrawing group (meta-directing groups) in the 0-

and/or the p-position, is termed activated nucleophilic 
aromatic substitution and an example is the c()nv~1].iqn of. 

o-chloronitro benzene into o-nitrophenol when heated with aq. 
alkali at 200°C. C . ,_.- . 

OH-+~ICo--~:Co- --0(1 H +cr 
~NP'~.Y ~ N~ 

"0 --... 0 --"'0 

Because of the electron withdrawing effect of the nitro 
group, the carbon atom. of the C-CI group acquires a positive 
charge, so the negatively charged OH- attacks,the positively 
charged carbon atom of the C-CI group. 

This explains why benzene itself does not undergo 
nucleophilic substitution and replacement of hydrogen by a 
nucleophile can occur in presence of one nitro group to 
activate the 0- and p-positions. 

OH-+OIH KOH .. Q(~-) ~H 
:,.... NO (Slow) '--
~ 2 NOz 

Nitrobenzene 

NOz 

©' Aq.KOH 

. NOz K3Fe(CN): 

m-Dinitrobenzene 

. (Fast).. 0
1 
OH + H-

~ NOz 
o-Nitrophenol 

'------.v 2,4-(main1 
Dinitrophenol 

When halogeno nitro benzene is heated with ethanolic 
KCN at 150°C, the nitro group is expelled and a cyano group 
enters the ring ortho to the position occupied by the former 
(-NO 2 group).· This another example of nucleophilic 
substitution with. rearrangement is called. Von Richter 
reaction. 

KCN 

KCN 

(iii) Eliinination-addition (Benzyne or aryne) 
mechanism: In a number of cases of nucleophilic 

aromatic substitution, the entering group does not occupy 
the position vacated by the expelled group. Reactions of 
this type have been called cine-~ubstitutions. This 
mechanism involves two steps: (a) fonnation of a benzyne 
(l,2-dehydrobenzene) intermediate by a stepwise elimination, 
followed by (b) stepwise addition to benzyne to form the product 
in which position of the nucleophile may be different. 

When chlorobenzene with C-CI' carbon atom labelled 
with 14 C is treated with potassium in liquid ammonia at 196 K 
the reaction occurs. through the intermediate benzyne 
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formation and aniline is formed and the amino group enters 
partly at the labelled carbon atom,' and partly at the 
ortho-carbon atom. 

~I N"""}Uq.NH" 0, i NH3,. Of"NH
3 +0' i ~ 

~H 196K ~ ~ - ~ NH3 
(-NH,. -NaCl) 

Chlorobenzene Benzyne O. 
, - ,I +. I ' ' ',;;:::r *NH2' O*H 

. - , ~ H ~ NH2 

(47%) (53%) 

Aniline 

Experimentally both products are formed, hence, 
elimination-addition mechanism is followed. This can be 
exemplified by the fact that o-chlorotolueneon heating with 
aq. NaOH gives a mixtury of 2- and3-methyl phenol. 

CH3 CH3 ' CH3 

O,;;:::r, I CI Aq.NaOH .. O' I OH + 0
1 ~ Heat ~ ~ OH 

3. Free radical aromatic substitution:the aromatic 
substitution reactions which follow tree radical mechanisms 
are very few and have limited synthetic value. A typical 
example of these reactiens is the methylation of aromatic 
compound by tertiary butyl peroxide which gives methyl 
radicals through the various intermediates.' The methyl radical 
may now get substituted a~ the 0.., m- or p-positions. Among 
these, the ortho product always predominates. 

(C'H ) CO OC(CH) Heat) 2(CH3 )3 C• O 3 3' 3 3 
Tert. butyl peroxide Tert. butoXyI 

radical 

By the substitution of an aromatic compound with an aryl 
radical to form bi aryl may be shown as follows : ' 

AI ~ AI' V + CSH5 - Y - 'y + H 

H CSH5 CSH5 
• • 

(C6 Hs +H ~ C6H6) 

The mechanism of chlorination of benzene" 'at high 
temperature is siinilar to that of the free radtcal aliphatic 
substitution. " , , , 

• • 
(i) Cl2 ~ CI + CI (chain initiation) 

(ii) C6H6 + CI ~ C\Hs + HCI (H-abstraction) . .. " .;. ". 

• • 
(iii) C6HS +C12 ~ C6HsCI+CI (chai~,prop!lgation) 

Problem 5.Suggest the name of a LewiS acid other than 
anhydrous aluminium chloride, which can bi!; used during 
ethylation of benzene. " ", .' ;' , , 

Solution :Anhydrous FeCI 3, BF3 , SnCI4 , etc. 

Problem 6.JVhich xy(ene gi;veS'{a) one, (b) two and (c) 
three, monochloro derivatives? Give their structures and 

, .,', 
names. 

, Solution :(a) MonocliJ.~rination of p-xylene' gives one 
monochloro derivat,ive because all the foUr available positions 
are equivalent. The pro~uct is 2-chloro-I.4~imethylbenzene. 

, eH3 

,©t 
.' ",',.,' ·'CH;> 

• 
~ 2(CH3 hCO+2CH3 

Acetone Methyl 

, (b) o-Xylerte':',ha,s':two "typ(!S :'of equivalent positions, 
, leading to two ·isomeric products, (' , , 
, , 'CH3'~"""""~""" "',.,;,',:: radical 

x X X X 

O· ~ I +CH3 - 01CH3~0 +01 
~ ~CH3~' 

Q- m- Cij3 
p-

where X == -CI, -OCH3, -N02, -CH3' etc. 

In the case of free radical aromatic substitution, it has 
been found that the ortho and para product predominate even 
in presenC<:$ 'of some meta-directing group in the aromatic 
nucleus. 

The 'Structures of 0-, m- and p-intermediates may be 
written as follows: 

cb<~~ 
H Y 

(i) rey:CH3/'; -~~I~~2i;-~~~~~1~~~'~~~" 
l8JCl ' , ,',,'. 

, . Cfl3 , 

(ti) ©CH
3 

CI 

4-Chloro-I,2-dimethylbenzene 

(c) m-Xylene has three types of positions giving three 
different derivatives: 

©
CH

3
C1 

' 

(i) 0 2-Chloro-l,3-dimethylbenzene 
CH3 " 

CH3 

(ii) ©' CI CH3 

l-Chloro-3,5-dimethylbenzene 
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CHJ 

(iii) ©. I,:,Chloro-2,4;.dimethylbenzene 
. CH3' 

CI 

,Probleln 7~ Explain why ,benzene ' lmdergoes 
electrdphilic substitution reactions whereas, alkenes undergo 
addition reactions?'. . . . ., . 

Solution: Both benzene and . alkenes· react 'with . 
electrophiles because· of their exposed· 1t-electronsand forin 
carbocations. . 

')+1 . 
-·· .. C~-B. 

. . 'I 

'o·~~·· ': . +E+ 
#' . 

Benzene 

The carbocation fonnedby alkenecombine.s with the 
nucleophile to form theadditiO.n producf . . 

)

+ , . - . ,.,., .. 

. C-j-E+NU:.~ Nu-?-j~E 

Addition product 

If this happened to benzene, the product would lose the 
aromatic character: Thus, the nucleophile removes a proton 
from benzene carbocation. to fonn substitution product .as to' 
maintain the aromatic character. . . .. . 

.~.·.··E+Nu:·~ .. ,··o-~·'I.·E'+H-NU '. V LJ

•

m 

~ ... ' '. 

SUbstitution 
. product 

proble.a. 8. Explain:. n-p~pyib~nzene' is' .'b~st 
prepared by acylation followed by·reduction of the carbonyl 
group with zinc . amalgam and HCI' rather .than · by direct 
alkylation a/benzene with n-propylchloride, 

SoIudon : The direct alkylation of benzene ·with ' 
n-propyichloride by Friedel-Crafts'. reac,tion gives 
isopropylbenZene and not n-propylbenzeneas . the primary 

+ 
carbocation (CH3CH2CH2) rearranges toa· more stable 

+ ., 
secondary carbocation (CH3 CHCH3 ). 

+ , 
CH3CH2CH2CI + AlC13 . ----1>CH3CH2 CH2 .+ AICI4 

+ + 
CH3CH2CH2 ----1> CH3CHCH3 

+ 
C6H6 +CH3CHCH3 ---t,C6 HsCH(CH3h' 

lsopropylbenzene 

Acylation gives keto compound which on reduction forms 
, alkylbenzene. 

. ···.897 

0' 
~, .' 

C~H2CH3" CH2CH2CH3 . © CH~t~Cl.© .2o@Bl!!!C~ © • 
. ".pfopylbenzene 

rr..._ 9.· $xplain thefollowing witkprQperteasoning: 
(a)Although benzene is highly unsaturated, it does not 

undergo addition reactions.' , 
( b) Bent(me though unsaturated, . undergoes substitution 

reactionseasiiy rather than addition. . 
. (c)All m-directors an~ deact~vatingf, 
(d) The halogens, as exceptions, are 0-, p-directors but 

are deactivating. . . 
(e) Most o-,p-iJirecti"(lgsubstituents are activating. 

Solution: .. (a)1t-electronsof berizene ring are delocali
zed thtoughoutthe molecule. This makes the ·moleculevery 

.. stable. Th,eaddition' reacti,ons would result in the:&emng,6f 
this delociiUzation;i.e.,the stability oftM molemiIe which is 
resisted.' .' . .' ". . . 

. . (b ) Resonance is presen~ in' b~nzene molecule. This 
makes the benzene molecule' stable. As the' substitution . " .. 

reactions do not disturb the resonance stabilization or aromatic 
character, these occur easily. Addition reactions disturb the 
resonance stabilization or aromatic character, thus; these 
reactions are resisted. 

(0) The' meta~directing substitilents· withdrawelecfrqns 
frotb:the benzene ring and thus, deactivate the benzerienng foT' 
further substitution.' . . .. ,.. . 

(d) In the case of halogens,' two' opposing effects~perate 
simultaneously. A halogen substituent releases electrons due 
to resonance ,but. \\Iithdraws electrons [lsodueto high 
electronegativity, {e;, '-i (in<;luctive) effect. Theindl:lcllve 

. effect is ',more. pronQunced thanth.e resonan,ce e.ffect and the. 
net result is that the benzene ring is rendered electron deficient, . 
andthiIs deactivated for further substituti~n.· .'. ,. , 

. (e) Theo-,p-directing substituents rcleaseelectrons into 
the benzene. ring and thus, activate. the benzene iing for further '. ~ . 
substitUtion. . " , . 

.·PnlllnlII. (a) Show theformation of the ele6trophile 
, in the following reactions: ' 

. (0 Cl2 + AlCI3,(ti)HN03tH~SbM(iii)Br2 + Fe, 
., (iv) H2S04 and (v) HzS 207,jUmtng sJ/Phuricacid. . 

(by Row do subsiituentsgroups:,rn.anaromatic ring 
influence the course. of:electrr;philic . aromatic substitution? 
Classify them by their effects. . . . 

SOIiltioa : 
(a)(i)CI2 + AlC13 Cl + + AlCl4 . 
'(ii) HON02 +HOS03H ---tH20+NO; + HS04 
(iii) 2Fe +3Br2 ---t 2FeBr3 

FeBr3 + Br2 ---tBr+ + FeBri 

(iv)2H2S04 ~H30+ + HS04' +SO 

(v) H2S20 7 ---t H+ + HSO:; +S03 . 
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(b)' The substituents on an aromatic ring affect the 
electrophilic substitution in two ways : 

1. Reactivity: The compound is more reactive than 
benzene, the groups present are activating. In case, the 
compound is less reactive than benzene, the groups present are 
deactivating. 

2. Orientation: Whether electrophile (E) enters ortho, 
para ,or meta. There are three classes of substituent groups: 

(i) All activating groups direct E to ortho or para-
positions. . 

(ii) MOSf deactivating groups' direct E to meta-positions. 
(iii) A few deactivating groups, e.g., halogens direct E to 

ortho or para-positions. 
Problem 11., Give the principal monosubstitution 

products from the following reactions and indicate whether 
each reaction.ls Jaster or slower than with benzene. 

(a) Nitration ofPhNHCOCH3 . 

(b) Bromination ofPhCBr3 
(c) Chlorination ofPhC(CH3 h 
(d) Nitration of Ph-Ph 
(e) Nitration ofPhCOOCH3 
if) Sulphonation ojPhCH(CH:; h 
(g) Nitration ofPhC=N 
(hj Bromination of PhI 

'Solution: 

Principal products 
Nature of reaction in 

comparison to benzene 

(a) p-02NC6H4NHCOCH3 

(b) m-B~C6H4CBr3 . 

. (c) p-CIC6H",C(CH 3h 
(d) p-02NC6H4Ph 

(Ph is 0-, p-directingand 
activating) 

(e) m-02NC6H4COOCH3 

(0 p-HSO~,C6H4CH(CH3h 

(g) m-02NC6H4CN 

(h) 'p-BrC6H4I 

Faster 

Slower 

,Faster 

Faster 

. Slower 

Faster 

Slower 

Slower 

Problem 12. Show by an arrow the preferred product of 
reaction with E + of each 'of the three isomeric, 
(a) nitrotoluenes, (b) methoxy toluenes and (c) methoxy 
acetanilides. Explain your choices in each case. 

Solution: ' 

CH3 ' CH3 

~©¥ ~©No, ©N02 
Ca) 

t t N02 

ortho meta para 
(A) (B) (C) 

G.R.B. Organic Chemistry for Competitions 

In (A),CH3 directs E+ to ortho and para-positions which 

are also meta to N02, i.e., substituents reinforce each other. In 
(B), the orientation is in opposition. The o-,p-director .controls 
the orientation, i.e., E+ enters para to CH3 and ortho to N02. 

In (C), both groups are reinforcing, i.e., orthotoCH3 and meta 
to N02• 

OCH3 , OCH3 OCH3 

.~©CH' ~©CH' ~©? (b) 

t t CH3 

ortho meta para 
(A) (B) (C) 

Both groups are o-,p-directing. In (B), the substituents 
reinforce each other, very little substitution occurs between the 
groups due to sterlc hindrance. In (A) and (C), the two groups 
are in opposition. The more strongly activating -OCH3 
controls the orientation. 

NHCOCH3 "'©OCH

3 
(c) 

/' 

t 
ortho 
(A) 

NHCOCH3 

©= 
meta para 
(8) (C) 

Both the substituents are o-,p-directing and equally 
moderate strong activators. In (B), both the groups are 
reinforcing and a mixture of two isomers is obtained. In (A) 
and (C); two groups are in opposition. In (A), substantial 
amounts'of all isomers are obtained while in (C), substitution 
occurs ortho to both the groups. 

Problem 13. Explain the following percentages of meta 
electrophilic substitutions. 

(a) C6HsCH3, C 6HsCH2CI, C6HsCHC12, C6HsCC13 
'4.4% 15.5% 33.8% 64.6% 

+ '+ 
(b) C6HSN(CH3h, C6HsCH2N(CH3h, 

100% 88% 
+ 

C6HsCH2CH2N(CH3h 
19% 

Solution: (a) Successive replacement of hydrogen 
atoms in electron releasing group (-CH3 ) by electronegative 
chlorine atoms makes the group increasingly electron 
attracting and meta-directing. . 

(b) The +ve charge on N makes the substituent electron 
. attracting and meta-directing. The positive charge decreases 
successively by inserting electron releasing -'-CH 2 groups and 

, + 
thus o-,p-orientation dominates in C6HsCH2CH2 N (CH3)~' 

Example: . Which of the following isomeric compounds 
give only one C6HSBr isomer? ' 
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CHz (0)0 CHz 

(b) A 
HzC .. CHz 

(c)~ (d) .L%J 
Ans. (b) In this molecule, all the methylene groups are 

identical hence only one monobromo derivative is formed. 
Problem 14. Give the monosubstitution product in the 

following reactions: . 

(i) 

(ii) ~ }CH2-{ ) 
N02 \ 

(iii) ~N-{ X) 
(tv) 

(v) 

(vi) 

NOz 

Solution: 

~}CH'-{ }N02 
NOz . 

(ii) 

899 

NOz 

and ~N-< X }N~ 
Br 

(iv) <}1~ ) 
o 

and <}L--Q-Br 

16~9 AROMATIC HYDROCARBONS (ARcNES) 
The -ticin arene is used to designate aromatic hydrocarbons 
derived by replacement of one or more hydrogen atoms of the 
benzene ring by hydrocarbon substituents such, as alkyl, 
alkenyl, alkynyl or aryl groups. They can be divided into two 
categories: 

(i) Arenescontaining one benzene ring and (ii) arenes 
containing more than one benzene rings either linked directly . 
with each other or through one or more carbon atoms. Some of 
the common examples of both the' categories are: 

. CH3 CHzCH3 CH=CHz ©, ~, © ' 
Toluene 

Bi-phen) 

C6~<CH3 , 
CH3 

0-, m- or p-Xylen~ 

~nzene Styrene 

@-cHr-@, 
Diphenylmethane 

CH(CH3 

C.H,(CH,), , • © CH, 

Adj-, unsym- or sym_· Isopropylbenzene 
trimethylbenzene (Cumene) .. 
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... ~ HOMOLOGOUS OF BENZENE 

[AI' Toluene or Metbyl benzene or Pbenylmetbane 
CH3 '. CH3 

CJlsCH, or 0 or © 
Toluene is the simplest homologue of benzene. It was first 

obtained by dry distillation of Tolubalsam and hence its name 
. toluene. It is present in coal-tar. Toluene is commercially 
known as toluoL 

Methods of Preparation 

. 1. From benzene (Friedel.Crafts readion): 
reacts with methyl chloride in presence of 

Benzene 
anhydrous 

aluminium chloride to form toluene. 

© +CH,Cl 

CH3 

Anhyd. AICl3 © 
~ .. . +HCI 

Benzene Toluene 

[The formation occurs through electrophilic substitution. 
CH3CI + AlCl3 ~ CH! + AlCI:; 

Electrophile 

.. C6HSH +CH; + AlCI:; ~ C6HsCH3+HCI + AlCI3] 

Note :. (I) The reactIOn IS not very useful as the monoallcyl denvatIve 
. first formed readily undergoes further. alkylation at a still 

greater speed to produce polysubstituted products. 

CA + 2CH3CI ---:+ C6H4(CH3h + 2HCI 

C6H6 + 3CH3CI.---:+ C6H3(CH3h + 3HCl 

(ii) Alkyl halide employed may undergo an isomeric change. 
. .' CH

3 
.' 

C1;H6 + ClCH2CH2CH3 Anbyd. Ale13) C6HsCH< + HCI 
n-Propyl chloride CH 

180propylbenzene 
(65-70%) 

3 

Inspite of the above two difficulties, Friedel-Crafts 
reaction is extensively used in the preparation of aromatic 
. hydrocarbons. The following catalysts can be used in place of 
. anhydrous AlCl 3 to moderate the speed ofthe reaction. . 

AiCI3> SbCl3 > SnCl4 > BF3 > ZnC12 > HgCl2 

Alcohols and oleftns can be used in place of alkyl halides. 
Anhyd. AICl3 . 

C6H SH + HOCH3 ) C6HsCH3 + H20 

.~ 'C6HsH+C2H4 .~. C6HsC2HS 

.• ·.2. F~.m bromobe~ne (W~rtz·Fittig reaction): When 
... metal· sOOlum reacts wIth a mIxture of bromobenzene and 
methyl bromide hi dry ethereal solution, toh,lene is obtained as 

. a main product. 

..\ 0 )Br.+ 2N~ + ~:;;'~' Eth". < 0 )CH, + 2NaBr 

.. ~1:?rifobenzene . bromide Toluene 

,This reactron is an extension of Wurtz reaction. It follows 
fre~ radical IIlech:inism. . .~ 

" 
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C6Hs;Br + Na ~ C6HS + NaBr 

CH3Br+Na ~ CH3 +NaBr 

• • 
C6HS +CH3 ~ C6HSCH3 (Toluene) 

Diphenyland ethane are obtained as byproducts. 

• • 
C6Hs +C6Hs ~ C6HS-C6HS 

(Diphenyl) 

• • 
CH3 +CH3 ~ CH3-CH3 

(Ethane) 

3. From ioluie acid (Decarboxylation) : The sodium 
salt of (o-,m- or p-) toluic acid when heated with soda lime, 
toluene is formed. 

<CH3 

C6H4 + NaOH 
COONa 

Soda lime 
~ > C6HSCH3 + Na2C03 

Toluene 

(o-,m- or p-) 
Sodium. toluate. 

4. From cresol: When cresol (o-,m- or p-) is distilled 
with zinc dust; toluene is obtained. . 

©OH +ZnO Heat • +Zn 

o-Cresol Toluene 

5. From toluene sulphonic acid ~ When (0-, m- or p-) 
toluene sulphonic acid is boiled with HCI or treated. with 
super-heated steam, toluene is formed. 

CH3 

© +HOH~ Steam 

S03H 
p-Toluene 

sulphonic acid 

Toluene 

6. From toluidine: Toluidine is first diazotised with 
sodium nitrite and HCI at low temperature. The diazonium 
compound when heated with alkaline stannous chloride 
(SnCI2 ) or absolute alcohol gives toluene. 

CH3 CH3 . CH 

© N:C~'. © ~HtH. © 
NH2 N2Cl Toluene 

p-Toluidine p-Toluene 
diazonium 
chloride 

+ N2 + CH3CHO + HCI 

7. From Grignard reagent: Toluene is formed when 
phenyl magnesium bromide is treated with methyl bromide. 
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MgBr © + CH,Br 

Phenyl magnesium 
bromide 

-' © + MgBri 

Toluene 

8. From aromatic ketones: Mixed aliphatic aromatic 
ketone is obtained by condensation of acid chloride with 
aromatic hydrocarbon in presence of anhydrous AlCl 3 
(Friedel-Crafts synthesis). 

Anbyd. AlCl3' 
C6HSH +CICOCH3 il) C6HsCOCH3 + HCI 

Acetophenone 

The ketone thus formed is then reduced by amalgamated 
zinc and concentrated hydr09hloric acid. 

. . Zn(Hg)/HCl .' 
C6HsCOCH3 + 4[H] . ") C 6HsCH2CH 3 + H20 

, ~Ethylbenzene 

This method is used for the preparation of alkyl
benzenes other than toluene. 

Commercial Preparation 

1. From coal-tar: The main source of commercial 
production of toluene is the light oil fraction of coal-tar. The 
light oil fraction is washed with conc. H2S04 to remove the 
bases, then with NaOH to remove acidic substances and. 
finally with water. It is subjected to fractional distillation. The 
vapours collected between 80-11OoC is 90%. benzol which 
contains 70-80% benzene and 14-24% toluene. 90% benzol is 
again distilled and the portion distilling between 108-11 O°C'is 
collected. It is toluene. 

2. From n-heptane and methyl cyclohexane: Large 
quantities of commercial toluene are obtained by catalytic 
dehydrogenation of n-heptane or methyl cyclohexane 
(petroleum products). 

CH3 
I 

/ CH2 
H2C CH3 

. I I 
H2C~ / CH2 

CH2 . 

n-Heptane 

500-5500 C 
150 atm 

Xylenes 

Toluene 
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CH3-(CHih--CH3 
n-Nonane 

. {lCH
3 ", 

Cr203/Ah03 10 . ~ I' ' '+ 4H 
50~550oc 2 

150 atm' H3C:::::::-'" CH3 

Mesitylene 
(Syn-trimethyibenzene) . . 

Physical properties.: (i) It is a colourless mobile liquid 
having characteristic aromatic odour. 

(ii) It is lighter than water (sp. gr. 0.867 at 20°C). 
(iii) It is insoluble in water but miscible with alcohol and 

ether in all proportions. 
(iv) Its vapours are inflammable. It boils at nooe and 

freezes at -96°C, 
: (v) It is a good solvent for many organic compounds. 
(vi) It is a weak polar compound having dipole moment 

0.4 D. ., 

, Chemical properties: Since the molecule oftolueneis J. , , •. 

made of benzene ring and methyl group, it shows behaviour of 
both. ' 

CH3 - Side chain (Aliphatic) © ~Bonzene ring (Aromatic) 

Eledrophilic substitution reactions: The methyl 
group in toluene is electron releasing group (+Inductive effect) 
and thus, it activates the benzene nucleus and gives 
electrophilic substitution reactions more readily than benzene. 
It is an ortho and para-directing group, i.e., on substitution 
forms always a mixture of ortho- and para-derivatives. 

CH3 CH3 CH3 

© +Elo!:Phil' ~ ©E + © 
o-Derivative E 

p-Derivative 

(I) Halogenation: Toluene reacts . with. chlorine 'br 
bromine in the presence of FeCI 3 or AlCl3 to form a mixture 
of 0- and p-derivatives. \ 

CH3 CH3 

©.... .• + Cl2 FeCI) I> rUCI 
+ 

(Catalyst) 18J 
Toluene o~Chlorotoluene Cl 

p-ChlorotOluene 

(Ii) Nitration: Toluene forms a mixture of ortho- and 
para-nitrotoluenes when treated with a mixture' or' cone. 
FIN0 3 and conc. H2S04 , 

CH3 CH3 CH3 

rU +HN03 CO~~o~2S041> rUN02 
+ rU. 18J (Cone.) 18J 18J 

Toluene o-Nitrotoluene NOz 
p-Nitrotoluene 

Nitration of toluene is 25 times more reactive than 
benzene and -CH3 group is an activating group. 
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On· . further nitration (using fuming nitric acid), 
dinitrotoluene and trinitrotoluene are formed. 

. CHi 

<@ 
N02 

.~ 
.CHa' CHa 

02N~O N02 rQiN02 

. ~'" .. . /~. 2,4-Dinitrotolue~e 

'. ~ CHa 

02NrcyN02 
~ 2,4,6-Trinitrotoluene (TNT) 

N02 

2,4,6-Trinitrotoluene (TNT) is a powerful explosive 
material. . 

(iii). Sulphonation: Toluene on heating with conc. 
H2S04 forms a mixture of ortho and para-toluene' sulphonic 
acids. 

Ca3 

@O.·.··.·+HiS04 
Conc; 

Toluene 

. .' eli3 . . CH3 

H~.©~O,H+ © 
a-Toluene' 

sulphonic acid 
'SO~ 
p-Toluene 

sulphonic acid 

SulphoQation of toluene is approximately ten times more 
reactive' than sulphonation of benzene. 

. The same products are formed when fuming sulphuric 
acid is. usedafO°C. 

(iv). Friedel..crafts reaction: It readily undergoes 
Friedel-Crafts reaction. 

(a) Toluene reacts with methyl chloride in presence of 
anhydrous aluminium chloride to form a mixture of ortho and 
para-xylenes. 

CH3 

© 
Toluene 

CH3 . CH3 ©CH,+ © 
a-Xylene CH3 •• 

p-Xylene 

(b) Toluene reacts with acetyl chloride in presence of; 
. aluminium chloride to give a mixture of 0- and p-methyl 
acetophenone. 

CH3 

© 
CH3 CH3 

. Anhyd. r8iCOCH r8i 
+ CH3COCI Al~13. 0 3 + 0 

Toluene a-Methyl COCH3 
acetophenone p-Methyl 

acetophenone 

G R B Organic Chemistry for Cqmpetitions 

Reactions of Side-ehain 

. 1. Side-chain halogenation: When chlorine is passed 
through boiling toluene in presence of ultraviolet light, side
chain substitution Occurs forming benzyl chloride, benzal 
chloride and benzo trichloride. 

CH3 CH2CI 

.©~©~ 
Toluene Benzyl· 

chloride 
Benzal 
chloride 

Benzo 
trichloride 

Note :(i). Benzyl chloride on hydrolysis with aqueous caustic soda 
forms benzyl alcohol. 

q,HsCH2Cf + NaOH ~ C6HsCH20H + NaCl 
(Phenyl methyl Benzyl alcohol 

chloride) 

(ii) Benzal chloride on hydrolysis forms benzaldehyde. 

q,HsCHCI2 + 2NaOH ~ q,HsCH(OH)2 + 2NaCI 
(Benzylidene. 1 . 

chloride) 

C~5CHO +H20 
Benzaldehyde 

(iii) Benzo trichloride on hydrolysis forms benzoic acid. 

C6HsCCl3 + 3NaOH ~ q,HsC(OHh + 3NaCI 
(Benzy~idyne 1 
. chlonde) . 

q,HsCOOH + H20 
Benzoic acid 

1. Oxidation: (a) With hot acidic KMn04 , Na2Cr207 

or cone. HN03,methyl group isoxidised to -COOH group, 
i.e., toluene is converted info benzoic' acid and all other 
homologues of benzene are oxidised to -COOH group 
irrespective of the length of side-chain. 

CH3 COOH 

. © +3[OJ KMnO,I!!'. © +H,O 
Toluene . Benzoic acid 

Even when oxidised with alkaline KMn04 or acidic 
Na2Cr207' the entire side-chain with atleast one H at 
a-carbon, regardless of length is oxidised to -COOH. 

CH2CH3 COOH © +3[0,] ~{OH; © +CO,+2H,0 
Ethylbenzene Benzoic acid 

COOH 

© 
Isopropylbenzene Benzoic acid 

But if the side-chain has no C-H bond at the a-carbon 
(with respect to benzene nucleus), then benzene ring is broken 
during oxidation. 
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CH
3 

' 

I CH3 , 

@i', I-CH3 Na2Cr207" HOOC-i-CH - CH COOH 
HSO I 3· 3 CH 2 4 

. 3 CH
3 

. 

Tex:. butylbenzene ' , 

(b) With acidic manganese dioxide or chromyl chloride, 
in CCl 4 solution, toluene and all other homologues of benzene 
are oxidised to terminal carbon atom giving aldehydes. 

CH3 CHO © + 2[0] C.o,CI,. © + H20 

Toluene 

Ethylbenzene , 

Propylbenzene 

, Benzaldehyde 

CCl4 
~ C6HSCH3 ·2Cr02C12 

Complex 

!3H20, 

C6HsCHO +2H2Cr04 + 4HCl] 
CH2CHO 

© [0] 

Phenylacetaldehyde 

3-Phenylpropanal 

This is Etard's reaction. 
Note: All alkyl benzenes, on oxidation with hot acidic KMn04 or 

Na2Cr207 form benzoic acid. 1,"he length ofthe side-chain does 
not matter. 

3. Addition reaction (Hydrogenation): The mixture 
of toluene vapour and hydrogen when heated at 200°C in 
presence of nickel or Pt as catalyst' methyl cyclohexane is 
formed. ,~ 

CH3 
I 

RCO' CH 

HC~ ICH 

C 
R 

Methy lbenzene 

+2R2 

Alkylbenzene 

+ 3H2 
Ni 

Nafliq, NHr -C2HsOH 

(Birch reduction) • . 

Alkyl cyclohexene 

4. Combustion: Toluene burns with smoky flame in 
air or oxygen. 

C6HSCH3 +902 

S. ' Ozonolysis : 

':!i CHs 

HC~6"CH 
I II +30s 
HC~ /CH 

C . 
H 

Toluene 
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CHir-C-=O CHO ' 
Zn/HOH.. 1+ 21 

H-'-C=O CHO 
Methyl glyoxal . Glyoxal 

Uses: Toluene is used, 
(i) in the manufacture of benzyl chloride, benzal chloride, 

benzyl alcohol, benzaldehyde, benzoic acid, saccharin, etc. 
(ii) in the manufacture of trinitrotoluene (TNT), a highly 

explosive substance. ' 
(iii) as an industrial solvent and in dry-cleaning. 

, (iv) as a petrol substitute. 
(v) in the manufacture of certain dyes and drugs. 

[BI Xylenes (Dimethylbenzene), C 6H4 (CH3 h 
The molecular formula, CsHlOrepresents four isomers. 

CH3 CR3 CH3 C2HS 

©CH
3 

©CH,© © 
a-Xylene m-Xylene CH3 Ethylbenzene 

p-Xylene 

These are produced along with benzene, toluene and 
ethylbenzene whenaromatisation of C6 -Cg fraction of 
petroleum naphtha is done. The xylenes are isolated from the 
resulting mixture (BTX) by fractional distillation. 

Preparations 

These can be prepared by Wurtz-Fittig reaction. Amixture 
of bromo toluene and methylbromide is treated with sodium in 
dry ethereal solution to form the desired xylene. 

CH3 CH3 

©Br + 2Na + BrCH, _ ©CH
3 + 2NaBr 

a~Bromotoluene a-Xylene 

CR3 . CH3 

©Br + 2Na + BrCH, - ©CH,+2NaBr 

m-Bromotoluene 

CR3 © + 2N~ + BrCH, 

Br 
p-Bromotoluene 

m-Xylene 

'CR 

© 
CR3 

p-XyJene 

+2NaBr 

y 

i 
31 
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These can also be obtained by Friedel-Crafissynthesis, 
,CII3.. . CH3 ' .. '., CH3. © +<::H3Cl Al~'. ©CH3

+ © 
o-Xylene 

m:Xylene can be obtained froI)1 mesitylene. 

CR3 
p-Xylene 

'. CH3 . . CH3 . . CH3 '. , .'. ·@'..[O]@O· Soda' lime @'+(;;O 
. . . · .. He ". '. '. • CH ~ HOOG '. CH Heat)O . . .CH . 2 

'" 3 , .' . 3· 3. ..3 . 

¥esitylen~· ' . " 

'. ~. 

Mesitrlenic acid· m-Xylene . 
, :' '" 

" ~"'l'fletfiXylenes are. colourless liquids having. 
'. characleristicodour. The boiling points of thte,e iSQmers are: 

·"'.,...07Xy16ne = J44°C,m.,Xylene =139°C;p~Xylene' 138°C: ' 
. ' ·Xylenesi.l11dergo ,electtophilic substitUtion r,eactionsirithe 
s,~e,rp.atilier as t()luene. Upon oxidation with KMn04 or 

'. .:K2Cr207,xylenes form corresponding dicarboxylic acids. 

, rCY.' COOH, 
'l.8JCOOH 

. Phthalic acid: 

:', ,',. 

Ozon.tysls . 

COOH COOH' 

©C()()H' © 
. ISOphthalic acid' COOH· 

l'erephthali~~~id ' 

.. ·o~XYleP.em~y be' regarded as a' resonancehy~ridofth~ 
. followirigitWo Kekule'ssti:uctuies· (A) and: (B);.OzonolYsis:.of. 

.·each.oneofthese gives tWo products: For example.., . . 

CH -C=O 
CIl;] (i) °3, CH2CI2, 195K ) 2 . 3 I, 

(ii) Zn/H20 H---,C--':'O 
(Ozonolysis). Methyl glyoxal· 

. (2~OxopropimaI) . . 

HC' O· 
,+ I. 

HC=O 
Glyoxal 

(Ethanedial) 
CH3 

"((CH
3 CH -c=o ';--1 -- ) (i) °3, CH2C12, 195K ) 3 I 

,~ (ii) Zn/H2~0 . CH3 -C=O 
'. (B) (OzonolySis) 1,2-Dimethyl glyoxal 

o.-Xyl.ehe (Butane:'2;3-dione), 
H-· C-':":'O 

+2 I 
H-C=O .. 
. Glyoxal 

. (Ethanedial) 
:~':;""Thus~:allthree products are obtained by the ozonolysis of 

:'~(o~xYlene (i.e., glyoxal, methyl!1:lyoxal and ?imethyl glyo.xal). 
. ~·"~;~Smce, all the three products cannot be obtamed from anyone 
·,;:li,~·.; .. 

.,. ~,~, ." ";~~. '. 

. ()f the two K~kule'~. structures (A) and (B), this shows that 
. o-xylene is a resonance hybrid of the two Kekule's structures 
(A) and (B). '" 

Xylenes are used in the' manufacture of lacquers and as 
solvent for rubber. o-Xylene is used for the manufacture .of 
phthalic anhydride. " 

(ClEthylbenzene, C.H5CZHS 

Preparat:lon' 
It can be' prepared by the following reactions: . 
. (i) By Wurtz-Fittig reaction. 

C6HSBr +2Na+ BrC2H s ---+ C/iHSC2HS +2NaBr 
Bromo- . Bromoethane Ethyl-

benzene benzene 

(ii) By Friedei-Crafts reaction •. 
. '. . .• Anhyd,AlCI

3
· . 

. C6HSH + BrC2Hs '.) C6HsC2HS + HBr 
Benzene . . 

(iii) By 'catalytic reduction of styrene (Vinylbenzene). 

C6H 5CH=CH2 + H2 ---+ C6HsCH2CH3 
Vinylbenzene .Ethylbenzene 

(iv) By alkylbenzene synthesis. 

' .. ' .• ' ... ' .. '. .. " '... Anhyd. AlCI3 , Hel 
. C6HsH+1I2CCHi· H PO 95"C P )C6HsCH2CH3 

.. ',' , ,Ethene. or 3. 4.. ,ressure 

Properties :Iti~' a colourless liquid, boiling point 
136°C . 

.• .. 1. Halogen.tion;: Side-chain halogenation . f!!~inly 
. takes place at benzylic carbon (i.e;, carbon atom next to 
benzene ring) .. This is because, the reaction intermediate in 

.', this partiCulai:case is benzyl free radiCal which. is stabilized by 
resonaricedue to the presence of benzene ring .. 

Cl 
I 
CH-CH3 © .~;~v. CH;-C1I3 

. , 'c6J·,·o'.· •.•.. ··· .• · C12,hV 
. .. ,. . 

" 273K 

Ethylbenzene '. I-Chi oro-I-phenyl 
ethane (56%) 

l,l-Dichloro-l
phenylethane 

Bromine radIcals are not as reactive as 'chlorine radicals, 
.~nd bromination is selective than chlorination. Bromine reacts 
.. exclusively at the benzylic position. 

, . CHiCH;3 .CH(Br)--:-CH3 

©B~"V.© . 
Ethylbeniene 1 ~Bro.mo-l-phenyl 

.. . . ethane (100%) 
'. '>, . • . 

. . Thus, . side~chain . halogenation undergo free radical 

. halogenation mQFe eaSily than alkanes. 
FUrther, it undergoes electtophilic substitution reaction in 

the same way as toluene. Ethyl group is an 0- and p-directing 
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group, i.e., on substitution forms always a mixture of 0- and 
p-derivati ves. 

2. Oxidation:.When oxidised with dil. HN03 or 

alkaline KMnO 4 or chromic acid. it forms benzoic acid. 

[oJ . 
C6HsC2HS ~ C6HsCOOH 

[DJ Styrene (Vinylbenzene), C 6H sCH=CH2 

It is present in storax balsam and in coal-tar in traces. 

Preparations 

1. Dehydrogenation of side-chain of ethylbenzene: 
Dehydroe' ,lation of side",chain is' affected by heating 
ethylbenzP'le to high temperature in presence of a catalyst. 

CH2CH3 CH CH2 © +H,C=CH, AIel,. © o::~,o; © 
Benzene Ethylbenzene Styrene 

2. Decarboxylation of cinnamic add: This is the 
laboratory preparation. It involves heating of cinnamic acid 
with a small amount of quinol. 

Quinol . 
C6HsCH=CHCOOH ) C6HsCH=CH2 +C02 

3. Dehydration ofl-phenylethanol with H 2S04 : 

H2S04 . 
C6HsCHOHCH3 -H

2
0) C6H5CH~CH2 

4. Dehydration of 2-phenylethanol witb ZnCI 1 : 

ZnG!2, Heat . 
C6HsCHzCH20H -H

2
0) C6HsCH=CHz 

S. Debydrobalogenation of I-pbenyl-I-cbloroethane: 
On heating with alcoholic potassium hydroxide, a molecule of 

. hydrogen chloride is .. eliminated by the chloroderivative. 

Properties: It is a colourless liquid, boiling point 
145°C. On keeping, it gradually changes into a solid polymer 
called a meta-styrene. The polymerization is rapid in sunlight 
or when treated with sodium. It shows properties of benzene 
ring (electrophilic substitution) and unsaturated side-chain 
(electrophilic addition). However, the side-chain double bond 
is more susceptible to electrophilic attack as compared to 
benzene ring. 

At lower temperature and pressure, it reacts with 
hydrogen to produce ethylbenzene and at higher temperature 
and pressure, it is converted into ethyl cyclohexane. 

CH CH2 . CH2CH3 CHzCH3 © 2O.~~~ © 125.;;~i.m: 0 
Styrene Ethylbenzene _ Ethyl 

cyclohexane 
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With bromine, it gives the dibromide .. 
CH-CH2 CHBr-CHzBr © +Br, - © 

Styrene Styrene dibromide 
Halogen acids add to the side-chain. 

C6HsCH=CHz + HX ---j> C6HsCHXCH3 

Preparation of ring substituted styrenes is not done by 
direct halogenation but through indirect route. 

CH2CH3 CH2CH3 © + CI, FoCI,. © ,:::. CHCICH3 

© 
Ethylbenzene CI CI 

CH CH2 

Alc.KOH ~ © 
Heat 

CI 
When oxidised under drastic conditions, the side-chain is 

completely oxidised to a carboxyl group. 
CH-CH2 COOH 

© !!o:© 
Styrene Benzoic acid 

In presence of peroxides,. styr(;,:ne undergoes free radical 
polymerization resulting in the formation of polystyrene---an 
industrially important plastic. 

nC6HsCH=CH2 Peroxide) [-. ,H-CH2-1 
C6 H S . . n 

Co-polymers of styrene with butadiene and other 
substances are also important since many of them are 
industrially useful products such as SBR (a rubber substitute). 

POLYNUCLEAR HYDROCARBONS 

Compounds having more than one aromatic ring are 
known as polynuclear hydrocarbons and their main source is 
coal-tar. These are of two types. 

I. Isolated polynuclear bydrocarbons: These;rre the 
compounds containing more than one benzene ring which are 
isolated from each other or through one or more carbon atoms. 
They are also called as polyphenyl compounds. For example; 

@-@ @-CH2-@ 
Diphenyl (Biphenyl) 

(C12H lO) 

Diphenylmethane 

Triphenylmethane 
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2. Condense~ (fnsed) polynuclear hydrocarbons:. 
These are the compounds· containing two or more benzene 
rings fused together in the ortho position. For example, 

(Anthracene and phenanthrene are isomers.) 
Naphthalene is the simplest and the most important 

member of fused-ring hydrocarbons. It is the largest single 
constituent (6-10%) of coal-tar, obtained by cooling the 
middle oil fraction (b.pt. 443-503 K). In naphthalene all 
carbon atoms are sp2 -hybridized and as the Sp2 -orbitals are 
planar, all carbon and hydrogen atoms lie in one plane. 

Anthracene is a tricyclic aromatic hydrocarbon and is 
obtained from green oil fraction (b.pt. 543-.633K) of coal-tar. 
Like naphthalene, all carbon atoms in anthracene are also 
sp2 -hybridized. . 

rAl Biphenyl, C 6Hs-C6Hs, <OX 0 ) 
It occurs in coal-tar. It is the simplest example of an 

aromatic hydrocarbon in which two benzene rings are directly 
linked to each other. 

Methods of Formation 

1. Fittig reaction: It consists heating of an ethereal 
solution of bromobenzene with metallic sodium. 

@Bt+2Na+Br@-@-@+2NaBr 

2. Ulmann biaryl synthesis: Iodobenzene, on heating 
with copper at 200°C in a sealed tube, forms biphenyl. The 
reaction is facilitated if a strong electron withdrawing group is 
present inortho or para-position. 

~+2CU+l-@_ 
Iodobenzene 

<OXO)+2CuI 
Diphenyl 

G.R.B. Organic Chemistry for Competitions 

Comparison of Aromatic and Aliphatic Hydrocarbons 

CharacterIs
tic 

1. Composi
tion 

2. Carbon 
percent-
age 

3. Combus-
tion 

4. Nature 

S. Physical 
state 

Benzene and its 
homologues .. • Aliphatic hydrocarbons' 

These are closed ring com- These are open-chain com
pounds. These are repre- pounds. These are repre
sented by general formula sented by general 
CnH2I,-6' . formulae; C~2n+ 2 (al-

kanes), CnH~ (alkenes) 
and C~2n_ 2 (alkynes). 

These contain high per- These have low percentage 
centage of carbon. In ben- of carbon in comparison to 
zene C6l\;, the carbon aromatic hydrocarbons. In 
percentage is 92.3. hexane, C1,H I4, the carbon 

percentage is 83.7. 

These bum with smoky These burn with 
flame. non-smoky flame. 

These· have high These are saturated as well 
unsaturation. For example, as unsaturated. 
benzene molecule consists 
three double bonds. 

These are colourless liq- A few lower ·members are 
uids or solids. They have colourless gases while 
characteristic odour (aro- higher members are liquids 
matic). or solids. Generally no 

characteristic odour exists. 

6. Addition· Inspite of the fact that these The unsaturated hydrocar
reactions are unsaturated, generally bons show addition reac

resist addition reactions. tions. 
These do not react with 
HCI, HBr, HI or HClO. 

7. Substitu- Generally exhibit substitu- The saturated hydrocar
tion reac- tion (electrophilic) reac- bons show substitution re
tions tions such as halogenation, actions such as 

nitration, suiphonation, halogenation. The unsatu-
Friedel-Crafts reaction, rated hydrocarbons resist 
etc. substitution reactions. Ni

tration and sulphonation 
occur with difficulty in 
higher alkanes. Friedel
Crafts reaction is not 
shown by aliphatic hydro
carbons. 

8. Stability Highly stable. The unsaturated hydrocar
bons are less stable. 

9. (4n+ 2) 
rule 

Follow (4n + 2) rule, i.e., (4n + 2) rule does not ap
contain (4n + 2)1telectrons ply to aliphatic unsaturated 
wheren == 0,1, 2, 3, . . . . hydrocarbons. 

10. Oxidation Except benzene, all oxidise Alkanes do not oxidise eas-
easily. ily while unsaturated hy

drocarbonsoxidise easily. 

3, Grignard reaction: Phenyl magnesium bromide 
reacts with bromobenzene in presence ofCoC12• 
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Properties: It is a colourless solid, melting point 71 °C. 
lt undergoes usual electrophilic substitution reactions. Since, 
aryl groups are electron withdrawing, they should have 
deactivating and m-orientating effect. But, it has been 
experimentally shown that presence of one benzene ring 
activates the other for electrophilic substitution and directs the 
incoming group to 0- and p-positions. It has been shown that 
monosubstitution in the biphenyl results in the formation of 
para isomer as the major product. 

Another special feature of the biphenyl is the behaviour 
towards second substitution in a monosubstituted biphenyl. 
The second subst ment invariably enters the unsubstituted ring 
in the ortho :t!ldpara-position no matter what is the nature of 
substituent already present. 

@-@ HN03!HzS041O @-@N0
2 

Oxidation of biphenyl with chromic acid gives benzoic 
acid in small amounts. 

(B) Diphenyl methane, 

Preparations 

or 

It can be prepared by following methods: 
1. Friedel-Crafts reaction: 

Anhyd. AlCl3 . . 

C6HsCH2CI + C6H6 8) C6HsCHzC6Hs + HCI 
Benzyl chloride. Benzene Diphenyl methane 

2C6H6 + CH2Cl2 
Dichloromethane 

Anhyd. AlCl3 
8 ) C6HsCH2C6Hs 

+2HCl 
2. By action of formaldehyde on benzene in presence 

of conc. sulphuric acid: 

Conc. H2S04 
2C6H6 +0=CH2 . ) C6HsCH2C6Hs + H20 

. 3. By Grignard reaction: Phenyl magnesium bromide 
reacts with benzyl bromide to' form diphenyl methane. 

C6HsMgBr + BrCH2C6H5 ----+ C6HsCH2C6Hs + MgBr2 
4. By reduction of benzophenone: Reduction can be 

done with LiAlH4 or P and HI. 

4[H] 
C6HsCOC6Hs ). C6HsCH2C6Hs + H20 

Properties: It is a colourless solid, melting point 26°C. 
Like biphenyl, it also easily undergoes electrophilic 
substitution reactions. 

(QrHz-@ :~:. @-CHZ-@N02 . 

HN03
• OzNIQ\-rH2 ·Y0\O NOz H2S04 \~~ ~ 
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The methylene hydrogens of diphenylmethane are 
situated on carbon atom linked by two electron attracting 
benzene rings. Thus, these are somewhat acidic in nature. 

C6HsCH2C6Hs + Br2 ----+ C6HsCHBrC6Hs +- HBr 

When oxidised with K2CrZ07/H2S04 mixture, it forms 
benzophenone. 

It forms fluorene when its vapours are passed through a 
red hot tube. 

©(H)§J ~ 0::0 
Fluorene 

Carcinogenicity and Toxicity of Polynuclear 
Hydrocarbons . 

The most dreadful disease, cancer, developed by tar is due 
to the presence of some higher boiling polynuclear 
hydrocarbons called carcinogenic hydrocarbons. Cancer is a 
collection of diseases characterised by malignant cells (or 
cancerous cells) which reproduce by themselves in an 
uncontrolled manner. The difference between a normal cell 
and a cancerous cell is that the normal cell replicates only 
when it is required and the cancerous cell divides abnormally 
giving rise to a tumour which disturbs the normal function of 
vital organs of the body and therefore ultimately may lead to 
death .. 

Generally, in the skin the transference. of a normal cell into 
cancerous growth takes place in two distinct stages known as 
initiation and promotion. The first step initiation is an 
irreversible change caused only by carcinogenic compounds 
and it transfers a normal cell into dormant (sleeping) tumour 
cells which are stimulated to activity either by additional 
treatment with a carcinogen or with a promoting agent, such as 
iodoacetic acid, . phenols, detergents and even mechanical 
tissue injury. Hence, these agents accelerate the development 
of tumours. 

The normal cell may be converted into a cancerous ceU 
either by environmental effects or by genetic factors. When a 
child feeds from his mother, a substance is transferred to him. 
The outer environment is mainly responsible in developing 
cancer. Radiations; chemical and physical irritations, coal-tar 
(due to the presence of certain polynuclear hydrocarbons), 
hormones and certain viruses can be the cause of cancer. Out 
of these, polynuclear hydrocarbons are among the most 
common agents which cause cancer and hence such 
hydrocarbons are. known as Carcinogenic' polynuclear 
hydrocarbons. These hydrocarbons are mainly formed on 
incomplete combustion of organic. materials like coal-tar, 
tobacco tar,. shoot, shale oil and petroleum etc. Azo dyes, 
aromatic amines and carbamatesare also carcinogenic. 
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Examples of some polynuclear hydrocarbons having 
carcinogenic activity are: 

5 10 4 

1,2-Benzanthracene 
1,2-Behzpyrene 

20-Methyl cholanthrene 

CH3 
1,2,5,6-Dibenzanthracene 9,lO-Dimethyl-I,2-

benzanthracene 

The reactivities of these carcinogenic hydrocarbons are as 
below: 

20~Methyl cholanthrene> 1,2-Benzpyrene > 
1,2-Benzanthracene. . .. 
The degree of potency of producing cancerous 

hydrocarbons varies with the number and position of certain 
substituents like -CH3 , -OH, -CN and -OCH3 . group, 
etc. 

EtTect of -CD] group:. 1,2-Benzanthracene is found 

to be the parent compound of almost all the important 
carcinogenic hydrocarbons. The addition of methyl groups 
and their position in these compounds influence their activity, 
e.g., phenanthrene is inactive, while its methyl derivatives are 
active and the order follows as shown below: 

CH3 f/'. CH 3 

CH3 
. 1,2,3,4-Tetramethyl 

phenanthrene 

< 

< 

1,2-Dimethylchrysene 

CH3 
9, 1 O-Dimethyl 

1,2-benzanthracene 

aD.Ii.. Or~anic Chemistry for Competitions. 

Methyl derivatives are very potent to cancer. In the same 
manner. anthracene is found to be inactive but its methyl 
derivatives, viz, 6-methyl and 2,6-dimethyl are potent in the 
increasing order. 

However, it has also been observed that the presence of 
methyl group may reduce carcinogenic activity, e.g., 3,4,8,9 
and 3,4,9,IO-dibenzpyrenes are active while their methyl 
derivatives are less reactive. 

It is believed that when these polynuclear hydrocarbons 
(PNH) enter into human body, they undergo various 
biochemical reactions (conversion into their oxides called 
epbxides and dihydroxy epoxides) andflnally damage DNA 
causing mutations and ultimately lead to cancer. 

Problem IS. The Wurtz-Fittig reaction may be 
employed to unite aryl and alkyl radicals although it is 
impractical for the union of unlike aliphatic radicals. Explain. 

Solution: Dialkyls, diaryls and aryl-alkyls formed by 
Wurtz-Fittig reaction differ in their boiling points. Diaryls 
have high boiling points,aryl-alkyls have moderate boiling 
peints and the dialkyls have low boiling points. Hence, it is 
easy foseparate these products by fractional distillation. 
Union of two unlike alkyl radicals produce three different 
alkanes. and their separation into individual members is very 
difficult. 

Problem 16. Predict the jJl'oduct (s) and outline the 
mechanism for the process when benzene is treated with, 

(i) (CH3 hCCI in presence o.lAlCl3 
(ti) (CH3 hC=CH2 in presence ofH2804 

. (iii) (CH3hCHCH2CI in presence of AlCl3 
(iv) (CH3hCOHin presence oflI2804 . 

Solution: In all the four cases, the Same product 
t-butylbenzene is formed by electrophilic substitution, i. e., 
same electrophile (CH3 hC+ attacks benzene in each case. 

O~ .... I + ~. IH + (CH3)3C -- QCH3)3 
~ + 

Benzene 

-c->- 0 C(CH,), + H' 

Tert. butylbenzene 

(i) (CH3hCCI + AlCl3 ~ (CH3hC+ +AlCI:; 

(ii) (CH3 hC=CH2 + H+ .. ~ (CH3hC+ 

(iii) (CH3hCHCH2CI + AlCl 3 ~ (CH3h CHCH; 
. . J, 

. (CH3 )3 C+ 

+ Alel:; 

H 
•• •• + 

(iv) (CH3hCOH+H+ ~ (CH3hCOH ~ ... .. 
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Problem 17. Sketch the following transformations: 

(i) C6HsCH2CH2CH3 --; p-CIC6H4CH CHCH3 
Propylbenzene . l-(p-Cbloraphenyl) propene 

(ii) C6HsCH=CHCOOH ~ C6HsCH=CH2 
Cinnamic acid Styrene· 

(iii) C6H6 --; C6HsCH=CH2 
(tv) p-CH3-C6H4COOH --; C6HS-CH3 

(v) C6HsCH=CH2 --; C6HsC==CH 
Phenyl acetylene 

(vi) C6HSCH3 --; C6H6 
(vii) CH3 -C==CH --; Sym-C6H 3 (CH3h 
(viii) C6H6 --; C6HsCH(CH3h 

Solution: 
CH2CH2CH3 CH2CH2CH3 (i)© . ;~: © .c;. 

CI CI 

Ale. KOH Jo ©CH CHCH
3 

Heat 

CI 
. . Heat· 

(ii) C6HsCH=CHCOOH --; C6HsCH=CH2 +C02 
AlCl 3 . . 

(iii)C6H6 +CICH2CH3 > C6HsCH2CH3 
Alc:KOH 

Heat) C6 HsCH=CH2 
Cl2 . 
~ C6HsCHCICH3 

COOH COONa 

(iv) © NaOH. © ""::<a':"'" © 

(vii) 3CHr -C==CH 
Propyne 

(viii) © 

. Br2 
in CC1

4
) C6HsCHBr-CH2Br 

Ale: KOH) C
6
Hse CH 

Decarboxylation 
------+) C6H6 

. . .. CH3 . 

. On polymerization .. . . 0
1 1600-2000°C (Red heat) Jo H3C ~ CH

l 

Mesitylene 

Problem 18. How will you distinguish between: 
(0 ,Ethylbenzene and o-xylene? . 
(ii) Ethylbenzene andstyrene? 
(iii) Phenyl acetylene and styrene? 
(iv)· Benzene and toluene? 
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Solution: .(i) Ethylbenzenegives benzoic acid on 
oxidation with KMn0 4 while o-xylene gives phthalic acid. 

©CH2CH3 ~ ©COOH 
Ethylbenzene 

©

. CH3 

CH3 
a-Xylene 

Benzoic acid 
(m.pt. 122°C) 

~ ©. COOH 

. COOH 

Phthalic acid 
(m.pt. 184°C) 

(ii) Styrene, having a double bond in the side-ohain, gives 
the following two tests: 

(a) It decolourises purple colour of dilute cold KMn04 
solution. Brown precipitate ofMn02 is fonned. This test is not 
given by ethylbenzene. 

3C6HsCH-:-CH2 +2KMn04 +4H20 
OH OH 
I f 

--; 3C6HS-CH-CH2 +2Mn02 +2KOH 

(b) Styrene rapidly decolourises red colour of bromine in 
CCI4 • Ethylbenzene does not decolourise under this condition. 

C6HsCH=CH2 + Br2 --; C6HsCHBrCH2Br 
Colourless 

However, ethylbenzene reacts with bromine at high 
temperature or in· presence of UV light. 

(iii) Phenyl acetylene gives a precipitate with 
atirmoniacal silver nitrate solution. Styrene does not react. 

C6HsC~CH + AgN03 + NH40H --; C6HsC:::=:5C· Ag 
. ppt. 

+NH4N03 +Hp 

(iv) Toluene is easily oxidised to benzaldehyde with 
Cr02Cl2 or benzoic acid with KMn04 • 

CHO· COOH 

00,01,. © -E!. © 
Benzene is quite stable and does not undergo oxidation 

with Cr02Cl2 or KMn04 • 

Problem 19. Arrange the following in increasing order 
of dipole moment. 

OH CI 

6-1 N02 
(a) 

~. 6-C1 
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In ortho-dichlorobenzene, dipole-dipole repulsion of two 
halogens increases the bond angle (more than 60°) and hence,' 
dipole moment is lowered. . 

In ortho-nitrophenol, intramolecular H-bond decreases 
the bond angle and hence, dipole moment is increased. 

(b) ~ < J) < ~.: C} y U C1 U 
CI . ',~ 

Problem 20. What are (A), (B) and (C) in the following 
scheme of reactions? 

COOH 

0-, CH2 h SOCI2" (A) AlCI3" (B) 'ZnIHg" (C) _ \J- '. HCI 

Ans. 

COCI' 

(A) ( )-CH'-() 

(B) ( t:::O 
II o 

(C) ceol I ~ 
~ # 

16.10 AROMATIC HALOGEN COMPOUNDS 
Benzene and its homologous react with halogens to produce 
either addition or substitution products. 

1. Addition compounds: These compounds are 
obtained by exposing the mixture of aromatic hydrocarbons 
and the halogens to direct sunlight, e.g., benzene hexachloride 
(BHC), C6 H6C16; benzene hexabromide, C6H6Br6, etc. 

2. Substitution products: Two types of halogen 
substituted products are known. 

(i) Nuclear balogen substitution products (Aryl. 
halides) or Haloarenes : In these products, the halogen is 
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linked directly to the carbort of the benzene nucleus. These 
products are generally called aryl halides. 

CI I 

'© © 
Chlorobenzene 2-Bromotoluene Iodobenzene 

CI CH3 

© © 
Br 

4-Bromotoluene 
(p-Bromotoluene) 

CI 
1,4-Dichlorobenzene 
(p-Dichlorobenzene) 

(ii) Side-chain halogen substitution products (Aralkyl 
halides): In these products, the halogen is linked to the 
carbon atom of the side-chain. 

©CH'Cl, 
I-Chloro-I

phenylmethane 
(Benzyl chloride) 

©CHCl, , 
l,l-Dichloro-l
phenylmethane 

(Benzal dichloride) 

©CCl3 
l,l,l-Trichloro-l
phenylmethane 

(Benzotrichloride) 

These are also called side-chain aryl halides. They have 
properties similar to alkyl halides. 

Aryl halides: According to IUPAC system, aryl halides 
are named as Haloarenes. If more than one halogen is present, 
their positiOns in the ring are indicated by numbers or 
appropriate prefixes, ortho, meta and para. 

~ .. r . ' ©CH

3 CI 
l8)Br 

1,3-Dibromob~nzene or 2-Chlorotoluene or CH3 
(m-Dibromobenzene) (o-Chlorotoluene) 2-Chloro-I,4..(1imethyl-

benzene 

General Methods of Preparation 

1. By direct halogenation of aromatic hydrocarbons: 
This method is used for the preparation of chloro and bromo 
derivatives. Halogens react with aromatic hydrocarbons in 
presence of catalysts or halogen carriers such as iron, iodine or. 
anhydrous ferric or aluminium chloride (Lewis acid) at room 
temperature in absence of direct sunlight. 

Anhyd. AlCI 3 or 
C6H6 +C12 ) C6HsCI + HCI 
Benzene Anhyd. FeC13 Chlorobenzene. 

Br 

© + Br2 Anhyd. AICl3 olj. 
Anhyd. FeBr3 © 

Benzene Bromobenzene 

(2Fe + 3C12 ~ 2FeC13 ) 
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For further halogenation, more halogen is used, 

CI CI CI 

©

. . + Ch Anhyd. FeCh '" ©. CI +©. 
. (Excess) . 

Chlorobenzene o-Dichloro- CI 
benzene p-Dichloro-
(Minor) benzene 

(Major) 

The function of the Lewis acid is to cany the halogens to 
the aromatic hydrocarbon. 

Toluene in presence of Fe or FeCl 3 reacts with Cl2 or Br2 
to form a mixture of 0- (minor) and p- (major) chloro or 
bromotoluenes; respectively. . 

CH3 © + Cl, Anhyd. FoCI,. 

Toluene CI 
Mixture of o-and 
p-Chlorotoluene 

The ortho and para isomers cl;ln be easily separated due to 
large difference in their melting points. 

lodo derivatives cannot be obtained by direct reaction 
with iodine as the reaction is reversible. 

C6H 6 + 12 ~. C6HsI + HI 

lodo derivatives can be obtained if the reaction is carried 
out in presence of an oxidising agent, e.g., iodic acid, or hitric 
acid, etc. The. oxidising agent oxidises HI to iodine and thus, 
the reaction moves to proceed to the right. 

(2HI+2HN03 ~ 2N02 +2H20+12 ) 

(SHI + HI03 ~ 317 + 3H20) 
1 © +I, .:::~. © +H,O 

Benzene Iodobenzene 

Aryl fluorides (fluoroarenes), however, cannot be 
prepared by direct fluorination of aromatic hydrocarbons 
because of the high affinity of fluorine for hydrogen and the 
reaction is very violent. 

For mechanism of halogenation (see Section 16.5). 

2. From . diazonium salts: Aryl halides can be 
obtained most satisfactorily by the decomposition of aryl 
diazonium salts in presence of copper halide solution 
dissolved in the corresponding halogen acid, the diazo group 
is replaced by a halogen atom (Sandmeyer's reaction). In this 
reaction, it is the halogen atom attached to copper which enters 
the benzene· ring. 
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CI 

CuCIIHCI © +N2 
orCu2C12 

Chlorobenzene 

+ - Br 

@' CuBrlHBr © +N2 
orCu2Brz 

Bromobenzene 

I 
Benzene 

© diazonium KJ(aq.) +Nz +KCI chloride Warm 

lodobenzene 

F 

NaBF4 
• © +N;+BF,+NaCl Heat 

Fluorobenzene 

lodo compounds may be obtained by boiling the 
diazonium salt solution with aqueous potassium iodide. 

Aryl fluorides are prepared by the reaction of 
corresponding diazonium salt with fluoroboric acid. This 
reaction produces diazonium fluoroborates which on heatirtg 
produces fluorobenzene. 

+ 
N2CI 

© + HBF4 
. Fluoroboric 

(-HCI) 

acid 
[©r] 

Benzene diazonium 
tetrafluoroborate 

F 

Heat 

© +BF,+N, 

Fluorobenzene 

This reaction is called Balz-Schiemann's reaction. 
In Gattermann's reaction, the catalyst fmely divided 

copper is used to form chlorobenzene or bromobenzene. 

C6H SN 2CI :t) C6H sCI + N 2 

Cu 
C 6H5N 2Br Heat) C6H5Br + N 2 

or the catalyst copper powder· in presence of corresponding 
halogen acid (HCI or RBr) is used in place of cuprous halide. 

Benzene .diazonium 
chloride 

Cu/HCI 
Heat 

CulHBr 
Heat 

CI © +N, 

Chlorobenzene 

Br 

© +N2 

Bromobenzene 
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Further benzene·diazonium chloride solution on treatment 
vvithcuprous cyanide dissolved jn aqueous potassium cyanide, 

'. K3Cu(CN)4 or with aqueous potassium cyanide in the 
presence of copper powder, gives phenyl cyanide 
(benzonitrile). This is a special case of Sandmeyer's and 
Gattermann's reactions. 

K3Cu(CN)4' .' 
C6HSN2Cl + KeN.' ) C6HsCN + N 2 + KCI 

.'. . Cu 
C6HSN 2CI + KCN ----t C6HsCN + N 2 + KCl 

Benzene diazonium· chloride is obtained from benzene, 
nitrobenzene or aniline as follows: 

NOz ' NH2 

© :'3,' © . ~~t © :~~!Cl 
Benzene Nitrobenzene Aniline + 

N2CI 

© 
Benzene diazoIi.ium 

chloride 

3. Hunsdieeker's reaction: Aryl bromides are 
obtained by heating the silver salts of aromatic acids (in CCl4 

. or xylene) with bromine. 

©COOAg CC4 ©O Br 
. +Br2 ~ . +AgBr+COz 

Silver benzoate Bromobenzene 

Note ~ . The decomposition ofthe acid is accelerated if a - N02 group 
is present hi the nucleus. 

4 •. Decarboxylation of halogenated acids: Sodium 
salts of halogenated ~id when heated with soda lime produce 
aryl halides. 

icaONi+ NaU H . 
C6H4(·----------------' ~ C6HSBr + Na2C03 

Br . Bromobenzene 

Properties: . Aryl halides are colourless stable liquids 
with pleasant odour. These are insoluble in water but readily 
miscible with organic solvents. Most of them artl steam 
volatile, heavier than water. Their boiling points are higher 
than corresponding alkyl halides. The boiling points rise 
gradually from fluoro to iodo compounds .. 

. (i) Low reactivity for S N reaction: Aryl halides are 
unreactive as c()mpared to alkyl halides as the halogen atom in 
these compounds is finnly attached and cannot be replaced by . 
nucleophilessuch as -OH-, NHz, CN-, etc. In 

chlorobenzene, the electron pair of chlorine atom is in 
conjugation with 1t-electrons of benzene ring. Thus, 
chlorobenzene is a resonance hybrid of the following 
structures: 
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c,CI: '.. +Cl: +Cl:·..· . {5(1: ". :Cl: 

O· ~ .... ' Q" .;." a· .6 
.
. . I - .. I +-+ I ·.·1/-'.· .• ·· .. ·· "- I .' .. 
~ . ~ .. ~ .. ~ 

. . . 
;; . 

I n ill IV V 

. LoW reactivity or inertness of aryl halides has been 
attributed to two different.factors: 

. (a)' Delocalization of' electrons by resonance:. The 
contributing structures II, III and IV indicate that. thfl C--CI 
bond in chlorobenzene has partial double bond character. This 
makes the bond stronger and shorter than .pure single bond 
(i.e., in alkyl halide). The shortening of bond length imparts 
stability to alkyl halides and as a result the C--Cl bond 
cleavage becomes difficult which makes aryl halides less 
reactive than alkyl halides towards nucleophilic substitution. 
So, aryl halides are stabilized by resonance but 'alkyl halides 
are not.' '. . 

Like aryl halides, the vinyl halides show resonance as 
follows: 

As a result, C-Xbond in vinyl halides like atyl halides is 
little more stronger than in alkyl halides and hence can not be 
easily broken. 

(b) Bond energies' due . to difference. in 
hybridization: In alkyl halides, the carbon holding halogen 
is sp3 -hybridized. In aryl halides, carbon is sp2 -hybridized; 

the carbon-halogen bond is shorter and stronger and the 
molecule is more stable. This has also been confmned by the 
X-ray analysis which shows that the, C--CI bond in 
chlorobenzene is l.69 A, whereas in methyl chloride it is 
1.77 A(l77pm). 

(c) Polarity of carbon-halogen bond: ' Another reason 
for the low reactivity of aryl halides over alkyl halides is their 
lesser polar character and C--CI bond in aryl halides is less 
polar than in alkyl halides. This is supported by the fact that 
the dipole moment of chloro~enzene is 1.73 D as compared to· 
the dipole moment of halo alkane in the range 1.94-2.22 D. 

(d) Instability of phenyl (or vinyl) cation: In 
haloarenes and vinyl halides, the phenyl cation or vinyl cation 
is not stabilized by resonance (as a result of self ionization) 
because the sp2 -hybridized orbital of carbon having the 

positive charge is perpendicular to the p-orbitals of the phenyl 
ring or the vinyl group. Therefore, these cations are not fonned 
henc~, haloarenes and vinyl halides do not undergo S N 1 

reactions. 't\ 

< rCI--*- < >+ + CC 
Chlorobenzene 

H2C=CH-CI 
Vinyl chloride 

Phenyication 

+ 
)( ) H2C=CH + CI-

Vinyl cation 
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Thus, aryl halides are much less reactive towards 
nucleophilic substitution reactions than haloalkanes. 

However, under drastic conditions, such as high 
temperature or pressure, etc., the aryl halides can undergo 
substitution reactions. 

Acdvation of b.logen .tORl: When a powerful 
electron withdrawing group (e.g., -N02 , -CN, -S03Hor 
-COOH) is present in the 0- or p-position to the halogen 
atom, the replacement of halogen atom by nucleophile (OH- . 
or NH2') is now facilitated. For example, 

<CI 2000C <' OH 
C6H4 + KOH , ) C6H4' '+KCI 

N0
2 

(Aq.)' Dll. HCI . N0
2 

o-and p-chloro- 0- and p-nitro-
nitrobenzene phenol 

a . 
C6H4< . +2NH3 ISO°C) 

. N0
2 

(Alc.) 

0- and p-chloro
nitrobenzene 

0- and p~nitroaniline 

The greater' the number of electron withdrawing 
substituents in benzene nucleus, the easier it will be to carry 
out the nucleophilic substitution (S N ) reactions. 

02N-In\-..c~. 1+KOH(Aq.)1000C';02N-In\-oO· H 
. ~l\J("L DiI.HCI ~lI.T{"\ . N02 ' . . N0

2 

2,4-Dinitro chlorobenzene 2,4-Dinitro phenol 

. ~ '-.~ 
02N~M:I+OH- Wann" 02N~1I.T:H 

N02 . N02 
2,4,6-Trinitro chlorobenzene 2,4,6-Trinitro phenol 

(picric acid) .' 

Further, greater the number of such groups at 0- and 
p-poshions w.r. to the halogen atom, more is the reactivity of 
aryl halides. 

It may be noted that nitro group at the meta-position w.r. 
to halogen atom has no effect on the reactivity. 

. These are the examples of activated nucleophilic. 
substitution (Mechanism in Sec. 16.8). . 

(ii) UIlRl.nn re.edon: When iodobenzene is heated 
with copper powder at 200°C in a sealed tube, biphenyl is 
formed. 

C6HSI +2Cu + IC6Hs . Heat) C6HS -C6HS + Cu 212 
Iodobenzene Sealed tube Diphenyl' . 

Aryl chlorides and bromides usually do not give· this 
reaction unless the halogen is activated by suitable 
substituents (-N02) in the ortho or para-position. 

Cl 

Cblorobe ...... C,D,c' or © 
Metbods of Prep.ndon 
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1. Frona benzene (By eblonn.don): Chlorobenzene 
is prepared by passing chlorine through oenzene containing 
iron turnings. The rate of bubbling chlorin~is so adjusted that 
the temperature is maintained at 40°C. In place of iron 
turnings, a.halogen carrier like 12 or anhydrous FeCl3 or 
AlCI3, etc., can also be used. . 

CI 

©. O· + CI Anhyd. FeCh. " 
. 2. or Fe © +HCI 

Benzene Chlorobenzene 

l~ FroRl pbenol: Chlorobenzene can be prepared by 
the actlOn of pnosphorus pentachloride on phenol. The yield, 
is however, very poor because of side reactions giving . 
triphenyl phosphate (TPP). To get better yield a: little ofTPP is 
added in reaction mixture. 

OH CI © +PC~ - © +POCh+HCl 

Phenol Chlorobenzene· 

3. Front eblorobenzok Kids: When the sodium s.alt 
of chlorobenzoic acid is heated with soda lime, decarboxylat
ion occurs and chlorobenzene is formed. 

<COONa . .' '. . 
Heat . 

C6H4 + NaOH -:---? C6HsCI + Na2C03 
Cl . Chlorobenzene '. 

(0-, m- or po) Chloro-
benzoic acid 

" 4. L.boratory naetbod (SandRl~yer's re.edo~): T~e 
most convementmethod of prepanng chlorobenzene 10 

laboratory is by 'Sandmeyer's reaction, in ··which benzene 
diazonium chloride obtained from aniline' is heated with 
cuprous chloride in presence of hydrochloric acid. 

NH2 N2CI ... CI © N"::~):~ICI. © Cu,GI,JIICI.©+N, 
Aniline Benzene Chlorobenzene 

diazonium chloride . '. 

. . Manufacture (Rascbie: naetbod):' The . vapours .. of 
benzene, air and hydrogen Chloride are passeq over cupric 
chloride at about 230°C when' chlorobenzene is. obtained in 
sufficient yield. 

Cu2C12 .' 

2C6H6 + 2HCI + O2 Heat) 2C6H 5Cl +2H20 

The method· is used in Germany. The exact natUre· and 
composition of tpe catalyst i.s still a trade secret .. 

.. 

i 
'j 
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Physical properties :It is a colourless mobile liquid 
.. having a pleasant aromatic odour. It boils at 132°C. It is 

heavier than water (sp. gr. 1.128). It is ,insoluble in water but 
soluble in alcohol and ether. It is steam volatile. 

. Chemic~l properties : The important reactions of 
chlorob~nzene are: • '. . ' . 

Nucl€:ophilic substitution reactions 
(i) Reactions of the chlorine atom: The chlorine atom 

, in chloroberizene is firmly attached to benzene nucleus due to 
resonance "and cannot 'be readily replaced by groups like 
hydroxy, amino, nitrile, etc. However, by using drastic 
conditions, replacement of chlorine atom by nucleophiles can 
be done. i . 

(a) . Replacement of -CI by -OH:- When chloroben
zene is heated with aqueous-solution of sodium hydroxide at 
350"C under 300 atmosphere pressure, sodium phenoxide is 
first formed which upori acidification gives phenol. 

CI . . ONa OH 

©.O· .-. . NaOH(aq.) 10 ©o 
350°C, 300 atm -

. . - . © 
Chlorobenzene Sodium phenoxide Phenol 

This reaction is known. as DOW process for the 
manufacture of phenol. 

(b) Replacement bymetho!'ygroup: . Ethefls formed 
when chlorobenzene is heated with sodium fuethoxide at 
200°C in presence of copper salts. 

Cl 

©+N;~' Cu-Salts 

methoxide 

OCH) © +NaCi 
Anisole -

(Methyl phenyl ether) 

. But on treatment with alcohol in presence of Ni(CN) 4 , an 
ester is fOr:n1ed; , 

, . ..... " . ···Ni(CN)4 
. C 6HsI . +C..z.JJsOH· Warm > C6HsGOOC2H S 
Iodobenzene;o . _ . . :. '. Ethyl benzoate 

(c) Replacement by'amino group: When chloro
benzene is. treated with. aqueous ammonia at 200°C under a 
pressure of 60 atmospliere~ ill presence. of cuprous oxide or 
cuprous chloride, aniline is formed. 

CI 

2 © + 2NH, + Cup -;=-go-a:u-
c 

..... 

Chlorobenzene Aniline 
" '-. . + Cu2Ch + H20 

. Aniline caniHso be prepared by treating chlorobenzene 
with NaNH2 1KNHz in liquid ammonia. at room temperature. 

Liquid NH3 .. 
C6H sCI + KNHz .) C6HsNHz + KCI 

. (d) Replac~ment by -CN group: When chloto-
benzene istf~ated with cuprous cyanide in pyridine or DMF at 
200~C, phenyl cyanide is formed. 
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. CI CN © +CuCN 
200°C' • Pyridine 

orDMF. 
© +o,Cl 

Chlorobenzene Phenyl cyanide 

Phenyl cyanide (benz()nitrile) can be converted into many 
other useful compounds like benzylamine, benzoic acid, 
benzaldehyde and benzamide, etc. (see sec. 16.11). 

(ii)Reaction of magnesium: Grignard reagent is 
formed. Tetrahydrofuran (THF) or dry ether is used as solvent. 

Br, MgBr © + Mg THF 0, E<be<,reflux. © 
Bromobenzene Phenyl magnesium bromide 

The order of reactivity is: Ar-I > Ar-Br > Ar-CI 
Aryl bromides react with lithium metal in ether and form 

aryl lithium. 

C6HSBr+2Li Dry ether) C6HsLi + LiBr 
Phenyl Lithium 

(iii) Reduction: Chlorobenzene undergoes reduction 
with LiAlH4 or Ni-Al alloy in NaOH solution or 
Na-Mg/H20 to give benzene. 

CI .© +2[H] 
Ni-AI alloy .. 

NaOH © +HCl 

Chlorobenzene Benzene 

(iv) Wurtz-Fiftig reaction: Alkyl benzenes are 
formed when chlorobenzene is treated with-alkyl halides and 
sodium metal in dry ether. 

CI R 

r(Y +2Na+R-C1 ~ lSJ ether © +2NaCl 

Chlorobenzene Alkylbenzene 

But chlorobenzene reacts with sodium in presence of dry 
ether to give diphenyl. ' 

@-CI+ 2Na ~ CI-@Dryether .. 

Chlorobenzene 

@--@+2NaCI 

. Diphenyl 

This is known as Fittig reaction .. 
(v) Replacement ~y -SH group: When chlor.obenz

ene is treated with aqueous potassium hydrogen sulphide in 
presence of copper salt at 220°C, phenyl thiophenol is formed. 

220°C 
C6HsCI + KSH(aq.) (Cu-SaId C(jHsSH + KBr 

Chlorobenzene Thiophenol 
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(vi) Reaction witb, sodamide in liquid ammonia 
(FormaUQn of aniline): In a number of cases of 
nucleophilkaromatic substitution, theenterin.g group does not 
occupy the position vacated by the expenedgroup.~eactions 
of this type have been called cine-substitution. This 
mechanism involves two steps: ' 

(a) Formation of benzyne (J:.2-dehydrobenzene) 
intermediate by a stepwise elimination ' followed by (b) 
stepwise addition tobenzyne to form the product in which 

,position of the nucleophile maybe different. 

, 'tCI, ',"" ' 06H 196~:;'~~liOIH-NH'. 
Chlorobenzene Benzyne 

0+~NH2 
~NH2 V', 
(53%) (47%) , ' .. V' 

Aniline 

Whenchlorobenzene is treated with sodamide, in liquid 
'ammonia at 196, K, the reaction occurs thTougb the 
intermediate benzyne formation and finally gives aniline. 

(vii) Reactions of benzene ring: The -Cl group in 
chlorobenzene is o-,p-director and· deactivating. However, 
because ofsteric hindrance at the o-position, the p-product ' 
usually· predominates over thea-product. The benzene ring 
undergoeS halogenation,' nitration and'" sui phonation ' 
(Electropbilic substitution) reactions.' The rate of reactions is 

Cl 

© 
Chloro
benZene 

, (Nitration), heat 

(Sulphonation), heat 

Cl CI 

©NO'+© 
l-Chloro-2-nitro- N02 
benzene (MinQr) l-Chloro-4-nitro

benzene (Major) 

cl Cl 

@sO,H+© 
S03H 

a-Chlorobenzene "p-Chlorobenzene 
sulphonic acid ' sillphoni¢l1cid 

(Minor) ,(~ajor) , 

CI CI 

J---Ch_lFeC_13 ----!O> ' , r8irQi' Cl +, ',r8iO," ." " 
(Chlorinatij)n) ~ lSJ 

HCHO + HCIIZnClz .. 

a-Dichloro
benzene, 

(Chloromethylation), heat 

a-Chloro
benzyl chloride 

Cl 
' p-Dichlotobenzene 

CH2Cl 
p-Chloro- " 

benzyl chloride 
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bit slower in comparison to benzene, e.g., the nitrat~onof 
chlorobenzene is" 3 J4imes 'slower, than that of bem;ene,. " . 

(viii)lUacti9nwitb cbloral: When chlorobenzene is 
, heated with chloral' (tr1chloroacetaldehyde) in the presence of 
. '.', , ,.- , " - . " ' " 
oonc,HiS0,4;a powerfulirtsecticide, DDT (p,p'-dicbloro-

., . . j\ ~. 

dipbeny1trichioroetbane) is formed. " 

cCll /H,.~.O .•.. " ~ci~! ... CCI'CH~O. ,';~,' CI +H,Q 
Chl~ral 'HO ,Cl, 0 Cl ' , 

,ChlQrobenzene DDT [2,2-bis(4-chlor6phenyl)-
1,1,1-trichioroethane] 

DDT is an .effeotive insecticide for mosquitoes, flies and 
crop pests. However, it is highly toxic to fish and was !llsoan 

, important antim:alanal since it destroysanophelesmosq\litoes. 
,It isti6n-biodegradablein' nature and gets deposited on the 
tissues. Therefore, its use has been recently banned in several, 
countries., 

" Note:: (i) ChlorobellZene does not react with aqueOus NaOH, -alcoholic 
"airtInonia and KCN at room temperature while benzyl 

',chlQride; ',C1;HsCH2CI, reacts with 'these reagents 
,(nucl~ophilic substitution like alkyl halides). '. '" 

JUJIn ,Clllol"obenzene with negative (electron withdrawing) 
group like'--N02'~' or -COOH is present in orthaor 

'para position, the replacement ofCI-atom, by OW~i: 
-;-,-NH2 group is easily achieved (activation of halogen " " 
atc:lm).,, ' .,' " ,," ',' 

, "NH " ,Cl', , OH ' 

@j.~i>i .. NJ!, (~) ©No, kp"(~). ©T':' 
_' _~rr~~~o~m~i~un~e~~,~,~~ __________ ~~ __ ~o~-N~m_.o_p_M~n~m_" 

LseS: Chlorobenzene is used for the manufacture of 
aniline,j)henol, picric acid and DDT.' 

Manufacture ofpierlc acid : 

'Sid~bam'Aryl Halides (Aralkyl Halides), 

Side~chain ' aryl halides or ~alkyl halides are prepared by 
methods similar totl\oseusedJor the preparation ofatiphatic ,,' 
halid~s: These halides are active compoun9s like a1kylllalides. ; 
These exhibit tlQcleophilic substitution • reactions and 
electt'opbilic aromatic substitution reactions. Benzyl chloride 
is the simplest sid~-chain aryl halide., 



, . 
f';;f\-

I 

··916··. 

. CHlCI. 

Ben.yl Chloride, C.H,CH,t~ .. © 
(phenyl methyl chloride orChlorophenylmethane) . 

. Methods of Prepa.ration 

t·By passin~ chlorine· into boiling toluene in the 
. presence of sunligpt and absence of halogen carrier; benzyl 
. chloride is formed. . . 

CH3 

~O· 'Sunlight 
~ + Cl2 . Boil, IOO"C .. +HCI. 

Toluene .. Benzyl.chloride 

Side-chain halogenation Involves free radical mechanism 
due to lower bond energy ofihe benzyl C-H bond. 

+HCI 

(Stable) benzyl free radical 

If Cl2 is passed. for a longer time, the initially formed 
benzyl chloride reacts further.to form first benzal dichloride 
and thtm benzotrichloride. . 

CH2CI .. .. . CHCl2 CCl3 © +Cl, IO~~~:;. © . Cl,;:,,":,hv. © 
BeflZYl chloride Benzyl dichloride Benzotrichloride 

Instead ofCl2, sulpburyl chloride (S02CI2) at 200°C in 
presence of light. and traces of peroxide can also be used for 
side-chain halogenation of toluene. 

·200°C,hv .. 
C6HsCH3+S02C12 ( 'd) C6HsCH2CI +S02t+HClt 

Toluene· . permo e Benzyl chloride 

When the side-chain (R-) is larger than a methyl group,' 
side-chain halogenation preferentially occurs at room 

. temperature on the bellzylic carbon (i.e., carbon atom next to 
the benzene ring). For example, . 

CH2-CH3 . . CHCI~H3 CCI2~H3 

©Cl2,hv. © CI"hv. © . 
Ethylbenzene I-Chloro-l

phenylethane 
(56%) 

. I, I-Dichloro- . 
phenylethane 

·2. By the action of PCIs on benzyl alcohol. SOCl2 
(thionyl chloride) can be used in place of PC Is. 

C6HsCH20H + PCIs ---+ C6HsCH2tl + POCl3 + HCI 
Benzyl.alcohol Benzyl chloride 
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3·By heatitl~benzene with formaldehyde solution and 
HCI in presence of anhydrous zinc chloride, benzyl chloride is 
formed. and this reaction is called chloromethylation or 
Blance reaction. 

ZnCl2 
C6H6 + HCHO + HCI 600C) C6HsCH2CI + H20 

Fonnaldehyde Benzyl chloride 

Properties: It is a lachrymatory colourless bad 
smelling liquid. It boils at 179°C. Its vapours bring tears from 
eyes and are irritating. It is insoluble in water but soluble in 
organic solvents. 
- (i) Nucleophilic substitution reactions: 

C6HsCH1CI 
.Benzyl chloride 

Aq.NaOH 

I Boil) 

I Alc.KCN 
Warm 

Ale. NH3 

Warm 

C6HsCH20H 
Benzyl alcohol 

C6HsCH2CN 
Benzyl cyanide 

C6HsCH2NH2 
Benzyl amine . 

CH3COOAg 
L--";;--_~ C6HsCH200CCH3 

Benzyl acetate 

(ii) Wurtz reaction: 

2C6HsCH2CI +2Na Ether) C6HsCH2~CH2C6Hs +2NaCI 
Benzyl chloride . Dibenzyl 

(iii) Wurtz-Fittig reaction: 
• 

C6HsCH2CI +2Na +CIC6Hs ---+ C6HsCH2C6Hs + 2NaCI 
. Benzyl chloride Diphenylmethane 

(iv) Formation of Grignard reagent: 

Ether 
C6HsCH2Cl +.Mg )C6HsCH2MgCI 

(Dry) B~I magnesium 
chloride 

. . . 
(v) Oxidation: When oxidised with 60% RN03 , 

benzoic acid is formed. Oxidation by KMnO 4 also yields 
benzoic acid . 

Conc.HN03 C6HsCH2CI +2[0] . > C6HsCOOH + HCI 

When boiled with cupric nitrate or. lead nitrate, it is 
oxidised to benzaldehyde. 

(vi) Reduction: When reduced with Zn-Cu couple, it 
forms toluene. 

C6HsCH2CI +2[H] ----4 C6HSCH3 + HCI 

'(vii) Electrophilic aromatic substitUtion: It gives 

'usual electrophilic substitution reactions. -CH2CI is ortho, 
para-director. 

Dis~nction. between Chlorobenzene and Benzyl 
Chloride 

Inchlorobenzene (Nuclear halogen compounds), the 
halogen atom is inert and cannot be. replaced by -OH, 
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-NH2' -eN, etc. under ordinary conditions, while in benzyl 
chloride (side-chain halogen compounds), the halogen atom is 
very reactive and hence can be easily replaced by -OH, 
-NH2' -eN, etc. 

(i) Reaction with alcoholic AgNOJ : Benzyl chloride 

gives a white precipitate with alcoholic AgN03 solution while 
chlorobenzen<;: does not react. 

C6HsCH2CI + AgN03 (Ale.) ,---t White ppt. of AgCI 

C6HsCI + AgN03 (Alc.) ,---t No reaction 

(ii) Reaction with alkaline KMn0 4 " : Benzyl chloride 

is oxidised to benzoic acid with alle KMn04 , i.e., 
decolourisation occurs and whole side-chain gives --COOH 
group. The halogen atom is thus, eliminated. Chlorobenzene 
does not react, i:e., no decolourisation takes place, and the 
halogen atom is not affected by oxidation. 

,. AIle KMn0
4 

" 

C6HsCH2CI +Z[O] ) C6HsCOOH + HCI 
Benzyl chloride 

C6HsCI 
Chlorobenzene 

Alk.KMn°4 
---~) No reaction 

(iii) Hydrolysis: Chlorobenzene cannot be easily 
hydrolysed while benzyl chloride and other side-chain 
derivatives can easily be hydrolysed. 

C6HsCH2CI + KOH (Aq.) 
Benzyl chloride 

C6HsCH20H + KCI 
. Benzyl alcohol 

C6HsCHCl2 +Ca(OH)z,---t C6HsCHO +CaCI2+ H20 
Benzylidene chloride Benzaldehyde 

C6HsCCl3 +3HOH Ca(OH)2) C"6HsCOOH+3HCI" 
Benzy/idyne chloride Benzoic acid 

(iv) Odour: Chlorobenzene has agreeable odour while 
benzyl chloride is lachrymatory having irritating odour. 

(v) Friedel-Crafts reaction: Chlorobenzene do not 
give Friedel-Crafts reaction with benzene or toluene, while 
benzyl chloride gives Friedel-Crafts reaction with benzene in 
presence of anhydrous AlCl3 and fonns diphenylmethane. 

AlCl3 
C6HSH + CICH2C6Hs ) C6HsCH2C6Hs + HCI 
Benzene Benzyl chloride (Anhyd.) Diphenylmethane 

16.11 AROMATIC SULPHONIC ACIDS 
They are derivatives of aromatic hydrocarbons in which one or 
more hydrogen atoms of the benzene nucleus qave been 
replaced by sulphonic acid (-S03H) groups or their 
derivatives. Examples are: 

S03H 

© 
Benzene 

sulphonic acid 
S03H 

p-Toluene 
sulphonic acid 

m-Benzene 
disulphonic acid 

917 . 

©1 © 
Benzene sulphonyl 

chloride 
(Hinsberg's reagent) 

S02CI 
p-Toluene sulphonyl 

chloride (TsCI) " 
(Tosyl chloride) 

SO~ 
p-AJninobenzene 

sulphonic acid 
(Sulphanilic acid) 

""" SOJH 

BeDzeDe Sulphonic· Acid, C,H,SO,H, or © 
Methods of Preparation 

1. Laboratory method: Benzene" sui phonic " acid is 
prepared by heatmg benzene with concentrated sulphuric acid 
at 180°C. The reaction may be carried at room temperature by 
using fuming sulphuric acid. 

C6HSH + HOS03H ~ C6HsS03H + HzO 
Benzene (Conc.)" 

S03H 

rry + HOSt?3H "-- rry + H20 l8J (Fummg) l8J 
Benzene 

Benzene 

(S03 + H 20 ,---t H2S04 ) 

S03H 

© 
Benzene sulphonic 

acid 

During 8ulphonation," a small amount of diphenyl 
sulphone is produced as a byproduct. ." 

ZG6H 6 +H2S04 ---t (C6H5hS02 +ZH20 

C6HsS03H + HC6Hs .,---t C6HsS02C6HS + H20 
Benzene Diphenyl sulphone 

Mechanism (See Section 16.5) 
In sulphonation, the electrophile is, either S03' (neutral) 

+ "" """ 
or S03D, which is produced as fo11o,,:s : 

(i) ZH2S04 ~ S03 -1- H30+ + HS04 
Sulphurtrioxide 

+ " 
or 3H2S04 ~ S03H -!- H30+ +ZHS04 

(ii) O~Ol 
+ "" 

O~o~ Slow 

CarbocatiQn 

+ 

(00') ~" . SO" - HSO:;: 
III 3" .. 

~(Fast) " 
" -" 



(ivl!' .' '., ,.' . + H30+ ~ I., '. + H20 . '0S03 
cr'" ,~" ",,5.

0
3

H 
',' " .... 

.,# ,,# .' 
Benzene.' 

sulphonic acid 

, Thus,various possibilities exist for sulphonation with 
.. ' cpncentrated sulphuric acid are: 

H2S04 + S03 ~'. H2S04 (S03) or H2S20 7 

.. 3H2S04 . ~S()3H+ +H3Q+ +2f{SO;;: 

·.·©o.· + H
2S04

.. SO,. (~oS03H 
'. . , .'. (Cone.) (30-...60°C) ~". 

Toluene 

~~.©SO,H+© 
S03H 

p~(main) 

rOluen((sull'honi~ acids 
': . 

Low temperature (below 100°C) favours the formation of 
ortho isomer,' !md high temperature (above 1 OO°C) , the para' 
Isomer. 

2 Benzene sUlphonic acid is obtarned<when>benzelle 
(I mole) is treated with chlorosulphonicacid''(l mole), while 
excess of the reagent results in the formation of benzene 
sulphonyl chloride (Hinsberg's reagent). 

'. • .... CCl4 ". 
Ci;H6+CIS03H .. ' .) C6HsS03H + HCI 

C6HsS020H +CIS03H C6H5S02CI +B2S04 . 

Benzene sulphonyl chloride can also be prepared by 
treating benzene with sulphuryl· chloride .. in ,presence of 
pyridine or anhydrous AlCh. 

Pyridine .........• 
C6HSH +CI-SOz-CI--"--'-' ~. 4)C6HsS02CI + HCI 
Benzene' Benzene sulphonyl 

chloride 

3. By oxidation of thiophenol :. 

KMn04 C6HsSH +3[0] '. .) C6HsS03H. 
Thiophenol Benzene sulphonic add 

Physical properties: It is acolourlesscrys.talline 
compound. Its melting point is46°C. :It is deliquescent and 

. easily soluble in water and the solution is. strongly acidic in . 
nature (about as strong as sulphuric acid). It is also soluble in 
alcohol. 

Chemical properties 

1. ReactioQs of benzene nucleus (Electrophilic 
substitution): Benzene sulphonic acid undergoes nori:nal 
chlorination, nitration and suiphonation. The -S03H group 
is a meta directing' and deactivating group. 

G.R.B. Organic Chemistry jar Competitions' 

IH: . 

()-
OH 'OR 

I 

-
I -Q:Ls-o ()O_ 75 

m-Cblorobenzene. sulpbonic acid 

S03H 

©N02 

Benzene .' 
Sulpbon,c acict 

m-Nitrobenzene sulpbonic acid 

. .' S03H 
H2S04 (fuming) .. 

200°C ©SO,H 
m-Benzene disulphonic acid 

2. Reactionof-.. S03H group: 
.. They are stronger acid than carboxylic acid 

S03H COOH 

©© 
(Ka Very large) " 

(i) Salt formation (Acidic nature): It is a strong acid 
(mor~ stronger than benzoic acid) and completely ionises in 
water. . . 

. . + 
.C~HSS03H ~ H +C6HsS03" 

. .' • + 
. (C6HsS03H + HzO ~ C6HsS0'3 + H30 ) 

It combines with alkalies and metal carbonates to form 
salts . 

C6H5~03H + NaOH ,~,C6H5S03Na· +Hp 
. !3enzene '. Sodium benzene '.' 
sulphoriic acid Sulpbonate .. 

C6HsS03H+NaHC03 ~C6HsS03Na+C02 +H20 
2C6HsS03H + Na2C03 ~2C6H5S03Na +eoz +HzO 

(ii)Reaction with PCls: Benzene sulphonyl chloride 
is formed when benzene sulphonic acid or its sodium salt is 
heated with PCls' . 
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Heat 
C6HsS03H + PCIs ~ C6HsS02Cl + POCl3 ' 

Benzene sulphonic Benzene sulphonyl. 
acid . chloride 

+HCl 

[It has many important applications: 

C 6H sSOzCI 
Benzene sulpbonyl 

chloride 

HOH 
C6HsS03H 

Benzene sulphonic 
acid 

C6HsS02NH2 ] 
Benzene sulphonamide 

p-Toluene sulphoniC acid fonUs tosyl chloride which can 
also be used to protect ~ NH2 or ~Hgroups, susceptible to 
oxidation. 

. CH3 © +PCl, 

S020H 
p-Toluene sulphonic 

acid 

+ POCh+HCl 

p-Toluene sulphonyl 
chloride (TsCI) 

(iii) Desulphonation: When benzene sulphonic acid is 
heated with dil. HCl or dil. H 2S04 or superheated steam under 
pressure, benzene is· formed. 

H+ . 
C6HsS03H + H20 1500C) C6H6 + H2S04 

Benzene 

The desulphonation is very useful for preparing certain 
isomers which are otherwise not obtained in pure state, e.g., 
o-chlorotoluene may be prepared as follows: 

CH3 CH3 CH3 . .. CH3 

© ~~~" © (;:)" ©CI15:C.~': ©r 
Toluene S03H S03H o-Chlorotoluene 

(iv) Dehydration: When benzene sulphonic acid is 
heated with excess of phosphorus pentoxide, benzene 
sulphonic anhydride is formed with elimination of water 
molecule. 

C6HSS02) , P20 S 
--':..-.:..~) 0 +,H20 

• -H20 
C6HsS02 
Benzene sulphonic 

anhydride 

(v) Replacement of -S03H by -OH (Formation of 

phenol): On fusing sodium salt with sodium hydroxide, 
sodium phenoxide is forned which on treatment with dil. HCI 
gives phenol. 

Sodium benzene 
sulphonate 

Sodium 
phenoxide 

(vi) Replacement of -:-S03H by -CN:· Sodium 

benzene sulphonate is fused with sodiumcY\Ulide when phenyl 
cyanide is formed. 

CN . S03Na © + NaCN Fu.," © 
Phenyl cyanide. 

[Phenyl cyanide on reduction fonus benzylamine and on 
hydrolysis gives benzoic acid. " , 

LiAIH4 CH2NH2 

I.. or NalC2HSOH,. ©. . 
CN ,4H . 

© --:---11. . B'My~~~ 
Phenyl cyanide . H20. ,. ©.. + NH

3
] 

Dil HCI cir NaOH. , 

Benzoic acid .. 

Other important applications of benzonitrile (C6HsCN) 
are as follows: 

SnCI2/HCI (Cone.) 
C6HsC. N +2[H] ) . C6H sCH=NH· HCI 

Benzonitrile Stephen'STeaction 'Benzal imine hydrochloride 

H20, 
--+~) C6HsCHO 

H Benzaldehyde 

C6HsC=N +CH3MgI ~ C6HS C=NMgI . I 

. Cone. HCI 

CH3 

• 2HzO ' . 

. HCI (dil.l C6HsCOCH3 
Acetophenone 

C6HsC==:;N ) C6H sCONH2 
Benzonitrile or !ilk. H20 2 Benzamide 

(Partial hydrolysis) 

(vii) Replacement Of-S03H by -NH2 (Formation 

of aniline): Sodium benzene SUlphonate is fused with 
sodamide, NaNH2, when aniline is formed, 

S03Na NHz © + NaNH, Fu.," © + Na,SO, 

Sodium benzene Aniline. 
sulphonate 

,(viii) Replacement of -S03H by -,-COOH 

(Formation of benzoic acid): When sodium· benzene 



sulphonate is fused with sodium formate, sodium benzoate is . 
formed which on treatment with HCI yields benzoic acid. 
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(ii) It is used as dehydrating agent in esterification where 
sulphuric acid cannot be used due to side reactions. 

(iii) The presence of -S03H group in nucleus makes 
COONa the compound soluble in: water, so sulphonation is an 

Fuse. ~cY ... +'N. aHS0
3

. impo~t process in the manufacture of dyes and drugs. HCOONa 
Sodium 
formate 

l \~ Importanf Derivatives of Toluene; Saccharin and 
Sodium benzene 

sulphonate 
SodiUm benzoate . C~loramlne-T 

I Dil. HCI (i) Saccharin (o-Sulphobenzoicimide) 
• CH3 CH3 ©r ~ ~~:~I. ~~:2Cl + 

Benzoic acid 
(Ix) Replacement 0' -SOlD by -SD : Sodium benzene 

sulphonate is fused with sodium hydrogen sulphide,· NaSH; 
when thiophenol is formed. 

S03Na © +NaSH 

SH 

Fu"'© 
Thiophenol 

(x) Replacement 0' -SOlDby-NOz (Formation of 

picric acid) : Since phenol or aniline are easily oxidised by 
nitric acid, so they are first sulphonated and then nitrated. 

OH OH OH 

© (~). ©S03H 
+ © 

Phenol 
Q-

~----~-~------~ 
Hydroxy benzene sulphonic acid 

IHN03 (conc.) 

OH OH. OH 

02N©N02.HONO, o,N©S03H+ 02N©N02 
N02 N02 S03H 

2,4,6-Trinitrophenol 
(Picric acid) 

(xl) Replacement 0' -SOlD by halogen' atom: 

Sulphonic acid group present on the 0- and p-positions with 
respect to -NH2 or -OH group can be easily replaced by a 
halogen atom (or other groups). 

NH2 

© 
Sulphanilic acid 2,4,6-Tribromoaniline 

Uses: (i) Benzene sulphonic acid is a synthetic 
reagent. It is used to prepare phe-:vl, aniline, phenyl cyanide, 
! _oic aci~ etc. 

o-Toluene 
sulphonyl 
chloride 

(Liquid) 

o-Toluene 
sulphonamide 

p-Derivative 
(Solid) 

o-Sulphonamide 
benzoic acid 

Saccharin 
(o-Sulphobenzoicimide) 

Saccharin is a crystalline solid, m.pt. 224°C and about 600 
times sweeter than cane sugar. It has no food value and is 
excreted unchanged in urine. It is also used as sweetening 
agent in cheap drinks and by diabetic patients in the form of 
sodium salt which is soluble in water. 

(ii) Chloramine-T (Sodium salt of N-chloro-p-toluene 
sulphonamide) 

CH3 CH 'CH3 

© NH,. © ~~. © <Na 

S02CI S02NH2 S02N CI 
p-Toluene sulphonyl p-Toluene 

chloride sulphonamide Chloramine-T 

Chloramine-Tis ah important antisep.tic. Its antiseptic 
property is due to the formation of hypochlorite in-situ. Its 
1-2% solution is used for mouth wash -and for washing 
wounds. (Dichloramine-Tis N,N-dichloro-p-toluene 
sulphonamide). 

. CH3 

© NaOCl 
. Excess 

S02NH2 ofch 

p-Toluene 
sulphon~de Dichloramine-T Halozone 
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. . . . dri~ng water. 
Halozone is u~ed for s:d~~~~n· following reactions. Example. GIve the p 

01 Br21H20 .. (A) 
(i) Y 

S03H 

NH2 

(ii) ¢ 
S03H 

N02 o (vi) Y 
Cl 

(B) 

Br2 .. (C) --= NaOHIHOH 

(Aq.) H2S04 • (F) 
/), 

(i) H2S04 .. 

(ii) Fu.sed with 
NaOH 

(G) 

(vii) 
~s-s~ 
U U HN03/C12 .. (lJ) 

Na2co31HOH 

CH3COOH (/) 
(J) oil Fe 

Ans. 

(i) Brz/Fe .. (M) 
(ii) H20, /), 

(G)qOH 
Cl 
N02 

(1) Cr SO,Na ; 

* 

C(CH3)3 

(~¢ 
S03H 

(M) ©-Br 

·.921 

AICh .. (L) 

(D) )). 
YS03H ' 

N2Cl 



16.12 AROMATIC NITRO COMPOUNDS 
The aromatic nitro compounds are the substitution products of 
aromatic hydrocarbons in which one or more hydrogen atoms 
have been replaced by nitro (-N02) group. Examples are: 

N02 CH3 CH3 CH2N02 

© ©r', © © 
Nitrobenzene o-Nitrotoluene NOz Phenyl-

m-Dinitrobenzene 

p-Nitrotoluene nitromethane 

NOz 

o,N © NO, ' 

1,3,5-Trinitrobenzene 
(TNB) 

, CH3 

o,N © NO, 

N02 
2,4,6-Trinitrotoluene 

... (TNT) 

. .. .. .N02 

Nitrobenzene (Oil of Mlrabane), C,R,NO, or © 
Nitrobenzene is sometimes called as artificial oil of bitter 

almonds or qil of mira bane as its odour is like that of bitter 
almonds. 

Methods of Preparation 

·1. Laboratory preparation: In the laborat.ory, it is 
prepared by. nitration of benzene with a nllxture· of 
concentrated nitric acid and concentrated sulphuric acid at 
temperatiJrebelow 60°C. The temperature shOUld not iri~rease 
otherWise m-dinitrobenzene is formed. So nitration of benzene 
depends upon (i) temperature (ii) nature of the nitrating agent 
used. 

©\~~ 
Benzene . . 

. N02 

. H2SO4 (Conc.~ ~.o 
50-:-60°C l8J 
. . Nitrobenzene 

Conc. HN03 N02 

+ Cone. H2SO: © 
4O-6O°C 

m-Dinitrobenzene 

Various nitrating agents used are : 
(i) Concentrated HN03 (sp. gr. about 1.5) 
(ii) Fuming HN03 (Conc. HN03 + N02) 
(iii) Nitrating mixture: 
(a) Conc. HN03 +cOnc. H2S04 

. (b) fuming HN03 +Conc. H2~04 
(c) fuming HN03 + fuming H2S04 

Nitrobenzene 

(d) conc. HN03 in glacial CH3COOH or (CH3C0}z0 
(e) conc. HN03 in presence ofBF3· 

or nitronium tetrafluoroborate (NO!BFi) 
(t) N 20 S inCCI4 . 
(g) nitronium perchlorate (NO!CI04) 
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(iv) Acetyl nitrate (N20S in AC20): Used to introduce 
only one nitro group at the ortho-position. 

CH3 CH3 . 

rG +CH3CO?N02 - rGN02 
+CH3COOH l8J Acetyl mtrate l8J . 

o-Nitrotoluene 

Cone. HN03 . N02 

©. . +conc;H2S0\@O· 

100°C .. N02 

1,3,.5-Trinitrobenzene Benzene m-Dinitrobenzene 

-N02 is deactivating group, hence, further nitration 
takes place with fuming HN03 and H2S04 mixture. 

Similarly, toluene on nitration gives 0- andp-nitrotoluene. 
CH3 . CH3 CH3 

©o· +HN .. 03H2S04~conc.) .. ©O.· NOz + © .. 
(Conc.) 30 C .. 

. . N0
2 

Nitration of toluene is easier than that of benzene, because 
-CH3 group is an electron releasing (activating group) and 
makes the 1t ring system electron rich. 

The Mechanism of nitration remains the same as for 
benzene and the electrophile is nitronium ion (NOi) which 

attacks the benzene ring to give an intermediate carbonium ion 
(a-complex) stabilized by resonance and then removal of 
proton gives nitrobenzene. 

Step (i)·HN03+2H2S04 ~ NO; + H30+ +2HS04 
Nitronium ion 

.0:1.. . a+ H ~ (Slow) 
Step(ii) I.. +.N02+. - I N02 

#. . ~ 
Benzene Carbocation 

. The nitration of benzene, (C6H6 ) and hexadeutero 
benzene, (C6D 6) proceeds atthe same rate. . 

C D . D· Nitration 
·6 5- ) 

Hexadeutero 
benzene 

C6DS-N02 
Pentadeutero nitrobenzene· 

Industrial preparation (Manufacturing) of nitrobenzene 
is similar to the laboratory method with the difference that 
nitrati(}n is carried out in big cast iron retorts .. 

2. From .benzene diazonium salt (or from aniline) : 

.. 

Nitrobenzene can be prepared by carrying out diazotization of 
aniline and then, reacting With nitrous acid, HNOz 
(NaN02 + HCI) in the presence of cuprous oxide. 

" 
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Cu 20 " .' 
C6HsN2Cl . + HN02 ~ C 6HSN02 + N 2 + HCI 

Benzene diazonium' NitrobenZene 
chloride 

," . . 

'HBF4 or C6HSN 2CI ) C6HSN 2BF4 

3. From oxidation of aniline by trifluoro acetic acid: 

C6HSNH2 + 3[0] CF3COOH) C6HSN02 + HP 

4. By the action of acetyl nitrate on benzene: 

C6H5H +cH3COON02 ~ C6HSN02 +CH3COOH 

Physic~l properties: It is a lemon (pale) yellow oily 
liquid. Its boiling point is 2l0ac. It is heavier than water (sp. 
gr. 1.208). It has a smell of bitter almonds. It is insoluble in . 
water but soluble in alcohol, benzene and ether. It is steam 
volatile. Its vapours are poisonous in nature. 

So, electrophile attacks at the meta-position, where it gets 
least repulsion. 

Chemical properties: The· nitro group isv'ery firmly 
linked to the benzene nucleus and shows partial double bond 
character due to resonance which makes it inert and hence, 
nitrobenzene does not undergo any displacement reaction. 

1. The nitro group deactivates the benzene nucleus and 
thus, electrophiticsubstitution (nitration, halogenation, 
sulphonation, but not Friedel-Crafts reaction) occurs only 
under vigorous conditions. The ~ N02 group is' a meta..: 
directing. 

Nitrobenzene 

HN03 (cone.) 

H2S04• 100°C 

Heat 

m-Dinitrobenzene 

m-Bromonitrobenzene 

m-Nitrobenzenesulphonic acid 
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(Nitrobenzene is often used as a solvent in Friedel-Crafts 
alkylation). . . 

2. Reaction with KOH: On heating with solid KOH, 
nitrobenzene yields a mixture of o-and~nitrophenols along 
with· some azoxybenzene. It is an example of nucleophilic 
substitution, (Mechanism . iIi SeCtion 16.8), where the 
presence of one nitro group . is sufficient to activate the 
benzene nucleus. for' nucleophilic substitution at 0- and 
~positions. 

N02 

© KO~:lid); ©OH+ © 
o-Nitrophenol OH 

p-Nitrophenol 

3. Von Richter reaction : When halonitrobenzene is 
heated with KCN at ISOaC, the-,-N02 group is expelled and 
a cyano (or -COOH) group enters the ring at ortho-position 
with respect to J?itrogroup. 

~. ~H'O+. ~OOH 

4. Reduction: Nitrobenzene may be reduced to a 
vllpety of compounds depending. on the· nature of reducing 
agent and pH. .The reduction of nitrobenzene probably 
proceeds through the followin8, route: 

N02 . .. NO . NHOH. .NH2 

© J2Hl. ©~ © J2Hl. © 
Nitrobenzene .' Nitrosob'enzene Phenyl~ 

hydroxylamine 
Aniline 

(a) .. Reduction in acidic medium: Reduction of 
nitrobenZene in presence of tin and hydrochloric acid 
(Sn + HCI) or iron and hydrochloric acid (Fe + HCl) yields 
only the final product aniline and intermediate products, 
nitrosobeniene and phenylhydroxylaminedo not appear at all. 

'. N02 .. ' .... ····..NHz © . + 6[H) S~:::C1 . © + 2H,O 

Nitrobenzene Aniline 

(b) Reduction in neutral medium: 
(i) With iron and steam, nitrobenzene is reduced to 

nitrosobenzene. 
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N02 © +2[H] 

Nitrosobenzene 

(ii) Zinc and ammonium chloride or zinc and calcium 
chloride or aluminium mercury couple reduce nitrobenzene to 
phenylhydroxylamine. 

NHOH N02 . . ©. + 4[H] Z~CI .. 
Heat © 

Nitrobenzene N-Phenyl
hydroxylamine 

Nitrosobenzene cannot be isolated. 
Hydroxylamine on warming with ammoniacal silver nitrate 

solution (Tollens' reagent) are easily oxidised back to the 
corresponding nitroso c(}mpounds and thus reduce the Tollens' 
reagent to metallic silver. This reaction is used as a test for 
nitro compounds and is also known as Baker-Mulliken's test. 

C6H5NHOH + Ag 20 ~ C6H5NO +H20+2Ag.J.. 
Tollens' reagent Nitrosobenzene 

(e) Reduction in alkaline medium: When 
nitrobenzene is "reduced in alkaline medium with zinc and 
alkali, the, mononuclear intermediate products formed interact 
to produce dinuclear products. 

2[H] 2[H] 
C6HSN02 -H

2
0) C6HSNO ~ C6H5NHOH 

C6HSN ~O 
C6HSNO +C6HSNHOU ~ II + H 20 

Nitroso- Phenyl- C6HSN 
benzene hydroxylamine Azoxybenzene 

Azoxyberizene undergoes further reduction forming 
azobenzene and hydrazobenzene. 

C6HsN ~O 2[H]C6H SN 
II· ~·II 

C6HSN C6HSN 
. Azoxybenzene 

(i) 
Azobenzene 

(ii) 

2[H] 
~ 

Hydrazobenzene 
(iii) 

By selecting a suitable alkaline reducing agent, any of the 
three reduction products (i), (ii) and (iii) can be isolated. For 
example, 

(i) Azoxybenzene is formed in presence of alkaline 
. sodium arsenite (Na 3As03 + NaOH) or glucoselNaOH. 

(ii) Azobenzene is obtained by using sodium amalgam, 
. zinc dust and caustic soda in methanol or with alkaline sodium 
stannite. 

(iii) Hydrazobenzene is obtained when. reduction is 
carried out with zinc dust and aqueous sodium hydroxide. 

Zn+NaOH 
or [2C6HsN02 +8[H] ---~) C6HSN=N-C6H5 

Nitrobenzene . (CH30H) Azobenzene [II] 

+4H20] 

" 
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+4H20] 

Further, the conversion of hydrazobenzene to 
azoxybenzene and vice-versa can be done through azobenzene 
as follows: 

NaI°3 
C6H SNH-HNC6HS 

Hydrazobenzene 
[III] 

" >- C6H5-N-:-N-C6Hs 
ZnlNaOH Azobenzene 

[II] 

° II 0 
CH3-C-OOH t 

.. .. C6H5-N=N-C6Hs . 
Fe Azoxybenzene 

[I] 

All these compounds [I, II and III] on reduction with 
Sn/HCI give aniline. 

(d) Aromatic nitro compounds ·on reduction with LiAlH4 

give azo compounds and not primary amines. 

LiAlH4 
2C6HsN02 +8[H] E h ) C6Hs-N=N~C6H5 +4H20 
Nitrobenzene t er Azobenzene 

(e) Eleetrolytie reduction: In electrolytic reduction, it 
is believed that reaction proceeds through the same stages as 
discussed above but the nature of the final product depends 
upon the pH of the reaction medilJlll. 

(i) In weakly acidic solution, (dil. H 2S04), nitro~ene 

is reduced to aniline (yield 90%). 
(ii) In strongly -acidic solution, (Cone. H 2S04), 

phenylbydroxylamine is' first formed which undergoes 
isomeric change (intramolecular . rearrangement) forming 
p-aminophenol. 

NHOH 

Electrolytic reduction .. © (Strongly acidic medium) 

Nitrobenzene Phenylhydroxylamine 

Isomeric.. ©NH

2 

change 

OH 
p-Aminophenol 

(iii) In alkaline medium, hydrazobenzene is first formed 
which undergoes isomeric change forming benzidine. 

!(5\NH~HN!(5\ Isomeric .. H N~· 0 NH Y:::::!J Y:::::!J . change 2 \:::::!/.~ 2 

Hydrazobenzene Benzidine 

" 
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Uses of nitrobenzene: Nitrobenzene is used, 
(i) in manufacture .of aniline and azo dyes. 
(ii) as a solvent. 
(iii) in the preparation of shoe polish and scenting cheap 

soaps. 
(iv) as an oxidising agent. 

Dinitro Compounds 

. Of the three isomeric dinitro benzenes (0-, m-, p-), the 
meta-derivative is by far the most important. 

m·Dinitrobenzene: It is prepared by vigorous nitration 
of nitrobenzene (l part) with a mixture of equal amounts of 
concentrated (or fuming) nitric acid and concentrated 
sulphuric aCid. 

N02 

© + HN0
3 

H2S04 (conc.) .. 

. (Conc.) 100°C 

Nitrobenzene m-Dinitrobenzene (80%) 

About 7% of the ortho isomer is also obtained which is 
removed during crystallization. 

It is fl pale yellow solid, m.pt. 90°C,insoluble in water but 
readily soluble in alcohol and ether. It is volatile in steam. 
When reduced with a mild reducing agent like sodium 
sulphide or anunonium hydrogen sulphide or anunonhim 
sulphide, it reduces only one of the nitro group (stepwise 
reduction) without affecting the other nitro group to give 
m-nitroaniline. . Such reductions are called Selective 
reductions (or Zenin reduction). m-niiroanilinecan also be 
further reduced to m-phenylenediamine. 

N~ NH2 

©. . Na2S ©. SnlHCI 
NOz or (NH4hS .. N0

2 
.. 

m-Dinitrobenzene m-Nitroaniline m-Phenylene-
diamine 

Both the nitro groups are tightly attached to the benzene 
nucleus and cannot be replaced by other atoms or groups 
(it differs from 0- and p-dinitrobenzene in which one of the 
-N02 groups can be replaced by .-:.oH or -NH2 by boiling 
with aqueous sodium hydroxide or ethanolic ammonia at 
l30aC respectively). 

With sodium hydroxide and potassium ferricyanide, it 
undergoes nucleophilic substitution yielding mainly 
2,4-dinitrophenol and a small amoUnt of 2,6-dinitrophenol. 

N02 N02 N02 

©N02 ~:~:rnr. ©N02 + . ©~~2 
m-Dinitrobenzene OH 

2,4-Dinitrophenol 2,6-Dinitrophenol 
(Main) 
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m-Dinitrobenzene . is used in the manufacture of 
explosives (Roburite and Securite), m-phenylenediamine and 
dyestuffs. . 

0-- and p-Dlnitrobenzenes: 0- and p-dinitrobenzenes 
are obtained indirectly from aniline by first protecting the 
- NH2 group with acetylation. 

NHz . NHCOCH3 . NHCOCH3 NHCOCH3 

©CH3COCL© ~©NOz+© 
Aniline Acetanilide NOz 

0- p-
~ 

Nitroacetanilide 

~H20~+ 
NHz NHz 

©NOz+© 

0- 0-
~ 

Dinitrobenzene N itroaniline 

p-Dinitrobenzerte may also be prepared as : 

NH2 NO 

(i) © [0].. © Dil. HN0
3
IH

Z
O

Z .. 

H2S04 

NOz 

© 
N02 N02 

p-Nitroaniline 

NOH 

(il) Q 
NOH 

p-Benzoquinone 
oxime 

p-Nitronitroso
benzene 

NOz 

[0] .. 0
1 HN~ ~ 

N02 

p-Dinitrobenzene 

N02 

p-Dinitro
benzene 

Both 0- and p-dinitrobenienes are colourless solids with 
m.pt. 118°C and 174°C respectively. They resemble the 
m-isomer in reduction with Na2S or (NH4hS, but differ in 
respect that one of the -N02 groups can be readily replaced 
by -NH2, -DH or -OCH3 group .. 

NaOH(aq.) 
, .. 
I 

o-Dinitrobenzene NH3 (alc.) 

o-Nitrophenol 

NH, ©N0
2. 

o-Nitroaniline 
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© 
NOz 

p-Dinitrobenzene 

NH2 

.. .NH,~ok.) .© r-r 'N02 

I, ." , ",p-Nitroaniline 
, OH 

KO~~.) .. © 
N02 

p-Nitrophenol 

OCH3 

.....,;C..,....;;;H3::...:,..ON:.....;,.a_ .. © 
CH30H 

N02 
p-Nitromethoxybenzene 

An interesting ~pplication of the Von Richter reaction 
(see Section 16.8) is the preparation of 2-bromo-3-methyl 
benzoic acid which, apparently, has not been prepared by any 
other means: ' , 

c¢JN, 0,2, ~,r2 '" c9io,NO',',' .• (i) KCN • 

Fe ' 'Br (ii)H20 
. ' 

CH3 CH3 
4-Nitrotoluene ' 

Trinitro Compounds 

'r6f" '"COOH 

~Br 
CH3 

2-Bromo-3-methyl 
, benzoic acid 

1,3,5. Trinitrobenzene (TNB) and 2,4;6-Trinitrotoluene 
(TNT) are the important trinitro compounds, which are used as 
military explosives. 

1,3,5-Trinitrobenzene (TNB): It maybe prepared by: 
(i) Heating m-dinitrobenzene with a mixture of fuming 

nitric acid and fuming ,sulphuric acid for about,S days., 
(ii). Oxidation ofs-trinitrotoluene to s-trinitrobenzoic acid 

which ,on heating in acetic acid solution undergoes 
decarboxylation to give s-trinitrobenzene. 

, " CH3' 'COOH ' 

02N,~ 0" ,N02 Na2Cr2Q7 .. 02N©,O· '" N02 Heat, (-C02) , l8J ,H2S04 , ',' , CH3C90H soln . 

... N~ "N02 ' 

s-Trinitrotoluene, s-Trjnitrobenzoicacid . 

o,N©No, 
" -NOz 

s-Trii:rltrobenzene 

, TNB on' oxidation with alkaline potassiuri:l ferricyanide 
,giv~s piCric acid. (2,4,6-trinitrophenol). ' 
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. OH 

02N--rRr,O, • NO, O,udation • O'N-h-O. , N, O2 

~ . K3[Fe(CN)6] ¥ ' , 
NOz ' • N02 

Picric acid 
2,4,6. Trinitrotoluene (TNT): It may be prepared by 

nitrating toluene with a mixture of fuming nitric acid and 
fuming sulphuric acid. 

CH3 

, + lHN03 ' © H2S04 (fuming) 

(fuming) 

Toluene 
s-Trinitrotoluene 

The -CH3 group of TNT is reactive due to the presence 
of negative -N02 groups in 0- and p.positions. 

TNT forms yellow crystals, m.pt. 81°C. Due to low 
melting point it is filled in bombs and shells in molten state. It 
is a reasonably safe,explosive as it requires strong detonation 
to set it off. 

Its mixture with anunonium nitrate is extensively 
employed as blasting explosive and is known as amatol. 
Amanol is another outdoor blasting explosive. It contains 47% 
aluminium nitrate, 22% AI, 30% TNT and 1 % charcoal. 

When detonated, TNT explodes violently and 
decomposes into products which are all gases .. 

2CH3C6H2(N03h --t 12CO+2CH4 + H2 +3N2 
TNB is a colourless crystalline solid, m.pt. It2°C. It is a 

more powerful explosive than even TNT but is not conunonly 
employed for this purpose on account of high cost of 
production. 

16.13 AROMATIC AMINO COMPOUNDS 
Aromatic amino compounds are of two types. . 

(1) Nucleus substituted amines: In this ,type of 
amines, the nitrogen atom6f amino group is directly attached 
to aromatic ring,These are generally known as arylamines or 
aromaticamines, Arylamines are further classified as: 

(i) Primary amines: When one or more amino 
(-NH z) groups are attached to nucleus. 

NHz NH2 ,CH3 

©. ©NH" ©. 
Aniline m-Diaminobenzene NHz o-Phenylene-

(Benzenamine) (m-phenylenediamine) p-Aminotoluene diamine 
" ' . ,,', (p-toluidine) 

(ii) Secondaryamines: 'These amines contain the 
grouping, )NH, i.e., twohydrogen atoms OfNH3 molecule 
have, bee~ replaced by two aryl groups or one aryl and one 
alkyl groups. • ' 

H 

©-~-© 
Diphenylamine 

or N-Phenylaniline 
Metbylphenylamine 
or N-Methylaniline 
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(iii) Tertiary amines: These amines contain the -)N 
grouping, i. e., all the three hydrogen atoms ofNH3 have been· 
replaced by aryl groups or aryl and alkyl groups. 

(C6HShN, C6HSN(CH3h 
Triphenylamine N ,N.-Dimethylaniline 

Quaternary ammoilium. compounds: Likt:: aliphatic 
amines, aromatic amines fomi quaternary ammonium 
compounds but purely aromatic qUaternary compounds of the 
type (C~H~)~NX are unknown. the quaternary compounds 
containing both aryl and alkyl groups are known. 

(C6HSh NCII3 ; . (C6HSh N(CH3h, C6Hs N(CH3 )3 
'.1 . . I '. I .'. . 
X X X 

(2) Side-chainsubstitutedamines or aralkylamines : 
In these amines, nitrogen of the amino group is not linked 
directly to the ring but is present in the side"chain. Examples 
are: 

CH2NH2 

© 
Benzylamine (1°) 

(Phenylmethanamine) 

CH2NHCH3 ©, 
N-methyl

benzylamine (2°) 

(C6HSCH2)3N 
Tribenzylamine (3°) 

These behave very much like the aliphatic amines. 
The first member of each of the arylamine series and 

araliphatic amine series is described below: 
NH2 

[A[ AnIliDe, C,H,NH" © or PbenylamiDe 

or Aminobenzene or Benzenamine 

1. Laboratory preparation: A.:Qiline is prepared in the 
laboratory by reduction of nitrobenzene with tin and 
hydrochloric acid. 

, N02 . NH2 

©+6H SnlHCI ~ © +2H 0 
or Raney Ni or Pt 2 

Nitrobenzene Aniline 

3Sn + 12HCI~ 3SnCl4 + 12H 

2C6HsN02 + 12H ~ 2C6HSNH2 + 4H20 . 

2C6HSNH2 +SnCI4 +2HCI ~. (C6HsNH2hH2SnCI6 
Note: The above method is also used for the preparation of 0-, m- or 

p-toluidines by taking respective nitrotoluenes. . 

CH3 CH3 

. ©N02' SnlHCI ~. ©. . NH2 
- or SnCl2IHCI 

or TiCI~Cl 0-Toluidine o-Nitrotoluene 
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p-Nitrotoluene . p~Toluidine 

2. From phenols: Aniline is obtained when phenol is 
treated with ammonia in presence of anhydrous zitic .chloride . 
at 300°C.' . . 

© + NH~ Anh~;.,ZnCl'. © + H,O 

Phenol Aniline 

<CH3 CH3 
C6H4 · + NH3 ~ C6H4 . . +H20 Heat <. 

OH . . NH2 
Cresols (0-, m-, p-) Toluidines (0-, m-, p-) 

3. From benzamide (Hofmann's reaction): Aniline 
is formed when benzamide is treated with bromine and caustic 
potash. 

CONH2 NH2 © +Br,+4KOH ~ ©+K'Co,+2KljN-2H'O 

Benzamide Aniline 

It involves intramolecular phenyl migration. 

o 0 
II II 

. C-NH2 C-NHBr N=C=O NH2 

©~© ~© ~© 
Benzamide N-Bromo

benzamide 
Phenyl

isocyanate 
Aniline 

The reaction may also be expressed as follows: 

2KOH+'Br2 ~ KOBr+KBr+H20 

C6HsCONH2 + KOBr ~ C6HSNH2 +C02 + KBr 

4. From benzoic acid (Schmidt reaction): Benzoic 
acid is dissolved in conc. H2S04 and hydrazoic acid is 
dissolved in chloroform. Both solutions are mixed at 45°C. 

COOH NH2 

© H2S04 (conc.) © 
+ N3H ." +N2+ C02 

Hydrazoic acid Heat 

Benzoic 
acid 

Aniline 

5. From benzenesulphonic acid: The sodium salt of 
benzene sulphonic acid is fused with sodamide (NaNH2) to 
obtain aniline. .. 

S03Na NH2 © +NaNH,~. © +N.,So, 

Sodium benzene 
sulphonate 

. Aniline 
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ct. From phenyl Isocyanide and phenyl Isocyanate :By 
hydrolysis 

Heat 
C6HSNC + 2HOH ~ C6HSNH2 + HCQOij 

Phenyl isocyanide' Aniline Fomuc aCId 

Hydrolysis 
C6HSNCO + 2KOH ----+> C6HsNH2 + K2C03 

Phenyl Aniline 
isocyanate 

7. From azobenzene, hydrazobenzene and nltrose 
eompounds: By reduction with SnlHCl or ZnlHCl or 

FelHCI. 

C6HSNO + 4[H] 
Nitrosobenzene 

8. From Grianard reagent: By the action of 
chloramine. 

L\ 
C6HsMgCl +CI-NH2 ~ C6HsNH2 + MgCl2 

9. By Friedel-Crafts reaedon : 

C6HSH +CI-NH2 AnhYd~ AlCl3 
) C6HSNH2 +HCl 

Benzene Chloramine 

Anhyd. AlC13 
C6HSH + HOH2N ) C6HsNH2 + H20 
Benzene Hydroxylamine Aniline 

10. By Hofmann-Martlus reaedon: The isomerisat
ion of alkyl aniline hydrochlorides to primary amino 
compounds on strong heating at 300°C, is known as 
Hoftnann-Martius rearrangement. 

©H3.HCl 300~. ©HO 
N-Metbyl aniline . 

hydrochloride 

N ,N-Dimetbyl 
aniline hydrochloride 

CH3 
p-Toluidine 

hydrochloride 

~H3.HC~f~3 

CH3 CH3 
2,4-Xylidine 

hydrochloride 

In this reaction, an alkyl group migrates from. N-atom to 
carbon atom of benzene nucleus preferentially at p-position, if 
occupied then at o-position. 

Manufaeture: Aniline is obtained on commercial scale 
by the following methods: 

1. From nitrobenzene: Large quantities are obtained 
by reduction of nitrobenzene in presence of iron fillings, water 
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and small amount of HCI. The reaction may be supposed to 
take place as follows: 

3Fe +6HCl ~ 3FeCl2 +6H 

C~HsN02 +6H ~ C6HSNH2 +2H20 
Nitrobenzene Aniline 

FeCl2 +2H20 ~ Fe(OHh +2HCl 

C6HSN02 +6Fe(OHh +4H20~C6HsNH2 +6Fe(OHh 
TIle reduction of nitrobenzene can also" be done with 

hydrogen in presence of nickel catalyst or cupric oxide (CuO) 
or vanadium-platinum (V-Pt) catalyst at 400°C. This is known 
"as vapour phase reduction. Aniline is prepared in the 
laboratory (same method) by the reduction of nitrobenzene 
with tin and HCI. 

1. From ehlorobenzene: Aniline can' also be 
manufactured by the action of ammonia on chlorobenzene at 
200°C under 300 atmospheric pressure in presence of cuprous 
oxide as catalyst. Excess of ammonia is always employed as to 
check the formation of pnenol by side reaction. . 

2~ + CU~O + 2NH/OO"C • 2 ~2+ 2CuCl+ H20 

Chlorobenzene Aniline. 

or 

Physical properties 
(i) Fresh aniline is a colourless oily liquid. On standing the" 

colour becomes dark brown due to action of air and light. 
(ii) Its boiling point is 183°C. 

(iii) It is slightly heavier than water. 
(iv) It has a characteristic odour which is not pleasant. 
(v) It is slightly soluble in water but readily soluble in 

organic solvents . 
. (vi) It is steam volatile. 

(vii) It is toxic in nature. " 
High boiling point of aniline is due to intennolecular 
H-bonding." 

H 
I 

H-N------H-N------H-N------

I~. I 
H lQJ H 

p-substituted anilines, being the most symmetric, have the 
highest melting points. Thus, p-toluidine is solid at room 
temperature (m.pt. 45°C) while 0- and m-toluidines are liquids 
(b.pt. 201°C and 200°C respectively). 
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"Chemical properties: Aniline is a primary amine. It 
shows properties both of benzene nucleus and amino group 
(-NH2)· " 
Reaction Involving -NlIz Group 

. . 
" 1. Basic nature: The basicity "is a measiire of a 

compound's ability to accept a proton (1ft). Aniline is a weak 

base (almost neutral towards litmus) as it forms salts with 
strong mineral acids (i. e., protonated hence, basic in nature). It 
accepts a proton as follows: 

+ 

•• + + 
CJIsNH2 + H - C6HSNH3 or 

Aniliniurn ion © 
We~ker basic nature of aniline as compared to aliphatic 

amines can be explained on the basis of resonance. In 
aliphatic amines, the non-bonding electron pair of N is 
localized and is fully available for coordination with. a proton. 
On the other hand, in aniline or other aromatic amines, the 
non~bonding electron pair is delocalized into benzene ring by 
resonance and the electron donating capacity of nitrogen for 

" protonation is considerably decreased as compared to that of 
NH3' and aliphatic amines. 

6-\5~&-6~ 
I II m IV 

-0 -,-@" 
v lr 

Hence, -NH2 group activates benZene nucleus for 0-

and p-electrophilic attack. . 

@i-H_<O!+H 
H H 

Resonance hybrid 

Lower stability of anilinium ion than aniline. 

Anilinium ion (cation) formed by aniline on accepting a 
proton is less resonance stabilized (having only two resonating 
forms) than aniline (having I to V resonating forms). 

+ + 
NH3 NH3 

01 
--- O~ --- No otherreso~ating 

, # structure pOSSible. 

Thus, electron density is less on N-atom due to which 
aniline or other aromatic amines are less basic than aliphatic 
amines. 

929 

. EtTect of SubStituents on the Basicity of Arom;atic Amines 

In general, any group which When present on benzene ring 
has electron withdrawing" etTect (-N02' ":-cN, -'-S03H, 

----COOH, ----CI,C6Hs, etc.)" decreases basicity of aniline 

(Nitroaniline is less basic than aniline as nitro group is 
" electron withdrawing group (-1 group) and aniline is more 
basic than diphenylamine), while a group which has electron 
repelling effect (-NH:z, -OR, R-," etc.) at the 

para-position increases basicity of aniline; Toluidine is more 
basic than aniline as -CH3 group is electron repelling group 
(+1 group). . 

(Ii) NitroaniJines ..... 

© ~ > .... NO 

Aniline N' T" 2 m- Itroanl me 
Kb : (4.2 x 10-1°) (0.0029 x 10-10) 

(PKb = 9.38) (PKb 12.64) 

~ r&N0
2 > > 0 

o-Nitroaniline 
N02 (0.0006 x 10-10) 

p-Nitroaniline (PKb 1322) 
(0.001 x 1()1O) 
(PKb 13.00) 

Orthosubstituted ~ilines are weaker bases than ani1in~s 
regardless of the nature of the substituent whether electron 
withdrawing or electron repelling. This is called orlho effect 
and is probably due to a combination of steric acid electronic 
factors. . '3 

(b) Toluidines 

~ 
CH3 

p-Toluidine 
Kb: (12.0 x 10-1°) 

(PKb 9.21) 

> &2 > © 
" l8(CH3 
m-Toluidine 
(S.Ox 10-1°) 
(PKb = 9.34) 

> 

• Aililine 
(4.2 x 10-1°) 

" (PKb =9.38) 

NH . 

~CH3 19J .. 
0-Toluidine 

(2.6 x 10-1°) 
(P~b = 9.58) •. 

, 
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(c) Phenylenediamines 

~>~ Lf NH2 
NH m-Phenylenediamine 

. ~. (10.0 x 10-1°) 
p-Phenylenedtamme (pK = 9.00) 
Kb: (14.0 x 10-10) b , 

(pKb 7.86). 

> 

> 

Aniline 
(4.2 x 10-10) 

(PKb= 9.38) 

o-Phenylenediamine 
(3.0 x 10-10) 

(PKb 9.52) 

Similarly, the basic character of some other amines have 
the following order: 

Chloroanilines: i-isomer> m- > 0-

Other amines 
R2NH~RNH2 >C6HsCHiNH2 > NH3 >C6HSNH2 
Weaker basic nature of aniline as compared to aliphatic 

amines can be explained on the basis of resonance. 

Effect of Suhstituents on N-atom· 

When the hydrogen atoms of the amino group in prlmary 
arylamines . are replaced by electron releasing (donating) 
alkyl groups, it increases the basicity of aromatic amines; so 
N-alkylated anilines are. stronger bases than aniline because of 
sterlc effect. 

H 
I 

~N-CH.3 
> G . > 

, N,N-Dimethylaniline 
Kb : (11.7 x 1O-I~ 

i 1. 

N-Methylaniline 
(7.1 x 10-10) 

Aniline 
(4.2 x 10-10) 

Ethyl group being bigger than methyl has more sterlc 
effect" so' N-ethylaniline is stronger base ~han N-methyl 
aniline. Thus, basic character is: 
C6HSN(C2HSh > C6HSNHC2HS > C6HSN(CH3h > 
N,N -Diethyl aniline N -Ethyl aniline N,N ,-Dimethyl aniline 

C6HsNHCH3 >C6HSNH2 
N -Methyl aniline Aniline 

SimilarlY"the presence of electron withdrawing groups 
(such as phenyl, C6HS group) decreases the basicity. For 
example, trlphenylamine is less basic than diphenylamine 
which in tum is less basic than aniline. 

H 
I 

©r .. N~£ .@(.N"----c6HS 

0;··;>0 > 
.... .. . 

Aililihe Diphenylamine Triphenylamine 
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Thus, 
NH3 >C6HSNHC2Hs >C6HSNH<:::H3 >C6HSNH2 

>C6HSNHC6HS 
Aniline forms salts with strong acids. 

CoHSNH2 + HC} ~ C6HsNH3CI(C6HsNHz· HCl) 
(Cone.) Aniline hydrochloride or 

Anilinium chloride 

2C6HSNH2 + H2S04 ~ (C6HsNHzhH2S04 
Aniline (Cone.) Aniline sulphate 

2C6HSNHz + H2PtCl6 ~ (C6HsNH2hH2PtCl6 
Chloroplatinic Aniline platinic chloride 

acid 

2C6HsNH2 + H2SnCl6 ~ (C6HsNH2hH2SnCI6 
Aniline ChIoro- Aniline stannic chloride 

stannic acid. 

CH3 

I 
C6HsNHCH3 + H2S04 ~ [C6HsNH2tHS04 
N -Methyl aniline (Cone.) N -Methyl anilinium 

(2° amine) hydrogen sulphate 

C6HSN(CH3h +CH3COOH ~ 
N,N -Dime~hylaniline (3°) 

H 
I _ 

[C6HSN(CH3 h tOOCCH3 
N,N -Dimethyl anilinium acetate 

These salts are decomposed by alkalies to regenerate 
aniline. 

2. Alkylation!. Aniline reacts with alkyl halides 
forming secondary amines, tertiary amines or quaternary 
ammonium salt depending on the concentration of alkyl 
halide. 

C6HSNH2 +CH31 
10 Amine 

C6HSNHCH3 + HI 
N -Methyl aniline 

(20 Amine) 

C6HsNHCH3 +CH31 , C6HSN(CH3 h + HI 
2° Amine N,N -Dimethyl aniline 

W Amine) 

C6HSN(CH3h +CH31 ~ C6HsN(CH3hI 
30 Amine Trimethyl anilinium iodide 

(Quaternary salt) 

With methyl iodide, the process is commonly known as 
exhaustive methylation. 

But Arylation of aniline is difficult (formation of 
diphenylamine). 

(0 )NH2 + (0 )CI 2000~~~essur~ (0 )NH(O) 
. Aniline· Chlorobenzene Dipnenylamine + HCI 

Phenol 
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~o) ~O> 140°C ~O> ~O> 7. Reaction with carbonyl ~ ch\oride: 'Anilirte 
NH2 + NH2·HCI Pressur:. NH. . ,combines readily. with carbonyl chloride" to foim phenyl . 

An 'I' h d hi 'd' isocyanate. . 
I me y roc on e . + NH4CI. ....., . . . . . ' ." 

'" CI .. : • 
. 3. Acyl~tion ,: Aniline reac~s with acid chlo~~es or' C

6HSNH2 + )C=O ~ C
6
H

s
-N=C=O+2HCI 

aCId a~~drides m presence of dllute NaOH or pyndme to . . Phenyl isocyanate ' 
for'm aniltdes. CI.. . 

C' H NH CICOCH Pyridine , C6HsN'H' COCH
3 
. . 6 S 2+ 3 7 

Aniline Acetyl chloride Heat, (-Hel) Acetanilide 
, (N -Acetyl aniline) 

Pyridine 
... C6HSNH2 + (CH3COhO ) C6HsNHCOCH3 

Acetic anhydride (-CH3COOH) Acetanilide 

C6HsNHz + CICOC6Hs 
Aniline Benzoyl chloride 

These reactions are used for the protection o"f -, -NH2 
group. 

Note: These alkylation and acylation undergo Friedel-Crafts reaction 
if carried out in presence of anhydrous AlCI3• But aniline itself 

does not un .. ergo Friedel-Crafts reaction because amino 
group of aniline acts as Ii base and forms salt with Lewis acid, 

+ 
AlCI l , i.e., C1;HsNH" AICll . 

Benzoylation of aniline is. known as Schotten
Baumann reaction. 

4. Carbylamine reaction: When heated with 
chloroform and alcoholic potassium hydroxide, aniline forms 
phenyl isocyanide. It has very offensive smell. 

Heat ~ 
C6HSNH2 +CHCI3 +3KOH ---'" C6HS=NC 

Aniline (Alc.) Phenyl isocyanide 

+3KCI+3H20 
This is a test of aniline and. other primary amines only 

(aromatic and aliphatic both) and is known as isocyanide 
test (a distinction test for primary amines only). 

5. Reaction with aldehyd,es : Aniline condenses with 
aromatic aldehydes to form benzaniline or anUs or Schiff 
bases in presence of trace of an. add as cataly~t, anhydrous 
zinc chloride. 

" H+ or ZnClz C6HsNHz +OHCCtiHs A ~C6HsN. CHC6Hs 
Benzaldehyde Benzylidene aniline 

(Schiff base) 

+H20 

Schiff base on hydrolysis yields aniline again. The. 
reaction is employed to protect the amino group during 
nitration. But when reduced, it forms secondary amine. . 

2H 
C6HSN=CHC6HS ~ C6HsNHCH2C6HS 

Schiff base 1 Benzyl aniline (2° AnIine) 

6. Action of alkali metals: Aniline on heating with 
alkali metals, produces compounds in which one or both 

, hydrogen atoms of the, amino group get replaced by' alkali 
metals to form potassiUin anilide. ' 

K ' K 
C6HSNH2 ~H C6HSNHK ~H C6H sNKz Aniline eat eat 

8. Reaction with carbon 'disnlphide: Aniline, when 
heated with ethanolic carbon disulphideand soiid KOH, fo~ 
diphenylthiourea which upon treatment with coric.HCI gives 
phenyl isothiocYanate. . " 

r .. ----·-I . 

. . ' i + si=C=S C2HsOH) . . . c=s + H
2
S 

C6.HsNlfH i .' C6HSNH) '.: . 

C H NHH: ,KOH,Heat C H NH 
6 5 ------- 6 5 

'N,N-Diphenyl thiourea 

N, N'-Diphenyl thiourea is used as 'In accelerator during 
vulcanization of rubber. .. 

C6H
SNH) 

C=S 
HCI (cone.) 

-------7) C6HsN=C=S 
. Phenyl
isothiocyanate 

C6HSNH 
N,N'-Diphenyl thiourea 

+ 
+C6HsNH3CI 

Aniline hydro
chloride 

9~ Sulphonylation (Reaction with benzene sulphonyl 
chloride) : Aniline reacts with benzene sulphonyl chloride 
(Hinsberg's reagent) to form N-phenylbenzene sulphonamide 
which is soluble in alkali.' . 

.H· 
I j--------, 

C6Hs- N~.H.±C1J__S02C6Hs 
Pyridine 

) 

Aniline Benzene sulphonyl 
chloride 

.H 
.,; I' , 

C6HS -N-S02C6HS 
.,j} N -Phenylbenzene 

sulphonamide 

Sec. amine also reacts, but the product so formed is 
insoluble in alkali (it is Hinsberg's method for separation of 
pri. sec. and tert. amines). 

10. Reaction with 
combines . with Grignard 
alkanes, 

Grignard reagents: . Aniline 

reagents to form corresponding. 

CH3MgI +C6HsNH2.~ CH4 +C~R5NHMgI,' 
Methyl Methane . 

magnesium 
iodide, 

C2H sMgBr +C6H5NH2 
Ethyl magnesium 

bromide' 

---'" C2H6 +C6HSNHMgBr 
Ethane 

11. OxIdation: Aniline is readily oxidised because it is 
highly susceptible to'atmospheric oxidation and turns dark red 
on . exposure to' air due to oxidation. It forms a number of 
products depending upon the nature of oxidising agent. 



.·Oxidisingiil'gent 

. Acidified KMnO 4 or_ 

(Na2Cr20 7 + CuS04 + 
dil. a~) \ 

Aniline black (a dye) 

Alkalin~ KMnO 4' 

NeQtral KMnO 4 
I " . . 

Chromic; acid 
(Na2Cr207 +- Conc. 
H2S04 ) 

Azobenzene;. C6H5N=NC6H5 

Azobenzene and nitrobenzene 

p-Benzoquinone; 0=( ) .0 

Sodium hypochlorite or HO~O· ~NH2 HOCI p-~inophenol, 

Caro's acid (H2S05) _ Nitrobenzene and nitrosobenzene 

Conc. nitric acid Decomposes· 

Bleachmg powder Deep violet colour 

12. Diazotisation [Action of nitrous acid 
(NaN02 + Hel)] : Diazotisation is a reaction in which ice 

. cooled solution of an aromatic primary amine (having -NH2 
group directly attached to nucleus) in an inorganic acid reacts 
with sodium nitrite solution leading to the formation of 
diaz~mium salts (Diazo reaction). 

© +'NaNo, + 2HCl 

Aniline 

N NCI 
_
0--5°.C .0 .. l8J + 2H20 + NaCl 

Benzene diazonium 
chloride 

. N NHS04 _
0--5°C 0 . + NaN02 + H2S04 l8J 

Benzene diazonium 
hydrogen sulphate 

0-5°C 
: C6H5NH2 + HCI ) C6H5NH2· HCI (or C6H5NHrCI-) 

. -~; 

Aniline 
hydrochloride 

C,H, N4:--:--°)i, ~5·C, 
I 'i---H HO i CI I~ _____ ----------, 

Aniline hydrochloride Nitrous 
acid 

Benzene diazonium 
chloride 

+ ...;.- + 
orC6H5N2CI or [Ar-N=N:lx

(Blomstrand fonnula) 

[NaN02 + HCI ~ NaCI + HN02] 
Sod. riitrite Nitrous acid 

Mineral acid should be added in excess in diazotisation of 
arylaminesso as to prevent the coupling of benzene diazonium 
chloride with excess of arylamine . 

. ~ .~ .. 
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Benzene diazonium chloride is extremely useful synthetic 
reagent. It is used in the preparation of many organic 
compounds. 

(0) N1CI 
Benzene 
diazonium 
chloride 

CuCI/HCl 
Il 

CuBrlHBr 
Il 

KI 
Wann 

HBF4 
Heat 

CilCN,1l 

CulKCN or 
K3CU(CN)4 

NaN02 
CU20, Il 

H2O,H+ 

Heat 

H3P02 

@CI 

C hlorobenzene 
(Sandmey(':r'sreaction) 

B romobenzene 

I odobenzene 

( 0 ) F (Balz-Schiemann reaction) _ 

luorobenz(me F 

(O)CN (Sandmeyer'sreaction) 

Phenyl cyanide 

@N02 

Nitrobenzene 

@OH 

Phenol 

H2OorAlk.SnCI2 @ 
CulHCl 

Il 

CulHBr 
Il 

H2 
SnCl2IHCl 
or Na2S03 

C6H6 

NaOH,1l 

Na3As03 

HCl 

Benzene 

@CI 

C hlorobenzene 

@Br 

(Gattennann reaction) 

B romobenzene 

@NHNH2 

Phenylhydrazine 

(0 )C6HS (Gombergrea~tion) 
Diphenyl 

(0) As03H2 

Phenyl arsonic acid 
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Coupling reactions: 

@OH , 

/Q' "N N /Q'OH 
OW(PH9-10) ~ ~ 

p-Hydroxy azobenzene (Orange dye) 

@
+_ @NH2 
NzCI o ' H+ (PH 4-5) 

p-Aminoazobenzene (Orange red dye) 

I@N(CH;h ,,' ' ' 
. Dimethyl aniline ~N N-@N(CH3h 

p-Dimethyl amino azobenzene 

(J3-Naphthol) 

\13utter yellow) , 

OH 

~NN 

Phenyl aw-J3-naphthol 
(Red dye) 

Reactions of benzene nucleus 

The 'benzene ring of aniline undergoes halogenation, 
sulphonation and nitration (ElectrophiIic substitution). The 
-NH2 group is 0-, p-directing and highly activating. 

t. Halogenation: Presence of amino group in the 
nucleus facilitates halogenation. Chlorine and bromine water ' 
react very readily and form trichloro and symmetrical tribromo 
aniline,respectively, 

,©NH2 + 
3Br2 

(in glacial acetic acid) 

Aniline 

NH2 

-'--+ Br©Br+ 3BBr 

Br 
2,4,6-Tribromoaniline 

(Light yellow ppt.) 

In chlorination, a water free solvent such as chloroform 
should be used otherwise oxidation takes place. 

The reaction is used for estimation of aniline. 
However, monochloro or monobromo derivatjve of 

aniline can be pt:epared if -NH2 group is first protected by 
acetylation on account of oxidation of -NH2 group. 

Aniline 

',933 

NHCOCH3 

CH3C~. rAlr(Y, " ' . , Br2 in , 

or (CH3CO)zOl lSJ ' CH3COOH • 
pyridine '~ " ' 

Acetanilide 
(N-Phenyl ethanamide) 

NHCOCH3 'NHCOCH3 ©t' +·©i·· 
Br 

(Major) , 
~----~v I 

Heat! H2?/W . 

", NH2 "NH2 ©Br +r© 
o-Bromoaniline 
(Steam volatile), • 

(Minor) 

Br 
p-Bromoaniline 

(Major) 

Halogenation of aniline is faster in polar solvents but 
slower in non-polar solvents. . ' ' 

Purpose of acylation: The acetyl group being electron 
withdrawing attracts the lone pair of electrons of the N-atom 
towards carbonyl group. . .. -:0: 

+ I @C-CH3 

As a result, t:p~ activating effect of -' -NH2 group is 
reduced. This. method is called protection of-NH2 group by 
acetylation. It is often used to control the rate of substitution 
and to prevent the formation of di andtri substitution products. 

2. Sulphonation: Aniline reacts with conc. H2S04 at 

,180°C to give sulphanilic acid (p-aminobenzene sulphonic 
acid), the p-isomer is known to be..' the most stable isomer. 

, , 

, + " 
NH2 ' NH3HS0'4' 

© ' ©" 180"C ' +H2S04 - ,.,' . '-HOllo 
(Co~c.) , ' 2 

Aniline AUiline hydrogen 
sulphate 

Rearrangement. 

S03' 
(Zwitter ion) 

NH2 

© 
S03H 

Sulpb'anilic acid 

; 



.... J'he·given process is kIiown as Baking. 
Sulphanilic acid has an acidic group (-S03H) as well as 

basic (-. NH2) group in the same molecule and thus exist as 
Zwitter ion or dipolar ion. Therefore, sulphanilic acid has 
high meitingpoint and is practically insoluble in water. It is 
soluble in dilute NaOH (to formp-NH2C6R4S0:3Na) but not 

in dil. HCI(because -SO:3 group is a weak base and so does 

not accept a proton (H+) frQmdil. HCl.) 

+ 
H2N--C6H4-S03H ~ H3N- C6H4S0:3 

. Zwitter ion 

However, aniline on heating with fuming sulphuric acid at 
180-200°C, gives p-aminobenzene sulphonic acid 
(sulphanilic acid). 

© 
Aniline 

NH2 

Fuming H2S04 • 0' 
180-200°C l8J 

. S03H 
Sulphanilicacid 

3. Nitration: Direct nitration of aniline is not possible 
on account of oxidation of-NH2 group. However, nitration 
can be carried after protecting the --NH2 group' by 
acetylation to give acetanilide which is nitrated and finally 
hydrolysed to give 0- and p-nitroanilines. 

. ©
NH.2.' . NHCOCH3 .. 

CH3COCI © . HN03 

0; (CH~c6hO/ H2SO'] 
pyndme 

. Aniline Acetanilide 

o-Nitroac.etanilide 
(Minor) 

o-Nitroaniline 
(Minor) 

. NHCOCH3 

©. 
N02 

p-Nitroacetanilide 
(Major) 

~ H2€>!H+. 

+© 
N02 

p-Nitroaniline 
(Major) 

Since, nitration involves in strongly acidic medium, so 
protonation of aniline also takes place. forming aniliniurri ion 

+ r 

(NH3) which, beingm-directing and deactivating forms 
mainly m-nitroaniline. 

That,is.·why; during direct nitration of aniline (-NH2 
.' . group is o-"p-directing and activating), besides .t):le o-"p

derivatives a. significant amount of meta derivative is also 
formed.····· 
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. . NH2 . NH2 . NH2 

HN03(COnc.).© +© + © N02 
H2S04 (Conc.)" N0

2 
. . 

at 20°C 
Aniline m-Nitroaniline N02 

(47%) p-Nitroaniline. o-Nitroaniline 
(51%) (2%) 

4. Mercuration: When treated with alcoholic solution 
of mercuric acetate, aniline undergoes mercuration. 

·NH2 • NH2 © + (CH,COO),1Ig _ ©HgOOCCH, 

0-Aminophenyl 
mercuric acetate 

5. Catalytic hydrogenation : Aniline undergoes hydro
genation in presence of finely divided nickel at high 
temperature to form aminocyclohexane. 

Ni 
C6HSNH2 + 3H2 . ~ C6HllNH2 or 

Amino 
cyclohexane 

Uses: (i) Aniline is used in the manufacture of benzene 
diazonium chloride which is the starting material for many 
organic compounds especially azo dyes . 

(ii) It is used for making Schiff bases which act as 
antioxidants in rubber industry. 

(iii) Many useful 4erivatives such as acetanilide, 
sulphariilic acid and sulpha drugs are obtained from ariiline. 

Tests: (i) It gives carbylamine test. 
(ii) Dye test: Aniline is first diazotised with 

NaN02 + HCI at 273-278 K. On adding alkaline solution of 
j)-naphthol to the diazotised product, a scarlet red dye is 
formed. 

@-NIi2 +HONO+HCt 27J.-278K, 

. Anilme . @-N Net +2H,o 

Benzenediazonium 
chloride 

HO 

Dil. NaOH .. 
pH 9-10 

~~Naphthol 
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HO 

I-Phenylazo-2-naphthol . 
(Orange dye) 

(iii) On adding bromine water to aniline, a pale pinkish 
precipitate is formed. 

(iv) When bleaching powder is added to aqueous solution . 
of aniline, a purple colour is produced which fades on 

. standing. 
(v) To a solution of aniline in sulphuric acid add a small 

amount of potassium dichromate solution. A red colour which 
slowly changes to deep blue is obtained. 

[B) Benzylamine, C 6H sCH2NH2 (Phenylmethanamine) 

935 

in water. It gives the following reactions,and clpsely 
resembles aliphatic amines in chemical behaviour: 

With acids, forms salt + 
,..-----'-"""--'->--0---,) C6 HsCH2 NH3 CI 

HCl Benzylammonium 
chloride, 

With HN02 gives alcohol 
~----~---~ C6HsCH20H 

C
6
H sCHzNHz (NaNOz/HCt) Benzyl alcohol 

Benzylamine . 
. On oxidation gives benzoic acid 

KMn04 
C6H5COOH 
Benzoic acid 

CH3COCl 
~--------~) C6H SCHzNHOCCH3 

N -Benzyla<;etamide 

Problem 21. How will you differentiate be~een: 
(a) aniline and ethylamine (aromatic and aliphatic 

amines)? . 
(b) aniline and benzylamine,! 

Methods of P;eparation (c) aniline (10), methylalliline (2°), and dimethylaniline o,? . 
Benzylamine is best regarded as phenyl substituted Solution: (a) Aniline reacts with nitrous acid from 

methylamine and may be prepared: NaNOzIHCI at (}-soC to form a diazoniumsalt which gives a 
1. By reduction of henzonitrile or benzaldoxime or. , scarlet azo dye with ~-naphthol in NaOH. . 

benzamide. I + 

C6HSCN + 4[H] 
Benzonitrile 

Na/C2HsOH 
C6HsCH= NOH + 4[H]. ) C6H sCH2NHz Benzaldoxime or LIAlH4/ether 

(i) LiAlH4/ether 
C6H 5CONHZ+ 4[H] .. ) C6H5CH2NH2 + HzO 

Benzamide (11) HzO Benzylamine 

2. By the action ofbr()mine and caustic potash on 
phenylacetamide (Hofmann degradation). 

.8-
C6H5CH2CONHZ + Brz + 4KOH -----+ C6H 5CH2NH2 

Phenyl acetamide Benzylamine 

_ +2KBr + K 2C03 +2HzO 

3. By heating benzylchloride with alcoholic ammonia 
uuder pressure. 

C6H5CH2CI +2NH3 ~ C6H5CHzNHz + NH4CI 

4 .. By action of hydrazoic acid on phenylacetic acid. in 
presence of cone. HzSO 4 at 50-55° C. 

Cone. HZS04 
C6HsCH2COOH + N 3H sO-ssoc ~ C6HsCH2NH2 

+N2 -rC02 

5. By reductive amination of benzaldehyde. 

C
6
H

5
CHO NH3) [C

6
H

5
CH=NH] H2111'\ C

6
H

5
CH2NH2 

Benzaldehyde -H20 Unstable Benzylamine 

Properties: It is a colourless liquid, boiling point 
I8S0C. It has an ammoniacal odour and is a stronger base than 
isomeric toluidines but weaker than methylamine. It is soluble 

C6HsN'Hz HONO/HC) C 'H N C-I 
O-soC 6 S. Z • 

. Benzene dlazomum 
chloride 

CoH,N2C' + C§r:QfHN
•
O'1 < 0 )~~~ 

l3-naphthol Azo dye .' . 
(scarlet red) 

Ethylamine reacts with nitrous acid to produce ethyl' 
alcohol and. nitrogen gas (seen as bubbles). 

CzH sNH2 +ONOH -----+ C2H50H + N 2 + H20 
(b) Aniline gives dye test[see (a) part] 
Benzylamine reacts with nitrous acid to form benzyl 

alcohol and nitrogen gas (seen as bubbles). 
C6HsCH2NH2 +ONOH -----+ C6H 5CH20H + N 2 + H 20 

(c) Aniline (1° Amine) reacts with nitrous acid to form 
diazonium salt which gives dye test [see (a) part]. 

Methyl aniline (2° Amine) forms nitrosoamine (yellow 
oily liquid) on treatment with nitrous acid, which is stable at 
room temperature. However, on reaction with HCI in ether and 
alcohol, the nitroso (--NO) group migrates topara-position. 

< 0 )N <~H3 -"H;...:....ONc..-0'-Joo. .. 

N-methyl aniline 
(2° Amine) 

~o? <NO . HCl 
N' CH

3 
Ether/alcohol" 

Nitrosoamine 

ON~O. ?~<H . . CH3 

p-Nitroso 
. N-methyl aniline 
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Dimethyl aniline (3° Amin~) fonns p-nitroso derivative 
with nitrous acid which on hydrolysis gives p-nitrosophenol 
and ditnethylamhie (2°). ' 

~O> <CH3 HN02' ~O> <CH3 HO~' , N ---=--JIo. ON N' iii , ' ,' CH3 Hel CH3 (NaOH) 

N,N.Dimethylaniline p·Nitroso N,N·dimethyl 
,aniline 

ON <0 )OH + (CH3hNH 
Dimethyl-

p-Nitrosophenol amine' 

16.14 SOME IMPORTANT DERIVATIVES OF 
ANILINE 

1. Acetanilide (Antifeberin), N-Phenylacetamide 
. C6HsNHCOCH3 

Acetanilide is fonned by acetylation of aniline either by 
boiling with glaclalacetic acid (in presence of ZnCI2) or by 
action of acetyl ,chloride or acetic anhydride. 

ZnC12 . 
C6HSNH2 + CH3COOH . ), C6HsNHCOCH3 + H20 

C6HsNH2 -tCH3COCI ~ C6HSNHCOCH) + HCI 

C6HSNH2 + (CH3COhO ~ C6HSNHCOCH3 
+CH3COOH 

Properties: It is a colourless, crystalline substance 
,having melting point 114°e. It is sparingly soluble in cold 

, water but more soluble, in hot waJer. It is hydrolysed again into 
aniline with strOflg acids or alkalies. , . , 

,C6HsNHCOCH3 +-H20 ~ C6HsNH2 +CH3COOH 
Anilide,is anortho and para directing group. Acetanilide 

is a useful intennediate product in various reactions of aniline, 
e.g., nitration,i:e., whenever, it is necessary to protect the 
amino group. 

[See properties of aniline (Reac~on, of benzene nucleus) 
on page 980.] .' 

Acetanilide has been used in medicine as antifeberin ' (or 
_ febrifuge ) for lowering body temperature (antipyretic) and to 
relieve headache. On account of its toxic nature,its use as a 
drug is not finding favour and is replaced by more effective 
and less toxic drugs. 

,2. Sulphanillc Acid' (p-Aminobenzene 8ulphonic aCid), 
p-NHzC6H4SO 3H 
. It is fonned when aniline is beated with conc. H2S04 at 

about 200°C. Aniliniuinbydrogen.'sulphate is first fonned 
'which ch;mges tosulphamic acid by losing a molecule of 
water on continuQusheating. Finally, there is rearrangement to ' 
fonn stable sulphariilic acid (p-isorher); 

,')L' 

G.R.B. Organic Chemistry for Competitions' 

. NH2 ' ' ,NH;US04 

@O+H2S04-'@' 
, (Conc.)' 

Aniline Sulphamic acid 

,@NH2, 
' Flearr.angement 

Suiphanilic acid 

Properties: It is a white solid which decomposes at 
288°C. It is sparingly soluble in cold water but soluble in hot 
water. It is also insoluble in organic solvents. It possesses 
Zwitter ion structure due to internal salt fonnation or dipolar 
ion. 

H3N( 0 >S03 (Zwitter ion) 

, It is a strong acid and dissolves in alkanes to fonn salts. 

NaOH 
iii 

Sodium sulphanilate 

When treated with HN03 (conc.), sulphonic group is 
replaced by a nitrQ group. Similarly on bromination, the 
sulphonic gro\lP iselirninated and 2,4,6-tribromoaniline is 
fonned. .. . . 

N'H2 ... ' Br@Br 
Bi' 

© 
S03H 

2,4,6-Tri bromoaniline ' . Suiphanilic acid 

It can be diazo.tised. 

. NH· 

©J 
N02 

:4-Ni.troaniline 

+ © HN~. @H ~ ©+H20 
S03HS03H S03 

Sulphanilic acid UnStable . . 

The diazotised sulphanilic acid gives coupling reaction . 
with dimethylau.iline and fonns methyl orange. . . 

H03S<O)N. N~Gl±~Fi(O)N(CH3)2 -
.. Dimethylaniline . . , 

H03S(O)-N '. N-<Q)N(CH3h 
. Methyl orange 
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Uses: It is used for making azo dyes, sulphanilamide 
drugs, sulphapyridine and sulphathiazole, etc., which are 
widely used against bacterial infections. 

3. Sulphanilamide (p-Aminobenzene sulphonamide), 

H2N<O)S~NH2 
The preparation is done in three 'steps: 

(i) First step: Acetanilide is treated with chloro 
sulphonic acid ( excess). 

(Ii) Secflnd step: The acetanilide sulphonyl chloride 
(ASC) so ;,Jrmed is reacted with ammonia. 

(Iii) Third step : The product of the second step is 
hydrolysed with 15-20% HCl at 100°C. 

NHCOCH3 NHCOCH3 NHCOCH3 

© ~~t© ~© 
Acetanilide S02Cl S02NH2 

(ASe) 

NH3Cl 

15-20% HCI.. © 
100°C 

S02NH2 

NaOH, 
)0 

NH2 

© 
SulphaniJamide 

Properties : It, is a. qolourless, ,crystalline compound. 
melting point 166°C. It is used in,t~e manufacture of various 
sulphadn,tgs used in curing diseaseslike pneumonia, gononnoea, 
dysentry and bacterial infection. The important sulpha drugs 
are: 

" Sulphap~ridine 

@,' .•... rry 
Sq2NH~y) 

Sulphadiazine 

0l§J' " " , 
~ '0 

S02NH 'N 

Sulphaguanidine 

NH 
II 

S02NH- C-:-NHt ' 

4. Atoxyl (Sodium salt of Arsanilic acid) 

It is formed by heating aniline,with arsenic acid. 

NH2 'NH2 NH2 © +H,AsO, H"" .© N'QH. © 0 

Aniline AS03H2 'A~H 
Arsanilic acid ' . ONa 

Atoxyl 
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Arsanilic acid forms mono sodium salt known as atoxyl 
with NaOH. Atoxyl is used as medicine for treating African 
sleeping sickness. 

Problem 22. Sulphanilic acid cannot be readily 
acetylated with (CH3COhO but its sodium salt can be readily 
acetylated. Explain. ' 

Solution: Sulphanilic acid exists as a Zwitter ion. 
+ 

© 
, S03 

For acetylation, nitrogen atom should have a lone pair of 
electrons to donate to the carbon atom of a CO group in acetic 
anhydride. The Zwitter ion's uitrogendoes not have lone pair 
of electrons and thus, it is not possible to acetylate free 
sulphanilic acid. , 

However, the sodium salt has a lone pair available on 
nitrogen atom and so it is readily acetylated. 

© 
S03Na 

Problem 23. (a) Why p-nitroaniline is less basic than 
aniline? 

(b) Aniline dissolves in HCl. 
(c) Aniline undergoes bromination in ortho and para 

position, but in presence of strong acid' it gives m-bromo 
aniline. ' 

(d) Why aniline does not undergo Friedel-Crafts reaction? 
Solution: (a) Aniline is less basic because the lone 

pair of electrons on nitrogen is less available for donation to 
proton as it is delocalised into the benzene ring by resonance. 
The nitro group is electron-withdrawing group. It decreases 
basicity by further drawing electrons into the benzene ring. 

4>· N~ ~ - QC'N=O' NIl _ + ' 2 _/ + 2 o - 0_ 

(b) Aniline, being basic in nature; forms salt with Hel 
whiCh dissolves. 

+ 
C6HSNH2 + HCl --7 C6HsNH3CI-

, , 

(c) -.:...NH2 group is 0- and p-directing. However, in 
presence of strong acid aniline combines with proton to form 

+ . + ' 
C6HsNH3 and -NH3 group is m-directing. Thus, m-bromo 
product is formed in presence of strong acid. 
. (d) In presence of Lewis acid (AlCI 3 ), the group becomes 
electron withdrawing (deactivating group). 

+ -. NH2·AICh 

~© 
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Problem 24. In the preparation of 2,4-dinitrochloro
benzene from chlorobenzene by nitration, the reaction product 
should not be washed with aqueous solution ofNaHC03 to 
remove the unused acid. Explain. 

Solution: 2,4-Dinitrochlorobenzene shows nucleophilic 
substitution reaction, i.e., -CI can be replaced by --OH 
group in presence of NaHC03 which makes the solution 
alkaline. 

16.15 AROMATIC HYDROXY COMPOUNDS 

Aromatic hydroxy compounds are of two types: 
1. Phenols: Phenols are compounds in which the 

hydroxy group, --OH, is directly linked with the aromatic 
ring. They can be mono, di or tri hydric phenols depending 
upon whether they contain one, two or three hydroxyl groups 
on the benzene ring. Methyl phenols are called cresols or they 
are hydroxy derivatives of tolu~ne. 

Monohydric phenols: Examples are phenol and cresols. 
OH OH OH OH 

© ©CH
2, ©CH: © 

Phenol 2-Methylphenol 3-Methylphenol CH3 
or Hydroxybenzene (a-cresol) (m-cresol) 4-Methylphenol 

(p-cresol) (Benzenol) 

Dihydric phenols: 
(1,2 and 1,3 and 1,4). 

Examples are dihydroxybenzenes· 

OH ©OH, 
Benzene-l,2-dioJ 

or Catechol 
Benzene-l,3-diol 

or Resorcinol 

Trihydric phenols: Examples 
benzenes (I, 2, 3 and 1,2,4 and 1,3,5). 

OH OH 

©

. OH, ©OH, 
OH . 

© 
OH 

Benzene-l,4-diol 
or Quinol 

(Hydroquinone) 

are trihydroxy 

Benzene-l,2,3-triol . OH Benzene-l,3',5-triol 
or Pyrogallol . Benzene-l,2,4-triol . 

or Hydroxyquinol or Phloroglucinol 

Further they can be substituted phenols.- Examples are: 
OH OH OH OH 

© ,©N~, © ' ~N©N02 
Cl 

p-Chlorophenol o-Nitrophenol 
NO 

p-Nitroso 
phenol 

NOz 
Picric acid 
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2. Aromatic alcohols: Compounds, in which the 
hydroxy group is present in the side-chain are termed aromatic 
alcohols. Examples are: 

CH20H ©, 
2-Phenylethanol 

Phenols are distinctly acidic while alcohols are neutral. 
Phenols have a characteristic odour and toxic in nature. They 
possess strong intermolecular hydrogen bonding and hence, 
the boiling points of phenols are higher than aliphatic 
alcohols. The first member of the series is most important 
compound and is named phenol. 

OH 

Phenol (Carbolic acid), C 6H sOH or ©. 
or Hydroxybenzene 

It was discovered by Runge in the middle oil fraction of 
coal tar distillation and named it 'carbolic acid' (carbo = coal, 
oleum = oil). Phenol containing 5% water is liquid at room 
temperature and is termed as carbolic acid. It is also present in 
traces in human urine. 

Methods of Preparation of Phenols 

1. From benzene sulphonic acid (Alkali fusion of 
sulphonates): Sodium salt of benzene sulphonic acid is 

fused with sodium hydroxide at 300 ~ 350°C, when sodium 
phenoxide is formed. Sodium phenoxide on treatment with 
dilute acid or carbon dioxide yields phenol. The start can be 
made with benzene. 

S03H S03Na 

©. 
H2S04 (fuming) .. © NaOH)Oo © NaOH II> 

sonc . Fuse, 350°C 

Benzene Benzene· Sodium (-Na2S0 3, 

sulphonic benzene -H20) 
acid sulphonate 

ONa 

© 
Sodium 

phenoxide 
Phenol 

This is one of the laboratory methods for the preparation 
of phenol. Similarly methyl phenols (cresols) can be prepared. 

S03H OK OH . © SolidKOH © H+1H20 .. ©. 
.. Fuse, 300°C)Oo 

CHj CHj CH3 
p-Toluene p-Cresol 

sulphonic acid 

2. From benzene diazonhlm chloride (By hydrolysis) : 
When benzene diazonium chloride solution is warmed with 
water or dilute acids phenol is formed with evolution of 
nitrogen. The phenOl from solution is recovered by ste~m 

" 

.. 
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distillation. In this case also, benzene can be taken as the 
starting material. This is also a laboratory method. 

. NOz NHz' 

Cone. HN03 ©' SnlHCI © 
Cone. H2S04, 45°C (Reduct~ 

Benzene 

m-Toluidine 

Nitrobenzene Aniline 

NzCI OH 

NaN02 + HCI)Io © H20, if)lo © 
(0-5°C) VVann 

(DiazotisationJ 
Benzene 'Phenol 

diazonium chloride 

m-Toluene 
diazonium chloride 

m-Cresol 

3. From Grignard reagents: Chlorobenzene or 
bromobenzene is first converted into phenyl m3gnesium 
halide in presence of dry ether. The Grignard reagents on 
reaction with oxygen and subsequent hydrolysis by a mineral 
acid, yield phenol. 

Br © +Mg . Eth~. 
MgBr 

© 
Brornobenzene 

- ',,, 

Phenyl magnesium 
bromide 

Phenoxy magnesium 
bromide 

Phenol 

4. From salicylic acid by decarboxylation: When 
salicylic acid or its sodium salt is distilled with sod3 lime, 
decarboxylation occurs and phenol is formed. 

OR ' OH 

©COOH + 2NaOH ~~. © + Na,CO, + H,O 

Salicylic acid 

OH 

&COONa 
orLgJ +2NaOH 

Sodium 
salicylate 

© +HCI 

Sodium phenoxide 
-' 

Phenol 

CaO ~oONa . . 

II;;t 'Y + NazC03 + H20 

Sodium 
~" phenoxide 

.. ~ +N.Q 

Phenol 
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Manufacture or Industrial Preparation 

1. From coal-tar: Phenol is commercially obtained 
from middle oil fraction (l70-230°C). It consists of phenol, 
cresols and naphthalene. The fraction is cooled when 
naphthalene separates out. The remaining oil is treated with 
HZS04 to remove basic impurities. Phenol is then extracted 
with dilute caustic soda. The aqueous layer is separated and 
phenol is obtained with sulphuric acid or carbon dioxide. The 
oily layer is separated and then fractionally distilled. The' 
fraction collected between 181-182°C is the phenol. 

2. Raschig's process: Chlorobenzene is formed by the 
interaction of benzene, hydrogen chloride and air at 250°C in 
presence of catalyst cupric chloride and ferric chloride. It is 
hydrolysed by superheated st~am at 425°C to form phenol and 
HCI. This is one of the latest methods for the synthesis of 
phenol. HCI may be again used to convert more of benzene 
into chlorobenzene. 

I CuCI2/FeCI3 
C6H6 + HCI+ }02 2500C) C6HsCI + H20 
Benzene Chlorobenzene 

425°C 
C6HsCI + H20 ) C6HsOH + HCI 

Chlorobenzene Steam Phenol 

3. Dow proces~: This process involves alkaline 
hydrolysis of chlorobenzene. Large quantities of phenol are 
formed by heating chlorobenzene with a 10% solution of 
caustic soda or sodium carbonate at 300°C under a very high 
pressure (200 atm). 

C(;HSCI + 2NaOH 
Chloro-
benzene 

Sodium phenoxide on treatment with mineral acid yields 
phenol. 

2C6HsONa + H2S04 ~ 2C6HsOH + Na2S04 
Phenol' 

4. Oxidation of benzene: This is the latest method for 
the manufacture of phenol. The mixture of benzene and air is 
passed over vanadium pentoxide at 315°C. Benzene is directly 
oxidised to phenol. ' 

vPs 
2C6H6 +02 3150C) 2C6HsOH 
Benzene 

5. Oxidation of isopropyl benzene (Cumene): 
Cumene is.' oxidised with oxygen or air into cumene 
hydroperoxide in presence of a catalyst. This is decomposed 
by dilute sulphuric acid into phenol and acetone. 

@'+CH3CH2CH2CI AICh, 150.C"@1,I
H
-C

H
3 

orH3P04 CH 
, or (CH3CH CH2) (F.C. alkylation) . 3 

Benzene Isopropylbenzene 
(Cumene) 
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O-OH 
I 
C(CH3h 

-Ca-~--,2"""ly-st"''' © H~~~+~ 
at tOO°C 

Cumene 
hydroperoxide 

OH 

©+(CH3hCO 
Acetone 

Phenol 

Physical Properties 
(i) Phenol is a colourless crystalline, deliquescent solid. It 

attains pink colour on exposure to air and light. 
(ii) Its melting point is 42°C and boiling point 182°C. The 

boiling point of phenol is much higher than the corresponding 
aromatic hydrocarbons and the haloarenes. 

(iii) It has a peculiar characteristic smell and a strong 
corrosive action on skin. 

(iv) It is soluble in water due to the formation of inter
molecular H-bonding among themselves and with water. 

(v) It is poisonous in nature but acts as antiseptic and 
disinfectant. 

Chemical Properties 

1. Acidic nature : Phenol is a weak acid . The acidic 
nature of phenol is due to the formation of stable phenoxide 
ion in solution (cleavage of C-O-H bond). 

C6HsOH + H20 ~ C6HsO- + H30 + 
Phenoxide ion 

The various resonating (contributing) structures of phenol 
and phenoxide ion are as follows: 

:O-H +O-H +O-H +O-H 

0- Q-Q-{) 
II III IV .. 

o-r~'-
v 

&-

Resonating structures of phenol 

As a result of resonance, it weakens the polar O--H bond 
and thus facilitates the 'release of proton (H+) to give 
phenoxide ion which is more stabilized than phenol. 
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.. - .. 

8\-~ UV 
.. .. 
0: 0: 

C)-a 
I II III IV 

V 
Resonating structures of phenoxide ion 

The negative charge is spread throughout the benzene ring 
in resonating structures of phenoxide ion (I to V) whereas the 
resonating structures of phenol (II, III and IV) involve 
separation of positive and negative charges. This charge 
delocalization is a stabilizing factor in the phenoxide ion and 
increase acidity of phenol. [No resonance is possible in 
alkoxide ions (RO-) derived from alcohols. The negative 

charge is localized on oxygen atom. Thus, alcohols are not 
acidic.] 

Alcohol 
(More stable) 

A1koxide ion 
(Less stable) 

Effects of Substituents on the Acidity of Phenols 

The presence of electron attracting or withdrawing groups 
(EWG) (e.g., X = -N02, -X (halogens), -CHO, -COOH, 
--eN, etc.), on the benzene ring and electron releasing or 
donating groups (EDG), (e.g., Y = R-, -NH2' -NR2 , .. 

-OR, etc.) also affects the acidic strength. In general: 
0) Electron withdrawing groups, EWG (X) stabilize the 

phenoxide ion more by dispersing the negative charge relative 
to phenol (i.e., proton release becomes eas,) and thus increase 
the acidic strength of phenols. 

~ 
Acid strength is more x stabilizes the anion 

* Phenols are much more acidic than alcohols but less than carboxylic acids or even carbonic. acid. This is indicated by the values of ionisation constants 
(Ka). The relative acidity follows the following order: . '. -.-

Ka (approx.) (10-;) > (10-') > 

RCOOH H2C03 
Carboxylic acid Carbonic acid 

pKa value 5 < 1 < 

(10-1°) 

C6H;OH 
Phenol 
8-10 

> 

< 

.~ 

(to-14) 

"ROH 
~ Water 

14 

> 

< 

" 

" 

(l0-18) . 

ROH 
Alcohols 

16-18 
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Further, the particular effect is more when the substituent 
is present on 0- and p- positions than in m-position to the 
phenolic group. . Thus, acidic strength of nitrophenols 
decrease~ in the order: 

. p-Nitro phenol> o-Nitro phenol> m-Nitro phenol> Phenol 
pK a: . 7.15 < 7.23 < 8.40 < 9.98 

Further, greater the number of electron withdrawing 
groups at 0- and p-positions, more acidic is the phenol, e.g., 

02
N
*OH N02 c?r0

.

H 

N02 ~OH~ o > 0 > 0 >lQJ 
. . 

. N02 N02 N02 
2,4,6-Trinitrophenol 2,4-Dinitrophenol 4-Nitrophenol Phenol 

pKa: 0.71 < 4.0 < 7.15 < 9.98 

(il) Electron releasing groups, EDG (Y) destabilize the 
phenoxide ion by donating electrons and intensify the negative 
charge relative to phenol (i.e., proton release becomes 
difficult) and thus decreases the acidic strength of phenoL 

~ y 
Acid strength is less Y; destabilizes the anion 

The effect is ·more when the substituent is present on o~ 
and p-positions than in m-position with respect to the -OH 
group. Thus, cresols (methyl phenols) are less acidic than 
phenol. . 

@ >c&CH3>~>c&CH3 
CH3 

Phenol m-Cresol p-Cresol o-Cresol 

pKa: 9.98 10.08 10.14 10.28 
However, m-methoxy and m-amino phenols are stronger 

acidic than phenol because of:,::,l effect (of --OCH3 and 
-NH2groUps) and absence of +R effect, i.e., 

m-Methoxy phenol> m-Amino phenol> Phenol 
pKa: 9.65 9.87 9.98 

> o-Methoxy phenol> p-Methoxy phenol 
10.00 10.21 

Greater the value of Ka or lower the value of pKa' 
stronger will be the acid. Some other examples of acidic nature 
of phenols are: 

Chloro phenols - 0- > m- > p
Cresols - m- ). p- > 0-

Dihydric phenolS - m- > p- > 0-
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The acidic nature of phenol is observed in the following: 
(i) Phenol changes blue litmus to red. 
(ii) Highly electropositive metals react with phenol. 

. 2C6HsOH + 2Na ----+ 2C6HsONa + H2 
(iii) Phenol reacts with strong alkalies to form phenoxides. 

C6HsOH + NaOH ----+ C6HsONa + H20 
However, phenol does not decompose sodium carbonate 

or sodium bicarbonate, i. e., CO2 is not evolved because phenol 
is weaker than carbonic acid. 

2. Reaetions of -OH group: 
(i) Reaetion with FeCIJ : Phenol gives violet 

colouration with ferric chloride solution (neutral) due to the 
formation of a coloured iron complex, which is a characteristic 
to the existence of keto-enol tautomerism in phenols 
(predominantly enolic form). 

6~6 
Enol Keto 

66 + FeCI, - 3", ++-©-lF3HO 
(Violet. complex) 

This is the test of phenol. In general, all compounds 

. .. I . 
containing enolic. group (C=C-OH) give different colours 
with neutral FeCI3 • However, the colour of complexes may 
vary from violet to hlue, green or red, etc., depending upon the 
nature of phenol. 

(ii) Ether formation: Phenol reacts with alkyl halides 
or dialkyl sulphate in alkali solution to form phenyl ethers 
(Williamson's synthesis). The phenoxide ion is a nucIeophile. 
and will replace halogenation of alkyl halide. 

C6HsOH + NaOH ----+ C6HsONa + H20 
Phenol Sod. phenoxide 

Heat 
C6HsONa +CICH3 ~~) C6HsOCH3 + NaCI 

Sod. phenoxide Methyl Methylphenyl 
chloride ether (Anisole) 

C6HsOK + IC2Hs 
Heat 
--~) C6HS -O--C2HS + KI 

Pot. phenoxide Ethyl 
iodide 

2C6HsOH + (C2HshS04 
Phenol Diethyl 

sulphate 

Ethoxybenzene 
(Phenetole) 

2NaOH(aq\ 2C
6
HsOC2Hs 

A Phenetole 

+ Na2S04 +2H20 

1(5\ nNa + CI-HC(CH3h --l(5\n f"'H(CH3)2 

~ Isopropyl chloride ~ 
Isopropyl phenyl ether 
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Ethers are also fonned when vapours of phenol and an 
alcohol are· heated over thoria (ThO 2 ) or Al20 3. 

/l,Th02 
C6HsOH + HOCH3 ) C6H5-, O----CH3 

Methanol Methoxy benzene 

(iii) Ester formation (Reaction with acid chlorides and· 
anhydrides) : Phenol reacts with acid chlorides (in presence 
of a base catalystf pyridine) or with acid anhydrides (in . 
presence of either acids, cone. H2S04 or base pyridine or 
sodium acetate, etc.) to fonn phenyl esters in excellent yield. 

C6HsOH + NaOH ~ C6HsONa + H20 

(a) Acylation: 

ONa OOOCCH3 

©' II Pyridine © 
+ CICCH3 ~ + NaCI 

Acetyl 
Sodium phenoxide chloride Phenyl acetate (Ester) 

OH 'OOCCH3 

© 
+ (CH3~OhO =2~~4~;~~t © + CH3COOH 

Acetic 3 

Phenol anhydride ,Phenyl acetate 
(Ester) 

The phenyl esters on treatment with anhydrous AlCl3 in 
pres~nce ofCS 2 as solvent undergo Fries rearrangement in 

which acyl (acetyl or benzoyl, etc.) group migrates from the 
phenolic oxygen atom to the 0- and p-positions of the benzene 
ring to give 0- and p- hydroxy ketones. 

OOCCH3 . OH OH 

© 

AICI3(Anhydrous)~ ©COCH3 + © 
in CSz, Heat 

Phenyl acetate 0- COCH3 

Phenol 

p-

Hydroxy acetophenone 

o 
II 

@~'H' 
AICb 

Phenol propanoate 

©r
OH

?! ' ' 
~H5 + p-isomer o (non-volatile) 

Ethyl ortho hydroxy phenyl ketone 
(Steam volatile) 

(h) Benzoylation : Phenol reacts with benzoyl chloride 
in presence of aqueous NaOH to fonn phenyl benzoate (an 
ester). This reaction is called Schotten-Baumann reaction. 
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o 
. II 

©
OH 0 O-C-C6HS 

NaOH (aq.) ~O , II o +CI-C~6Hs 
Benzoyl 

Phenol chloride 

' • ~ +NaCI+H20 

Phenyl benzoate 

(iv) Reaction with PCl s : Phenol reacts with PCIs to 

fonn chlorobenzene. The yield of chlorobenzene is poor and 
mainly triphenyl phosphate is fonned. 

OH CI © +PC1, - © +POC1,+HCl 

Phenol Chlorobenzene 

3C6HsOH+POCI3 ~ (C6HshP04 +3HCI 
(vl Reaction with zinc dust : When phenol is distilled 

with zinc dust, benzene is obtained. 

OH. 

© . Heat 
, +Zndust~. © .+zno 

Ben?:ene 

(vi) Reaction with ammouia: Phenol reacts with ' 
anunonia in presence of anhydrous zinc chloride at 300°C or 
(NH4hS03-NH3 at 150°C to fonn aniline. This conversion 
of phenol into aniline is called Bucherer reaction. . 

. OH NHz © +NH, ~~. © +H,O 

Aniline 

(vii) Action of P2SS: By heating phenol with 

phosphorus penta sulphide, thiophenols are fonned. 

5C6HsOH + P2Ss ~ 5C6HsSH + P20 S 
Thiophenol 

3. Reactions of benzene nucleus (Electrophilic· 
aromatic substitution) : The -OH group is ortho and para

" directing. It activates the benzene nucleus towards 
electrophilic substitution reactions at 0- and p-positions. 

(i) Halogenation: Phenol reacts with bromine in 
carbon disulphide (or CHC13) at. low temperature to fonn 
mixture of orthe and para bromophenols. 

OH 'OH © +Br, ;~~. ©Br + 
'Phenol' o~Bromophenol 

(Minor product) 

OH 

© 
Br 

p"Bromophenol 
(80%) 

Phenol forms a white precipitate with excess of bromine 
water yielding 2,4,6-tribromophenol (white precipitates). 
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OH . OH © +3Br, " +3HBr . H20 Br©Br 

Br 
Phenol 2,4,6-Tribromophenol 

(ii) Sulphonation: Phenol reacts with cone. H2S04 

readily to form mixture of ortho and para hydroxy benzene 
sulphonic acids. 

OH OH 

© . H
2
S0

4 

. (Cone.)" 
+ © 

Phenol o-Hydroxy benzene S03H 
sulphonic acid p-Hydroxy benzene 

sulphonic acid 

At low temperature (25°C), the ortho-isomer is the major 
product, whereas at 100°C, it gives mainly the para-isomer. 
This mixture on further heating with cone. HN03 forms picric 
acid. 

~S~H+ ¢ ~=~.O'N*NO: 
S03H· N02 

Picric acid 
During this reaction nitration with simultaneous 

replacement of the sulphonic acid (-S03H) group by the 
nitro group also occurs. 

(iii) Nitration: Phenol reacts with dilute nitric acid at 
5-10°C to form ortho- and para-nitrophenols, but the yield is 
poor due to oxidation of phenolic group. The -OH group is 
activating group, hence, nitration is possible with dilute nitric 
acid. 

OH 

© RNO) (dil.) 

Phenol 

" 
o-Nitro
phenol 
(40%) 

p-Nitrophenol 
(15%) 

The 0- and p-isomers can be separated by steam 
distillation since o-isomer is much more volatile in steam due 
to chelation (intramolecular H-bonding) in it while p~isomer 
is not steam volatile due to association of molecules by inter
molecular H-bonding. 

o· Nitrophenol 
(Intramolecular 

H-bonding) 

O~O~--HA 

y y 
······H-O ;N" 

o 0--···· 
p-Nitrophenol 
(Intermolecular 

H-bondirig) 
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The p-isomers have very high boiling point because of 
intermolecular H-bonding while their solubility in water is due 
to H-bonding with water molecules. 

It is believed that the mechanism of the above reaction 
involves the formation of 0- and p-nitrosophenols with nitrous 
acid, HN02 (NaN02 + HCI) at 0-:5°C, which gets oxidised to 
0- and p-nitrophenols with dilute nitric acid. 

OH OH OH 

~_O HONO ©. NO + © [0] .. 
~ (o-5°C) .. RN03 (dil.) 

Phenol o-Nitroso- NO 
phenol p-Nitroso-

phenol (90%) 

OH OH ©NO, + © 
N02 

0- p-
L-~ ____ ~~ ______ ~ 

Nitrophenol 

Ortho and para-nitrophenols are more acidic than phenol. 
However, when phenol is treated with concentrated 

HN03 in presence of concentrated H2S04 , 2,4,6-
trinitrophenol (picric acid) is formed. 

OH 

© 
Phenol 

OH 

HNO) (cone.) .. 02N©. NOz 
H2S04 (cone.) 

NOz 
2,4,6-Trinitrophenol 

(Picric acid) 

To get better yield (90%) of picric acid, flfSt sulphonation 
of phenol is made and then nitrated. Presence of -S03H 
group prevents oxidation of phenol. 

(iv) Friedel-Crafts reaction: Phenol when treated 
with methyl chloride in presence of anhydrous aluminium 

. chloride, p-cresol (4-methyl phenol) is the main product. A 
very small amount of o-cresol is also formed. 

OR OH 

+CH3CI © AICI) (anhyd.).. © 
Phenol CH3 o-Cresol 

p-Cresol (Minor) 
(Major product) 

RX and AlCl3 give poor yields because AlCl3 coord4J.ates 
with 0. So, Ring alkylation also takes place as follows: 

C6HsOH + AlCl3 ----+ C6HsOAlCl2 + HCI 

Thus, to carry out successful Friedel-Crafts reaction with 
phenol it is necessary to use a large amount of AlCI3. The ring 
alkylation takes place as follows: 

C H OH+{CH3C.H=CH2 H2S04 ) 

6 5 (CH3hCHOH or HF 
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<OH . 
0- and p-C6H4 . 

CH(CH3h 
OH ,OH OH 

© 
+. CH3COC,l Anhyd. AlCh " ©COCH3 + © ,. 
Acetyl chlonde 

Phenol COCH3 
0- p-

~----~.~------~ 
Hydroxy acetophenone 

(v) Kolbe..Schmidt reaction or Kolbe's reaction This' 
involves the interaction of sodiumphenoxide with carbon 
dioxide at 130-140°C under pressure of (4-7) atmospheres 
followed by acid hydrolysis, salicylic acid (o-Hydroxy 
benzoic acid) is formed. 

ONa OCOONa 

. © +Co, 
130-140"C 

© 

Rearrangement 
" .. 

6atrn 

Sodium Sodium phenyl 
phenoxide carbonate 

OH OH 

©COONa H+ 
©COOH -H2O 

Sodium Salicylic acid 
salicylate 

The probable Mechanism is : 
. C6HsOH ~ C6HsO- + H+ 

At higher temperature (250-300°C), p-isomer is obtained. 
(vi) Reimer-Tiemann reaction: Phenol, on refluxing 

with chloroform and sodium hydroxide (aq.) at 60°C followed 
by acid hydrolysis yields salicylaldehyde (o-hydroxy 
benzaldehyde) and a very small amount of p-hydroxy 
benzaldehyde. However, when carbon tetrachloride is used, 
salicylic acid (predominating product) is formed. This 
reaction is called Reimer-Tiemann reaction. 
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OR 

© 
CHCI ©OH NaOH ... ©O ONa 

NaOH (Aq.) . . CHClz . CHO 
60°C 

H+ ©OH 
H20 .. " ., CHO 

Salicylaldehyde Phenol 

CCk .. ©OH NaOH .. ©O °cNoo~N"a" 
NaOH (Aq.) CCI 

6O"C 3 

. R~· @~:OH 
Salicylic acid 

Mechaniw 

The electrophile is dichloromethylene, :CPz. genera~ed 
frorp chloroform by the action o( a .base. 

OH- + CHCl3 ~ HOH + :CCI3- ~CI- + :CCI2 
Chlorofonn ' Dichlorocarbene 

(Electrophile) 

Reimer-Tiemann reactiOn involves electrophilic 
substitution on the highly reactiv'e phenoxide ring. 

(i) C6HsOH ~ C6HsO- + H+ 
Phenol Phenoxide 

(ii) Attack of electrophile (:CClz) on phenoxide ion. 
0- 0'- " 

©--:;:}CI2 _ ©CiiCl,. 

0-' . 0-

(Ul) + 2NaOH " / 
... ©CHCiz Hydrolysis ©CH(OHh 

©O

o- CHO 

(-iv). +W 

So, 

__ " ©o-. CHO 

-H20 

_@CHO 

Salicylaldehyde 

©OH &OH CHO 
600C . o + CHCl3 + 3NaOH --- 0. + 3NaCl + 2H20 

(Aq.) 
Phenol o-Hydroxy 

benzaldehyde 
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OH 

-& + CC4 +4NaOH l8J ,(Aq.) 
Phenol 

OH 

h COOH . L9J + 4NaCI + 2H20 

o-Hydroxy 
benzoic acid 

(vii) Gattermann's rHctlon: Phenol, when treated 
with liquid hydrogen cyanide and hydrochloric acid gas in 
presence of anhydrous aluminium chloride yields mainly 
p-hydroxy benzaldehyde (Formylation). 

HCI + HC===N ' Anbyd. A1~13) ClHC=NH 
OH . OH OH 

. © +CllIC=NH ~~~. © !:::: © 
Phenol CH NH CHO ' 

p-Hydroxy 
benzaldehyde 

(viii) Mercuration : Phenol wheri heated with 
mercuric acetate undergoes mercuration to form 0-' and 
p-isomers. 

OH OH OH 

© + {CH,COO),Hg-A..©HgOCOCH,+ © 
Phenol. o-Hydroxy phenyl HgOCOCH3 

mercuric acetate . p-Hydroxy phenyl 
mercuric acetate 

(Ix) Hydrogenation: Phenol, when hydrogenated in 
presence ofa nickel catalyst at about I 50-200°C, forms 
cyclohexanol. 

H OH' 

OH 
H2C CH2 © 3H 

Ni, 
+ 2 150-2000C" 

X or 60H

, , I I 
H2C~CH2 

C 
H2 

Cyclohexanol (C~110H) 
(Used as a good solvent) 

(x) Claisen rearrangement: This is the rearrangement 
of allyl aryl ethers to allyl phenols. No catalyst is required and 
it occurs when the substrate is heated alone to about 200°C or 
in some inert solvent like diphenyl ether. Allyl group migrates 
to ortho-position and if ortho-position is already occupied, 
para-isomer is obtained .. 

©H'CH-CH2(DiP::Coth~i 
o-Allyl phenol 

. H'C~CH' 
~. 

CH2CH=CH2 

'945, 

4. MIRe ....... ftIIdlonS: (I) Coupling reacttons : 
(a) Phenol couples with benzene diazonium ,chloride 'in 

, presence, of slightly alkaline medium at ,low temperature to 
form a red dye (p-hydroxy azobenzene). 

<0 )N NCI + <0 )OH P;~09~10 <0 )N N< 0 )OH 

, Benzene Phenol p-Hydroxyazopenzene 
diazoniumchloride (I!h:ange red dye) 

(b) Phenol couples with phthalic anhydride in presence of 
concentrated H2S04 to form a dye, (phenolphthalein)used as . ., 
an indiCator.. ' , 

o o. 
II . II 

©t, ,CC~. HZS04(COI)C.) II ©lO' C,o 
/ (-H20)" / 

" 'C ' 
U 

' 
------------- -------~--
: 0 i 
: H ' Tt 

~-----+------~ 

OH OH OH OH 
Phenol (2 molecules) Phenolphthalein 

(II) C ...... satioll wltla ror .... kIeby. : Phenol 
condenses with formaldehyde (excess) in presence, of ' sodium 
hydroxide or acid (H+') for about a week to form it cross-linked 

• . . f • 

polymer known as bakelite which is used in'the manufacture 
of electrical goods. ' 
OHOH ' OH 

© + F~~Yqo N,Oll. ©CHOOH + © 
Phenol 

· 0-

Hydroxy ~nzyl alcohol 
OR' ,OR 

Condensation with ,. -":'CR2*O 'CR2-c9r' "0,·' ,CHz":'-
HCHO, , '. 

continues give ..,',' ' . 
, , 

, yH2 yH:z 
· , · , 

Polymer Bakelit~ (a resin) 

(HI) Liebermann's nltroso'reactlon : ' When phenol is, . 
reacted with NaN02 and concentrated H2S04, it gives a de~p 
green or blue colour which charrges to red on dilution with 
water; \¥hen made alkaline with NaOHoriginal green orblue < 
colour is restored. This reaction is known as Liebermann's 
nitroso reaction and is used as a test of phenol. 

(a) Phenol reacts with nitrous acid to givep-nitrosophenol 
which is 'tautomeric with the monoxime of quinone . 

(2NaN02 + H2S04 ~2HN02 +Na2S04) 
Sod. nitrite ' 
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Phenol p-Nitroso phenol 

.; ~HON=OO 
(b) In the presence of conc. H2S0 4 , the monoxime 

. condenses with phenol to give a blue-green solution which on 
dilution gives indophenol (red colour). With excess ofNaOH, 
sodium salt of indophenol (deep blue colour) is produced. 

HO---@ +HON=00 --=---'--
Phenol 

[HO---@-N~OHJHS04 -_-:-22:-04--

Indophenol monosulphate (Blue-green) 

HO---@-N=OO --

Indophenol (red) 

+NaTo-<Q)-N=OoJ 

Indophenol anion (blue) 

(iv) Oxidation: Phenol turns pink or red or brown on 
exposure' to air and light due to slow oxidation. The colour is 
probably due to the formation of quinone and phenoquinone. 

Q'OH O2 (byair)_ 00. O+H 0 
. orCr03 2 
-. -

Phenol p-Benzoquinone 

~@OH-~-O=< f=O---HO@ 
Phenoquinone (red) 

OH 

o 
Phenol 

[0] 

Na2Cr2071H2S04 
orCr02Ch 

Q+H20 
o 

p-Benzoquinone 

But on oxidation with potassium persulphate in alkaline 
'solution, phenol forms l,4-dihydroxy benzene (Quinol). This 
is known as Elbs persulphate oxidation. 

OH OH 

© alkaline solution © 
Phenol OH 

Quinol 
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Uses: Phenol is extensively used in industry. The 
important applications of phenol are: 

(i) as an antiseptic in soaps, lotions and ointments. A 
powerful antiseptic is "Dettol" which is a phenol. derivative 
(2,4-dichloro-3,S-dimethyl phenol) . 

(ii) in the manufacture of azo dyes, phenolphthalein, etc. 
(iii) in the preparation of picric acid used as an 

explosive and for dyeing silk and wool. 
(iv) in the manufacture of cydohexanol required for the 

production of nylon and used as a solvent for rubber and 
lacquers. 

(v) as a preservative for ink. 
(vi) in the manufacture of phenol-formaldehyde plastics 

such as bakelite. 
(vii) in the manufacture of drugs like aspirin, salol, 

phenacetin, etc. 
(viii) for causterising wounds caused by the bite of mad 

dogs. 
(ix) as a starting material for the manufacture of nylon 

and artificial tannins. 
(x) in the preparation of disinfectants, fungicides and 

,bactericides. 
Tests of phenol : '. (i) . Aqueous solution of phenol gives 

a violet colouration with a drop of ferric chloride. 
(ii) Aqueous solution of phenol gives a white precipitate 

of 2,4,6-tribrornophenol with bromine water. 
(iii) Phenol gives Liebermann's nitroso reaction. 

Phenol in cone. NaN02) Red NaOH) Blue colour 
sulphuric acid Excess of colour (Excess) . 

water 

(iv) Phenol combines with phthalic anhydride in presence 
of cone. H2SO 4 to form phenolphthalein which gives pink 
colour with alkali, and is used as an indicator (Phthalein test). 

(v) With ammonia and sodium hypochlQrite,phenol gives 
blue colour. . . 

DERIVATIVES OF PHENOL 

1. Nltrophenols 

Phenol easily undergoes nitration. Ortho and para 
nitrophenols are obtained by nitration of phenol with dilute 
HN03 in cold. Ortho isomer is separated by steam distillation 
as it is steam volatile .. 

OH 

© 
OH 

UiI.IINO,. ©N02 + 

o-Isomer 
(Steam volatile) p-Isomet 

(Non-volatile) 

0- and p-forms are also obtained by treating chloro or 
bromonitrobenzene with caustic alkali at 120°C. 
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Property , 

1. Odour , Typical phenolic odour. Pleasant alcoholic odour. 

2. Nature, reaction with alkali Acidic, dissolves in sodium hydroxide forming Neutral, no reaction with alkalies. 
sodium ph~noxide. , 

3. Reaction with. neutral FeCl3 , Gives violet. c~louration due to formation of No reaction. 
complex compound. " 

4. Reaction with halogen acids No reaction with halogen acids. Forms ethyl halides. 

5. Oxidation Pink or Brown colour due to formation of Undergoesoxidati<)fl to give acetaldehyde and 
quinone and phenoquinone. acetic acid. ' 

6. Reaction with HCHO Forms polymer (bakelite )No reaction. 

7. Liebermann's nitroso reaction 

K Coupling with benzene diazonium chloride 

Positive. 

t'orms azo'dye. 

. Does not sho"X. 

9. Reaction with PCls 

10. Iodoform test 

Mp.inly forms triphenylphosphate. 

Does not show. ' 

Does not form any dye. 

Forms ethyl chloride. 

Positive. 

CI 
C6H4~ NaOH) 

N02 
0- and p-chloro

nitrobenzenes 

OH' 

C6H4< 
. N02 

0- and p-nitrophenol 

When heated with solid potassium hydroxide~ 
nitrobenzene produces a mixture of 0- and p-nitrophenols. 

OH 
C

6HSN02 Solid KOH) C
6
H4< 

Nitrobenzene Heat N02 
0- and p-nitrophenols 

m-Nitrophenol is obtained from m-dinitrobenzene. One of 
the nitrogroup is converted into -NH2 group which is 
diazotised. The diazonium compound on boiling yields 
m-nitrophenol. 

m-Dinitrobenzene m-Nittoaniline 

m-Nitrobenzene 
diazonium chloride 

OH 

H,o·©N0
2 

m-Nitrophenol 

'reperties : o-Nitrophenol, is a yellow coloured 
crystalline compound, while m- and p-isomers are colourless 
crystalline compounds. 

Isomer ortho 

m.pt. eC) 45 

meta 

97 
para 
114 

The lowest melting point of o-isomer is du~ to 
intramolecular hydrogen bonding whereas meta and para 
isomers possess intermolecular hydrogen bonding and thus, 
they have higher melting points. 

They are stronger acids tlian phenol. The order is: . 

p-isomer> o-isomer > m-isomer > phenol 

, When reduced, they form corresponding anlinophenols.· 
0- and p-l1itrophenols react with bromine water to form 

2,4,6.,trlbromophenol by replacement of nitro group. 
OH 

0- or p-Isomer 

~ B'©Br 
Br 

. . 08 
.' OlN©NOl 

1. Picric Acid (1,4,6-Trlnkrophenol) or . 

NO! 
It is obtained when phenol is treated with conc. HN03 . 

However, the yield is very poor. It is prepared on an industrial 
scale as below: 

(I) r .... C .... nzeH·: 
CI Cl .' OH 

©. '. '. HN03 ..... CY ..... . N02 Aq. Na2C03 
H2sr",; ~. )I 

©No.. 
Chlorobenzene " N02 • NO . 2. 

_.~cDinitroch1oro-· 

",nzene 
~ft,' , OH ' 

_HN---..:O,:... 0. ~N. ©. '.' . N02 

H2S04 . 

N02; 
2,4,6-Trinitrophenol 

(picric acid) 

(H) r .... ,..... .Ii .................. Ie Hid: 
OH OH © H,SO" ©SO,H HNo, , 

Phenol S03H 
Phenol disulphonlc 

acid 

OH o.N@N0
2 

.N02 
Picric acid ' 
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It may be prepared in the laboratory by oxidation of 
s-trinitrobeilzene (TNB) with potassiumferricyanide. . 

02Nr:grO'+ [0] 

N02 

OH... .. 

K,Fo(CN).. O'N©NO' 

N02 · 

Properties: It is a yell{)w crystalline solid, m.pt. 122°C. 
It is insoluble in cold water but soluble in hot water and in 

.;~ ether. It is bitter in taste. Due to the presence of three 
electronegative nitro groups, it is a stronger acid than phenol 
and its properties are comparable· to the carboxylic acid. It 
neutralises alkalies and decomposes carbonates with evolution . 
of carbon dioxide. 

Dry picric acid as well as its potassium or 'ammonium salts 
explode violently when detonated. It reacts with PCls to form 
picryl chloride which on shaking witn NH3 yields picramide. 

OH )'. CI . NH2 

O'N@No, ~~. o,N@No, NH,.o,N©No, 

NOz N02 NOz 
Picryl chloride . Picramide 

When distilled with a paste of bleaching powder, it gets 
decomposed and yields chloropicrin, CCI3N02 , as one of the 
products and is thus employed for the manuf~c~ of tear gas. 

It forms yellow, orange or red. coloured molecular 
, 'compounds called picrates with· aromatic hydrocarbons, 

'. ,amines and phenols which are used for characterization of 
" . these compounds. 

Note: Plcrates areeXpJOSlVe m.·natuieand· explode vlOlentIy wnen 
heated. These are prepared carefully. 

Uses: It is used as a yellow dye for silk and wool, as an 
. explosive and· as an antisep~ic in treatment of burns. 

3. Anisole (Methyl phenyl ether) C6DsOCD3 or 
(Methoxy benzene) 

It is prepared by following reactions: 
(i) By the action ofmethyli()dide on sodium phenoxide. 

C6HsONa + ICH3 ~ C6HsOCH3 + NaI 

See sec. 10.4 •. , 
(ii) By passing vapours of phenol and methyl alcohol 

overheated thoria. 

. (iii) By methylation of phenol with diazomethane. 

C6HsOH +CH2N 2 ~ C6HsOCH3 + N 2 

Properties: . It is a-pleasant smelling liquid. It is used as 
a. solvent in some organic reactions. Anisole undergoes 
electrophilic substitution reactions. -OCH3 group is 0- and 
p- directing. 

G.R.B. Organic Chemistry for Competitions 

OCH3 © +H' 
E 

See section 10.5. 
Anisole is decomposed by conc. hydroiodic acid again 

into phenoL 

OH 

©·+CH'I 

This reaction is used for estimation of methoxy group 
(ZeiseI's method). 

Dlhydric Phenols 
Three isomeric dihydric phenols are catechol, resorcinol 

and quinol.· 
OD 

C ... choI (1, 2-Dihydroxy be.zene1 ©OH 

It may be prepared by following methods: 
(i) By fusion of chi oro . substituted phenolic· acid with 

caustic soda. 
OH OH 

©CI N'~H. ©OH + CO, + NaCI 

COOH Catechol 

or by hydrolysis of o-dichlorobenzene or o-chlorophenol with 
dilute NaOH solution at 200°C and in the presence of copper 
sulphate catalyst . 

. Cl 

©JCI .' NaOH 

. 2000C, eu2
+ • 

(ii) By fusing alkali salt of o-phenol sulphonic acid with 
caustic.alkali and then hydrolysing the product with mineral 
acid. 

OH OK 

©So,K +3KOH ~ ©OK+K,SO,+2H,0 

t2HC1 

OH 

©OH 

It may be conveniently. prepared in the . laboratory by 
treating salicylaldehyde with alkaline H20 2 • 
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©O 
CHO + H20 2 + NaOH _ ©OH + HCOONa ~ H20 

, OH' , OH' 

Salicylaldehyde Catechol 

Properties: It is a colourless crystalline solid, m.pt. 
• 105°C. It is soluble in water. It is affected on exposure to air 
~nd light. It acts as a reducing agent as it reduces Tollens' 

, reagent in cold and Fehling's solution on heating, With silver 
oxi4e it is oxidised to o-benzoquinone. 

@OH + Ag,O ~ .&0 +2Ag+H,O 
o-Benzoquinone 

It fom1S insoluble lead salt (white ppt.) when treated with 
lead acetate solution and gives green colour with FeCI 3 which 
changes to red on adding Na 2C03 solution. It forms alizarin 
dye stuff when condensed with phthalic anhydride in the 
presence of sulphuric acid. 

o 0 
II OH ,II OH ,,' 

r8'(C\ ©OH , r8'(CY810H 0c;o+ 0 (-H20,0cJ0 
II 11 
o 0 

Phthalic anhydride Alizarin 

It finds use as phptographic developer, in the manufacture 
, of alizarin (Dye) and adrenaline hormone and as an 

antioxidant (inhibitor in, auto oxidation) for preserving 
gasoline. 

OR 

Resorcinol (1,3-Dihydroxy benzene), ©' 
, OR 

It,is prepared by alkali fusion of I,3-benzene disulphonic 
acid (Industrial method). 

OR 

©OH 
Properties: It is a colourless crystalline solid, m.pt. 

110°C. It is affected on exposUre by air and light. It is soluble 
in water, alcohol and ether. It shows tautomerism. Its aqueous 
solution gives violet colour with FeCI3 • It reduces Fehling's 
solution and Tollens' reagent on warming., 

With bromine water, it gives a crystalline precipitate, 
2,4,6-tribromoresorcinol. 

OH ,OR 

© Br©' Br ' 
, + 3Br2 --:-:-- + 3HBr 
OH' OR.' 

Br 
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On nitration, it forms 2,4,6-trinitro-1 ,3-dihydroxy benzene. 
OH' OR 

©O " HN03 ,,' 02N©N0
2 

OH H2S04 , OH 
. N02 , 

Styphnicacid 

It condenses with phthalic anhydride and' forms 
fluorescein. 

< ~H • 

/0\ r· .. ··i~i -! -of ' 0 

o ~ >~~j-{;~="O 1 \f , 0 
- \=:l. -

OH - 'OH 
Phthalic Resorcinol' Fluorescein 

anhydride (2 moles) 

With nitrous acid, it forms 2,4-dinitrosoresorcinol-

~ ((00 ©
OH NO 

o OH 

NO 
NOH 

Resorcinol behaves as a tautomeric compound. This is 
shown by the fact that it forms a dioxime and a bisulphite 
derivative. 

60 
Dienol fonn Diketofonn 

Uses: (i) It is used as antiseptic and for mak:ing dyes. ' 
(ii) It is also used ,'in the treatment of. ,eczema. 

2,4,6-Trinitroresorcinol is used as~n explosive, ': . ?:' 
. ' on 

HydroquiDooe or Quiool (IA-Dihydroxy benzene),© 

OR 

It is formed by reduction of p-benzoqumone with 
sulphurous acid (H2S03 = HzO +S02), i.e., 

[H2S03 + H20 -----t H2S04 + 2R] , 

O~O:.. So, + 2H,O ~HO< 0 >O~ + ~2S04 
~ H2S03 + H20 ' " , 

Qumo) , 

(p-Benzoquinone is obtained by oxidation of aniline). 
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0 
NH2 ¢ 

OH 

© [0] FeIHzO 

© 

.)10 )10 

MnOzIHzS04 [H] 

Aniline OH 
0 Quinol 

. Properties: It is a colourless crystalline solid, m.pt. 
170°C. It is soluble .iIi water. It also shows tautomerism. It 
gives blUe colour with FeCl3 solution. 

It acts as apowerful reducing agent as it is easily oxidised . 
to p-ben~oquinone. It reduces Tollens' reagent and Fehling's 
solution. . 

. ~O·?· [0] HO.. OH Feet OVO 
Quinol p-Benzoquinone 

Due to .this property, it is used as photographic developer. 
It is used.aS an antiseptic, developer in photography, in the 

preparation of quinhydrone electrode and as an antioxidant. 

Trlhydrie Phenols. 

Three . trihydroxy isomeric derivatives of benzene are 
Pyrogilliol (1,2,3), Hydroxy quinol (1 ,2,4) and Phloroglucinol .. 

,(1,3,5). . . ' 
Pyrogallol is- obtained by ,beating aq!leous solution of 

, gallic acid at 220°C. 

©

OH OH' ©OHOH ' 

O Heat O· .. 
. 220°C" OH. + CO2 

. HOOC.· . OH 

Gallic acid Pyrogallol 

Phloroglucinol is obtained from trinitrotoluene (TNT) by 
following sequence of reactions: 

CH3 

O'N©NO' 
NOz 

2,4,6-Trinitrotoluene' 

Fe/HCl .. 
[H] . 

H,O/H+ HO reyOH . 
lOo°C)lo LSJ· + CO2 + 3N~Cl 

OH 
• Phloroglucinol 

Hydroxy quinul is r' ·ared by the alkaline fusion of 
. 'droquinone in air. 

©

OH + -21 O
2 

NaOH )10 

Fuse 

OH OH 
Quinol Hydroxy quinol 

The three isomers are colourless crystalline compounds. 
All are soluble in water i '10·<, aqueous solutions give 
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characteristic colour with FeCI 3 • For example, Pyrogailol-red; 
Hydroxy quinol-greenish brown; PhlQroglucinol-bluish violet. 
Alkaline solutions absorb oxygen rapidly from air. 

VieS or pyrogallol: (i) As a developer in photography. 
(ii) As a hair dye; 
(iii) In treatment of ski~ diseases like eczema. 
(iv) For absorbing unreacted oxygen in gas analysis-. 

18.18 AROMATIC ALDEHYDES AND KETONES 
. Aldehydes and ketones are widely spread in plants and animal 
kingdom. They play an important role in biochemical 
processes oflife. They add fragrance and flavour to nature. For 
example, vanillin (from vanilla beans), salicylaldehyde (from 
meadow sweets) and cinnamaldehyde (from cinnamon), etc 
have pleasant fragrances. 

CHO CHO CH=CHCHO 

·rb ~OCH3 
@r0H © 

OH 

4-Hydroxy-3-methoxy 
benzaldehyde (Vanillin) 

2-Hydroxy 
benzaldehyde 

(Salicylaldehyde) 

3-Phenylprop-2-en-I-al 
(Cinnamaldehyde) 

Aromatic aldehydes are of two types: _ 
(i). The compounds in which -CHO group is attached 

directly to.an aromatic ring, e.g., benzaldehyde, C6HsCHO. 
(ii) Those in which aldehyde (-CHO) group is attached 

to side-chain, e.g." phenyl acetaldehyde, C6H5<;:H2CHO. They 
closely resemble with aliphatic aldehydes . 
. Aromatic ketones are compounds in which a carbonyl 
. group (>C=O) is attached to either two aryl groups or one 

aJ.")r1 group and ony alkyl group. Examples are: 

CHO COCH3 COC6H5 

©. ©. © 
. -

Benzaldehyde -
. (Benzene 

carbaJdehyde) 

Acetophenone 
(Methyl phenyl 

ketone) 

CHO 
8enlaldebyde.C6HsCHO .© . 
(or 8enzeneearbaldehyde) 

Benzophenone 
(Diphenyl ketone) 

Benzaldehyde is the simplest aromatic aldehyde. It occurs 
in bitter almonds in the form of its glucoside, amygdalin 
(C2oH270 ll N). When amygdalin is boiled with dilute acids, it 
hydrolyses into benzaldehyde, glucose and HCN. 

CN 
,I 

C6H5 CHOC12H2101O,+2H20 ---jo C6H5CHO 
Amygdalin Benzaldehyde 

+2C6H120 6 + HCN 
Glucose 

Benzaldehyde is also known as oil of bitter almonds. 
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Method§ of Prepall'ation 

l. Laboratory metb@d : It is conveniently prepared by 
boiling benzyl· chloride with copper nitrate· or lead nitrate 
solution ina current of carbon dioxide. 

2C6RsCH2CI +Cu(N03 h 
Benzyl chloride or 

Pb(N°3h 

+CuCI2 +2HN02 
[2HN02 ~ NO + N02 + H20] . 

2. By Ro§e!I8lMlmllllld R'cactiollll: It is done when hydrogen 
is bubbled through a solution of benzoyl chloride inxylene in 
presence of palladium catalyst· poisoned by BaS04 till 
evolution of HCI ceases (catalytic reduction of benzoyl 
chloride); . 

Pd/BaS04' S 
C6HsCOCI + H2 ) C6H 5CHO + HCI 

Benzoyl chloride (Boiling xylene) 

The catalyst is poisoned to small extent by the addition of 
sulphur or quinoline to prevent further reduction of aldehydes 
to alcohols. 

Acyl chlorides. can be reduced to aldehyde by treating 
them with Lithium tri-tert. butoxy. aluminium hydride, 
LiAlH[0C(CH3 hh, at -78OC. 

° II .r8YC-C1 

0· 
Benzoyl chloride 

(i) LiAIH[OC(CH3hh, 
diethyl ether, -78°C 

(ii) HOH 

'0 
II . 

©rC~H 

Benzaldehyde 

J. By dry distillation of a mixture of calcIum benzoate 
and calcium formate, the main product benzaldehyde is 
formed. Other possible compounds like diphenyl ketone and 
formaldehyde are also formed. 

° ---------------------------11 
C6H~COO> .. <oiCH 

Heat 
: . Ca + Ca: --~) 2C6HsCHO 

C H : COO I Benzaldehyde 
6 $ O:CH, 
Calci~b;~~~t~--------------·II (Major product) 

° Calcium formate 
+2CaC03 

4), By o;:;id!lltHon of bCl!Illyl alcohol; This involves the 
treatment of benzyl alcohol with dil. HN03 or acidic 
potassium dichromate or chromic anhydride in acetic 
anhydride or with copper catalyst at 350°C. 

CH20H CHO 

© + [0] K2Cr
207.. © 

H2S04 

Benzyl alcohol BenZaldehyde 

95.1 

This method is used for cotnmercial production of 
benzaldehyde. . 

s. By hydrolysis of benzal chloride: 13enzal chloride 
on hydrolysis yields benzaldehyde. The hydrolysis can be 

. done by aqueous caustic soda or milk of lime. 

Benzal 
chloride 

<OH 

2NaOH or.. ©CH ·OH (-H20) I> 

Ca(OH)2 

CRO 

© 
Intennediate 

(unstable) 
Benzaldehyde 

This is also an industrial method. 
6. By oxidation of toluene: (a) The oxidation of 

toluene is done with air or oxygen in the presence of vanadium 
pentoxide (V20 5 ) at 350°C to give benzaldehyde. 

CH3. CHO © +0, ~~c' © +H20 

Toluene Benzaldehyde 

Commercially, the oxidation of toluene is done with air 
diluted with nitrogen (to prevent complete oxidation) at 500°C 
in the presence of oxides of Mn, Mo, or Zr as catalyst. 

Partial oxidation of toluene with manganese dio]{ide and 
dil. sulphuric acid at 35°C, also forms benzaldehyde. 

(b) Etard', reaction: Chromyl chloride dissolved in 
CS 2 or CC14 is made to react with toluene in CS 2 when a 
brown coloured product is formed. This product is 
decomposed with water when benzaldehyde is formed. This is 
Etard's reaction and is used in laboratory for preparation of 
benzaldehyde. . 

C6H 5CH3· + 2Cr02Cl2 
Toluene 

H20 
-----.-.~) C6H 5CHO 
(Hydrolysis) Benzaldehyde 

In case, the side-chain contains a group higher than 
-CH3 group, the end carbon atom ofthe chain is oxiQised by 
Cr02C1 2 tQ -CHO group. ©CH

3 

CH2CHO 

(i), Q{),cI,jCC4. ~O 
. (11) H20 l8J 

Ethylbenzene Phenylethanal 

(c) Benzaldehyde is also formed by oxidation of toluene 
with chromic oxide'in acetic anh:- dddc. Benzaldehyde fOIined 
reacts with acetic anhydride to torm benzylidene diacetate 
which on hydrolysis with alkali or an acid yields 
benzaldehyde. 

cr03,[O] . 
---~) C6HsCH(OCOCH3h 
(CH3COhO Benzylidene diacetate 

OWIH20. 
---~) C6HsCHO+2CH3COOH 

(Hydrolysis) 
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7. Gattermann~Koeh aldehyde synthesis: Benzene is 
converted into benzaldehyde by passing a mixture of carbon 
monoxide and HCI gas under high pressure of 90 atmospheres 

. into ~the ether solution of benzene in presence of anhydrous 
::ilumi:J.1il!-m .chloride and cuprous chloride (Formylation of 
benzene). 

.
' ©O,' . '. + CO + Hci Anhyd

. AICh. 
. CUzCh 

CHO 

©+HCI 

Benzaldehyde ,Benzene 

Anhyd. AlCl 3 ' 

C6H6 + aCOD CuCI ) C6HsCHO + HCI 

~f~'; ... :Thisis an industrial method. 
"j: J~ ',' ·':.'Thusc; HCI (reactant) and HCI (product) are different. H of 
~*' ... :;., Hcf (reactant) and CO . appear in the form of -CHO in the 

benzene nueleus. It is con:firtTI.ed by the fact that using isotopic 
Dei insterut'ofHCI would form -CDO and not -CHO. 

CDO ©. + co + DCI Anhyd. Aiel,. © + HCI 

+ 
This is an electrophilic substitution in which H - C.:..-O.-

(formyl cation) is an electrophile needed forformylation: The 
formation of electrophile occurs probably in the following 
manner .. 

HCI +CO '~ HCaCI 
Fonnyl chloride 

+ 
'ReOCI + AlCI3 ------). H-C=O + AlCI;; 

S. GaUennann reaedon : In this reaction, a mixture of 
benzene and anhydrous AlCl3 is treated with.HCN and Hel 
gas. This:aldehyde synthesis with HCN is called Gattermann 
formylation or Gattermann aldebyde synthesis. 

. . +' 
tHCI+AlCI~ ~ HC=NH+AlCI4 

+ ~ 

C6HSH+HC=NH ------). C6HsCH=NH2 
Benzene 

+ . _ Boil 
C6HsCH=NH2 + H20 + AlD4 .) C6HsCHO 

+ NH3 + AlD3 + HCI 

CHO 

Thus, © + HCN + HCI + H,O AIC1,. © + NI4CI 

9. Stephen's reduction : Benzaldehyde is obtained by 
partial reduction of phenyl cyanide (benzonitrile) with 
stannous chloride and passing dry HCl gas in ethereal solution 
followed by hydrolysis of the aldimine stannic chloride' with 
water. 
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HClISnCl2 
C6H sC==N +2H + HCI Ether) 
Phenyl cyanide 

H20 • 
[C6HsCH=NHhH2SnCI6 ) 2C6HsCHO 

Aldimine cornp1ex Boil Benzaldehyde 

10. By ozonolysis of styrene: The ozonide of styrene 
(vinyl benzene) on h~drolysis yields benzaldehyde. 

Vinyl benzene 
(styrene) 

, , 
. '{l, ,/ 

/ .. 'f... H20 
C~~H ~ .. }:H2 - C6HsCHO' 'o-W + HCHO + H20 2 

U. Grlgnard reaedon: By treating phenyl 
magnesium bromide with a reagent ethyl formate, 
benzaldehyde is obtained in good yield. Other reagents like 
carbon monoxide or ethyl ortho-formate or HCN can also be 
used. 

o 0 

~ ~ <lli HCOC2Hs + BrMgC6Hs ------).C6HsC-H + Mg 
Ethyl fonnate Benzaldehyde OC

2HS 

U. Fro.. . Dlazonlu.. salt: By treating with 
formaldoxime followed by hydrolysis yields benzaldehyde. 

( O)N N-Cl + HCH NOH - ( 0 )'CH NOH 
Fonnaldoxime Benzaldoxime 

tH20 

(O)CHO 

Benzaldehyde 

13. 8ona .. elet reaetlon: Oxidation of -CH2CI to 

-CHO group by using urotropine (CH2)6N4' is called 
Sommelet reaction. Benzyl chloride on refluxing with 
hexamethyli;me tetramine in aqueous alcoholic solution yields 
benzaldehyde. 

(i) (CH2)6N4/CiHsOH 
C6H5CH2Cl . ) C6HsCHO 
Benzyl chloride (ii) H+1H20 Benzaldehyde 

Physical properties: (i) Benzaldehyde is a colourless 
oily liquid. Its boiling point is 179°C. 

. (ii) It has smell of bitter almonds. 
(iii) It is sparingly soluble in water but highly soluble in 

organic solvents. 
(iv) It is a steam volatile. 
(v) It is heaVier than water (sp. gr. 1.0504 at 15°C). 

(vi) It is poisonous in nature. 
Chenaieal properties: In general, aromatic aldehydes 

and ketones are less reactive than the corresponding aliphatic 
aldehydes and ketones. For example, benzaldehyde is less 
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reactive than aliphatic aldehyde. It can be explained on the basis 
of electron releasing resonance effect of benzene ring. The 
resonating structures of benzaldehyde are: 

953 

HCN <OH If'" <OH 
CN 2 COOH 

Benzaldehyde Mandelic acid 
cyanohydrin • 

H,,~: H" /0: H"c/O: H" ~O: H" ~O: 

d"-~~'-o"-=6"-6:' ©o 
C 

C6HsCH If(}' C6HsCH 

NaHS03 C
6
HsCH <OH 

S03Na 
Benzaldehyde sodium bisulphite 

(White solid) 

CH3MgI' <OMgI W <OH 
ffi . Benzaldehyde C6HsCH He C6HsCH 

It is clear from the resonating structures that' due t9 
electron relea:;if'; resonance effect (+R effect) of benzene ring, 
the magnitud~: of the positive charge on the carbonyl group 
decreases and consequently it becomes less susceptible to the 
nucleophilic attack. Thus, aromatic aldehydes and ketones are , 

CH3 2 CH3 

L.-..:
2 [=-H.:....] _ C

6
HsCH

2
0H 

LiA1J4 Benzyl alcohol 

I-Phenyl-l-ethanol 
(2° alcohol) 

less reacfive than the corresponding aliphatic aldehydes and However on reduction with sodium amalgam and water, • 
ketones. benzaldehyde gives hydrobenzoin, 

R"c~: R"c/R: R"c/R: R"c~q: R"c~R: C6HsCH=0+2H +0=HCC6Hs' N~:~g) 

d Q 0 6 6 
Benzaldehyde 

~ • ffi 'I ffi' I -:? C6HsCH-' CH-' G6HS 

1 # -I +--+ -~ -~ I , I I 
ffi OH OH • 

Resonating strUGtures of aromatic ketones Hydrobenzoin 

The order of reactivity of aromatic aldehydes and ketones 
is: 

C6HsCH2CHO > CiiHsCHO > C6HsCOCH3 > C6HsCOC6HS 
Phenyl acetaldehyde Benzaldehyde Acetophenone Benzophenone 

In general, the presence of a H-atom on the carbonyl 
o 
II 

group (H-C~ ) of aldehyde makes them much more reactive 

than keton!!s. Also, this H-atom is responsible for many 
reactions in which aldehydes differ from ketones. 

The molecule of benzaldehyde consists of an aldehydic 
group and benzene nucleus. It resembles formaldehyde in 
most of the reactions of aldehydic group as both have no 
(X, -hydrogen atoms. However, benzaldehyde is less reactive than 
fonnaldehyde and other aliphatic aldehydes. 

Reactions in which benzaldehyde resembles aliphatic 
aldehydes: 

1. Addition reactions: The carbonyl group is polar as 
oxygen is more electronegative than (tarbon. 

0+ 0-

)C=O 

Thus, the positive part of the polar reagent always goes to 
the carbonyl oxygen and negative part goes to carbonyl 
carbon. 

2. Reactions involving replacement of carbonyl 
oxygen: 

C6HsCH=NOH + H20 
Benzaldoxime 

CHO HZNNHCONH2 C6HsCH=NNHCONH2 + H20 
Benzaldehyde semicarbazone © ~ H,NQ(, 
C6HsCH=NC6Hs + H20 

Benzylidine aniline Benzaldehyde , 
(Schiff;s base) 

PCls 
f-----"--- C6HsCHClz + POCl3 

Benzal chloride 

OCH3 

.2CH30H I 
Ory Hel gas .. C6HsrH + H20 

OCH3 
Methyl acetal of benzaldehyde 

3. Oxidation : Benzaldehyde is readily oxidised to 
benzoic acid even on exposure to air. 

[0] . 
C6 HsCHO ~ C6H5COOH 

Acidified K2Cr207' alkaline KMn04 and dilute HN03 
can be used as oxidising agents for oxidation. 
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4. Reducing properties: Benzaldehyde is a weak 
reducing agent. It reduces ammoniacal silver nitrate solution 
(Tollens' reagent) to give silver mirror but does not reduce 
Fehling's solution. 

C6HsCHO + Ag 20 ~ 2Ag +C6H sCOOH 
Benzaldehyde BenzOic acid 

S. Clemmensen's reduction: With amalgamated zinc 
and conc. RCI, benzaldehyde is reduced to toluene. 

Zn-Hg 
C6H sCHO + 4H HCI ( ) C(iHSCH3 + H20 
Benzaldehyde cone. 

6. Wolff-Kishner reduction: Benzaldehyde is reduced 
to hydrocarbon toluene in the presence of excess ofhydrazine 
and strong base, KOH or potassium tert. butoxide on heating 
at 200°C. The best solvent for the reaction is ethylene glycol. 

C 0 HzNNH2/KOH, glycol C H CH ' 
C6HS H= + 4H ) 6 5 3 

200"C Toluene 

+H20+N 2 

7. Schiff reaction: It restores pink colour to Schiff 
reagent (aqueous solution of jJ-rosaniline hydrochloride 

, decolourized by passing sulphur dioxide). 
_ 8. Tischenko reaction: On heating benzaldehyde with 

aluminium alkoxide (ethoxide) and a little-of anhydrous AlCl3 
or ZnCI2, it undergoes an intermolecular oxidation and 
reduction (like aliphatic aldehydes) to form acid and alcohol 
respectively as such and react to produce benzyl benzoate (an 
ester). 

2C6HsCHO 
Benzaldehyde 

Al(OC2HSh 
- - 11 - ) C6HsCHzOOCC6Hs 

Reactions in which 
aliphatic aldehydes: 

Benzyl benzoate (ester) 

benzaldehyde differs from 

1. With Fehling's solution: Unlike - aliphatic 
aldehydes, benzaldehyde does not reduce Fehling's solution. 

The weaker oxidising agents like Fehling's solution (or 
Benedict's solution) fails to oxidise benzaldehyde to benzoic 
acid because the C-H bond in aldehyde is strong (due to 
increase of electron density in C-H bond of the aldehyde 
group) and hence, only stronger oxidising agents like Tollens' 
reagent can oxidise C-H bond to form carboxylic acids but 
Fehling's solution does not. 

2. Action of chlorine: Benzoyl chloride is formed 
when chlorine is passed through benzaldehyde at its boiling 
point in absence of halogen carrier. This is because in 
benzaldehyde there is no a-hydrogen atom present which 
could be replaced by chlorine. 

C6HsCHO +C12 17~OC) C6HsCOCI + HCI 

3. Reaction with ammonia: Benzaldehyde on 
treatment with ammonia forms a different complex compound 
known as hydrobenzamide instead of usual addition product. 
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c6HscHf9~~~!i;1 Nfii-----! 
_____ ~ __ , : + °iHCC6HS ~ 

C6H sCF(9..:t:.!izl NLIi ____ l _ 
Benzaldehyde 

(Three molecules) _ 

C6HSCH=N> 
CHC6Hs + 3HzO 

C6HsCH=N -' 
Hydrobenzamide 

4. Cannizzaro's reaction: Benzaldehyde on treatment 
with 50% aqueous or ethanolic alkali solution does not form 
resin like acetaldehyde but undergoes Cannizzaro's reaction 
like formaldehyde, i.-e., one molecule is oxidised and one is 
reduced with the formation of benzoic acid and benzyl alcohol 
respectively (Disproportionation reaction). Benzaldehyde like 
formaldehyde does not contain a-hydtogenatom. 

KOH 
2C6HsCHO o· ) C6HsCH20H +. C6HsCOOK 
Benzaldehyde (SOYa) Benzyl alcohol Potassium benzoate 

The possible Mechanism is : 
(i) First step is the reversible addition of hydroxide ion 

to carbonyl group. 

H H 
I ~ (Fast) - I 

C6H5-C~OH- ~ C6Hs-?-0-

OH 

(ii) Second step is the transfer of hydride ion directly to 
the another aldehyde molecule, the latter is thus reduced to 
alkoxide ion and the former (ion I) is oxidised to an acid. 

H......__H H 
I ____ If) _ Hydride I -_ 

C6HsC I 9 + C~sC..L() . - tr fi ~ C6HsC--O + C~sC=O 
\Jf I Ion ans er I I 

OH (Slow) H OH 
Alkoxide ion Benzoic acid 

:l~&'-) l~' 
I 

C~~--OH + C6H~=0 
I I 
H 0-

Benzyl alcohol Benzoate ion 
(iii) Third step is exchange of protons to give most stable 

pair: alcohol and acid anion. 
So, one molecule of aldehyde acts as hydride donor and 

the other acts as hydride acceptor. In other words, 
Cannizzaro's reaction is an example of self reduction and 
oxidation. 

Note: Two different aldehydes each having no a-hydrogen atom, 
exhibit crossed Cannizzaro's reaction when heated in alkaline 
solution, 

-NaOH 
C6HsCHO + HCHO ) C6HsCHzOH + HCOONa 
Benzaldehyde Formaldehyde Heat Benzyl alcohol Sod. fonnate 
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5. Benzoin condensation: When benzaldehyde is refluxed with aqueous alcoholic potassium cyanide, two molecules of 
benzaldehyde condense together to form benzoin. This is called benzoin condensation. 

H 0 H 0 

@i+~-© KC;~:IC.) •. @-f-~-© 
o H OH 

Two molecules of benzaldehyde Benzoin 

Benzoin can be readily oxidized to a diketone, i. e., benzil. 

Benzoin Benzil 

It can also be reduced to a number of products, i, e., 
[H] 

Na-Hg/C
2
HsOH C6H,-CHOH-CHOH-C6Hs 

Hydrobenzoin 

. , 
6. Perkin's reaction: Benzaldehyde {or any other aromatic aldehyde ),when heated with an anhydride of an aliphatic acid 

(containing two a-hydrogen atoms) and its sodium salt (base catalysed), condensation takes place and on hydrolysis an 0.-(3 
unsaturated aCid is formed. Benzaldehyde with acetic anhydride and sodium acetate yields cinnamic acid. 

,.-------- CH3COONa H20 
C6HsCH~;;L±H2.lcHCOOCOCH3 ) C6HsCH. CHCOOCOCH3 B 'I ) C6HsCH=CHCOOH +CH3COOH 
Benzaldehyde Acetic anhydride -H20 Condensation product 01 Cinnamic acid Acetic acid 

CH3 

I CH3 
. H2C-CO I 

> CH3CH2COONa . 
C6HsCH=0+ 0 ----~) C6HsCH=C-COOH+CH3CH2COOH 

Benzaldehyde CH 3 -CH2CO a -Methyl cinnamic acid 

Propionic anhydride 

Meehanism: The reaction is believed to take place through the formation of a carbanion as follows: 

-
o 0 OH 
II 1 w 1 

C6Hs-C+CH2CO·0·COCH3 ~ C6HS-' C-CH2CO·0,COCH3 ~ C6Hs-C-CH2CO·0·COCH3 
I . 1 . I . 

H H H 

, Hydrolysis 
CH3COOH+C6HsC:H ,CH~OOH < (H 0) C6HsCH=CHCO,0·COCH3 

Cmnannc aCId. 2 

It is always that only the a-hydrogen atoms of the anhydride are involved in the condensation. 
7. CI_isen eondensation (also known as Claisen-Sehmidt reaction): Benzaldehyde undergoes condensation with 

. aldehydes and ketones having two a-hydrogen atoms in presence of dilute alkalies at room temperahire to form unsaturated 
carbonyl compounds. . 
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(i) 

(ii) 

C6HsCH '~HCH2CHO Oil. NaOH) 

Benzaldehyde Acetaldehyde 

C6Hs--CH--CH--CHO 
J-----J--
O..H __ ilJ 

Aldol (Unstable) 

o 
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/3 ' a. 
C6H

sT
H--' CH2CHO 

OH 
3-Hydroxy -3-phenylpropanal 

/3 a. 
C6HsCH=CHCHO 

Cinnamaldehyde 
(3-Phenylprop-2-en-I-al) 

o 
1'\. II , /3 a. ~ 

011, NaOH > C6H
sT

H--CH2--, C--CH
3 C6HsCH=0 + HH2C-C--CH3 

Benzaldehyde Acetl;me 
OH 

4-Hydroxy 4-phenylbutan-2-one 

o 0 
~ A,W ~ 

C6HS CH-CH--C--CH3 --'--~) C6HsCH=CH-C--CH3 
!------L-- (-H20) Benzalacetone 

, Ql:I ___ kJ (4-Phenylbut-3-en-2-one) 

But, if benzaldehyde is taken in excess, the benzal-acetone so obtained condenses with another molecule of benzaldehyde to 
form dibenzal acetone. 

(iii) 

(iv) 

o 
~ /\ 

C6H sCH=CH-C--CH2H +0= HCC6HS 
Benzalacetone Benzaldehyde 

'. 0 

'OiI.NaOH) C6HsCH' ,CH-~-CH2-TH--C6Hs 
OH 

o 0 
~ A .~ 

C6HsCH=CH-C--CH-CH-C6HS --=-~) C6HsCH=CH-C--CH=CH-C6H S 
. ~ _____ ~ ____ ., (-H20) Dibenzalacetone 

R ____ QIL! 

CH3 

. I 
C6HsCH=0 + H2G-CHO 

Benzaldehyde Propanal 

o 
~ 

C6HsCH=0 + H2HC-C-C6HS 
Benzaldehyde Acetophenone 

Oil. NaOH) 
A, (-:-H20) 

CH3 

I 
C6HsCH=C--CHO 

a-Methyl cinnamic aldehyde 

o 
0 '1 NOH ',II· 
I, a ) C6HsCH=CH-C--C6HS 

A, (-H20) Benzal acetophenone 

Suc,h crossed Aldol condensation reactions between an aromatiC aldehyde (or ketone) and an aliphatic aldehyde or ketone in 
the presence of dilute alkali (base~catalysed) at room temperature to form unsaturated carbonyl compounds is called 
Claisen-Scbmidt reaction or Claisen condensation. 

Note: Aliphatic esters (R-COOR') containing n-h'vdTfIR"en atoms also undergo Claisen-Schmidt condensation with an aromatic aldehyde in 
presence of dilute alkali, For example, 

Ct;HsCH=O + H2HC-~-OC2H5Dil. NaOH) Ct;H5CH=CH---'~-OC2H5 
Benzaldehyde Ethyl acetate (-HP) , Ethyl cinriamate 

8. Knoevenagel reaction: Benzaldehyde on treatment with any reactive methylene compound, e,g" malonic acid, 
malonic ester, acetoacetic ester, in the presence of pyridine base or ethanolic ammonia, forms cinnamic acid (a., (3-unsaturated 
acid). 
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. COOH 

C6HsCH=:=-CFFH2 C< 
Benzaldehyde-----· COOH 

Malonic acid 

. <COCH3 
C6HsCH=O + H2C . . . 

COOC2Hs ' 
ACetoacetic ester 
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+CH3COOH +C2HsOH 

9. . Reaction with aniline: Benzaldehyde reacts with aniline and fonns Schiff base (benzal aniline) or anBs. 

H+, Wann 
---~) C6HsCH= NC6HS 

(-H20) Benzylidene aniline 
(Schiff base) 

C6HsCH=O + H2NC6HS 
Benzaldehyde Aniline 

10. Reaction of dimethyl aniline: Benzaldehyde condenses with tertiary aromatic amines in the presence of ZnCl20r 
H2S04, forms triphenyl methane derivative, i.e., Malachite green. 

·~N(CHl), 
@CH 

~N(CH~h 
Tetramethyl diamino triphenyl methane 

(Malachite green) 

11. Reformatsky reaction : This reaction involves the treatment of aromatic aldehydes with a-halogenated ester in 
presence of metallic zinc to form jj-hydroxy ester. . . . 

~ H20/H+ . 
C6HsCH . 0 + Zn + BrCH2COOC2Hs --)-C6HsCHCH2 COOC2HS ) C6Hs-CH-:-CH2COOC2Hs 

Benzaldehyde Bromoethyl acetate I . I-

OZnBr OH 
I)-Hydroxy ester 

jj-hydroxyester gives an acid on hydrolysis with dilute H2S04, which on heating gives a, jj-unsaturated acid. 

C6HS -CH-:-CH2COOC2Hs 
1 . 

OH 

HiO . Heat· .. p . ~ 
---i»C6Hs-CH-:-CH2COOH. ) C6Hs CH=CHCOOH 

W I Cinnamic acid 
OH 

12. Wi~~ reaction: The reaction between a carbonyl compound and methylene triphenyl phosphorane (Wittig reagent) 
to give an alKene is known as Wittig reaction, e.g., . .. . 

. A.···· 
C6HsCH=O+(C6HshP=CH2 --)- C6HsCH=CH2 + (C6HshP=O 
Benzaldehyde· .. Styrene· Triphenyl phosphine 

OJcide 

HsC6> . . H sC6>· 
. C=O+(C6Hsh P CH2 ~.. C. CH2 + (C6Hsh P=O 

H3C . .. . .H3C ·. 
Acetophenone 2-~henyl propene 

• 
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A -
CH2 6 +Ph,P=O 

13. Substitution reactions of benzene nucleus: The 
benzene ring of' benzaldehyde undergoes nitration, 
halogenation and sulphonation. The -CHO group is 
meta-directing and deactivating. 

HN03 (conc.) 

H2S04 (conc.) 

CHO 

© H2SO4 

Fuming, Heat 

Benzaldehyde 

Clz 

FeCh 

Uses: Benzaldehyde is used, 
(i) in perfumery. 
(ii) in manufacture of dyes. 

CHO 

©N02 

m-Nitrobenzaldehyde 

CHO 

©SO,H 
m-Benzaldehyde sulphonic acid 

CHO 

©Cl 
m-Chlorobenzaldehyde 

(iii) in manufacture of benzoic acid, cinnamic acid, 
cinnamaldehyde, Schiff base, etc. 

Tests: (i) Benzaldehyde forms a white precipitate with 
NaHS03 solution. 

(ii) Benzaldehyde forms a yellow precipitate with 2 : 4 
dinitrophenylhydrazine. 

(iii) Benzaldehyde gives pink colour with Schiff reagent. 
(iv) Benzaldehyde forms black precipitate or silver 

mirror with Tollens' reagent. 
(v) Benzaldehyde on treatment with alkaline KMnO 4 

and subsequent acidification gives a white precipitate of 
benzoic acid on cooling. 

16.17 ACETOPHENONE (METHYL PHENYL 
KETONE), C6HsCOCH31 '(ACETYL BENZENE) 

Methods of Preparation' 

1. Friedel-Crafts reaction: Acetyl chloride reacts 
with benzene in presence of anhydrous aluminium chloride to 
form acetophenone. ' 

Anhyd. AlCl3 ' 
C~HsfH-+--qCOCH3 ---~) C6HsCOCH3 + HCI 
Benzene - -Acetyl chloride Acetophenone 

G.R.B. Organic Chemistry for Competitions 

2. By distillation of a mixture of calcium benzoate and 
calcium acetate. 

o 
. r----------~---------~--- ~ . 

C6H~ coo) <9CCH3 
o 

A II 
: Ca+Ca: ~ 2C6HsCCH3 

C6H~ COO QCCH3 
Calclumllenzoate------------- ~ 

Acetophenone. 

o 
Calcium acetate 

+2CaC03 
3. By methylation of benzaldehyde with diazomethane. 

C6HsCHO + CH2N 2 ----t C6HsCOCH3 + N 2 

4. By treating benzoyl chloride with dimethyl cadmium. 

2C6HsCOCI + (CH 3 h Cd ----t 2C6HsCOCH3 + CdCI2 

S. By Grignard reagents: 
. H20 

(a) CH3C=N +C6HsMgBr ----t CH3C=NMgBr l 
Methyl I 
cyanide C6HS 

C6HsCOCH3 + NH3 + Mg(OH)Br 
Acetophenone 

o 0 
II II <Br 

(b) C6HsMgBr + HSC20CCH3 -; C6HsCCH3 + Mg . 
Ethyl acetate OC

2Hs 

6. Commercial preparation: Ethylbenzene is 
oxidized with air at 126°C under pressure in presence of a 
catalyst manganese ac~tate. 

Ethylbenzene 

COCH3 

Catalyst" © + H20 
126°C, Pressure 

Acetophenone 

Properties : It is a colourless crystalline compound 
with melting point 20°C and boiling point 202°C. It has 
characteristic pleasant odour. It is slightly soluble in water. 
Chemically, it is similar to acetone. However, it does not fonn 
addition compound with sodium bisulphite due to sterle 
hin~ce offered by the phenyl group. It gives usual 
electrophilic substitution reactions of the benzene ring (i.e., 
halogenation, nitration and sulphonation) in meta-position. Its 
other important 'reactions are summarized as follows: 
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C,HsCOCH3 
Acetophenone 

-

HCN 
C6 

OH 
I 

Hs-C-CH3 

I 
CN I 

Acetoph enone cyanohydrin 

H2NOH 

CH3 

I 
A 

C6Hs-C=NOH 
cetophenone oxime or 
ethyl phenyl ketoxime) (m 

H2SO4 

Rearrangement 

Zn(Hg)/HCI 

Clemmensen's red. 

NalC2HsOH 

Reduction 

C6HsNHCOCH3 
Acetanilide 

(N-Phenyl acetamide) 

C6HsCH2CH3 
Ethylbenzene 

C~sCHOH 
I 

, CH3 
Meth yl phenyl carbinol (2°) 

HzNNHzIKOH, A 

Wolff-Kishner red. 

,Oxidation 

C~5CH2CH3 
Ethylbenzene 

ColdKMn04 
CJls 

[0] , 
COCOOH _ C6HsCOOH 

Phen yl glyoxylic Benzoic acid 

[0], CF)CO)H 

Baeyer-ViHiger 
oxidation 

Oxidation 
seOz 

PCls 

Ch 

3I2/NaOH 

Iodoform reaction 

Al-tert. butoxide 
or~H50Na 

Aldol type 
condensation 

HN03IHZS04 

Nitration 

Conc. H2SO4 

acid 
o 
II 

CH3-C--O-C~5 
Phenyl acetate 

(Ester) 

C6HsCOCHO + Se 
Phenyl glyoxal 

C6HsCCl2CH3 
2,2-Dichloroethylbenzene 

C6HsCOCH2CI 
Phenacyl chloride 

(Used as a tear gas) 

C6HsCOONa + cm3 + HI 
Iodoform 

CH3 0 
I II 

C~s-C=CH-C-C~5 
Dypnone 

(It is used as hypnotic) 

N02C6~COCH3 
m-Nitroacetophenone 

HS03C6~COCH3 
Acetophenone 

m-sulphonic acid 

Acetophenone and benzophenone do not form bisulphite 
addition compound with NaHS03 due to steric factors. 

Uses: It is used in perfumery and as a sleep producing 
drug. 
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16.18 AROMATIC CARBOXYLIC ACIDS 
Aromatic acids are compounds in which one or more 

carboxyl groups (-COOH) are attached directly to the 
aromatic ring. Some acids are listed below: 

COOH COOH 

© ©CH'; 
Benroic acid 2-Methylbenzoic acid 

(0-Toluic acid) 

©~H; ©COOH; 
NH2 

©COOH 

COOH 
Benzene-l,2-di-
carboxylic acid 
(phthalic acid) 

COOH 

©N~ 
2-Hydroxy benzoic acid 2-Aminobenzoic acid 3-Nitrobenzoic acid 

(Salicylic acid) (Anthranilic acid) (m-Nitrobenzoic acid) 

Aromatic acids containing -COOH group in the side
chain are considered as aryl substituted aliphatic acids. For 
example, 

CH2COOH ©J; 
2-Phenylethanoic acid 
(Phenyl acetic acid) 

CH-CHCOOH 

© 
3-Phenylprop-2-enoic acid 

(Cinnamic acid) 

CooH 

B.azoic add, C,H,cooH or © 
Benzoic acid is found in nature in combined state as ester 

in balsams and in free state in some resins like gum benzoin. It 
also occurs in urine of horses in the form of hippuric acid 
(benzoyl glycine). ., 

Methods of Preparation 

1. Laboratory method: In laboratory, benzoic acid is 
obtained by oxidation of benzyl chloride in presence of 
alkaline ~O 4' 

C6HsCHzCI + 2KOH + 2[0] ~ C6HsCOOK 
Benzyl cqIoride 

+ KCI +2H20 , 

The reaction actually takes place in following stages: 

H20 [OJ 
C6HsCH2CI' ----''--+) C6HsCHzOH ~ C6HsCHO 
Benzyl chloride Benzyl alcohol Benzaldehyde 

[0]; C6HsCOOH 
Benzoic acid 

Side-chains, e.g., -CH2CI, -CHzNH2 or -CH20H, 
etc., attached to benzene nucleus are oxidised to -COOH 
group by alkaline KMnO 4 : 
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COOH 

© 
(X = -Cl, -NHz, -OH, etc.) 

C H CH OH (i)KMn04/KOH,A) C H COOH 
6 5 2 (") 0'1 H SO 6 S 

Benzyl alcohol ~l 1. Z 4 Benzoic acid. 

2. From Grignard reagent (Carbonation of Grignard 
reagent) : Grignard reagent, (C6HsMgBr), fonns addition 

product with bubbled carbon dioxide (or dry ice is employed 
as a source of CO2) which on hydrolysis with Hel yields 
benzoic acid. 

o o 
II 

C6HsMgBr + C=O 
Phenyl magnesium' 

Dry II 
th ) C6H~C-OMgBr 

e er Addition 
bromide product 

<OH 
HCI 
H ° >, C6HsCOOH + Mg , 

2 , Benzoic acid Br 

3. From phenyl cyanide: Phenyl cyanide (benzo-
nitrile) on hydrolysis with mineral acid yields benzoic acid. 

H+ orOH-
C6HsCN + 2H20 ) C6H5COOH + NH3 

Phenyl cyanide Benzoic acid 

Phenyl cyanide may be obtained either from 
chlorobenzene or sodium benzene sulphonate or benzene 
diazonium salts, etc. 

4. From benzene by Friedel-Crafts reaction: Benzene 
is converted into benzoyl chloride by action of carbonyl 
chloride in presence of anhydrous AICI3 • Benzoyl chloride on 
hydrolysis gives benzoic acid. 

C6H6 +COCI
2 

AnhYd~ AlCI) C6H:sCOCI + HCI 

C6HsCOCl + H20 ~·C6HsCOOH + HCl 

and C6HSH +COz Anhyd~ AlCl3 )C6HsCOOH 

5. From toluene: . Toluene on mddation fonns benioic 
acid. The oxidation can be done with dilute nitric acid or 
alkaline potassium pennanganate or chromic trioxide in 
glacial acetic acid or Co-Mn acetate, etc. The alkyl side-chain 
gets oxidized to -COOH group irrespective of the length of 
the chain. 

Toluene 

COOH 

3[0] © 
KMnOJOH-, II' + H20 

Heat 
BenzOic acid 

[0], [0] [0] 
[-CH3 ~ -CHzOH ~ -CHO ~ -. COOH] 
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When a mixture of toluene and air vapours is passed over 
heated V20 S catalyst, benzoic acid is fonned. 

2C6H5CH3 + 3[Oh 
Vapours 

Homologues- of benzene (irrespective of side-chain 
length) on oxidation with alkaline potassium pennanganate 
finally gives benzoic .acid. Initial attack is at a-carbon. 

CHzCH3 COCH3 COOH 

© KMnO~~OH, A· © ~~ruk.),· © 
Heat 

Ethylbenzene Benzoic acid 

n-Propylbenzene 
W'alkyl chain) 

CH3 
I ©JC
H-CH3 

Isopropyl benzene 
(2° alkyl chain) 

CH3 
I &FH

3 l8J CH3 
Tert. butylbenzene 

(3° alkyl chain) 

Benzoic acid 

No action 

, (As 3° alkyl chain 
contains no benzylic hydrogen) 

Presence of electron withdrawing groups (-N02, 

-803H, -}{, -COOH, -OH, ... etc.) in the benzene ring 
increases the reactivity of benzylic hydrogens and hence 
p-nitrotoluene is much more easily oxidised as compared to 
toluene. 

-!(5\- (i) KMn°4-KOH,A --fa\-- . 
02N--~-CH3 (ii) Oil. H

2
S0

4 
II 02N~COOH 

p-Nitrotoluene p-Nitrobenzoic acid , 

6. By hydrolysis of benzotrichloride : Hydrolysis is 
done with aqueous NaOH or milk of lime in presence of iron 
as catalyst. 

3 [Ch] 
II 

Boiling 

Toluene Benzotrichloride 

OH 

©c{g~ _F_e/_C....;a(;...0H)....;....;2 ...... ' 0 
H20 

Unstable 

Benzoic acid 



Aromatic C011JPOUOds 

? By hydrolysis of esten: Hydrolysis of esters with 
mineral acids gives directly carboxylic acids. 

r5C,H

5 

U;o .••.. ~OH+C,H50H 
Ethyl benzoate Benzoic acid 

Manufacture or Industrial Preparation. 

t. Oxidation of toluene, naphthalene or ~xylene: 

Oxidation of toluene is done with air in presence of vanadium . 
pentoxide as a catalyst or cobalt and manganese acetate as 
catalY!lt at 170°C. 

Co-Mn acetate . ' 
2C6HsCH3 + 302 f70"C ) 2C6Hs~0~H + 2H20 

Toluene BenzOlc aCid 

Oxidation of naphthalene or o-xylene with air using V20 S 
as catalyst, yields phthalic acid which by partial 
decarboxylation yields benzoic acid. 

~O V20S rCYCo). O2 . ~rCYCH3 
~ 0 2,500°C l8Jco 0 ;'205, 400"C l8JCH3 

Naphthalene Phthalic anhydride o-Xyl~e 

. tH20 

rCY
COOH 

l8JCOOH 
Phthalic acid 

NaOH(CaO)., rCY. COOH . 
A,-C02 l8J . 

Benzoic acid 

2. By hydrolysis of benzotrichloride: Benzotrichloride 
obtained by passing chlorine through boiling toluene at 110°C 
in presence of light is hydrolysed with milk oflime in presence 
of iron catalyst when benzoic acid is obtained. . 

J © + 2H,o F: @!l+3HC] 

Benzotricbloride Benzoic acid . 

Physical properties: (i) Benzoic acid is a colourless 
crystalline compound. It melts at 121°C. 

(li) It is sparingly soluble in c(')ld water but fairly soluble 
in.hot water. It is also soluble in alcohol and ether. 

(iii) It readily sublimes and is volatile in steam. 
(iv) Its vapours !lfC irritating and cause coughin!; and 

sneezing. 

Comparison of Addie Charader of Carlmxyllc Acids 
wltb Alcobols and Phenols 

<a) Carlmxylic adds and aleolmls: Alkoxide amon .. · 
from alcohol does not show resonance and is not stabilized 

.. since, the alkyl group has electron repelling inductive effect. 
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This lack of stabilization is responsible for a very weak acidity 
. of alcohols than carboxylic acids. 

R-OH ~ R-O- +H+ 
Alcohol No resonance 

hybrid 

For example, aC.etic acid is about ten times stronger acid 
than ethyl alcohol though both contain an -OH group. Both 
carboxylic acid and the carboxylate ions' are resonance. 
stabilized and carboxylic acids have tendency to give H+ ions 
forming more stable carboxylate ion.' HO'Yever, neither the 
alcohols (R-OH) nor their alkoxide ions (R-O-) are 
stabilized by resonance. 

(b) Carboxylic acids and phenols: . Carboxylic acids 
are stronger acids than phenols. The difference in their 
relative acidic strengths can be explained by considering the 
resonating structur~s of carboxylate ion and phenoxide ion. 

o 0 
~. . I _ 

~.' ·C-OH ~C.....c..() o . ~ 0 +H+" 

Carboxylate ion 

(R-'::'COOH '~. R-COO- + H+) 

~~ ~+w 
Phenoxlde ion 

The resonance hybrid structures may be represented as: 
0-

... ~. 
In carboxylate lon,.the negative charge is 'equally 

distributed over two electronegative oxygen atoms while in 
phenoxide ion it is present only on one oxygen. Therefore, 

. carboxylate ion is much more resonance stabHized than. 
phenoxide ion.'. Thus, the release of proton (H+): from 
carboxylic aCids is much easier than from phenols. In other 
words, carboxylic acids are stronger acids than phenols. , 

Chemical properties:· Benzoic' acid exhibits the· . 
reactions 'Of ~OOH group and be~~ nucleus. The ~in' '. 
reactions of benzoiC acid are : 

(i) Salt formation:. Benzoic acid is a weak acid. 
However, it is ~lightly stronger than acetic aCid due to 
presence of he'llZene nucleus and being resonance stabilized. 

Carb'Oxylic group (-COOH) attached to benzene nucleus 
is m-directing and deactivating 'group. Electr0l'hile can attack 
only at the meta (m-) positions with decreased reactivity. 
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HO-C£Q HO-C-O- HO-C-O-

o~6-o-
+ H6-_ HoO ~ H©:, 

1)

BellZoic acid forms salts with strong alkalies and 
decdmposes metal carbonates and bicarbonates,' giving 
effervescence of CO2 (a laboratory test of -COOH group). 

C6HsCOOH + NaOH' ~ C6HsCOONa + H20 
Benzoic acid 'Sodimn benzoate 

C6HsCOOH+NaHCOj ~ C6H sCOONa+H20+C02 

2C6HsCOOH + Na2C03 ~2C6H5COONa +C02 + H20 

Iv.;combines with ammonia to form ammonium benzoate. 

C6HsCOOH + NH3 
Benzeic aC.id 

C6HsCOONH4 
Ammonimn benzoate 

. [Ammonium benzoate on heating forms benzamide and 
then phenyl cyanide. 

C6HsCOONH4 Heat )C6HsCONH2 
{-H20) Benzamide 

P20S or POCl3 
--=-..,...::.-,-::::--::-;:---'=-») C6HsCN] 

fl, (-H20) Benzonitrile 

(ii) Ester formation: BenzOic acid reacts with alcohols 
to form esters in presence of small amount of conc. H2S04 on 
heating (Esterification). 

o 0 
II 18. H+ II 18 

C6HsCOH + H-0-CH3 ~ C6Hs-C-0-CH3 + H20 
Benzoic acid Methanol Methylbenzoate 

(iii) Reaction witb 

18 
«():Labelled) 

or tbionyl 

chloride: Benzoic acid reacts with phosphorus 
pentachloride or thionyl chloride to form benzoyl chloride. 

, -C::'. PCIs C6HsCOCI + POCl3 + HCI 
Benzoyl chloride ' 

C6HsCOQIl' . 
. Benzoic acid' .' SOCl2 C H OCI + S + CI 

(P 'd') 6 sC O2 H .' ;' yn me 
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(iv) Reduction witb LiA1H4 : Benzoic acid undergoes 

reduction with LiAlH4. It is converted into benzyl alcohol. 
, LiAlH4 

C6HsCOOH + 2H2 ) C6H sCH20H + H20 
Benzoic acid Benzyl alcohol 

(v) Decarboxylation: Benzoie acid or its sodium salt 
when heated with soda lime yields benzene. This reaction is 
termed as decarboxylation. 

, < O>g?§H~:+)i~§}1 ~. © + Na,co, 

Sodium benzoate Benzene ' 
\ '. . 

(vi) Scbmidt reaction : When heated with hydrazoic 
acid in presenc~ of cold, concentrated H2S04 in chloroform at 
500 t, aniline is formed. 

COOH NB2 © + N,H Co.~:~SO,. © + CO, + N, 

Benzoic acid Aniline 

(vii) Heating of calcium benzoate : 
( a) Benzophenone is formed when calcium benzoate is 

heated alone . 

Heat 
(C6HsCOOhCa ..----~) C6HsCOC6HS +CaC03 
Calcimn benzoate Benzophenone 

(b) When mixture of calcium be.nzoate and calcium 
formate is heated, benzaldehyde is formed. 

(C6HSCOOhCa + (HCOOhCa 
Calcium benzoate 

Heat) 2C6HsCHO 
Benzaldehyde 

+2CaC03 

(c) When a mixture of calcium benzoate and calcium 
acetate is heated, acetophenone is formed. 

Heat ' 
(C6HsCOOhCa + (CH3COOhCa ) 2C6HsCOCH3 . 
Calcimn benzoate Calcimn acetate Acetophenone 

. +2CaC03 

(viii) Anhydride formation: When benzoic acid is 
heated with P20 S or acetic anhydride, benzoic anhydride is 
formed (dehydration). 

pps C6H SCO) 
2C6H5~0<,:)H Heat) 0 + H 20 

BenzOIC aCId. C H CO 
. 6 S 

Benzoic anhydride 

(Ix) Hunsdiecker reactio~: When silver salt of acid 
(in xylene solution) is heated with halogens (Br2 or C12) in 
CCI4, aryl halide is formed. 

C6HsCOOAg + X 2 
Silver benzoate (Br2 or C12) 

in CCl4 
Heat) C6HS-X 

Phenyl halide 
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(x) Action of manganous oxide (MnO): Aromatic 
aldehydes and ketones can be obtained by decarboxylation 
and dehydration of aromatic~cids. 

MnO 
C6HsCOOH + HCOOH 3000C> C6HsCHO + H20 + CO2 

. Fonmc acid Benzaldehyde . 

+H20+C02 

(xi) Substitution reactions of benzene ring: . The 
benzene ring of benzoic acid undergoes the usual electrophilic 
substitution reactions. The -COOH group is meta-directing 
and deactivates the benzene ring. 

COOH 

HN03 (conc.) @NO, H2S04 (conc.) 

m-Nitrobenzoic acid 

coon COOH 

© Fuming @SO,B H2s640~ 

. Benzoic acid m-Sulphonic benzoic acid 

COOH 

Cl2 ©CI FeCI, 

m-Chlorobenzoic acid 

Uses: Benzoic acid is used, 
(i) in medicine in the form of its salts especially as 

urinary antiseptic. 
(ii) as sodium benzoate for preservation of food such as 

fruit juices, tomato ketchup, pickles, etc. 
(iii) in the preparation of aniline blue. 
(iv) in treatment of skin diseases like eczema. 
Tests: (i) Benzoic acid dissolves in hot water but 

separates out in the form of white shining flakes on cooling. . 
(ii) It evolves CO2 with sodium bicarbonate, i.e.; it gives 

effervescence with sodium dicarbonate. 
(iii) Neutral ferric chloride gives a buff coloured (pale 

dull yellow) precipitate. 
(iv) When warmed with ethyl alcohol and a little conc. 

H2S04 , a fragrant odour of ethylbenzoate is obtained. 
(v). When heated strongly with soda lime, benzene 

vapours are evolved which are inflammable. 
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16.19 SOME IMPORTANT AROMATIC ACIDS 
08. . . .. .. ' ©,C008 

t. Salicylic Acid (o-8ydroxy benzoIC add) or _ - '. 

/ . 

Salicylic acid is present in many essential oils in the form 
. of esters. Oil of winter green is a methyl ester of salicyUc acid. . 

Methods of Preparation 

t. Kolbe-~hntldt rea&:tlon : Carbon dioxide is passed 
over dry sodium phenoxide in a sealed -tube .at125°C unde~ 
pressure. 

ONa OCOONa 

© 
Sodium 

phenoxide 

125°C, Pressure 

Sodium 
salicylate 

© 
Sodium phenyl 

carbonate 

Rearrangement ,. 

Salicylic acid 

. It is a commercial method. In fact, the reaction yields both 
0- and p-isomers. Salicylic acid being more volatile. is 
separated by steam distiUation. 

2. Reimer-Tiemann reaction: Phenoi on. refluxing 
with carbon tetrachloride and alkali solution, gives a mixtUre . 
of 0- and p-hydroxy benzoic acids. 

©~ OH -~ . _ Heat ©-OH . +CCI4 +KOH -
. (Aq.) . COOK 

Phenol . 

Salicylic acid 

3. The following benzene derivatives can be used to 
9repare salicylic add. 

(a) .©~~lH Fuse with .. ©OB 
NaOH COOH 

o-Chlorobenzoic acid 

(b) @SO,K Fuse with,. ©~:OB COOH KOH 

o-Sulphobenzoic acid 

(c) @OB +[0] Chromic ©OB ... 
.- COOH CH20H acid 

. Salicyl alcohol 
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(d) ",©", "OH + [O]'PbOINaOI\ ©O OH ' 

'CH3 ,COOH 

o-C,resol 

NaN02IHCl (e) ©JNH
2 • "'COOH OQC 

.©N2CI 
COOH 

Anthfarulic acid 

©~~OH H2O 
)0 

Heat 

Properties: It is a colourless needle sliaped crystalline 
compound and its' mel~ng' point is, 156°C. It is sparingly 
soluble incolq water but ieadily soluble in hot watei;alcohol, 
ether and chlorofonn. It is steam volatile. It is poisonous in 
nature. 'However, it is 'used in medicine internally and 
externally as antipyretic and antisq>tic. 

Chemically, it exhibits the properties Of both phenol and ' 
acid; 

©OH 

.'>" "COOH 
SaHcyHc acid 

NaOH 

Slow heating 

PhenollPOCl3 

©~~Na 
Monosodium salicylate 

©ONa 

COONa 

Disodium s(,llicylate 

Phenol 

©'OH 

COOCJi5' 

Phenyl salicylate (Salol) 

r--_,_F_eC_I.:.,.3 -'---'-' ")0 Violet colouration ' 

" 8oIn. 

, pels '©o " 'COC! 

o-Chlorobenzoyl chloride 

. OH 

~~B~r~2w~a~te~r_-.Br©Br 
Broniination 

Br 
2,4,6-Tribromophenol 
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Fuming HN03 

Nitration 

OH 

02
N©N0

2 

N02 

2,4,6-Trinitrophenol 

r--,,-So:...-, da_lun_' _e _. © OH 
©~:O~ H,,, Phenol 

Salicylic acid, COOH 

© Zinc dust 

Heat 

Benzoic acid 

Ethyl salicylate 

Redudion: On reduction with sodium and isopentanol, 
salicylic acid yields pimelic acid. 

0(' OH 4[H] QCOH 
I ~ I 

~ COOH ',', COOH 

Ketonisation 
> 

CX:OOH H~H .. C' COOH 
H CH2COOH 

(l3-ketoacid) Pimelic acid 

Salicylic acid fonns the following important compounds: 
,,(I)' A.:etyl ,all.:yli.: a.:ld (Aspirin): It is obtained by 

heating salicylic acid with acetyl chloride or acetic anhydride 
and glacial acetic acid or sodium acetate or a few drops of 
C9nc. H 2S04 or in presence of phosphoric acid. 

, ©OH. + CICOCH
3 

' Pyri!ine.. ©' OCOCH3 

, COOH Acetyl chloride , COOH 
Salicylic acid Aspirin 

It is awhite solid, m.pt. 135°C. 
It is used as antipyretic and pain killer (analgesic action). 
(Ii) Methyl, saJi.:ylate: It is fonned by direct 

,\ esterification:of salicylic acid with methyl alcohoLin presence 
of He I gas or conc. H 2S04 ,. 

+ CH30H ')0 + 2 
'©' 'OH " , HCl(gas), ©OH H 0 

COOH ' Ll " ,COOCH3 

Salicylic acid Methyl salicylate 

, It is.an oily liquid (oil of winter green) with pleasant 
odour b.pt; 224°C. It is used in perfumery and as a flavouring 
material. It is also used in medicine in the treatment of 
rheumatic pain and as a remedy for aches, sprains and bruises. 
It is-used for making of iodex. 
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(Iii) Phenyl ,sall~ylate (Salol): It is obtained by 
heating salicylic acid alone at 200°C or with phenol in 
presen~ ofPOel3 

©OH POCI3 
' +e~50H' 

eOOH Phenol A ©OH HO 
- eooe~; 2 

Salicylic acid Phenyl salicylate 

It is a white solid, m.pt. 43°C. 
It isa good internal antiseptic. It is used in making of 

toothpastes. Salol' absorbs ultraviolet light and its main use 
now is as sun-screening agent and stabilizer of plastics. 

1. Phthalie add (J.2-Benzene diearbolylie aeid) 

or©Coo, " , . , 
COO" " 

There are thr[ee (orthO~o~~aJ and 

dicarboxylic acids e 6H4< . 
- eOOH 

para) benzene 

eOOH' 

©COOH 
Benzene-I,2-dicarooxylic 

acid (Phthalic acid) 

eOOH 

© 
eOOH 

eOOH 

©COOH 
Benzene-l,3-dicarooxylic 

acid (Isophthalic acid) 

Benzene-I,4-dicarboxylic 
acid (Terephthalic acid) 

~65 

Phthalic acid is distinguished ·fromthe meta and para -
isomers, as it forms phthalic anhydride on heating (meta and' -
para do not). . 

Prep~ration: P~!halic acid is formed by oxidation of 
o-xylepe or o-toluic acid with dilute HN03 or potassium 
permanganate. 

©- eH3 [0] , 

eH3 KMn04 ©o eH3 Xi.. ©' - eOOH 

_ eOOH eOOH 

o-Xylene o-Toluic acid Phthalic acid 

In laboratory, it is prepared by oxidation' of naphthalene 
with fuming sulphuric acid in presence of mercuric sulphate at 
300°C, The product is phthalic anhydride which on boiling 
with alkali and acidification gives free phthalic acid: " 

~" 0 FUming H2SO\ ©" CO>' 0 NaOH 
~ HgS04,300°C CO ~ 

Naphthalene Phthalic anhydride " .~ 

©eOOH .. HC] '©' eOONa 
" eOOH eOONa 

Phthalic acid 
1 

Industrially, phthalic acid is obtain~d by passing-vapours 
of naphthalene with excess of air over heated· vanadium 
pentoxide at 400°C, Phthalic anhydride is formed which is 
converted into phthalic acid. 

Properties: - It is a colourless crystalline compound. Its 
melting point is not sharp (195 - 213°C). It is sparingly 
soluble in cold water but soluble in hot water, alcohol, ether, 
benzene, etc. It is a dibasic acid and gives usual reactions of 
two -eOOH groups. ' 

NaOH ©COONa NaOH. ©COONa 
eOOH eOONa 

Acid salt Disodhun phthalate 

C2HsOH ©COOC,H, C2HsOH .. ©COOC,H, 
eOOH eooe2Hs ©COOH_ Ethyl hydrogen Ethyl phthalate 

coon phthalate 

Phthalic acid 
PCIs ©COCI 

" 1 'eoei 

Phthaloyl chloride 

NH3 ©COONl4 Heat ©CONH' 'Heat ©CO)NH .. II 

eOONH4 
-2H2O eONH2 

- NH3 CO 

Anun. phthalate Phthalamide Phthalimide 
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©~>o 
·r(YCOOH 

l8JCOOH· 

Phthalic anhydride 

Phthalic add 

SOda lime· 
Heat © 

. Benzene 

It is used in· the manufacture of plastics, dyes and other 
compounds such as phthalic anhydride, phthaliniide, 
anthraquinone and fluorescein, etc. 

3~ Cinnamie acid (p-Phenyl.aerylle aeld), 
C6HsCH=CHCOOH 
Methods of Preparation 

It is prepared from benzaldehyde by the following three 
methods: 

1. By Perkin's reaction: It involves the treatment of 
benzaldehyde with acetic anhydride in presence of sodiwn 

. acetate at 180°C. 
." . CH3COQNa 

C6HsCHO + (CH~COhO 1800C). 
Benzaldehyde . 

C6HsCH=CHCOOH + CH3COOH 
Cinnamic acid. 

1. By Claisen condensation: It involves the treatment 
of benzaldehyde with ethyl acetate in presence of sodium 
ethoxide followed by hydrolYs~. 

C2HsONa 
e6HsCHO+CH3COOC2Hs . ) 

Ethyl acetate 

. . . H20. . 
C6HsCR-CHCOOC2Hs · ) C6HsCH=CHCOOH 

Ester H+ Cinnamic acid 

+C2HSOH 

. .3. 8yKnoevenagei reaction: It involves the treatment 
of benzaldehyde with malonic acid in alc.oholic ammonia or in 
the presence of pYridine. . 

NH3 . 
C6H~CHO +CH2 (COOHh Heat). C6HsCH=CHCOOH 

. Malonic acid . 

+C02 +H20 

On. commercial scale, it is prepared by heating benzal 
. chloride,with sodiwn acetate at 200°C. . 

C6HsCHC12 + H2CHCOONa ~ 
Benzal chloride 

C6HsCH=CHCOOH + NaCI + HC! 
Cinnamic acid 

... 
Heat ~CO· 

~ GIig>O 

Properties: Cinnamic 8;cid is a colourless crystalline 
compound. Its melting point is 133°C. It is almost insoluble in 
water. It exhibits geometrical isomerism. 

C6HS-C-H 
II 

C6HS-C-H 
/I 

H-C-COOH HOOC-. C-H 
Trans-form Cis-form 

(Cinnamic acid) (Allocinnamic acid) 
/ 

It behaves as an unsaturated acid and the trans-form is 
named as cinnamic acid (stable form) which occurs in nature 
both free and as· esters in balsams and resins. It also gives 
reactions of benzene nucleus. 

C6HsCH=CHCOOH 
Cinnamic acid 

Oxidation 

cr03. 

Reduction 
Na(Hg)1H2O 

Reduction 

LiAI~ 

I-I00~ 

Soda lime 
distilled 

Br2 

Nitration 

C6HsCHO + C6HsCOOH 
enzaldehyde Benzoic acid B 

C 6HsCH2CH2COOH 
-Phenyl propionic ~cid ~ 

C 6HsCH2CH2CH20H 
-Phenyl propyl alcohol 3 

C 6HSCH CHCH20H 
Cinnamyl alcohol 

C ~sCH=CH2 
Styrene 

C6HsCHBICHBICOOH 
Dibromocinnamic acid 

CH=CHCOOH 

Cone. HNO~2S04 
@N~ 

PCIs 

CzHsOH 

o-Nitrocinnamic acid 

CH=CHCOOH 

o+@ 
N02 

p-Nitrocinnamic acid 

C 6HsCH=CHCOCl 
Cinnamyl chloride 

C 6HsCH=CHCOOC2Hs 
Ethyl cinnamate 
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16.20 EFFECT OF SUBSTITUENTS ON ACID 
STRENGTH OF SUBSTITUTED AROMATIC 
ACIDS 

As discussed earlier that an electron withdrawing 
substituent decreases electron den.sity, stabilize the anion and 
thus, increases the acidity of carboxylic acid. An. electron 
releasing substituent increases electron density (negative 
charge) destabilize the aniori and thus, decreases acidity. 

.G{}-c<~r 
G-electron withdrawing group, 

increases acidity 
(-N02, -CN, -COOH, -Cl) 

G-electron releasing group, 
decreases acidity 

(-CH3, -OCH3, -NH2, -OH) 

(i) The effect of substituent, on aromatic acid,infact, is 
. detennined by their inductive and resonance effect. Inductive 
effect affects all positions, i.e., 0-, m-, and p-, however 
resonance effect affects only 0- and p- positions. Some 
examples are, 

~H 
N02 

p-Nitro benzoic acid 
(PKa 3.44) 

> ~H 
CH3 

> 

> 

~H> 
CI 

p-Chloro benzoic acid 
(PKa 3.99) 

~H > 

.. OCH
3

· 

Benzoic acid 
(PKa 4.19) 

~H 
OH 

p-Toluic acid 
(pKa 4.38) 

p-Anisic acid 
(PKa 4.48) 

p-Hydroxy benzoic acid 
(pKa4.58) 

The substituent effects on acid strength of p- substituted 

benzoic acid, ~COOH i~ given below: ... . 

Electron withdrawing groups (G) . 

-N02 > -CN > -eHO> Br >CI 
pK" 3.44 3.55 3.75 3.96 4.0 

Electron releasing groups (G) 

-CH3 > -OCH3 > -OH> -. NH2 
pK" 4.38 4.48 4.58· HO 

(ii) In case of. 0-, m-, and p-nitro benzoic acids, the 
-N02 group exerts greater electron withdrawing effect 
when present in the' 0- and p- positions.- So, 0- and p- nitro 
benzoic acids are stronger than m-nitro benzoic acid which is, 
of course, stronger than benzoic acid. 

a-Nitro benzoic acid 
(PKa 2.17) 

> 
fJH 
~N02 

m-Nitro benzoic acid 
(PKa 3.45) 

> 

> 

~H 
. N02 

p-Nitro benzoic acid 
(PKa 3041) . 

@H 
Benzoic acid 

(pKa4.19) 
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(iii) In case of o-substituted benzoic . acids, they • are 
usually stronger acid than benzoic acid irrespectiv~ of the 
nature of the substituent (whether electron withdtawing or 
electron releasing). This is called ortho effect and is probably 
due to intramolecular H~bondingor .a-combination of stene 
and electronic factors. . . 

In case,· both resonance and inductive effects operatetn 
the molecule, the resonance effect being stronger dominates 
over inductive effect. For example, the nitro group exerts 
greater electron withdraw.ing effect when present in the 0- and 
p-positions. So 0- and p-nitro benzoic acids are stronger than 
m-nitrobenzoic-acidwhich is; of course, stronger than benzoic 
acid. 

In case of hydroxy (or methoxy) benzoic acids, they 
display both kinds of effect and there is a decrease in electron 

. density at all positions due to inductive effect, but increase in . 
electron density at 0- and p-positions due to resonance effect.·· .. 
So, 0- and p-hydroxy benzoic acids should be weaker than 
benzoic acid; but actuaI1y o-isomer. is strongest imong the 
three hydroxy benzoic acids dueto intramolecular H-bonding ... 
Hence, the following sequences are observed' in order of 
acidity. 

~OH LQJ .. 
a-Hydroxy benzoic acid 

(PKa 2.98) 

> 
@H 

Benzoic acid 
(pKa4.19) 

> .' 

> 

~OH 
m-Hydroxy benzoic acitl .. 

(PKa 4.08) 

~H 
OH 

p-Hydroxy benzoic acid 
(PKa 4.58) 
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COOH COOH 

©rCH
' 0 > © 

. o· Toluic acid Benzoic acid 
(PKa 4.09) (PKa 4.l9) 

COOH COOH 

> ©tCH .. > ~ .. 
3 . 

m-Toluic acid 
. (pKa 4.24) 

CH3 
p.Toluic acid 

(PKa 4.37) 

In 'such cases m- isomer is stronger. than p- isomer. 
Hence, the following sequences are observed in order Of 

acidity .. 
(a) Nitro benzoic acids.: 0-> po> m-> benzoic acid 
(1)) Hydroxy benzoic acids: 0- > m- > benzoic acid> p
(c) Chloro benzoic acids: 0- > m- > p- > benzoic acid 
(d) Methyl benzoic acids: 0- > benzoic acid> m- > p
(e) p-N0 2-C6H4COOH> p-Cl-. C6H4COOH> 

C6HsCOOH> p-CH3 -C6H4COOH>'p-OH-C6H4COOH 

(f) C6HsS03H > C6HsCOOH>C6HsOH> c'6HsCH20H 
. . ';. . 

SOME TYPICAL ARoMATIC CONVERSIONS 
1. Lime to benzenew 

·1. Benzene. to nitrobenzene. 

HN03 (Cone.) 

Polymerization 

. Red hot tube» C6H6 
Benzene 

N02 

© + H2S04 (Cone.), 50°C © Nitration 

Benzene Nitrobenzene 

G.R.B. Organic Chemistry for Competitions 

3. Benzene to toluene. 

© +CH,CI 

Benzene 

CH3 

AICI3 (anhyd.) II . ~r(Y, . 
(F.C. reaction), l8J 

Toluene 

4. Benzene to acetophenone. 

©o + CH
3
COCI AlCh (anhyd.) II 

. Acetyl chloride 
Benzene Acetophenone 

S. Benzene, to benzoic aeid. 

, CH3 © CH,cVAlCl" © 
Benzene . , 

6. Benzene to aniline. 
, , 

COOH 

Alk. KMn04 II ©' 
(Oxidation) 

Benzoic acid 

6[H] . 
,II 

Sn+HCI 

NH2 

© 
Benzene Nitrobenzene Aniline 

. ,. Benzene or toluene to benzaldehyde. 

, CH3 , . CHO, 

© (As in 3) .. © ' Cr02ch II ©O 
. ' CH3CIIAICI3 , (Etard's oxidation) , 

Benzene Toluene aenzaJdehyde 

8. Benzene or toluene to benzyl alcohol. 

CH3 , . ,CH2CI CH20H ©(A'ffi3), © +© Aq.N'O~© 
Benzene Toluene Benzyl Benzyl 

chloride alcohol 
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9. Benzene to phenol. 

© 
Benzene Benzene 

sulphonic acid 
N02 

S03Na 

N.oa. © 
. Sodium benzene 

sulphonate 
NH2 

ONa OH 

© © Solid NaOH .. HCI 
~ 

Fuse 

Sodium phenoxide Phenol 

OH 

HN03 (cone.) © 
H2S04 (cone.) .. . Su/IICl. © . . N2CI 

NaN02+HCI .. @O Warm .. 
0-5°C H20 © 

Benz"'1e Njtrobenzene 

CI 

Aniline Benzene diazomum 
chloride 

OR 

© ~ 
Fe 

Aq.NaOH .. © 300°C, 200 atm. 

Benzene Chlorobenzene Phenol 

10. Chlorobenzene to DDT. 

2 ~O~ CI + CChCHO H2S04 (cone.) .. CChCH 
Chloral Heat 

Chlorobenzene CI 

CI 

DDT 
II. Toluene to nr-nltrobenzoic acid. 

COOH COOH 

Alk. KMn04 .. © _HN_O-,-3 _III ©
N0

2 
H2S04 (cone.) 

. Toluene Benzoic acid m-Nitroberizoic 

12. Toluene to benzene. 
CH3 

© 
COOH 

Alk.KMnO,. © Soda lime, A 
Decarboxylation 

Toluene Benzoic acid 

13. Aniline to phenol. 

© @I NaN0a+ HCI ... H2O 
0-5°C Warm 

Aniline Benzene diazo-
nium chloride 

14. Aniline to benzoic aeid. 
NH2 N2CI CN 

© Diazotisation © CuCNI © H2O 
III .. H+ 

.. 
(As in 13) KCN 

Aniline, Benzene diazo- Phenyl cyanide 
nium chloride 

15. Benzaldehyde to phenyl cyanide. 
CHO COOH CONH2 

acid 

.. © 
Benzene 

OH 

.© 
Phenol 

, COOH 

© 
Benzoic acid 

CN 

©~©~ 
COONF4 

© Heat - ©~ © 
Benzaldehyde Benzoic acid Amm. benzoate Benzarnide Phenyl cyanide 

Phenol 

969 
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16. nr-Nitroaniline to nr-iodochlorobenzene. 

NH2 NaN02 + HCI 

© '0-5°C 
NO

z 
-(-D-ia...;zo-t--is-a:...tio-n-) ... • 

m-Nitroaniline m-Nitrobenzene 
diazonium chloride 

17. Benzene to Ill-bromophenol. 

© 
NOz 

RN03 (conc.) © 
H2S04, 100°C 110 . NOz 

m-Chloronitro
benzene 
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Cl 
SnlHCI 

©NH' (Reduction) 

m-Chloroaniline 

m-Chlorobenzene 
diazoniumchloride 

~ 
Heat 

Diazotisation 110 

m-Iodochloro
benzene 

Diazotisation 

Br 

CuBr 110 rry' ,. 
HBr l8JN02 

B~nzene m-Dinitrobenzene m-Nitroaniline m-Nitrobenzene 
diazonium chloride 

m-Bromo
nitrobenzene 

• 

Warm • 
m-Bromophenol 

18. p-Chloroaniline to p-chlorobenzylamine. 

NHz NaN02:+-HCI 
N2CI 

© 0-5°C © ,. 
(Diazotisation) 

CI CI 
p-Chloroaniline p-Chlorobenzene 

m-Bromobenzene 
diazonium chloride 

Diazotisation .. 

CN 

CuCN © H21Pt ,. 
KCN 

CI 
p-Chlorobenzonitrile 

Br . I 
@o ~ 

NH2 

m-Bromoaniline 

,. 
©NH, 

CI 
. p-Chlorobenzylaniine 

diazonium chloride 

19. Benzene to Ill-dichlorobenzene. 

NH2 NaN02+ HCI 

© Sn+HCI ©NH2 0-5°C ,. 
(Reduction) (Diazotisation) 

Benzene m-Dinitrobenzene 

20. Toluene to trinitrobenzene (TN B). 

Toluene 

CH3 

_RN_O_3 _(fumin_' _g ...... ),.. OzN.,©NOz 
H2S04 (conc.) 

NOz 

m-Phenylene diamine 

COOH 

All<. KMnQ,. O,N © N02 

N02 

,. 
N2CI CI 

©N2Cl CU2CIa ©Cl .. 
HCI 

m-Dichlorobenzene 

N02 

Soda lime © 
110 02N N02 

2,4,6-Trinitrotoluene 2,4,6-Trinitrobenzoic acid 
Trinitrobenzene . 

(TNB) 

21. Benzoic acid to aniline. 

COOH COCl CONH2 

© © SOCia. .. © .~© Br2 ,. 
KOH. 

Benzoic acid Benzoyl chloride Benzamide Aniline 
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22. Aniline to p-nitroaniline. 
NH2 

© 
. NHCOCH3 

CH,COCI, © 
Aniline Acetanilide 

-NH2 group protection is done by acetylation. 
23. Aniline to l,3,5-tribromobenzene. 

HN03 (conc.) 

NH2 NH2 

© 

~Br©Br_ NaNQz+HCl .. 
0-5°C -

Aniline Br 
-2,4,6-Tribromoaniline 

24. Benzene to salicylic acid. 
First benzene is converted into phenol according to conversion 9. 

ONa 

.. 

© ©OH o COONa 

HCI (dil.) 

Sodium phenoxide 

125°C, 6 atm 
(Kolbe's reaction) 

25. Phenol to aspirin. 
Aspirin is acetyl derivative of salicylic acid. 

OH .-

© (As in 24) 
_" ©OH 

OCOOH 

Phenol Salicylic acid 

26. Phenol to' oil of winter-green (Methyl salicylate). 

OH 

© (As in 24) II - ©OH 

.' COOH 
Phenol Salicylic acid 

27. Benzene to cinnamic acid. 

CH3 CHO 

© (As in3) © (As in 7) © Ia - .. 

Ia 

Benzene Toluene Benzaldehyde 

28. Benzene to resorcinol. 

© 
Benzene m-Benzene 

disulphonic acid 

29. Benzene to p-bromonitrobenzene. 

Br Br 

©+© © 

NH2 

© 
N02 

p-Nitroaniline 

Br 
1,3,5-Tribromobenzene 

©OH o COOH 

Salicylic acid 

©-OCOCH3 

- COOH 
Aspirin 

©OOH 

COOCH3 

Methyl salicylate 

CH=CHCOOH 
(CH3CO)zO © .. 

CH3COONa,180°C 

Cinnamic acid 

[liT 2003] 

ONa OH 
Solid NaOH 

Ia 
Fuse ©ON" HCI, ©OH 

Resorcinol 

+ 

Benzene Bromobenzene N02 o-Bromonitrobenzene (38%) 
p-Bromonitrobenzene (62%) 
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30. Phenol to acetophenone. 
OH 

© -(Di-Sti~-tion-)' © 
Phenol Benzene 

31. 4-NitroaniHne to 1,2.3-tribromobenzene. 

©COCH, 
Acetophenone 

NH2 NHCOCH3 NHCOCH3 

© (CH3CO)20. ©.... ~ Br©Br . Sn+HCI'. 

.' . . . (Reduction) 

NHCOCH3 Br© Br (i) Diazotisation 

(ii) Reduction with 
Alcohol . 

N02 N02 N02 
4-Nitroaniline Br N2Cl Br©, Br .. CU2Br2fHBr BrrCYBr 

(Sandmeyer's l8J 
reaction) 

Diazotisation .. 

32. Benzene to 4-nitrobenza'dehyde. 

© 
CH3 

© CH3CI • 
AlCl3 (anhyd.) 

Benzene Toluene 

33. Nitrobenzene to benzamide. 

.• CH3 

©+ 
N~ 

4-Nitrotoluene • 
~ cr02cl2 

CHO 

© 
N02 

4-Nitrobenzaldehyde 

NH2 

HOH .. 

2-Nitrotoluene 

eN N02 NH2 © SWHQ. © N2Cl CONH2 

NaN02IHCI © CuCN © DB. H,80, • © ., to 
or Alk. H20 2 

Nitrobenzene Aniline Benzene diazonium Phenyl cyanide 
chloride 

• 
34. Ethanoie aeidto a mixture of methanoie aeid and diphenyl ketone. 

CH 3COOH + SOClz ~ CH3COCl ~) C6HsCOCH3 
Ethanoic acid Acetyl chloride AICI) Acetophenone 

C6HS 

C
6
HsCOC

6
Hs + HCOPH. ~( _KMn_0_4_ C

6HS J. CH
2 

(Heat 
Diphenyl ketone MethanOlc aCid [0] -H20 

35. Benzene to Sym. tribromobenzene. 

© 
Benzene 

. N0
2 

Conc. HN03 r(J 
Conc. H2S04 l8J 

Nitrobenzene 

SnlHCI 
to 

(As in 23) 

Aniline 

.. 

lCJIsMgBr 

and hydrolysis 

OH 
I 

C6HS -C-CH3 . 

I 
C6HS 

Sym.tribromobenzene 

Benzamide 
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36. Benzene to pierh: add • 
. Convert benzene into phenol as done in conversion 9. 

. OH 

©-@ 
Benzene Phenol 

37. Benzene to methyl orange. 

OH 

RN03 (conc.) 10 02N©N02 
H2S04 (conc.) 

N02 
Picric acid 

973 

Benzene is flrst converted into aniline (Follow conversion 6). Aniline is then converted into sulphanilicacid. 

NH2 NH3HS04 NHS03H NH2 ©. H,SO, (, .... ) • © =:. .© . -=~t .© 
Aniline 

38. Benzene to phenolphthalein. 

. S03H 
Sulphanilic acid 

H03S@-N=N-@N(CH3)2 

Methyl orange 

Benzene is first converted into phenol as done in conversion 9. Phenol on condensation with phthalic anhydride in presence 
of cone. H2S04 gives phenolphthalein. 

HJn\~-H ---~ -: /~ .. 
"\201 + ~ )d 0 

~.tL) 'f2;. 
Phenol Phthalic anhydride 

Phenolphthalein 
39. Benzene to aniline to p-bromoaniline. IAIPMT (Mains) 2009) 

© ·CIOCCH3 · 
10 

NHCOCH3 NHCOCH3 · NH2 

©. Br2t1i20 or 10 ©. H20 /H+ 10 © 
. BriCH3COOH . . . A 

Benzene Br Br 
(Major) (Major) 

4~. Benzene to phena~etin. 
Benzene is first converted into phenol (follo~ conversion 9). 

OH OH OC2HS ©rnI.HNo,. © ~~~. © SnlHCl 

OC2HS 

CH,COCl. © 
.. Phenol N02 . N02 

41. Benzene to phenylhydr;lzine. 
N02 © :sci: © SnlHO. 

Benzene 

41. Benzene to !Ju~dni~ a~id. 

© 
W 

Y20S )to CH-C> H2O II 0 )to 

500°C CH-C 
Benzene II 

0 

10 

NHCOCH3 

Phenacetin 

·NHNH2HCl 

-::S::-n-:-CI,;;...2/H-:-C"":"I"10 . ©·o . 
(Reduction) 

Distill. with 
, 10 
NaOH 

NHNH2 

© 
Phenylhydrazine 

CHCOOH 
~ rH2COOH 

1\ 
CHCOOH Pt 

CH2COOH 
Maleic acid Succinic acid 
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43 •. Tol.uene to 3-methyl-4-aminophenol. 

Rearrangement . 
. W ~ 

Toluene 3-Methyl-4-aminophenol 

44. Toluene to p-methyl benzoic acid. 

CH3 

© 
CH3 CH3 .. CH3 . CH3 

Br2 ~ © Mg ~ ©~© H+/HO © 2 ~ 
. FeBr3 Ether 

Br MgBr COOMgBr COOH 
Y... 

45. Toluene to m-xylene. 

CH3 CH3 CH3 CH3 CH3 

© Cone. HN03~ © SnlHCI ~ © CH,COCI., © Br2 
~ ©Br Cone. H2SO4 

N02 

CH3 CH3 © NoN",. ©Br H3P02 

Br. HCI 

NH2 N2CI 

46. Nitrobenzene to o-dinitrobenzene. 

NH2 

SoIlICI, © 

47. Phenol to o-bromophenol. 
OH ONa © NoOH. © 

48. Benzoic acid to m-bromoaniline. 
COOH· COOH 

© F!:',. ©Br 
49. Benzene to sulphanilamide. 

NH2 NHCOCH3 NHCOCH3 

CH3 . CH3 CH3 

©Br Mg ©MgBr CH". ©CH3 
.. ~ 

Ether 

Benzene is first converted into aniline as done in conversion 6. © CH,axl, ©OCH~OO'H. ©
OCH

3 NH,. ©COCH
3 NoOH , © 

S02CI S02NH2 S02NH2 

H+/HO 
2 .. 
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50. Benzene to fluorescein. 
Benzene is first converted into resorcinol as done in 

conversion 28. Resorcinol is then fused. ;with phthalic 
anhydride in presenc'e of conc. H2S04 , 

. OH . ··R' o . 
. / \ .-------.' - . 

O=C C=;O w. --~ 

0
: :. . ~: (;...2H20) 
I + . I + , __ I I .. 

f_' '----( ~:J · 
OH 

o 

H 
Fluorescein 

Problem 25. Answer the following: 
(a) Why benzene cannot be iodated with iodine directly? 
(b) Why fluoroarenes cannot be prepared by direct reaction 

of fluorine ? 
(c) How benzene can be iodated? 
(d)Why iodation of an arene occurs with ICI ? 
(e) Why nitrobenzene and not benzene is a suitable solvent 

for Friedel-Crafts alkylation of bromobenzene ? 
Solution: (a) Iodation with iodine is slow and 

somewhat reversible. 

C6H6 + 12 ~ C6H51 + HI 

(b) Fluorine is too reactive in nature. Both addition and 
polysubstitution occur. 

. (c) The presence ofI- reverses the reaction. Iodation can 
occur srri'oothly if an oxidising agent such as RN03, HI03, 

H20 2, etc., is present which can convert 1- to 12, 

(d) ICI is more reactive than iodine. The aromatic ring· 

can displaceCr more easily from 10+ Clo- than it can displace 

r from the non .. polar 12 , 

(e) Benzene is more reactive. than bromobenzene in· 
. Friedel-Crafts reaCtion and would alkylate more rapidly. 
Nitrobenzene may be used as a solvent because it does not 
undergo Friedel-Crafts reaCtion owning to deactivating effect 
ofN02 group. 

Problem 26. Explain the following with proper 
reasoning: 

(z) Ox.idation OJ toluene with chromyl chloride to. get 
benzaldehyde is carried out in presence of acetic anhydride. 

Solution: Oxidation·ofbenzaldehyde to benzoic acid is 
prevented becaUSe benzaldehyde reacts with acetic anhydride 
to form benzylidene. acetate. The benzylidene acetate on 
treatment with HCI regenerates benzaldehyde. 

[0] (CH3COhO 
C6H5CH3 Cr0

2
C1

2
) C6HsCHO. .. ) 

(iz) Although p-hydroxy benzoic acid is less acidic than 
benzoic acid but o-hydroxy benzoic acid (salicylic acid) is 15 
times more acidic than benzoic acid. 
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Solution: Presence of -OH group (electron 
withdrawing) on benzoic· acid decreases the acidic nature 
because negative charge on carboxylate ion increases thereby 
making carboxylate ion less stable. The resonance effect being 
stronger as compared to inductive effect, thereis net increase 
in electron density at 0- and p- positions, p.hydroxy benzoic~ 
acid is, therefore, less acidic than benzoic acid. 'However, in 
o-hydroxy benzoic acid, there is intramolecular hydrogen 
bonding which stabilizes o-hydroxy benzoate ion (Conjugated 
base) to greater extent and thereby increasing acidic nature. 

o eOOH 
II ~ 

©C~- 9 
Conjugate base of OH 

artha-isomer Para-isomer 
(pk; = 2.98) (pka = 4.58) 

This anomalous behaviour of groups when present in 
ortho-position is termed ortho effect. 

(iii) The melting point of para dihalobenzenes are much 
higher than those of the corresponding ortho and meta 
isomers. 

Solution: This is because the para isomer is more 
symmetrical than ortho and meta isomers and hence can fit 
better in the crystal lattice of the solid forms. 

(iv) Oxidation of toluene by acidic KMn04 gives poor 
yield of benzoic acid while oxidation of p-02NC6H4CH3 
gives good yield of p-nitrobenzoicacid. 

Solution: Oxidant is an electrophile, it can destroy the 
ring in case of toluene. But in para-nitrotoluene, the -N02 
group deactivates the benzene ring and thus increases the yield 
of p-nitrobenzoic acid. 

(v) Why the C-O bond in phenol is shorter than in 
alcohol? 

Solution: In phenol, carbon uses sp2 -hybrid orbital to 
form C-O bond (more s-character) while in alcohol, carbon 
uses sp3 -hybrid orbital (less s-character). Also the 

de localization of electron density from ° to the ring by 
extended 1t-bonding brings double bond character in phenolic 
C-:-O bond making it shorter. 

(vi) The dipole moment of p-nitrophenol (5.0 D) is greater 
than phenol or nitrobenzene (4.0 D). . 

Solution: The electron-donation of the OH reinforces 
the electron withdrawal of N02. Thus, dipole morp.ent of 
p-nitrophenol becomes higher. 

(vii) Why are the follOWing conditions unsatisfactory for 
diazo coupling? 

(a) Strong base (b) Strong acid .. 
Solution: 

+ OH-···· -w···· 
ArN=N:·~ ArN=N-OH ~ ArN=N-O-

A diazoic acid A diazotate ion 

Neither the diazoic acid nor its ion couple. 
(viii) Benzaldehyde does not undergo aldol condensation 

on treatment with NaOH whereas acetaldehyde does so. 
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Solution: Those aldehydes undergo aldol condensation 
which possess a-hydrogen atoms. As benzaldehyde does not 
possess a.hydrogen atoms, it does not undergo aldol 
condensation. . 

Problem 1.7. Although chlorine is an electron 
withdrawing group, yet it is ortho-para directing in 
electrophilic aromatic substitution reactions. Why? 

Solution: Chlorine withdraws electrons through 
inductive effect and' releases electrons through resonance. 
Through inductive effect, chlorine destabilises the. 
intermediate carbocation formed during the electrophilic 
substitution. Through resonance, chlorine tends to stabilise the 
carbocation and the effect is more pronounced at 0-' and 
p-positions. 

~. 

:Ct: 

6·~~·' + 
+E --+ 

# Electrophlle .. .. 

~
:: 
I· +E+ -

9: Electrophile 

:CI: 

Q 
H E 

[Inductive (-/) effect of Cl destabilises the intermediate 
carbQcation. ] 

'6:~~+ -~: - ~: 
# Electrophile l)" U" 

Jattack at ortho-position) .. 
:Ct: +CI: 

Qr+ - Q 
H E 

(attack at para-position) 
(Resonance effect of CI stabilises the intermediate carbocation) 

The inductive effect is stronger than resonance and causes 
net deactivation due to net electron withdrawl. The resonance 
effect tends· to oppose the inductive effect for the attack at 0-

and p-positions and hence makes the deactivation less for 0-

and p- attack. Reactivity is thus controlled by the stronger 
inductive effect and orientation is controlled by resonance 
effect. . 

Problem 28. Compound. (A), with empirical formula 
C7H9N on diazotization, gives a product which undergoes 
Sandmeyer's reaction with Cl!2C12 and HCI· to give a 
compound (B). (B) on, oxidation gives- a compound (C ) which 
when heated with soda lime gives chlorobenzene. Give the 
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structural formulae of (A), (B) and (0 and explain the 
reactions involved; 

. Solution: Chlorobenzene. is formed from (C)on 
. heating with soda lime. Hence, it consists of -COOH group . 

. The (C) ischlorobenzoic acid. ' 

<COOH Soda lime 
C6H4 ' ~ C6HsCI 

CI Heat Chlorobenzene 

(C) 

(C) is obtained by oxidation of (B), i.e., oneCH3 group is 
present. . ________ _ 

. <CH3 . [0] <COOH 
C6H4 ~ C6H4 

Cl . CI 
(B) (C) 

(B) is formed after doing diazotization of (A) followed by 
Sandmeyer's reaction. Thus, (A) is, 

C6H4 <CH3 

NH2 
(0-, moor p-toludine) 

Cu2C12 ' <CH3 
HCI ~ C6H4 

CI 

Problem 29. Compound (A) C7H sO is insoluble in 

NaHC03 solution but dissolves in sodium hydroxide and gives 
a characteristic colour with aqueous ferric chloride. When 
treated with bromine (A)forms a compound (B) C7HsOBr3' 

0) Give the structural formulae of (A) and (B). 
_ (ii) What would be the structure, of (A) if it neither 

dissolves ,in sodium hydroxide solution nor gives a 
characteristic colour rvith FeCI 3 ? 

Solution: (i) (A) gives characteristic ·colour with 
FeCl3 solution, so it is a phenol. (A) fonns trlbromoproduct, 
thus it is meta-cresol. 

OH ' 

~.©/ ~ 
OCH

3 
. 

, t 
Meta-cresol (A) 

OH 

Br©Br 
CH3 

Br 

(B) 

(ii)Ifthe compound does not dissolve in aqueous NaOH 
and does not give characteristic colour with FeCI 3 , it should 
be a neutral compound, i.e., either anisole (C6HS--':O-CH3) 
or benzyl alcohol (C6HsCH20H). 
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: Problem 30. Write the structures of the products (A), 

(8), (C), (D) and (E) in the following scheme: (lIT 2002) 

° . N. I ~H2CH,cH' 
Cl-'~U . 

Solution: 

N02 _ 

O-CH2-CH=CH2 

(D) 
N02 q CH2CH2CH2CH3 

Cl ~ 
I . 

O-CH2-CH2-CH3 

(E) 

___ -'--_971 

Problem 31. Five isomeric, para-disubstituted aromatic 
compounds (A) to (E) with molecular formula CSHS02 were 
given for identification. Based on the follow(ng observations, 
give structures of the compounds . 

(i) Both (A) and (B) form a silver mirror with Tollens' 
reagent; also, (B) gives a positive test with FeCl3 solution. 

(ii) (C) gives positive iodoform test. _ 
(iii) (D) is readily extracted in aqueous NaHC03 

solution. . 
(iv) (E) on acid hydrolysis gives 1,4-dihydnoxy)ie' 

Solution: Structural fOlmulae of the five isomers (A to 
E) with mole~lar fo~ula CgHg02 are given below: 

A' 
(ij (A) Y. 

CHO 
p-Methoxybenzilldehyde 

(~ ¢ 

(ii)-(C) 
.J . 

• 1 I. I 

CH2CHO 
. p-Hydroxy phenyl 

acetaldehyde 

.¢~~ .. O.H. 

It gives silver mirror test with 
Tollens' reagent because it has 
aldehydic group. 

It has both aldehydic and 
. phenolic groups; therefore, it 
gives . silvermil!or test and 
positive test with FeCh solution. 

o 
II 

This isomer has (-C-CH3) 
group; therefore it gives 
positive test with' NaOHlI2, 

COCH3 
p-Hydroxy acetophenone 

i.e., iodoform test. . 

--
CH3 

(iii) (D) ¢ . It can be extracted with 
aqueous NaHC03 because it 
has carboxylic group. 

(iv) (E) 

COOH 
p-Methyl benzoic acid 

OH 

¢ 
. O-CH=CH2 

p-Hydroxy phenyl 
vinyl e.ther 

It will give 1,4-dihydroxy 
benzene on acid hydrolysis. 



978 

.... ' ' ~ 

• Very Short Answer Type 
1. Fill in the blanks: 

(a) Benzene and toluene are present in ...... fraction of 
coal-tar. " 

(b) All the carbon atoms in benzene are ...... hybridised. 
(c) The ring structure of benzene was proposed by ...... . 
(d) Benzene shows ...... substitution reactions. 
(e) Nitro group in benzene nucleus is ...... directing .. 

It ...... the reactivity of benzene nucleus. " 
(f) Friedel-Crafts reaction occurs in presence of ...... . 
(g) The two aromatic halogen derivatives used as insecticides 

are ." ..... and ...... . 
(h)" Benzyl alcohol and phenol can be distinguished by 

using reagent. . . . . . . 
(i) Benzene reacts with ...... in presence of aluminium 

chloride to form acetophenone. 
(j) Chloral and chlorobenzene in presence of conc. H2 SO 4 

" forms an insecticide called as . . . . . . . 
(k) Oil of Mirabane is chemically called as ...... ". 
(1) Aniline when treated with sodium nitrite and HCI at O°C 

forms benzene diazonium chloride. This reaction is 
termed as....... . " 

(m) Benzene is formed when ...... is distilled with zinc 
&~ " 

(n) Phenolis ...... while C2HsOHis ...... . 
(0) In the formation of salicylic acid by Reimer-Tiemann's 

reaction, phenol is heat.ed with ...... in presence of an 
alkali. 

" (P) Oxidation of toluene into ...... using chromyl 
chloride is commonly called Etard's reaction. 

(q) Benzaldehyde undergoes Cannizzaro's reaction to 
form ...... and....... . 

(r) Benzoin is formed when benzaldehyde is treated 
with ..... . 

(s) Toluene is converted into benzaldehyde by reaction 
with ...... . 

(t) Aniline forms ...... when heated with chloroform and 
alcoholic KOH. 

(u) Aniline is ...... base than ammonia: 
(v) Lieberlnann's reaction i~ given by ...... . 
(w) Phenol is acidic because of resonance stabilization of its 

conjugate base namely . . . . . . . 
(x) Sulphonation of benzoic acid yields ...... . 
(y) When salicylic acid is heated with soda lime, the 

product obtained is .. . . . . . 
(z) Th(! active species in the nitrating mixture is ...... . 

2. Fill in the blanks: . 
(i) In the presence of UV light, benzene reacts with 

chlorine forming . . . . . .. 
(ii) Toluene is more reactive than benzene for ...... attack. 

(iii) 2,4,6-Trinitrophenol is also known as ...... . 
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(iv) Dipole moment of benzene is ...... . 
(v) The bond dissociation energy needed to form the 

benzyl radical from toluene is ...... than the forma-
tion of methyl radical from methane. 

(vi) The structure of the intermediate product formed 
by the oxidation of toluene with er03 and acetic 
anhydride, whose hydrolysis gives benzaldehyde 
is ....... 

(vii) Amongst the three isomers of nitrophenol, the one 
that is least soluble in water is ...... . 

(viii) Formation of phenol from chlorobenzene is an exam-
ple of ...... aromatic substitution. 

(ix) The high melting point and insolubility in" organic 
solvents of sulphanilic acid are due to its ....•. 
structure . 

. (x) Compound formed on distilling sodium benzoate 
with soda lime is . . . . . ., " " . 

(xi) Benzene 'diazonium chloride with cuprous chloride 
andHCI gives. . . . . . . . 

(xii) Phenol when distilled with zinc gives ...... . 
(xiii) On sulphonation of toluene, the sulphonic acid group 

will enter in ...... position. 
(xiv) On nitration of nitrobenzene, the second nitro group 

will enter in ...... position. 
(xv). Benzene on catalytic oxidation at 500°C with ViOs 

as catalyst gives ...... . 
(xvi) Haloarenes are ...... reactive than haloalkanes. 

(xvii) Condensation of phenol with ...... in presence ~f 
conc. H2 S04 gives phenolphthalein. 

(xviii) Benzoic acid is .. ~ ... than acetic acid. 
(xix) Aspirin is an ...... derivative of ....... . 
(xx) Before carrying out nitratio~ of aniline NH2 

is ...... by .. :....' 
3. State, whether the following statements are True or False: 

(a) Benzene has a planar structure. 
(b) Benzene is an unsaturated hydrocarbon and it shows 

addition reactions like alkenes. 
(c) Chlorobenzene is more reactive than benzene as 

chlorine is 0 -,p - directing group. 
(d) Aniline forms phenol when treated with nitrous acid. 
(e) Phenol gives violet colouration with neutral ferric chloride. 
(f) Aniline is obtained by n;duction of nitrobenzene with 

tin and HCI. 
(g) Benzoic acid is steam volatile. 
(h) Both benzaldehyde and nitrobenzene have smell of 

bitter almonds. " 
(i) Picric acid is 2,4,6-trinitrotoluene. 
(j) Phenol evolves carbon dfoxide from sodium bicarbonate. 
(k) Aniline with conc. HN03 and conc. H2S04 forms 0-

and p-nitroaniline. 
"(I) Phenol can be converted into salicylaldehyde on 

treatment with CHC131K0H. 

.. 
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(00) Aniline is weaker base than methyl amine. ' 
(n) Benzene molecule has two different c-C bond lengths 

corresponding to altematesingle and double bonds. 
. (0) If the number of1t-electrons is equal to 4n + 2, the 

system.is aromatic (n can have values 0, 1,2 ... ). 
(P) Phenolphthalein is obtained when phenol is heated with 

phthalic anhydride in the presence of conc. H2S04 , . 

,(q) Benzamide on treatment with NaOH and Br2 forms 
benzoic acid. 

(r) TNT and TNB are insectici<:les. 
(s) Aniline gives foul smell when heated with chloroform 

andKOH. 
(t) In Friedel-Crafts reaction, AICI 3 is an electrophile .. 
(u) All the bond angles in benzene are of 60°. 
(v) Benzaldehyde gives· ied precipitate with Fehling's 

solution. ," . , , 
(w) m-Chlorobromobenzene 'is an isomer of m-Bromo~ 

chlorobenzene. 
(x) 2,4~Dinitrochlorobenzene is less reactive than 

chlorobenzene towards nucleophilic substitution. 
(y) Phenol is more acidic than cresol. 
(z) Both aliphatic and aromatic primary amines respond to 

carbylarnine test. 
4. State, whether the following statements are True or False: 

(i) In benzene, carbon uses aU the three p -orbitals, for 
hybridization. 

(ii) An electron donating substituent in benzene, orients the 
incoming electrophile to the meta-position. 

(iii) Chlorobenzeneis inert to ammoniacal silver nitrate 
but t-butyl chloride gives a white precipitate. 

5. Match the following; 
[A] 
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(iv) Phenol forms 2;4,6-Tribromophen~lwithbi:oniliIe 
water but form only monobromophenol with Be2! CS2. 

(v) Phenol gives salicylic acid on treatment with CHChl 
KOH. ' .. 

(vi) Benzaldehyde'undergoes aldol condensation in alkaline 
medium. 

(vii) Nitrogen is evolved when aniline is treated with 
HN02 at O°C. 

(viii) Benzene diazonium chloride when. warmed with 
dilute H2 SO 4 gives phenol. 

(ix) For the synthesis of fluorobenzene, benzene 
diazonium chloride is heated with HBF4 • 

(x) Aniline is more basic than ethylamine. 
(xi) Phenols having electron Withdrawing group or groups at- , 

. tached to benzene ring are more acidic than phenolitsel£ 
(~ii) All the cQmmon meta directing groups deactivate the 

, benzene nucleus towards electrophilic substitution. 
'(xiii) Nitrobenzene undergoesFriedel~Crafts reaction. 
(xiv) 2,4,6-Trinitrotoluene is more powerful explosive than 

1,3,5-Trinitrohenzene. 
(xv) Aside chain attached on benzene ring'~ oxidised to 

-COOH group. , 
(xvi) Aromatic compounds contain low percentage of car

bon, hence bum with sooty flame. 
(xvii) When Cl 2 is passed through boiling toluene in presence 

" of sunligIrt; substitution in the side chain ~es place. 
(xviii) Toluene forms benz~ldehyde with diLHN03 . 

(xix) Nitrobenzerie when reduced with zinc dust and aqueous 
", NH4 CI, forms mainly phenyl hYdroxyJanrine. 

(xx) Aniline with carbon disulphide forms diplienyl thio 
urea in'presenceof alkali. 

1. C6H6 , CH3CI, anbyd. AlCl3 
2. Insecticides 
3. Explosive 

(a) Electrophilic substitution 
(b) C6HsCOONa+ Soda li:rne 
(c) Phenol + CHCl3 + NaOH 

4. , Benzene, nitric acid and sulphuric' acid 
5. Decarboxylation 
6. Reimer-Tiemann reaction 
7. Etard's reaction 
8. Diazotisation 
9. FeCI 3 solution 

10. Dye test 

L picric acid 
2 .. -COQH· 

'g. --OH 
4. Sandmeyer's reaction 
5. Phenolic acid 
6: Raschig's process 
7. Schotten-Baumann's reaction 
8. Carbolic acid 
9. Wurtz-Fittig reaction 

10. Unsaturated acid 

[8] 

(d) Conversion of toluene to benzaldehyde 
(e) Aniline 
(1) Phenols 
(g) TNT 
(h) ,Friedel~Crafts reaction 

'CD aRC ' 
(j) Aniline, NaN02 and HCI ' 

(a) 0- and p-directing 
(b) Ci;H5NiCI+ CU2C127 HCI 
(c) Manufacture of chi oro benzene ' 
(d) Benzanilide 

, (e) 2,4;6~Trinitrophenol. 
(t) Cinnarnic acid 

" (g) Phenol 
(h) Bromobenzene + Sodium + Methyl bromide 
(i) Meta-directing 
(j) Salicylic acid 

" 
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[C] 
L BHC 
2. Sym. trinitrobenzene. 
3. Oil· of Mirabane 

(a) o-Sulphobenzoic imide 
(b) p-H2NC6H4 S03H 
(c) 8enzaldehyde 

4. Picric acid 
5. Sulphanilic aCid 
6. Anisole 

(d) Acetyl salicylic acid 
(e) Sym. C6H3(CH3 )3 

(t). C6 H6 Cl 6 
7. Aspirin (g) C6 HsOCH3 
8. Oil of bitter almonds 

. 9. Mesitylene 
. (h) Nitrobenzene 

··10. Saccharin 
(i) (OH)C6H2 (N02 )3 

(j) TNB 

(A).,ClassifY the following groupsasortho, para or meta 
directing when present on benzene nucleus. 
(i) -CH3 , (ii) --:-NH2 , (iii) -N02 , (iv) -COOH, 
(v) --OH, (vi) -SQ3 H, (vii) -x (halogen), (viii) 
--OCH3, (ix) -'--CHO, (x) -'--CN. 

(8) Classify the following groups as activating or 
deactivating with respect to further electrophilic 
substitution of tb~ ar9matic ring . 

. (i) -~2 •. :;1i!l:--N02' (TiD -~03H. (iv) -CH3• (v) 
-'--Cl{ lvjf:..::..cyq.· . . 

(~) W)ite·lFte'IUPAC names of the following: 

~>@C'6 (iil 6 CH-CH,C1 

Br 

(iii) 
©r'CH,CH

2
N0

2 ~ (iv) 0 
. CI 

~ 
OH 

~N*N~ (vi) 0 (v) 

NH2 N02 

(vii) c&CH
3 (viii) 

C2HS . 

©-til,J~ . Cc (ix) 

. (~oCH20H 
("') Y 

OH 

OH 
©CHO 

(xii) 
~ ~ -, (,jU) 

. COOCH3 

CH3~-CHO CH=CHCHO 

(xiv) (xv) © 
7. Complete the following equations: 

(i) 2C
6
HsCI + Na Ether) 

(ii) C
6 H6 + Cl2 FeCI3 ) 

(iii) C6HsOH + Br2 H20 ) 

NaOH (aq,) 
(iv) C6HsOH + CHCl3 700C) 

(vii) C6HSNH2 + CH3CQCI Base) 

(viii) C6HsCONHz + Br2 /KOH ~ 

Br2. water 
) 

(x) C
6HSN02 Sn/HCl ) 

(xi) C6HsN2CI + H3P02 + H20 ~ 

(xii) C
6HsN

2
CI Cu 2CI 2/HCI » 

(xiii) C6HS COOH+ NaHC03 ~ 
(xiv) C6HsNz€:1 + C6HsOH ~ 

( ) C H NH 
H2S04(conc.) 

xv. 6 5 Z ) 

l25°C » 
4-7 atTn 

AICl3 (xix) C6H6 +(CH3)3C-CH2Br~ 

[CBSE (Med.) 20061 



(xx) C6 HsOH + FeCl3 ~ 

. 0 

©r
~"-. (i) Br2 (1 equivalent) 

(xxi) . 0 . CH3 (ii) NaB~. ,. 
(iii) Base 

( .. ) 0 ~cH (i) HgS04, H30 ©r
C~-. + 

XXll ,. 
(ii)NH20H 

o 

6 . (i) MeMgBr 
(xxiii) . ,. 

OMe (ii) HCl (aq.) 

CCl3 

(xxiv) © 
(xxvi) H3CCOCOC6Hs + NaOWH30+ ~ 

(xxvii) C6 H6 + (CH3 hCHCH2 0H H2S04
) 

(xxviii) C H CH COOCH (i) CH3MgBr(excess) 
6 5 2 3 (ii) W . ) 

(i) Br2, heat, light 
(ii) NaCN ) .. 

ICBSE (Med.) 2005] 

IAIPMT (Mains) 2009] 

(xxxi) PhCH
2 
-O-CH· . Aq. HI ) <Ph 

. . Ph 
IAIPMT (Mains) 2009] 

(xxxii) ©-!--O-© ~o,. 
IAIPMT (Mains) 2009] 

8. Identify the final product in each reactIon : 

(i) c5' 
(ii) ~. 

CI 

(iii) 

(iv) 

(v) 

• (vi) 

(vii) 

(viii) 

(ix) 

(x) 

(xi) 

(xii) 

CI~CI OMe-
-.(C) 

. N02 

©. C C AlCh\ + H3 H. CHz -----r-\ (D) 

¢ (H,SO, + HPJ. (E) 

o 

¢+HO~· (F) 

o 

COCl 

~. + H, . Pd-BoSO, • (If) 

N02 

CHO 

'. 

© + CH,CH,NH, NaBH1CN, (J) 
Methanol. 

J:;OH 
(xiii) LQJ 

981· 

(K) 
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(XI
'V', ) . '~. o' .COOH. : II(i)~~~F.Ij<' . . . . .• (N) 

. (ii)'H20' . 

N02 . . ;', © CH-'-CO> AICI 
(XV)· .. ·,+ II. '0 --1..,.. (0) 

," CH-CO 
'. . . 

(xvi) rOY. CH
2
COOH AC].O • (P)· 

~COOH 

(xvii) 

(xviii) 

(i) PCIs 
------_ •. (Q) 

(ii) »2, PdiBaS04 . 
(iii) HCN, H30+ . 

KMn04 --_I (R) 

~. COCI 
(xix) ~ 

HF (gas) 
----,--+. (S) 

(xx) 6 
lQlOH 

(xxi) 
~" CHO 

Q 

NaHC03 (aq.) 
-----'_I (T) 

Heat 

2C2HsOH 
--__ I (U) 

(Dry HCI) 

(xxii) ©JCH2CH
=2 

(xxiii) Br@-cH2CH3 

NH2 

(mv) c¢j 

KOH (Ale.), Heat 
----'----'~ (V) 

or AICh 

(i) Mg, ethel:' 
(ii) D

2
0 • (W) 

N02 

(xxv) (0 )-NH-NH-@ 

. . NH2 

(XXvi)OO Oxidation 
~==... (Z) 
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9. Name the final product of the following reactions : 
(i) Benzene is treated with methyl chioride in the pres

ence of anhydrous aluminium chloride. 
(ii) Benzene is treated with acetyl chloride in the pres-

ence of anhydrous aluminium chloride. 
(iii) Phenol is heated with zinc . 
(iv) Sodium benzoate is heated with soda lime .. 
(v) Benzene is treated with fuming nitric acid in presence 

ofconc. H2S04 , 

(vi) Benzene is catalytically hydrogenated. 
(vii) Benzaldehyde is heated with ammonia. 
(viii) Toluene is treatedwith a mixture of conc. HN03 and -_ .... _----

conc. H2S04 , 

(ix) Chlorine is passed through boiling toluene. 
(x) Toluene is heated with acidic potassium pennanga

nate solution. 
(xi) Toluene in carbon tetrachloride is oxidised by chro

my I chloride. 
(xii) Aniline reacts with sodium nitrite and hydrochloric 

acid at O°C. 
(xiii) Phenol is treated with nitric acid in presence of 

H2 S04 , 

(xiv) Bromine is added to phenol. 
(xv) Ammonia is added to benzoic acid and product is 

heated. 
(xvi) Benzamide is heated with phosphorus pentoxide. 
(xvii) Ozone reacts with benzene. 

(xviii) Benzaldehyde reacts with hydroxylamine. 
(xix) Phthalic anhydride is condensed with phenol in pres

ence of conc. H2S04 , 

(xx) Benzaldehyde reacts with hydrogen cyanide. 
10. The following names are inconsistent with the prevalent 

rules. Rename these compounds in accordance with the 
accepted conventions: 
(a) I-Hydroxy-2-nitrobenzene 
(b) 2,4,6-Trimethylbenzene 
(c) 2-Ethyl-l-methylbenzene 
(d) 2-Phenyl-3-butanol . 

. ( e) 3-Bromo-I-chlorobenzene. 
11. Give the structure and names of the following substances: 

(a) TNT, (b) DDT, (c) PABA, (d) Picric Acid, (e) Saccharin, 
(f) Aspirin, (g) Mesitylene, (h) Pyrogallol, (i) Phenacetin, 
G) Sulphanilic acid. . . . 

12. Write the structures and names of all the (a) dichlorinated 
and (b) trichlorinated derivatives of benzene. 

13. Name each of the following substituted biphenyls: 

CI 

(a) <0>-<0> 
Bf 



Aromatic Compounds 

14. Write the structures and names for all the possible isomers 
of benzene derivatives having the following molecular 
formulae: (a) CgHIO' (b) C9H12 and (c) C6H2F4 . 

15. Arrange the following: 
(a) Benzene, toluene, methoxybenzene and chlorobenzene 

in the order of reactivity towards sulphonation with 
fuming sulphuric acid. .. ..'- .. 

(b) -OH,-O: and -OCOCH3 in decreasing order of 
•••• •• 

activating effect towards electrophilic substitution. 
(c) C6HsCH2CH2CI, C6HsCHCICH3 and 

C6HsCH=CHCI in,·, the order of their decreasing 
activities with alcoholic silver nitrate. 

(d) CH3CH2Br, C6HSBr and C6HsCH2Br in order of their 
. decreasing activities with KCN. 

(e) C6HsOH, m-CIC6H40H and p-CIC6H40H in 
. decreasing order of their acidity. 

(f) m-N02C6H40H, C6HsOH and P-N02C6H40H m 
decreasing order of their acidity. 

(g) 0-, m- and p-bromophenol in order of increasing 
basicity. 

(h) 0-, m- and p-nitrophenol in order ofincreasing basicity. 
(i) Carbonic acid, phenol, p-nitrophenol and benzoic acid 

in order of increasing acidity. 
(j) m-Cresol, phenol, m-chlorophenol and m-nitrophenol in 

order of increasing acidity. 
(k) C6HsCOOH, p-OHC6H 4COOH, p-CH3C6H 4COOH, 

p-CIC6H4 COOH, p-BrC6H4 COOH, 
P-N02 C6H4COOH in decreasing order of acidity .. 

(I) p-Toluidine, N,N-dimethyl p-toluidine, p-nitroaniline, 
aniline in order' of decreasing basicity. . 

(m) Methylamine, dimethylamine, aniline, N-methyl aniline 
in order of decreasing basicity. 

(n) NH3 , CH3NH2,C6HsNH2,(C6Hs hNH,(C6HshNin 
order of decreasing basicity. 

.:. Shon: Answer Type 

16. Identify the unknown compounds: 

(a) © HN03 (A) 
Br, 

(B) ~ (C) ,. - ,. 
H2S04,50°C FeBr3 HCI 

© HN03 ,. (A) HN03 .. (B) (NH4h~ (C) 
lhS04,50°C H2SO4, 

iOO°C 

(b) 

© Sn 
(A) 

NaN02 (B) H20 .. (C) - .. 
HCl He\, ooe Heat· 

(c) 
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CHO (e)© (i) CH3Mg1 
(ii) Hel (dil/ (A) 

Mild 
(B) 

Oxidation 

Br2 
NaOH .. (C) + (D) 

(f) ©S03
Na 

NaOH .. (A) (i)C02 ,. (B) NaOH(CaO),. (C) 
.' Fuse (ii) Hel Heat 

N02 (g)© 
CU2Ch .. (D) 

N~ HO 

(h) © N..:'.~!,l(A) :!. (B) %~" (C) + (D) 

CH3 CH2CN 

(i) © (A) ,. © ~(B) 19;... © 
Anhyd. AICb hv 

. . 

H30 +,. (D) SOCh .. (E) . Benzene,. (F) 
AICb 

G) C
6
HsCOOH (A\ C

6
HsCOCl NH3) (B) (C) C

6
HsCN 

(k) C6HsCOOH PCls .) (A) NH3) (B) P20\ C
6
HsCN 

H2/Ni) (C) 

(A) (i) NaOH, fuse.. (B) 
(ii) W 

CHClz 

(n) ell; ~ CH,B, (~~i (B) (C). © H,om: 

(D 

. N0
2 

(O)tQJ 
OH 

N02 

CH=NOH 

.--(F) _© 
Sodium acetate (E) 

Acetic anhydride 

SnlHO .. (A) NaN02 .. (B) Boil,. (C) 
HCl 

Me2S04 .. (D) KOH,. (E) SOCh .. (F) NH3,. (G) ~ (ll) 
KOH NaOH 

(L) • Soda lime (K) ..JQl (1) .. cr03 (1)" HNo2 i . 
Heat 
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1l't' 

.. ------~ .. ---

(q)(A) PCIs ) C6HsCOCI NH\ (B) (C\ C6HsCN 

--=--) (D) . COCI2) (E) 

OH 

(;)© Dil.HN03 (A) + (B) 
[0] 

(C):+- (D) .. .. 
HN03 

(s) ©N~ NaNChIHCI 
(A) 

Anisole .. (B) .. 
SOC 

N02 ~.--

CHO 

(t) © + CH3COOC2Hs 
CzHsONalC2HsOH 

(A) . .. 
Heat 

l 
(u) rQYC-OH6' 

~CH{~ 
---=-.. (A) AICh. (B) , 

Zn-Hg 
(HCI) II (C) 

o 
OMe II 

. (v) ©+ ()o (i) AICl3 . ZnIH ~-~ .. (A) g .. (B) 
(ii) H30 HCI 

II o 

How will you prep~e benzene from? 
(i) Phenol, (ii) Benzoic acid, (iii) Benzene sulphonic acid, 
(iv) Acetylene, (v) Aniline, (vi) Nitrobenzene, (vii) Toluene. 
[ !'!li:(v) and (vi) 

~H5N02 Sn/HCt) ~H5NH2 NaNOz/HC1) ~HsN2CI 
Nitrobenzene Aniline Benzene diazonium 

chloride 

SnCI2 
~ 
NaOH 

CJ16 
Benzene 

18. How will you obtainJoluene from? 
(a) Toluic acid, (b) Cresol, (c) Bromobenzene, (d) Benzene. 

19. How is chlorobenzene prepared from? 
(a) Benzene, (b) Benzene diazonium chloride, (c) Aniline. 

. 20. Give the method of preparation and important" properties 
and uses of following compounds: 
(a) Aniline, (b) Phenol, (c) Benzaldehyde, (d) Benwic acid. 

21. Answer the following: 
(i) Prove that benzene molecule has three double bonds. 

(19 Give two examples which prove that benzene be
haves differently than aliphatic unsaturated hydrocar
bons. 

(iii) Give the resonance structure of benzene. 
. (iv) Discuss the molecular orbital structure of benzene. . 

(v) Give the geperal mechanism of electrophilic substitu-
tion. 

(vi) Give the mechanism of nitration of benzene. 
(vii) Give the mechanism of halogenation of benzene. 

(viii) Give the mechanism of Friedel-Crafts reaction. 
(ix) Why -NH2 group acts as ortho-para-directing ? 
(x) Why -N02 group acts as meta-directing? 

(xi) State the conditions under which chlorination of tolu
ene occurs in benzene ring and in the side chain. 

(xii) Chlorobenzene is less reactive as compared to ethyl 
chloride. . 

[Hint: The lower reactivity pf chlorobenzene is due to partial 
double bond character of C-CI bond, i.e., it is shorter 
and stronger bond in comparison to C-CI bond in ethyl 
chloride.] 

(xiii) Phenol is more acidic than ethyl alcohol. 
(Hint: Phenoxide ion in phenol undergoes resonance stabiliza-

tion.] . 
(xiv) Phenol is an acid but does not react with NaHC03 . 

[Hint: Phenol is weaker acid than carbonic acid.] 
(xv) Aniline is less basic than ammonia. 
[Hint: Aniline pas resonance structure and the lone pair of elec

trons on nitrogen atom is less available for coordination. ] 
(xvi) Aniline is always acetylated before nitration with acid 

mixture. 
[Hint: Aniline is easily oxidised by oxidising agents. It is thus 

necessary to protect NH2 group by acetylation.] 
(xvii) Acetophenone or reaction with hydroxylamine hy

drochloride can produce two isomeric oximes. Write 
the structures of the oximes. 

[ Hint: The structures of two isomeric oximes are: 

(xviii) Although phenoxide ion has more number of resonat
ing 'structures than benzoate ion, benzoic acid is 
stronger acid than phenol. Why? 

[ Hint: The resonating structures are: 
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Th· benzoate ion is morestabiliseQ because the negative 
charge is on the more electronegative oxygen atom, 
wbereas in phenoxide ion, it is on the less electro negative 
carbon atoms. This causes benzoic acid to be a stronger 
acid than phenol.] 

(xix) Nitrobenzene .does not undergo Friedel-Craft$ 
alkylation. 

[Hint: The nitro group in nitrobenzene strongly deactivates the 
benzene ring. This decreases the reactivity of benzene to
wards Friedel-Crafts alkylation. J 

(xx) 0 - Hydroxy benzoic acid is stronger than p-hydroxy 
benzoic acid. Why? 

[Hint: . The anion from salicylic acid is stabilized by 
. intramolecular hydrogen bonding which does not exist in 

p-isomer .. 

Salicylate ion 

(xxi) Why o-hydroxy benzaldehyde is a liquid at room 
temperature while. p-hydroxy benzaldehyde is a high 
melting solid? ' . 

[Hint: o-hydroxy benzaldehyde involves intramolecular hy
drogen bonding hence it is a liquid because its 
intermolecular forces is low. On the other hand, 
p-hydroxy benzaldehyde involves intermolecular hydro
gen bonding and therefore it is solid. 

H 
I 

rQYc~? 
~O/H 

~ ... H ..•.. c ••• -••• -O~H 

~ ~ 
H-C=O·-·--····-····H-O o-Hydroxy 

benzaldehyde p-Hydroxy benzaldehyde 

(xxii) Aniline does not undergo Friedel"Crafts reaction. 
[ Hint: Because lone pair of. -NH2 group undergoes 

coordintaion with l;.ewisacid catalyst (AlCI3), i.e., the 
group btycomes electron withdrawing (m-directing and 
deactivating) .. 
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(xxiii) Mineral acid is added in excess in diazotisation of 
aryl amines. 

[Hint: To keep the mixture strongly acidic which is necessary 
to prevent coupling of benzene diazonium chloride with 
excess of aryl amine. . 

@N-N"+@NH,~@N~N@NH,] . 
22. How will you prepare the following compounds from 

benzene? 
(i) Chlorobenzene,. (ii) Nitrobenzene, (iii) Benzene 
sulphonic acid, (iv) Phenol, (v) Toluene, (vi) Acetophenone,
(vii) Aniline, (viii) BHC, (ix) Glyoxal, (x) Trinitrotoluene, 
(xi) Resorcinol,· (xii) Salicylic acid, (xiii) m-Nitrophenol, 
(xiv) Benzaldehyde, (xv) Benzoic acid. 

23. How will you obtain the following from toluene? 
(a) Benzaldehyde, (b) TNT, (c) TNB, (d) Benzoic acid, 
(e) Benzene, (f) Saccharin. 

24. What products are obtained by reduction of nitrobenzene 
under different conditions? . 

25. What happens when aniline reacts with following? 
(i) Acetyl chloride, (ii) Bromine water, (iii) Nitrous acid, 
(iv) Benzaldehyde, (v) Fuming sulphuric acid. 

26. How will you ohtain the following from phenol?· 
(i) Benzene, (ii) Chlorobenzene, (iii) Picric add, 
(iv) Aniline, .(v) Phenolphthalein, (vi) Salicylaldehyde. 

27. How will you obtain the following from benzaldehyde? 
(a) Cinnamic acid, (b) Cinnamaldehyde, (c) Benzene, 
(d) Benzyl'alcohol. 

28. How will you obtain the following from benzoic acid? 
(a) Benzamide, (b) Benzaldehyde, (c) Aniline, (d) Benzene, 
(e) Benzoyl chloride. 

29. How will you obtain? 
(a) p-Chlorobenzaldehyde from benzene. 
(b) o-Bromobenzoic acid from toluene. 
(c) Adipic acid from benzene. 
(d) o-Chlorotoluene from toluene. 
(e) m-Iodophenol from benzene (via diazonium salt 

reaction); 
(f) Benzyl alcohol from benzene (via Grignard reaction). 

30. How may benzoic acid be prepared from each of the 
following substances? 
(i). Toluene, (ii) Benzene, (iii) Phenyl cyanide, (iv) 
Benzaldehyde, (v) Benzyl alcohol, (vi) Benzoyl chloride, 
(vii) Benzotrichloride. 

31. With specific compounds write equations for the reactions 
involved in the following conversions: 

. (i) An aromatic hydrocarbon to its hydroxy derivative. 
(ii) An aromatic hydrocarbon to its next higher 

homologue. . 
. (iii) An aromatic hydrocarbon to- its next lower 

homologue. 
(iv) An aromatic hydroxy compound to an aromatic 

hydrocarbon. 

32. How the following pairs can be distinguished? 
(i) Benzene and ethanol. 
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~ns. (a) Ethanol gives iodoform test benzene does not. 
(b) Benzene burns with sooty flame while ethanol burns 
with non-luminous flame.] 

(ii) Phenol and benzoic acid. 
~ns. (a) Phenol gives violet colour with ferric chloride solution, 

benzoic acid does not. 
(b) BenzoiC acid gives effervescence with aqueous 
NaHC03 solution, phenol does not.] 

(iii) Phenol and glycerol. 
~ns. (a) Phenol gives violet colour with aqueous ferric chloride 

solution while glycerol does not. 
(b) Glycerol on heating with KHSO 4 give~ a pungent odour 
compound, acrolein, the aqueous solution of which gives 
Schiff's reagent test while phenol does not.] 

(iv) Phenol and ethyl alcohol. 
~ns. (a) Phenol gives violet colouration with FeCl3 aqueous 

solution, ethyl alcohol does not. 
(b) Ethyl alcohol gives iodoform test, phenol does not.] 

(v) Chlorobenzene and benzyl chloride. 
~ns. Beflzyl chloride gives white precipitate with ethanolic 

silver nitrate solution while chlorobenzene does not.] 
(vi) Styrene and ethyl benzene. 

~ns. (a) Styrene decolourises purple colour of dilute cold 
KMn04 solution. Ethylbenzene does not react. 
(b) Styrene rapidly decolourises red colour ofBr2 in CCI4. 
Ethylbenzene does not react under ordinary conditions.] 

(vii) "Ethylbenzene and o-xylene. 
~ns. Ethylbenzene gives benzoic acid (m.pt. 122°C) on 

oxidation with KMn04 while o-xylene gives phthalic acid" 
(m.pt. 184°C)] 

"(viii) p-Bromotoluene and benzylbromide. 
[Ans. Benzyl bromide produces a light yellow precipitate with 

alcoholic silver nitrate solution while p-bromotoluene does 
not.] 

(ix) Aniline and ethyl amine. 
~ns. Aniline reacts with nitrous acid (from NaN02 + HCl) at 

0-5°C to form a diazonium salt which gives a red dye with 
alkaline solution of I>-naphthol while ethyl amine reacts 
with nitrous acid to produce nitrogen gas (seen as bubbles.)] 

(x) Benzaldehyde and acetophenone. 
[Ans. (a) Benzaldehyde forms silver mirror with an ammoniacal 

silver nitrate solution while acetophenone does not. 
(b) Acetophenone forms yellow "precipitate of iodoform 
with an alkaline solution of 12. Benzaldehyde does not 
react] 

(xi) Benzaldehyde and acetaldehyde. 
[Ans. (a) Acetaldehyde gives iodoform test, benzaldehyde does 

not. 
(b) Acetaldehyde gives red precipitate with Fehling's 
solution while benzaldehyde does not react.] 

(xii) Benzoic acid and cinnamic acid. 
[Ans. Cinnamic acid being unsaturated" compound "decolourises 

bromine water in CCI4. Benzoic acid does not react.] 
(xiii) Phenol and salicylic acid. 
[Ans. Phenol when heated with phthalic anhydride in presence of 

2-3 drops of conc. H2S04 forms phenolphthalein which 
gives pink colour with NaOH solution. Tills test is not given 
by salicylic acid. 
Salicylic acid gives effervescences with NaHC03 solution 
while phenol does not.] 

(xiv) Benzaldehyde and nitrobenzene. 
[Ans. (a) Benzaldehyde reduces Tollens' reagent" while 

nitrobenzene does not. 

G.R.B. Organic Chemistry for Competitions 

(b) Benzaldehyde gives pink colour with Schiff's reagent 
but nitrobenzene does not. " 
(c) Nitrobenzene on reduction gives aniline which exhibits 
dye test. Benzaldehyde does not give dye test.] 

33. Explain the following with at least one example : 
(i) WUrtz~Fittig reaction 

(ii) Diazotisation 
(iii) Sandmeyer's reaction 
(iv) Reimer-Tiemann's reaction 
(v) Friedel-Crafts reaction 

(vi) Kolbe's reaction 
(vii) Cannizzaro's reaction 

(viii) Perkin reaction 
(ix) Liebermann's nitroso reaction 
(x) Claisen condensation 

34. How will you prepare m-bromo iodo benz~ne from" 

benzene? 
35. (i) Complete the following, giving the structures of the 

principal organic products: 

Ph>=<H 
(a) - +KNH2 ~ 

Ph Br 

(b) Me~I+cu+Heat -

©Me " 
(c) + (COOEth + EtONa -
" NH2 

Me 

(dl © -
(elQ 

o 

(f)O + CHBr3 + t-BuOK" -

(ii) Each of the" following reactions gives two products. 
Write the structures of the products. 

Alc. KOH, heat 
(g) C6H5CH2CH(CI)C6H5 ----'---~) 

NHCOCH3 (hl© Br2,Fe 
• 

36. Show the steps to carry out the following transformations: 
(i) ,Ethylbenzene ~ benzene" 

"(ii) Ethylbenzene ~ 2-phenyl propionic acid 
37. (a) Write the intermediate steps for each of the following 

reactions: 
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(ii).·~· ..t!:. ~' ... 
~OH ~OACH . . . 3 

(b) Explain briefly the fonnation of the products giv~g the 
structures of the intennediate. 

(iii) Q." OCH . NaNH
2

• r\-_ 3 NH3 ')=1_ OCH3 

Br • NH2 

38. Complete the following reactions with appropriate reagents: 

(a) [} ~ --.&.. --L D 
(b) < . )NHJ-CHa~~~~ ~ )N02 

39. What would be the major product in each of the following 
reactions? [lIT 2000] 

(i) ~(Ph.~ 
~n~b Br 

~ 
(ii) L-J CH3 -'L=-=i-ndl""'"ar-H=..,s 2:...ca-ta..,-\y-st .... 

F 

0:,....1· (iii) ~ 

N02 

o 

(iv) c6N~ ) Br2/Fe (1 eq.) .. 

40. Identity the unknown compounds: 

6
0 '

CH
3 

(i) ( CH
3 

o ' 

[lIT 2000] 

(A) ~ (B) ~)r. " -cir 

(ii) d 4 (Z) (f) .. ClH3N f ". Br 
(X)ll(Y)~ -

. , Br 

(Roorkee 2001) 
Give the structures of (A), (B), (X), (Y) and (Z) if 
reagents a, b, c, d,e and f are Br2 /CH3COOH, 

• 

987 

[Roorkee 2000] 

(iv) 0 
[Roorkee 2000] 

[liT 2000] 

(vi) Phr<H ---..(K) 

H. CH3 [CRSE (Med.) 2008] 
41. How would you bring about the following conversions? . 

(i) Aniline into benzylamine (in three steps). [lIT 2000) 
(ii) 4-Methoxy phenol from bromobenzene (in not more 

than five steps). ' . [lIT 2001) 
42. Structure of some reactants and products are given in 

column I and II respectively. First match the appropriate 
reactant-product pair from column I and II and then suggest 
another suitable reagent for each pair: 

. Column I 

'(i) 0 
(ii) 0 
~CHO 

(iii) 0 

Column II ta)aI 

(b) (' )-cH=CH-CH3 

O H 
(c) '-~H 

'-OH 

. ~~ ',' ~CH(OCzH5)2 
(iv) "=I_'il--.-. H~H=CH2 (d) 0 

43. Convert: 
COOH (0)6 
OH 

(b) 6 -+ Aspirin 

(c) PhCN to PhCOPh 

[Roorkee 2001] 

(not more than 
3 steps) 

[lIT 2003] 
[AIPMT (Mains) 2009] 

, 
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44. There is a soiution of p-hydroxy benzoic aCid and p-amino 

benzoic acid. Discuss one method by which we can separate . 
them and also write dOW1l the confirmatory tests of the 
functional groups. [lIT 20031 

45. Match each of the compounds given in Column I with the 
. reaction(s), that they can undergo with one or mori 
statement(s), given in Column II. [lIT 2009J 
Column I Column II 

. (i) . ('r----fBr 

~O) 

(ii)VOH 

CC
CHO 

(iii) I· . 
# OH 

CC. Br 
(iv) I 

# N02 

(P) Nucleophilic substitution 

(q) Elimination 

(r) Nucl~philic addition 

(s) Esterification with acetic anhydride 

(t) Oehydrogenation 

46. Match the reactions in Column I with one or more 
appropriate options in Column II.. (lIT 20101 
Column I 

(A) @-N2CI+@-OH 

INaoHlH2o 
oue 

@-N=N~H 

Column II 

(P) Racemic mixture 

(q) Addition reaction 

(r) Substitution reaction 

(s) Coupling reaction 

(t) Carbocation 
intermediate 

. G R B Organic ChemistrY/llr Cqmpetjtions 

ANSWERS. 

1. (a) ,;light oil; (b) sp2; (c) Kekule; (d) electrophilic; (e) meta. 

decteases; (f) anhydrous aluminium chloride; (g) DDT and BHC; 
(h) ferric chloride or Br2 water; (i) acetyl chloride; (j) p, p'-Dichloro
diphenyl trichloroethane, ·DDT; (k) nitrobenzene; (I) diazotisation; 
(m) phenol; (n) acidic, neutral; (0) carbontetrachloride; 
(P) benzaldehyde; (q) benzyl alcohol, benzoic acid; (r) potassiUm 
cyanide; (s) chromyl chloride; (t) phenyl isocyanide; (u) weaker; 
(v) phenol; (w) phenoxide ion; (x) m-sulphobenzoic acid;(y) phenol; 
(z) NO; .. 

2. (i) Benzene hexachloride; (ii) electrophilic; (iii) picric acid; (iv) zero; 
(v) greater, (vi) benzylidene diacetate, CJfsCH(OOCCH3)2; 
(vii) o-nitrophenol; (viii) nucleophiHc; (ix) dipolar ionic; (x)Oenzerie;~-
(xi) chlorobenzene; (xii) benzene; (xiii) ortho and para; (xiv) meta; 
(xv) maleic anhydride; (xvi) less; (xvii) phthalic anhydride; 
(xviii) stronger; (xix) acetyl, salicylic acid; (xx) protected, 
acetylation. 

3. (a) True; (b) False-it does not show addition reactions like 
alkenes; (c) False--chlorobenzene is less reactive than benzene; 
(d) False- aniline fonns diazonium compound with nitrous acid; 
(e) True; (f) True; (g) True; (h) True; (i) False-2,4,6-trinitrophenol 
is picric acid while 2,4,6-trinitrotoluene is TNT.; (j) False-does 
not decompose; (k) False--oxidation occurs; (I) True; (m) True; 
(n) False-same C--C bond lengths due to resonance; (0) True; 
(P) True; (q) False-benzamide. on treatment with NaOH and Br2 
fonns aniline; (r) False-explosives; (s) True; (t) False-AICI3 is a 
catalyst, produces electrophile when reacts with one of the reactants; 
(u) False-120o; (v) False-benzaldehyde does not reduce Fehling's 
solution; (w) False-same compound; (x) False-more reactive than 
chlorobenzene; (y) True; (z) True. 

4. (i) False-in benzene carbon uses only two p-orbitals for 
hybridization; (ii) False-electron donating group orients the 
incoming electrophilic group to ortho- and para-positions; (iii) 
True; (iv) True; (v) False-phenol gives salicylaldehyde; (vi) 
False-does not undergo aldol condensation; (vii) False-fonns 
diazonium salt; (viii) True; (ix) True; (x) False:--aniline is less basic 
than ethylarnine; (xi) True; (xii) True; (xiii) False-nitrobenzene 
does not undergo Friedel-Crafts reaction; (xiv) False-TNT is less 
powerful explosive than TNB; (xv) True; (xvi) False-aromatic 
compounds contain high percentage of carbon and hence, bum with 
sooty flame; (xvii) True; (xviii) False-toluene forms benzoic acid 
with dil. HN03; (xix) True; (xx) True. 

S. [A] (I-h), (2-i), (3-g), (4-a), (5-b), (6---c), (7--<1), (8-j), 
(9-f), (IO--e). . 

[B] '(l-e), (2-i), (3--a), (4-b), (5-j), (6---c), (7--<1), (8~g), 
(9-h), (IO-f) . 

. [C] (I-f), (2-j), (3-h), (~i), (5-b), (6-g), (7--<1), (8-c), 
(9-e), (IO-a). 

6. (A) (i), (ii), (v), (vii) and (viii) are 0- and p-directing groups. 

(iii), (iv), (vi), (ix) and (x) 'are meta-directing groups. 
(B) (i) and (iv) are activating groups: 

(ii), (iii), (v) and (vi) are deactivating gr(>ups, 
(C) (i) 3~Chlorocyclohex-l-ene; (ii) 3-Chloro-I-phenylpropcl" ene; 

(iii) I-Bromo-3-chlorobenzene; (iv) 2-Phenylnitroethane; 
(v) 4-Nitrobenzamine; (vi) 2,4,6-Trinitrophenol; 
(vii) 2-Methyl-benzamine; (viii) N-Ethyl-N-methylbenzamine; 

. (ix) N-Benzyl-N-ethylbenzamine; (x) 2,6-Dimethylphenol; 
(xi) 4-(Hydroxy methyl) phenol; (xii) Methyl-3-hydroxy ben
zoate; (xiii) 2-Phenylethana1; (xiv) 2-Phenylpropanal; 
(xv), 3-Phenylprop-2-en-l-al. 
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7. (i) 2CcJisCI + 2Na - <0>-< 0) + 2NaCI 

Diphenyl 

(ii) C1;H(; + Cl2 FeC13
) QIsCI + HCI 

Chlorobenzene 
OH 

H20.. Br©O· •. Br (iii) C6HsOH + 3Br2 + 3HBr 

Br 
.... 2,4,6-Tribromophenol 

. . . 3NaOH(aq.) ©OH . 
(lV) CcJisOH + CHCl3 ... + 3NaCl + 2H20 

70°C CHO . 

Salicylaldehyde 

OH 

H2S04 02
N
©0 N02 

(v) CcJisOH + 3HN~ ... + 3H20 

N02 
2,4,6-Trinitrophenol 

(vi) C6HSCH3 + 102 V2.0s) CcJisCOOH + H20 
Benzoic acid 

\vii) C1;HsNH2 + CH3COCl Base) C1;HsNHCOCH3 + HCl 
. Acetanilide 

( ''') C H CONH Brz/4KOH r u 
Vl1l 6 5 2 .) '""'6H SNH2 + 2KBr + K 2C03 + 2H20 

. Aniline· 

(ix) CcJiSNH2 + 3Br2 -

NH2 

Br©Br +3HBr 

Br 
2,4,6-Tribromoaniline 

(x) C1;HsNOz + 6[H] ---?> C1; HSNH2 + 2H20 
Aniline 

(xi) QIsN2CI + H3P02 + H20 ---?> C1;H(; + N2 + HCI 
Benzene 

CUZQ2 
(xii) C1;HsN2CI HCl) C1;HsCI + N2 

Chlorobenzene 
(xiii) C1;HsCOOH + NaHC03 ---?> QIsCOONa + CO2 + H20 

Sodiwnbenzoate 

(xiv) CcJisN2CI + CcJisOH - CcJisN=N-@OH + HCI 

p-Hydroxyazobenzene 

(xv) CcJisNHz + H2S04 - CcJisNH3HS04 

NH2 

-H20.. CcJiSNHS03H - © 
(xvi) ©O ~Na + CO2 125°C ~ 

4.7atm 

S03H 
Sulphanilic acid 

©OH 

·0 ~OONa 
Sodium ~licylate 

(xvii) C1;H6 + cO + HCl AlCI3). C1;HsCHO + HCI 
Benzaldehyde 

989 

CH3 
. AlCI I· 

(xix) C1;H(; + (CH3)3C-CH2Br --4 .QIs-r-CHzCH3· 

CH3 
I, I-Dimethyl propyl benzene 

(~) 6C1;H;OH + FeCI3 ---?> (QIsO\;Fe + 3HCI + 3H+ 
Complex 

~C==CH 
(xxii) 0 . 

~ 
OMgBr oH 

(XXiii)·· MeMgBr ~~ . Aq. HC~ Q. 
10 Me Me 

O~ ~. e 

<><Xiv) © Ch
lF
,. -©a 

CH3 

I 
QIs-C-COOH 

I 
OH 

(This rearrangement is known as benZilic acid rearrangement.) 
CH3 

H2S04 rH ci CH (xxvii) C1;H(; + (CH3)zCHCHzOH ) "1i 5- - 3 
BaSed on Friedel-Crafts reaction I 

CH3 

2-Metbyl-2-pbenyl 
propane 
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2-Methyl-l-phenyl . 
propan-2-o1 

. . Brl" . 'NaCN 
(XXIX) CJiSCH2CH1 · r) ~HsCHCH3 ~ C6HsCHCH3 

. . Heat,lgbt I' . 'I . 

Me . 

i=(X", 
. OH 

(-H20) 
• 

Br CN 

(l(Me 

V'Me 

2-Pheny\ 
propane nitrile 

, ,<Ph A I Ph> 
(xxxi) PhCH2-O-CH q. H ) PhCH20H + CHI 

. Ph Ph 

cI.k .. OMe CI 
(C) 9 

N02 

~
OH (byl:4 

(F) addition) 

Cl 
(~~ 

OH OH 

OH CHO 

(6) ©rCH'~~ ¢ (I) ~ 
N02 

h.H. OCH} ~-CH 9 (L) LQJ' 
CHO 

G.R.B. Organic Chemistry (or Competitions_ 

~
COOHOH 

(M) 0 
I I 

o 

©r
ll . 

O -CH=CHCOOH 
(0) 

OH 

~ ~
CH(OC2HSh 

(1) 0 (U) 0 
OH 

COOH' 

(I') ~CH~CH' 

(~~. (Y).@-NH2 ©CCOOH 
(2) 0 

CooH 

, N~ 

9. (i) Toluene, (ii) Acetophenone, (iii) Benzene, (iv) Benzene,· 

[('2.~ttTri~>='(l~~ ~:~:;::::~:~::-i" 
~H5CH=N . . . 

. (ix) Benzyl chloride, (x) Benzoic acid, (xi) Benzaldehyde, 
(xii) Benzene diazonium chloride, (xiii) Picric acid, 
(xiv) 2,4,6-Tribromot>henol, (xv) Benzamide, (xvi) Phenyl cyanide, 

. (xvii) Glyoxal, (xviii) Benzaldoxime, (xix) Phenolphthalein, 
(xx) Benzaldehyde cyanohydrin. 

10. (a) 2:Nitrophenol (b) 1,3,5-Trimethylbenzene (c) l-Ethyl-2-methyl 
benzene or 2-Ethyltoluene (d) 3-Phenyl-2-butanol. (e) I-Bromo-3-' 
chlorobenzene or m-Bromochlorobetp:ene. 

CH}. 

IJ:(a) 02N@N02' 

N02 

2,4,6-Trinitrotoluene 

COOH 

(c) © 
p-Aminobenzoic acid 

~) ::~~~CHCCI' 
4,4' -Dichlorodiphenyl 

trichloroethane 

OH 

02
N©N0

2 (d) 

N02 
2,4,6-Trinitrophenol 
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©

CO)NH 
S02 

(e) (t) ©OCOCH3 
COOH 

Acetyl salicylic acid 

, OH 

Q-Sulphobenzoic imide 

CH3 

(g) ©-H3C - CH3 

(b) ©~: 
1,3,5-Trimethylbenzene 

OC2Hs' 

1,2,3" Trihydroxy benzene 

(i) ©. (j) © 
NHCOCH3 

p-Ethoxy acetanilide 
S03H 

Sulphanilic acid 

12. (a) There are three di-isomers: 
CI CI CI 

©CI ©-'" 
- CI © 

CI 
~ ,2-Dichlorobenzene 1,3-Dichlorobenzene 1,4-Dichlorobenzene 

m m m 
Q-Dichlorobenzene m-Dichlorobenzene p-Dichlorobenzene 

(b) There are three tri-isomers: 
CI _ ci, CI 

CI©CI ©~ ©" 
CI 

1,2,3-Trichlorobtmzene 1,2,4-Trichlorobenzene 1,3,5-Trichlorobenzene 

13. (a) 2~Bromo-2'-chlorobiphenyl, (b) 3,5,2' ,6'-Tetramethylbiphenyl, 
(c) 2,4'-Dibrom0.4-nitrobiphenyl. 

14, (a) ©t, ©CH', ©CH: © 
Ethylbenzene:Q-Xylene m-Xylene CH3 

- - CH 
CH< 3. 

©
CH3 0, 

p-Xylene 

CH3 - CH3 ©::- ©CH', 
n-Propylbenzene Isopropylbenzene 1,2,3-Trimeiliyl CH3 

_ 1,3,5-triIn,ethyl
benzene " 

F 

(c) ©:' 
F 

1,2,3,4-Tetratluoro-
benzene -

CI 

15(a) ©- < 

Chlorobenzene 

- benzene 1,2,4-Trimethyl 
benzene 

©
CH

3 CzHs, ©CH

3 , ©CH

3 

CzHs ' 
CzHs 

2-Ethyltoluene 3-Ethyltoluene 4-Ethyltoluene 

1,2,3,5-Tetrafluoro
benzene 

1,2,4,5-Tetrafluoro
benzene 

©<'© 
OCH3 

<© 
Benzene Toluene Methoxy benzene 

991 

[-OCH3 and -CH3 are _activating groups. In methoxy group, the 
oxygen atom has two lone pairs of electrons due to which 
mesomeric and electromeric effects operate while in -CH3 group 
only inductive effect operate to activate the benzene ring, -CI is a 
deactivating group,] 

-(b) -0": > OH- > -OCOCH3 
- (c)CJ!sCHClCH3 > G-,HsCH2CH2CI > G-,HsCH=CHCl 
(d) G-,HsCH1Br > CH3CH2Br :> CJfsBr 
(e) m-CIG-,H40H > p-CIG-,H40H > CJ!sOH 
[Chlorine causes -/ effect which decreases with_ increasing distance 
between -CI and -OH. The meta-position being more closer than 

_ the para-position.] -
(t) p-N01G-,H40H > m-N02G-,H40H > CJ!sOH 
[-N02 group is electron withdrawing and acid strengthening. Its 
resonance effect (which occurs from 0- and p-positions) 
predominates over inductive effect.] 
(g) o-bromophenol < meta-bromophenol < p-bromophenol: 
[Acidity decreases as the distance of electron withdrawing substituent 
increases from -OH group.] 
(h) p-nitrophenol-:>;: o-nitrophenol < m-nitrophenol. 
(i) phenol < p-nitrophenol < carbonic acid < benzoic acid. 
(j) m-cresol < phenol < m-chlorophenol < m-nitrophenot-
(k) P-N01<;H4COOH > P-CI<;H4COOH > P-Br<;H4COOH 

> CJisCOOH > p-CH3G-,H4COOH > p-OHG-,H4COOH 
(I) N;N-dimethyl p-toluidine > p-toluidine > imiline > p-nitroaniline. 
(m) Dimethylarnine > methylamine> N-methyl aniline> aniline. 
(n) CH3NH2 > NH3 > G-,HSNH2 > (CJ!S)2NH > (G-,HS)3N 

16. (a) (A) Nitrobenzene; (B) m-bromonitrobenzene; 
(C) m-bromoaniline. 

(b) (A) Nitrobenzene; (B) m-dinitrobenzene; (C) m-nitroaniline. 
(c) (A) Aniline; (B) benzene diazonium chloride; (C) phenol. 
(d) (A) m-Nitroanifue; (B) m-nitrobenzene diazonium chloride; 

(C) m-chloronitrobenzene. _ -
(e) (A) I-Phenyl-l-ethanol; (B) acetophenone; (C) bromofonn; 

(D) sodium benzoate. _ 
(t) (A) Sodium phenolate; (B) salicylic acid; (C) phenol. 
(g) (A) m-Bromonitrobenzene; (B) m-brQmoaniline; 

- (C) m-bromobenzene diazonium chloride; 
(D) m-bromochlorobenzene. 

(h) (A) Benzene diazonium chloride; (B) phenol; (C) o-salicyl
aldehyde; (D) p-salicylaldehyde. 

(i) (A) CH3CI; (B) C6~CH2Cl; (C) KeN; (D) C6~CH2COOH; 
(E) C6~CH2COCl; (F) CJfsCH2COCJfs. 

(j) (A) PCls; (B) C6~CONH2; (C) P20 S' 

(k) (A) CJfsCOCl; (B) C6~CONH2; (C) C6~CH2NH2; 
S03H OH 

_ (I) (A) ©-- -; (B) ©-
S03H OH 

(m) (A) CJIsCN; (B) G-,HsCOOH -
(n) (A) Br2. light; (B) G-,HsCH3; (C) C12, light; (D) CJ!sCHO; 

(E) G-,HsCH=CHC()OH; (F) NHpH 

NOz 

(0) (A) ©; (B) HsCzO@NHz; 

OC2Hs 

(C) HsCzO( 0 )N2CI; (D) H5C2~@N N@oH. 

• 
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OH 

(D)©" 
NOz 

NO 

.. ' .t 

CHzCOOH (C)© ; 
OH 

CHiCOCI 

(1') © 
OCH3 

w©J" 
OCH3 

" OCH3 (L)©. 

N2Cl N N~ NO CH3 

(s) (A) © 2; (B) ©NOz " 

N~ NOz . 

(t) (A) CJlsCH=CHCOO~Hs. 

o ~ 0 

~C-:©l II 
(u) (A) ~ 0 ; (B) rQYC~ ; 

CHz ,~CH~ 
, (C) rOY' 'CH:©. ,2 . 

~ 0 
CH2 

(w) (A) OH q CH3 

CH3 
, OH 

G.R.B. Organic ChemistrY fi" C . . . ,or ompetltlOns 

(x) (A) CJ1P==CCH3 ; 

(y) (A) G,HsCHBrCHzBr; 

(z) (A) G,HsCH=O; 

COOH 

HotKMn04 • ©Br 

(e) G,~ H2/Pd) G,H12 CI2 

CyC\ohexane W G,HIICI ChlorocyC\ohexane 

Ale, 

CH3 

NaNOz ©Cl 
HCI " 

N2CI 

© ©
Br MgBr CH OH 

(f) 0 ~ 0 ~© (i)HCHO.@z 
Ether (") + 

. • 11 H /H20 

31. (i) G,~ r H CI NaOHl300oC 
Benzene '-'6 S ) CJisOH 

Chlorobenzene 200 atm. press. Phenol 

(ii) G,~ Friedel-Crafts 
Benzene reaction) G,HsCH

3 Toluene 

(iii) G,HsCH3 [0] r J.l 
Toluene KMn0

4
) ""li"'SCOOH 

Soda lime 
Heat ) ~ Benzene 



Aromatic Cqmnounds 

34. © 

35. (i) (a) Ph--C==C-Ph; (b) Me-@-@-Me 

. 0 
. '. U 

(C)@CH2--C..-:.cOOEt.(d) H3C-:~ .. 0' ......•... i"' (CH3»)' 
. NOl ····.·· ~ 

. . . 

CH2 (.) 6 Br .. , 

(f) 0 
Cc;HS) (' H ~HS) '. <<4Is 

(ii) (g) c=c +. c=c. 

36. (i) 

H CJls H H 
(Major product) 

NHCOCH3 NHCOCH) 

(h) ©JBr + © 
Br' 

©CH,cu, [0]. rGH 
Sod,n"". 

KMn0 4 .l.8J © 

'0' OCH3 sr" , 
,,,. NaNH2 

(111) .. IIq Id NH" 
;:".," • U 3 . 
. ~ . H 

Benzyne 
(2,3-Aryne) 

O
·OCH3":· 

p .' 

~ .. "
NH

2 

3-Melhoxy .amino 
benzene 

Th~ r~ac'tioriproCeeds t~~gh bellzyne mechanislA JEliminatiop 
addition:'m'eChanism) ins~ead' of SN2mechanism,. 'J' . . . 

(a) ~ ... '. ·.Q:lH~. ~o' LiAIH4 • ~"'H. 6oru::H2S04 '. LJ (1) LJ [HI ~~. . ... . ~"'" (~. "-,,,,,,,,;" . ('-'.It 
. . .. . J 

. . . 
. Cyclopentene 

.' '."" 0 .... " ." '.' 

(b) O· ·'NH~~CH3W~20 .. Q .. 'NH2 NaN~2+HC~'Of. '~Ndi . (7). . ." .G-'5"C . 
- .'. . . • -'-' . (8).' - . 

. Aniline Benzene di- . 
azonium chloride 

.(9) t NaNO'Cu 

~ )N' 0 412~O ( ')N~-
. c' 2. (10) • .""~ "- . -

I 
. .. . . 

3,5-DHodo-1-nitro
benzene 

Nitrobenzene 

39. (i) ~ 
(ii) U 'CH3 

, .. ~CH3 '. (C) .Jv. CH3 
40. (i) (A) V 'A--ONa;. (B)CHBr);. V . 

. Br . 

(H) (.4) O'~H'; (B) o,~NH' 
Br . 

(X) OBr; ; (Y) ~N--O--Br' 

(Z) o,N--Q?r. 
. . Br 

(X
CH3 

(iii) (E) . . 

. Bt 
. -':,." ,:-.'~ 

(iv) (F) (X"';(GJ 0 
.. '7'L Br 

.r'ans 

. OH (8)0 .' 



;-,. 

(v) (I) .. & ( 

(Caprolaetum); (J) +CO(CH2)sNH-in 
, Nylon 

(vi) (K) Ph-CH-CH2CH3 

~r ' 

41. (i) 

1-8romo-l-phenyipropane 

0 
Aniline 

Bromo
benzene 

NaN02+HCI 

(o..,.saC) 

KCN (] 
2) 

, orCuCN 

orH2INi 

Benzylamine 

In MeONa, ¢OMe ~¢O~' 
y' ~ ~ 

N02 N02 " NHz 

NaN02 + HCl 1 
(o..,.S°C) 

¢ .H~O 9' 
OH N 2CI 

, 4-Methoxy phenol 

42. (i) (e), Cold, di!. neutral KMn04 or HCOOH or aq. KMn04 or 
OsO/aq. NaHS03 

[0 Co'ldil . .-J.-•• C£i:] 
(ii) (a), Reagent -ICI or IzIHN03 or HgO or IzlFe 

[0 ~:=;.., ... erll 
] 

G.R.B. Organic Chemistry {Or Competitions 

(iii) (d), Reagent-:-CzHsOHldry HCI or HCI 

[ 
r""'J(CHO 2C,!!,OH; r""'J(b(OC'H,)J 
~ (dry HCI) 0 ,J 

(iv) (b), Reagent-Ale. KOH, heat or AlCI3 or H+ 

[~HZ-CH=CH2 KOH (ale.), Heat 
~ or AICl3 

COOH 

43.(0) 6 &
COOH 

r SnlHCI 

~ NOz 

(i) NaNOzlHCI 

(o..,.S"C) 
(ii) HBF4 

OH OH" OCOCH3 

6,' (i) CC4 , ,hCOOH (CH~C?hP h COOH 

(b) ~ I NaOHCaq.)V Pyridme V 
(ii) H+ ", , , 

Sabcybc acid Aspmn 

, Ph, Ph 
PhMgBr' I H.n+ I,' 

(c) PhC==N, ) Ph-C-'-NMgBr ~ Ph-C=O 

44. The treatment ofthe solution with HCI causes p-aminobenzoi~ acid 
to dissolve, in it" while p-hydroxy benzoic acid 'remains 
undissolved. Treating the acid solution with alkali, it will cause the 
recovery of p-amino benzoic acid. 
Both the compounds give effervescence with NaHC03 indicating 
the presence of -COQH group. 
The group -NH2 can be confirmed by carbylamine test or azodye 
test. 
The phenolic -OR group can be confirmed by the FeCI 3 test which 
gives violet colour. ' 

45. A-(p,q,t); B-(p,q,s,t); C-(r,s); D-(p) 
46. A-(r,s); B-(t); C-(p,q); D-(r) 

. . " ' . . 

PROBLEMS BASED ON STRUCTURE AND PROPERTIES 
! , 

,probl,~m 1. " A hydrocarhon (A) with molecular formula , 
.C8H~gqve the following reactions: 

, (i) Qn~~~'fing wi!~ bromine, a bromo derivative (B) with 
the compositIOn CgHsBr2 was formed. " 
" (iz) ",The rapid oxida#on of hydrocarbon with alkaline 

KMn04 gave a monobasic ({cid (C)" ' " 
'(iii) The ticid (C)onidisiillation with soda lime gave 
bellzene. " 

, Deduce the structures of (A), (B) and (C) and name the,' 
compound (A). 

Solution: The compound (A) fonus an addition 
compound with bromine, hence (A) should be an unsaturated 
hydrocarbon. Since, (A) on oxidation gives a monopasic acid 
which on distillation with soda lime forms beIlZene, (A) should 
be a benzene derivative having unsaturated side-chain. 

, The possible hydrocarbon(A) cart be: 

"'©JCH, CH2 

o 
Vinyl benzene ( styrene) 



Aromatic Compounds 

CH CH2 CHBrCH2Br 

ReactioDS: © + Br, - © ... 
(A) (8) CgHgBr2' 

I 'COOH ' 

~ ©.' Sodalime .. ©, .' 
Alk.KMn04 '. 

Benzoic acid (C) Benzene 

The name of hydrocarbon (A) is styrene. ': 
Problem 2. Compound' (A), having art' empirioal . 

formula C7Hg, is chlorinated in sunlight to give a prochtct(B),. 
which on hydrolY$is gives a compound (C). (C) gives d 
positive test with Tollens' reagent, and with sodium acetate 
and acetic anhydride gives an acid (D), with equivalent weight 
148.15. Identify (A); (B), (C) and (D) and explain 'the 
reactions involved. . 

t 
CH) 

Hint: @ S~~~ght" 
. (A) 

Cl 
, CH<Cl 

© 
(B) 

CHO 

HOH .. ,© 

Problem 3. When bromobenzene is monochlorinated 
two isomeric compounds (A) and (D) are· obtained .. 
Monobromination of (A) gives several isomeric products of 
molecular formula C6H3ClBr2 while monobromination of (D) 
yields only two isomers (C) and (D). ComPfJund (C) is 
identical with one of the compounds obtained from the 
bromination of (A), however (D) is totally different from any of 
the isomeric compounds obtained from the bromination of (A). 
Give the structures of (A), (B), (C) and (D) and also structures 
of isomeric monobrominated products of (A). Support your 
answer with reasoning. 

Solution: Bromine is 0-, p-directing, hence ortho and 

para products are formed. 

Br Br Br Br Br 

©r~©~©~©B\r© 
(A) CI Cl 
lB~ ~ ~ 

. Br Br . Br Br 

©~: + Br©O + Br©a + ©O 
(i) (ii) . (iii) Br 

(iv) 

Cl 
. (C) 

Products ortholpara to bromine and chlorine are formed. 
Compound (C) is identical with (ii) but (D) is different 

from (i), (ii), (iii) and (iv). 

Problem 4. An acid (A)CgH702Br on bromination in 

presence ofFeBr3 gives two isomers, (B) aruJ (C) offormulp. 
,CSH602Br2' 'Vigorous oxidation of (A), (B) and (C) gives 
acids (D),(E) and (F) ,respectively. (D) C7Hs02Br is the 
strongest acid among all of its isomers, whereas (E) and (F) 
each has a molecular formula of C7H402Br2' Give the 
structure·s of (A) to (F)witnjustijication. . fRoorkee 2000] 

CH COOD . CHicOOH CH COOH . 

©fsr, .. @=:: ' -~ Br~r~ ..... "t-.: .-

f\.ns •. 

(A) (B) (C) 

COOH CooH 'CObH 

©rBr ©r: .. #1 
Br 

(D) (E) (F) 

Problem 5. An'organiccompound (A), CgH40 3• in dry 

benzene in ihe presence of anhydrous AlC13 gives compound 
(D); The compound (D) on treatment with PCls,followed by 
reaction with H2/Pd-BaS04 gives compound (C), which on 
reaction with hydrazine gives a cyclised compound (D) of 
formulaC I4H lON 2' Identify (A), (B), (C) and (D). Explain the 
formation of (D) from (C). flIT 2000] 

Solution: 

o 

Q? .. II,\, 0 
, 

I 0,+," 
~ ~ 
. . I 

o 
Phthalic anhydride 

(A) T6H~ 

(XI C~O' H2IPd 

.~ c,rO BaS04 

. I 
H 

(C) 

(-2HzO) ! HzN-NH2 

T~5 

. v, I.,·· ~ CX
C~ 

~ 'C9-N 

k 
(D) 

o 
II 

(X~ IC'(]l 
C-CI 

. II . . 0 

The formation of (D) from (C) may be explained as 
follows:' " , 



_ [r;fx", 0~2 _ 
'~~2 

0- , 

C
6H

5 COH] oeC6H5 

@' NiH ~ ~N 
I 1'--'" -' I 'I 

,~ , " '~-LH " ,,~ #N 

(OH 

Problem 6. A Grignard reagent (A) and a haloalkene 

(B)reacttogether to give (C). Compound (C) on heating With 
KOH yieldS a mixture of two geometrical isomers, (D) and 
(E), of which (D) predominates; (C) and (E) have the same 
molecular formula and (C) gives l-bromo-3-phenyl propane 
on reaction with HBr in the presence of a peroxide. Give 
structures of (A} (B) and (C) and configurations of (D) a1id 
(E) with rellSons. (Roorkee 1001) 

.S~lution. Since, (C) gives I-bromo-3-phenyl propane 

on reaction with HBr in the presence of a peroxide, therefore, 
eC) is 3-phenyl prop-l-ene. 

~2CH CH, + HBr Poro,;:". 
, '(C) , 

, @-cH,CH,CH,Br 
I-Bromo·3·phenyl propane 

B~cause (C) ~d (E) have same molecular formula, 
therefore, they, are isomers and the reaction is: 

(C) KOH) (D) + (E) , 

it is a isomerization reaction. 
So, (D) and (E ) are 3-phenyl prop-2-ene. 

'@;to, ' ':":""C<H and@;t--:c<CH
3 

/ CH3 / H 
, ,H H 

(D) (E) 

Since, (C) is obtained by the reaction of a Grignard 
reagent (A) with haloalkene (B), therefore, (A) and (B) are: 

~,O r H2MgBr+.BrCH=CH2• ' 

~, (B), " 

or (A), !(5\ r'H2CH=CH2 

~ (C) 

,1(5\, M, gBr + BrCH2--CH=CH2.J 
~ (B) 

(A) -
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Problem 7. An alkene (A), C16H16 on ozonolysis gives 

only one product (B), CSHgO. Compound (B) on'reaction with 
NaOHll2 yields sodium benzoate. Compound (B) reacts with 
KOHlNH2NH2 yielding a hydrocarbon (C)CSHlO' Write the 
structure of compounds (B) and (C). Based on this 

,information two isomeric structures can be proposed for 
alkene (A).' Write their structures and identify the isomer 
which on catalytic hydrogenation (H2 /Pd-C) gives a racemic 
mixture. lIlT 2001) 

IAns. (A): ~H5>C=C<~H5; (B): C~5>C , 0;, 

CH) CH3 CH3 
(C): C;'HsCH2CH3 

'[~HS>C "C<
CH

3]-,-H-,,-2/P,,--d.C_) 

CH3 '" ~Hs , 
Trans 

Problem 8. Compound CA) CgH9NO is insoluble in 
Q,,~ dilute acid (A) when treated with KMn04 (acidic) gives 

nitrogen free, compound (B). (B) is soluble in aq. NaHC03 
solution and gives only one mononitro substitution product. 
What are (A) are (B)? 

CH3 COOH 

IAns. (A) @' ' , (B) '© '] 
C9NHz COOH 

Problem 9., Compound (A) CgH9CI is hydrolysed by 

aqueous KOH to form (B), CSHlOO. (B) on mild oxidation 
gives (C) which gives positive iodoform test. What are (A), (B) 
and (C)? 

~ns. (A) ~5CHCICH3; (B) ~H5CHOHCH3; 

(C) ~H5COCH3] 
Problem 10. An organic compound (A) C6H4N 2°4 is 

reduced by (NH4hS and gives (B) C6H6N 20 2 • (B) on 
reaction with NaN02 + HCI at O"C followed by the action of 
CU2Cl2/HCl gives (C) C6H40 2NGl. (C) on. treating with 
NaOH at high pressure and temperature gives (D) C 6H50 3N 
which is steam volatile. What are (A) to (D)? 

, <N02 , <N02 

[Ans. ~4 ; ~4 ; N02 ' NH2 
(A) (8) 

Orrha Orrha 

<N02 <N02 

~4 .; ~H4 ] 
, Cl . OH 

(C) (D) 
Orrha Ortha 
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I···· '. §IT!! OBJECTIVE OUESTION~ 
SET I: This set contains questions with single correct answer. 

I. Aromatic compounds are: 
(a) open-chain compounds 0 
(b) closed-chain compounds 0 
(c) both open and closed-chain compounds 0 
(d) closed-chain compounds which are structurally similar 

to benzene 0 
2. Coal-tar is a main source of: 

(a) aromatic compounds 
(b) alicyclic compounds 
(c) aliphatic compounds 
(d) heterocyclic compounds 

3. The general formula of arenes is: 

(a) CnHZn 0 (b) CI1 H2n - 4 

(c) CnH2n + 2 0 .(d) CnHZll _ 6 

4. Benzene was discovered by: 

o 
o 
o 
o 

o 
o 

(a) Cavendish 0 (b) Faraday 0 
(c) Berzelius 0 (d) Wohler 0 

5. Mark the fraction of the coal-tar distillation in which . 
benzene and toluene both are present: 
(a) light-oil 0 (b) middle-oil 0 
(c) heavy-oil 0 (d) anthracene-oil 0 

6. Which one of the followjng statements is wrong? 
(a) At:omatic compounds are richer in carbon content 0 
(b) Aromatic compounds burn with smoky flame 0 
(c) Aromatic compounds are generally unstable 0 
(d) Aromatic compounds show substitution reactions 0 

7. The ring structure of benzene was first proposed by: 
(a) Wohler 0 (b) Faraday 0 
(c) Kekule : 0 (d) Baeyer O· 

8. The carbon-carbon bond order in benzene is: 
(RCECE (Med.) 2008) 

(a) i 0 (b) between I and 2 0 
(c) 1.5 0 (d) 2 0 

9. The carbon-carbon bond length in benzene molecule is: 
(a) 1.54 A 0 (b) 1.39 A 0 
(c) 1.33 A 0 (d) 1.20 A 0 

10. The carbon atoms in benzene are: 
( a) sp 2 -hybridized 0 (b) sp-hybridized 0 
(c) Sp3 -hybridized 0 (d) non-hybridized 0 

11. The benzene molecule is: 
(a) trigonal 0 (b) tetrahedral 0 
(c) planar 0 (d) pyramidal 0 

12. The C-C-C bond angle iri benzene is: 
(a) 90° 0 (b) 60° 0 
(c) 109° . 0 ,(d) 120Q 

, 0 
13. The centric formula of benzene was proposed by: 

(a) Dewar D (b) Baeyer and Armstrong 0 
(c) Ladenberg 0 (d) Kekule 0 

14. The number of 1t-electrons in b~nzene rrlolecule is: 
(a) 6 0 (b) 3 0 
(c) 5 0 (d) 4 0 

IS. Benzene gives mainly: (DPMT.2007] 
(a) substitution reaction 0 (b) addi,tion reaction 0 
(c) elimination reaction 0 (d) all of these 0 

16. Six carbon atoms of benzene are of: 
(a) one type 0 . (b) two types 
(c) three types 0 (d) six tYPes 

o 
tr 

17. The compound that is most reactive' towards electrophi~ic 
substitution is: 'f [AiVlu (Engg.) 2,O~91 
(a) toluene 0 (b) benzene 0 
( c) nitrobenzene 0 (d) benzoic acid , 0' 

18. The decreasing order of reactivity towards e1ectropiu1i~ . 
, substitution reaction of the following compounds, 

benzene, chlorobenzene, nitrobenzene, toluene is: 
1 2 3 4 

IPMT(Kerala) 20081 
o (b)4>1>3>2) 0 
o \ d) 4 > 2 > I > 3 O. 
o 

(a) 1> 3> 4 > 2 
(c) 4 > I> 2 > 3 
(e) 2 > 4 > I > 3 

19. The nitro group in nitrobenzene is: 
(a) ortho-directingD 
(b) meta-directing OJ 
( c) para-directing , 0-
(d) ortho- and para-directing 0 

20. Which of the following is meta-directing group? 
(a) -COOH 0 (b) -OH .0 
(c) -NHz 0 (d) -CI ,0 

21. Disubstituted 
type/types. 
(a) I 

derivatives of benzene are or.,_ ,', .. 

o (b) 2' 0 .-
,(c) 3 o (d) 6 0 

22. Nitration of benzene is: 
(a) nucleophilic substitution 
(b) nucleophilic addition 
(c) electrophilic substitution 
(d) electrophilic addition 

(RCECE (Med.) 20051 

o 
O. 
o 
o 

23. The function of anhydrous aluminium chloride in the 
Friedel-Crafts reaction is: 
(a) to absorb water 0 
(b) to absorb hydrochloric acid 0 
(c) to produce-.an electrophile 0 
(d) to produce nucleophile 0 

, ,24. Chlorination of benzene in the presence of halogen carrier is 
an example of: ' [PET (Kerala) 2010] 
(a) aromatic nucleophilic substitution 0 
(b) aromatic electrophilic substitution 0 
(c) aromatic nucleophilic addition 0 
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i 

, (d) aromatic electrophilic addition 
, ' (e) free' radical substitution .' ' 

o 
o 

25. In the nitfutionofberizene with a mixture of conc.' HN03 

ll;1ld conc. Hz S04, the active species involved is: 
[VMMC 2007; DCE (Engg.) 20071 

(a) N03- o '(b)~Qi 0 
(c) NOz 0 (d) NOz + 0 

26. In the sulphonation of benzene, theelectrophile involved is: 
[CET (Karnataka) 2009) 

(a) HS04 0 (b) S03 0 
(c) SOz 0 (d) S0;42- 0' 

27. Among the following groups, the group that deactivates the 
, benzene ring for further electrophilic s4bstitution, is: 

(a) methyl 0 (b) annno 0 
(c) hydroxyl 0 (d) chloro 0 

28. In the halogenation of aromati~ nucleus, the halogen carrier, 
is used to generate the species: 
(a) CI. 0 (b)Cl+ 0 
(c) cr 0 (d) CI 0 

29. When sodium benzoate is heated with soda lime, we get: 
(a) toluene 0 (b) ethylene 0 
(c) benzene 0 (d) aniline 0 

30',Which is most reactive towards electrophilic reagent? 
[CBSE (PMT) Prelims 2010) 

CH3 CH3 ' 

<a) @-OH 0 (b). @-CH2OH 0 

CH3 ' " CH3 

(c) 
@-NHCOCH, 0 (d) @-OCH, 

0 

31. The reaction; 

C6HSBr +2Na +CzHsBr ~ C6H sCzH s +2NaBr 

is known as: 
(a) Friedel-Crafts reaction 0 
(b) Wurtz reaction 0 
(c) Sandmeyer's reaction 0 
(d) Wurtz~ Fittig reactiop 0 

32. In Friedel-Crafts reaction for preparation of toluene, the 
reactants in,addition to anhydrous AlCl 3 are: 
(~) C6HsCI + CH4 0 (b) C6Hc5 CI + CH3CI 0 

. 'r_ 

(c) C6H6 + CH4 0 (d) C6H6 + CH;CI 0 
33. When phenol is distilled with zinc dust. the main product is: 

(a) biphenyl ,GJ (b)·.{lCllzene, 0 
(c) benzaldehyde 0 (d) ph'cnolphthalein 0 

~q. ['L'l1zenereacts witl!- acetyl chloride in presence of 
,anhydrous' aluminium chloride to fonn: 
(a) acetophenone 0 (b) phenyJ acctate 0 
(c)chlorobenzene 0 (d) bCllt:oic at:id 0 

35. hen benzene is treated with conc~ HN93' at room 

temperature, it will give: ' 

f 
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(a) ~Oz and HzO 0 (b) nitrobenzene 
(c) m-dinitrobenzene . 0' (d)' no~e ~f th~~e c,'; 

36. Nitration of benzene is 6tfried oui with:" '" '" .,' 

(a) HN03 (dil.) 

(b) HN03 (conc.) 

(c) HN03 (fuming) 

(d) HN03 (conc.)+ HZS04 (conc.) 

o 
o 

o 
o 
o 
o 

37. In the preset1ce of iron catalyst, benzene reacts with chlorine 
to form: 
(a) chlorobenzene 0 (b) benzene hexachloride 0 
(c) hexachlorobenzene 0 (d) none of these 0 

38. The reaction of chlorine with toluene in presence of ferric ' 
chloride gives pfedominantly: [AIEEE 2007] 
(a) benzoyl ~hloride 0 (b) m-chlorotoluene ' 0 
(c) benzyl chloride 0 (d) 0- and p-chlorotoluene 0 

39. Nitration of benzene in presence of cone. Hz SO 4at 100°C 

gives: 
(a) nitrobenzene 
( c) o-dinitrobenzene 

o (b) ~dinitrobenzene 
o (d) p-dinitrobenzene 

o 
o 

40. Toluene may be oxidised to benzaldehyde by the use of: 
(a) KMn04 + HZS04 0 (b) K2CrZ07 + HZS04 0 
(c) Cr02Clz 0 (d) all of these 0 

41. Given are cyclohexariol (I)~- acetic acid (II), 
2,4,6-trinitrophenol (ill) and phenol (IV). In these the order 
of decreasing acidic character 'will be : 

[CBSE (PMT) Prelims 2010] 
(a) ill> II > IV > I 0 . (b) II > III > I > IV 0 
(c) II > III > IV> I 0 (d) III > IV > II > I 0 

42. The oxidation of toluene to benzaldehyde', with cmomyi 
, chloride in carbon tetrachloride is called: , 

(a) Sandmeyer's reaction 0 (b) Perkin's reaction . 0 
(c) Fittig reaction 0 (d) Etard's reaction 0 

43. In Raschig's process for the preparation of chlorobenzene, 
the reactants are: 
(a) C6H6 and Clz 
(c) C6H6 + HCI + 02 

q (b) C6HsOHand PCIs 

o (d) C6HsOHand HCI 

o 
o 

44. Chlorobenzene when condensed with chloral in the 
presence of conc. H2 S04 yields: ' 

, (a) Gammexane 0 (b) DDT 0 
(c)TNB 0 (d) C6Cl 6 0 

45. The chemical name of DDT is: 
(a) dichloro dinitrotoluene 
(b) dichloro dimethyl toluene 

, (c) p;p'-dichloro diphenyl trichloroethane 

(d) none of the above 
46. Gammexane is: 

o 
o 
o 
,0 

, (a) hexachlorobenzene 
(c) p,dichlorobenzene' 

o (b) benzene hexachloride 0 
o (d) chlorobenzene 0 

47. Chlorobenzene.is commercially prepared by: 
(a) Dow's process o (b) Deacon's process 0 
(c) Raschig's process IJ, (d) Etard's process 0 
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48. Chlorobenzene can be prepared by reacting aniline with: 
[AMU (Engg.) 2009) 

(a) HCI a~dCu2C12 0 
(b) chlorine in presence ofU.V. light 0 
(c) chlorine in prese~ce of anhydrous AICl3 0 
(d) nitrous acid followed by heating with CU2Cl2 0 

49. In a set of reactions, ethylbenzene yielded a product(D). 

&CHzCH3 KMn04) (B)~(C) C2HsOH) (D) l8J KOH. FeCI 3 H+ 
. . . 

(D) would be : [CBSE (PMT) Prelims 2010) 

(a) &CHz4H-COOczHs 0 
l8J Br 

~l6 
~Br 

CH2COOC2H5 

COOH 

(Cle . 
~OCH2CH3 

COOCiHs 

O(dle · ~Br 

o 

o 

50. When sodium benzene sulphonate is fused with sodium 
hydroxide (solid), the product formed is: 
(a) benzene 0 (b) phenol 0 
(c) benzene triphenol 0 (d) none of these 0 

5 l. Which of the following acids is strongest? 
(a) C6H5S03H 0 (b) CH3COOH 0 
(c) C6HsCOOH 0 (d) (COOHh 0 

52. Artificial oil of bitter almonds or oil of Mira bane isHthe name 
given to: 
(a) chlorobenzene 0 (b) benzaldehyde O' 
( c) aniline 0 (d) nitrobenzene 0 

53. Nitrobenzene, when redu~ed with tin and hydrochloric acid, 
i. e. , in acidic medium; the product formed is: 

. (a) aniline 0 (b) 1?enzene 0 
(c) phenylhydrazine . 0 (d) nitrobenzene .0 

54. Nitrobenzene on reduction with Zn dust and aqueous NH4 CI 

forms: IAIIMS 2006; EAMCET (Engg.) 20071 
(a) C6HSNH2 '0 (b) C6HSNO 0, 
(c) C6HSNNC6H5 0 (d) C6HSNHOH 0 

55. Nitrobenzene' on electrolytic reduction in strong sulphuric 
acid solution gives: 
(a) aniline 
(c) p..aminophenol 

o (b) phenyl hydroxylamine 0 
o (d) hydrazobenzene 0 

56. Aniline on treatment with nitrous acid (NaN02 + HCI) at 

O°C, forms: 
(a) phenol 
(b) nitrobenzene 

o 
o 

999 

(c) nitrosobenzene 0 
(d) benzene diazonilim chloride 0 

57. The substituent which is predominantly ortho-para 
directing'. but. deactivating in aromatic electrophilic 
substitution: [PM]' (Kerala) 2010]' 
(a) -N02 0 (b}-OH 0 
(c) "':'-OCH3 . 0 (d) -CH] 0 
(e) -CI 0 

58. Which one of the following is most reactive towards 
aqueous NaOH? 
(a) C6HsCl 

(c) C6HSBr 

o (b) C6HsCH2CI 

o (d) BrC6H4Br 

59.Benzene diazonium chloride when reacted with 
hypophosphorus acid, produces: 
(a) phenol 0' (b) phenyl phosphate 0 
(c) benzene ,0 (d), phenyl phosphite 0 

60. AniliIJ.e on treatment with aqueous bromine gives: 
(a) 2,4,6-tnbromoaniline 0 (b) o-bromoaniline 0 
(c) 2,4-dibromoanilineO (d) p-bromoaniline .. 0 

61. Aniline on heating with fuming sulphuric acid gives: 
(a) aniline sulphate 0 
(b) sulphimilic acid 0 
(c) aniline 2,4-disulphonic acid 0 
(d) nitrobenzene 0 .• 

62. The products of the reaction between C6H5NH2', CHCl3 

and KOH are: (BCECE (Med.) 2007) 
(a) C6HsCI + NH4CI + KCI ' 0 
(b) C6HsCN + KCI + H20 

(c) C6HSNC+ KCI+ H20 

(d) C6HsOH + NH4CI + H20 

o 
D· 
o 

63 •. The above reaction is called: 
(a) Carbylamine reacfion [] (b) Sandmeyer's reaction 0 
(c) Wurtz reaction 0 Cd) Perkin's reaction C] 

64. Aniline is separated from a mixture by: 
(a) fractional, crystallisation. ' 0 
(b) fractional distillation 0 
(c) steam distillation 0 
(d) vacuum distillation 0 

65. Aniline when treated with acetyl chloride in presence of 
. alkali, the product formed is: ' [BCECE (Med.) 2007,1 
(a) acetanilide I;J (b) benzoyl chloride' ' 0 
(c) acetophenone iO (d) aniline hydrochlonde 0 

66. When aniline is heated with benzaldehyde, the product is: 
(a) benzoin 0 (b) Schiff base '0 .' 
(c) Unsaturated acid 0 (d) azoxy benzene 0 

67. In the reaction, ' , 

C H NH· NaN02 + HCI) (A) CuCN ) (B) H+ IH20 ) (C) 
6 S 2. 0-50 C KCN , 

the product (C) is: 

(a) C,6HSCH2NH2 . 

(c) C6HsOH 

o (b) C6HsCOOH 
•• j. -. 

o (d) none of these 

o 
o 



68. Benzene ·diaz()hituD.Chi~9,de o~ hYo/0lysi's ~ive~: 
(a.)'.benZen~ .. ' . O~:;(p)::bftJlZYl alrehol .. :. l:h .. 
(c) phenqI'. 0 '(d) cliiorobenze~e '.0 

69. When benZene diazoniumchlorideis treated With cuprous 
. chlQride in HCI, chlorobenzene is formed. This reaction is 
called: . . 

(a) Perkin's reaction 0 (b) Etard's reaction 0 
(c) Gattermann reaction 0 (d) Sandmeyer's reaction 0 

70. When phenol is treated with excess of bromine water, it 
gives: 
(a) m-bromophenol o (b) 0- and p-brolllOphenol 0 
( c) 2,4-dibromophenol 0 (d) 2,4,6-tribroIl)ophenol' 0 

71. Which of the following is an insecticide? 

(PET (MP) 2007) 
(a) DDT 0 (bYCHCI 3 0 
(c)CHI3 0 (d)CF3-CF3 O· 

72.Picric acid isa yellow coloured qompoum~. Its chemical 
name is: . ' 'IVMMC 20031 
(a) trinitrobenzene 0 (b)2,4,6-trinitrophenol 0 
(c) trinitrotoluene 0 (d) trinitroaniHn~ .0 

73. Sodium phenoxide when heated with CO2 under pressure at 

125°C gives: 
(a) sodium benzoate. 0 (b) salol. 0 
(c) sodium salicylate 0 (d) saJicylaldehyde 0 

74. Phenol when condensed with phthalic anhY41'ide in presence 
of conc. H2S04, yields: 
(a) methyl orange 0 (b)phenolpnili,alein' O. 
(c) phenol red ,. . 0 (d) salicylic acid . . . 0 

7s.Phenol is heated with CCl4 and alk.KOH.to form salicylic 

acid. The reaction is known as: 
(a) Friedel-<;:rafts reaction ' . 0 
(b) Rosenmund r~ction 0 . 
(c) Reimer-Tiemann reaction 0' 
(d) Perkin's reaction 0 

76. Phenol reactS with bromine in carbon di~ulphide at low 
temperature to give: . 
(a) m-bromophenol 0 (b) 0- and p-bromophenol 0 
(c) p-bromophenol 0 (d) 2,4.6-tnbromophenol 0 

77.Phenol is also called: 
(a) salicylic acid 0 (b) benzyl alcohol 0 
(c) carbolic acid 0 (d) salol' [J 

78.Phenols do not react with: 
(a) s.Odium bicarbonate 0 (b) sodium hydroxide P 

, ", (c) potassium hydroxide 0 (d) ferric chloride 0 
79.Phenois react wjth ferric chloride solutjon.:to.give: 

(a) blue colouration ' 0 (b) purple,colourati9m d, q, . 
. (c) green colouration 0 (d) all of these i 0 

<'I. Phenol is less acidic than: 
(a) p-nitrophenol 0 (b) ethanol D 

(c) cresol IJ (d) benzyl alcohol 0 

'O.R.B.: Organic Chemistry for Competitions 

IU. I~ ,~€l" reaction, ' , 

C6HsCH29 Aq.NaDH) (AY ~~:~) (B), 

(B) is: . ~ . 
(a) benzoic acid 0 (b) phenol ,0 
(c) toluene 0 (d) benzaldehyde 0 

82. The Cannizzaro's reaction would be given by: 
(a) CH3COCH3 0 (b) C6HsCHO 0 
(c) C6HsCOCH3 0 (d) C2HsCOCH3 0 

83. The reaction involving condensation of acetic anhydride 
'with an aromatic aldehyde by a carboxylate ion is an 
example of: .. ' 
(a) aldol condensation 0 (b) benzoin condensation 0 
(c) Perkin's reaction 0 (d) Wurtz reaction 0 

84. Benzaldehyde when refluxed with aqueous alcoholic KCN 
forms: 
(a) benzoin o (b) benzene' 
(c) phenyl cyanide o (d) phel\yl isocyanide 

8S. Benzaldehyde reacts with PCIs to give: 

o 
o 

(a) b€lnzyl chloride 0 (b) benzo trichloride 0 
(c)benzal chloride 0 (d) chlorobenzene 0 

86. When benzaldehyde is heated with acetic anhydride in the 
presence qf sodium acetate, the product obtained' is: '. " 
(a) cinnamic acid 0 (b) phenyl~cetic acid 0 
(c) benzoiC add . .,O,-(d) benzoic!inhydride 0 

87. Benzaldehyde reacts with: c'one: Na0Ht6- gw~: 
(a) sodiumbenioate·":·~.:" .' .' [J 
(b) benzyl alcohol. . ,;.'.. [j::;:' 
(c) phenol 0' ' 
(d) benzyl alcohol and sodium bellZQate ' " p 

88. Which of the f9ll0Wing (Joes not.'react.:\yitb Fehling's 
, solution? ' , , , , ' 

(a) Acetaldehyde ;.' 0 '(b) Gi~se 0"-
(c) Benzaldehyde 0 (d) Fonnitldehyde '0 

89. Chlorine reacts with benzaldehyde to give: 
(a) benzyl chloride 0 (b) benzal chloride 0 
(c) benzoyl chloride 0 (d) chlorobenzene 0 

90. Which of the following gives silver mirror with ammoniacal 
silver nitrate? 
(a) BenzylalcohoT '0 (b) Benzaldehyde .' 0 
(c) Benzoic acid, 0 (d) Benzene " ' .p 

91. Aspirinisobtained by ll-ction ofCH3COq wjt}l:. ;;"~>'" 
(a)"salicylic acid'" ,0 ' (b)·phenOI . " ,,·:'·::·.:~·tf·:: ' .. 
(c) benzaldehyde [] (d) aniline: .....• .'." ·,,0, ' 

9i. The re~c~i~n, " 

G6Hs.~O+ CH3CHO ~C6HsCH'-::"CHGHO' 
is called:' . -, 

(a) benzoin condensation 0 (b) Claisen condensation D'" 
. (c) Perkin's reaction 0 (d) Cannizzaro's reaction 0 

93. Salicylic acid when treated with zinc dust, gives: 
(a) phenol 0, (b) salicylaldehyde 0 
(c) benzene 0 (d) benzoic acid 0 
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94. Aspirin is: 
(a) antibiotic 0 (b) sedative 0 
(c) antipyretic· , D (d) antiseptic 0 

95. The formation of salicylic ,acid from phenol using, NaOH 
and CO

2 
is known as: .... '..,. . 

(a) Friedel-Crafts reaction' . 0 
(b) Kolbe's reaction '0 

. (c) Reimer-Tiemaun reaction 0 
(d) Fittig reaction 0 

96. When calcium benzoate and calcimn formate are heated 
they fom.: ., 

(a) berLlaldehyde . 0 (b) acetophenone 0 
(c) benzophenone 0 (d) acetaldehyde 0 

97. Which of the following compounds has the most acidic 
nature? [CBSE (PMT) Prelims 1010) 

(a) rQrCH,OH O(b)rQr°H '. o 
OH 

o (d) o-tH-o 0 

(c) phenol, acetone 
(d) phenol, acetaldehyde 

o 
o 

l04.Phenol (1 mole) reacts with bromine to give s-tribromo
phenol. The amount of bromine required is: 
(a) 3.0 moles 0 (b) 1.5 moles 
(c) 4.5 moles 0 (d) 6.0 moles 

IJ 
o 

10S.Phenol Zinc) (A) Cone. HN0
3) (B) ~ (e) 

distillation Cone. H2S04 NaOH 
at 60°C 

In the above reaction, compounds (A), (B) and (C) are: 
(a) benzene, nitrqbenzene and anilintl 0 
(b) benzene, dinitrobenzene and m-nitroaniline 0 
(c) toluene, m-nitrobenzene and m-toluidine 0 
(d) benzene, nitrobenzene and hydrazobenzene .0 

106.Ary1 halides are less reactive towards nucleophilic 
substitution reaction as compared to alkyl halides due to: 
(a) the formation: of less stable carbocation 0 
(b) resonance stabilization 0 
(c) longer carbon-halogen bond 0 
(d) inductive effect 0 

107.Chlorination of toluene .in presence of light and heat 

98. Which one of the following compounds forms benzoic acid followed by treatment with aqueous NaOH gives: 
on oxidation? (a) o-cresol 0 
(a) C:hlorophenol 0 (b) Benzyl chloride 0 (b) p-cresol 0 
(c) Chlorobenzene 0 (d) Chlorotoluene 0 (c) 2: 4 dihydroxy toluene 0 

99 .. Ben,zoic l\cid when treated with PCIs ,' the product is; (d) benzoic acid, 0 
:,~>., .' ()' hl' benz" 0 ' .' . 108.m-Chlorobenzaldehyde on reaction with conc. KOH at room 

" a c Qro en~ . (b) benzyl chloride . 0 
(c) benzoyl chloride' , 'D (d)benzene' 0 temperature gives: 

.' 'tOO.When benzamide is heated with phosphorus pentoxide, the (a) potassium m-chlorobenzoate and m-hydroxy' 
'. produ~t formed is: ' . ' benzaldehyde 0 

.", "(a) phenyl cyanide ': ·0. (b)"PhePyl isOcyanide 0 (b) m-hydroxybenzaldehyde and m-hydroxy alcohol 0 
.. , .' . (c) aniline. . O( d) benzyl alcohol 0 .... . (c) m-chlorobenzyl alcohol and m-hydroxy benzyl aicohol 0 

101.'fnefina[prod~ct formed in thjsreactioi;r i~:~-' ,-:-,-.~'~ ~-(dfPota8Sium' m-chlorobe~ate ~and-~' m-chlorobenzyl~--~--'. [QrCH3 KMO IKOH ·'··:H 0+ '.' alcohol .' ". 0 
. . . n 4. • (A) 3. (E) l09Jiydrogenation of benzoyl chloride in presence of Pd on 

. . BaSO 4 gives: . 

[JEE (Orissa) 1010) (a) benzyl alcohol 0 (b) benzaldehyde 0 

[Qr
COOK (c) benzoic acid 0 @ phenol 0 

o (b) 0 0 nO.Phenol is: 
, (a) a base weaker than ammonia' 0 

r?\(CHO 
~a)0 .... 

. '[Qr' COOH . (b) an acid stronger than carbOI\k .acid . 0 
o (d). O. . '0 ' .... (c) an acid weaker than, carbonic acid 0 

. '" .' (d) a neutral compound' . . ' 0 
. ,Jll,Acetophenonewhen reacted with a base, C2HsONa, yields 

.
,.: r?\( .... CH20H 

. ,'(C) g. , 
W1Pure aniline is a:. 

. "~ 

'. (a) brown coioured liquid 0 
(e) coloJ.l1'lessliquid 0 

(b) colourless solid . tl 
. (d) brov-:u coloured solid, 0 

(i) 0 
103.C~ne 2,) (X)and (Y); 

(ii) H20, W 

(X) and (Y) respectively are: 
(a) toluene, propene 
(b) toluene, propylchloride . 

o 
o 

a stable compound which has the structure: 

'. CH3 CH3 ", . 

. I I' 
(a)&I-I~ 
~ OH OH~ 

,.(b)&IH-IH~ 
~OHOH~ 

(CBSE (Med.) 1808) 

o 

o 
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@rC=CH-Cl§j 
(c) . ·1 . II 

CH3 0 
o 

(d) rQt,H-CH2-
11
-0 

~ CH3 0 ~-
o 

11Z. Amongst the following, the compound that can be most 
readily, sulphonated is: 
(a) benzene 0 (b) nitrobenzene 0 
(c) toluene 0 (d) chlorobenzene 0 

113. Which one of the following compounds would undergo 
nitration with greatest ease? 
(a) Benzene 0 (b) Phenol 
(c) Nitrobenzene 0 (d) Benzoic acid 

114. Aspirin is: 

o 
o 

(a) acetyl salicylic acid 0 (b) methyl salicylic acid 0 
(c) salicylic acid 0 (d) salicylaldehyde 0 

its. Nitrobenzene is generally used for: 
(a) preparing shoe polish 
(b) preparing cheap s~nted soap 
( c) prepanng of aniline. 
(d) all of the above 

116. The ratio of cr- and It-bonds in benzene is: 
(a) 2 0 (b) 4 
(c) 6 0 (d) 8 

117. Benzyl alcohol is obtained from benzaldehyde by: 

o 
o 
o 
o 

o • 
o 

(a) Wurtz reaction 0 (b) Cannizzaro's reaction 0 
(c) Perkin's reaction 0 (d) Claisen reaction 0 

a.R.B. Organic Chemistryfor Competitions 

(c) HI is unstable 
(d) the ring gets deactivated 

Ut. C6H6 + CO+ HCI. Anhyd. Aiel) ~ (X) + HCI; 

The compound (X) is: 
(a) C6HsCHO o (b) C6HsCOOH 

o (d) C6HSCH3 

o 
o 

o 
o 

UZ. Benzyl alcohol and phenol can be distinguished by the use 
of: -

(Ii) FeCl3 o (b) Na o 
(c) Lucas reagent 0 (d) none of these o 

U3. The product of the following reaction 

Sunlight ? . 
---='---t) . ; IS: C6H6 + Cl2 

(a) C6HsCI o (b) Ortho C6H4Cl2 0 
o (d) Para C6H4Cl2 0 (c) C6H6Cl6 

U4. Carbolic acid is: 
(a) C6HsOH 

(AFMC ZOOS; EAMCET (Med.) Z007) 
o (b) C6HsCOOH 0 

(c) C6H6 o (d) C6HsCHO 0 
us. Which one of the following is an explosive? 

(a) Nitrobenzene 0 (b) Nitrophenol 
(c) Nitromethane 0 (d) Trinitrobenzene 

U6. The reaction, 

©+NO; 
NOz · 

-@+Jt 

o 
o 

is a (an) : 
118. Which of the following statements is not correct regarding (a) addition reaction 0 

aniline? 0 ... (b) electrophilic substitution reaction 
(a) It IS less basiC th~ ~thylamme 0 (c) nucleophilic substitution reaction 0 
(b) It can be s~eam d~stdled. . . 0 (d) elimination reaction - 0 

--~------. ---tc)-lt-reaets-wlth-sadlUm.to..glV~hydrogen~----D-n7;1In;compound-wit1rmolecuIar-formtda CgIIIO whieh-wiH----
(d) It is soluble in water' 0 

119. Examine the following two structures for the anilinium ion 
and choose the correct statement from the ones given below: 

+ 

61:: - '6
NH

: # ~ -
I n 

(a) II is not an acceptable canonical structure because 
. carbocation ions are less stable than ammonium ionsD 

(b) II is not an accepted canonical structure because it is 
non-aromatic 0 

(c) II is not an acceptable canonical structure because the 
nitrogen has 10 valence electrons 0 

(d) -II is an acceptable canonical structure 0 
no. The direct iodination of benzene is not possible because: 

(a) 12 is an oxidising agent 0 
(b) resulting C6HSIis reduced to C6H6 by HI 0 

give only two isomers on electrophilic substitution with 
CI 2/FeCI3 or with HN03/H2S04 is: . (DUMET 20101 
(a)p-dimethylbenzene 0 (b) m-dimethylbenzene 0 
{c) o-dimethylbenzene 0 (d) ethylbenzene 0 

U8. The reaction least likely to occur is: 

(3) © +IINO, 

(b) © +H,SO, ~ ©SO,H 
(c) © +Cl, ~ ©CI 
_.© _Fe ©·Br 

(d) . + Br2 

o 

o 

o 

o 
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129.Carbon-carbon bond distance'in benzene is: (b) o-nitrobenzoic acid 0 
(a) longer than a C=Cdouble bond 0 (c) cyclohexane carboxylic acid 0 
(b) shorter than a C=Cdouble bond 0 (d) p-nitrobenzoic acid D 
(c) shorter than a C==Ctriple bond 0 141.According to Huckel rule, an aromatic compound must. 

(d) longer than a C-C single bond 0 possess: (CET (J&K) 2007] 
130.Which of the following is the most reactive towards ring (a) (4n + l)1telectrons 0 (b) (4n + 2)1telectronsO 

nitration? (c) (2n + 2)1t electrons 0 (d) 4mt electrons 0 
(a) Benzene 0 (b) Toluene 0 142. Which of the following is an appropriate set of reactants for 
(c) m-Xylene 0 (d) Mesitylene 0 the preparation of l-methoxy-4-nitrobenzene ? 

131.Toluene on treatment with CH3CI and AlCl3 at 80°C gives . (A) 02N--@--Br+CH30Na 

the lU..lj~, product as: 
(a) v-xylene 0 (b) p-xylene 0 (B) 02N--@--ONa+CH3Br 
(c) m-xytene 0 (d) ethylbenzene 0 (AMU (Med.) 20101 

132. The position least nitrated, when m-bromochlorobenzene is (a) both A and B 0 (b) only A 0 
nitrated, is: (c) only B 0 . (d) none of these 0 
(a) position ortho to bromine 0 143.How many 120° angles does benzene molecule has? 
(b) position ortho to chlorine 0 (a) 9 0 (b) 12 0 
(c) position ortho to bromine and chlorine 0 (c) 15 0 (d) 18 0 
(d) position meta to chlorine 0 144. Which of the following is most volatile? 

133. Which of the following would not react with benzene· (a) p-Nitrophenol 0 (b) m-Nitrophenol 0 
sulphonyl chloride in aqueous NaOI:J? . (c) o-Nitrophenol 0 (d) All of these 0 
(a) Aniline D ' 0 (b) Methylamine 0 145. Which chloroderivative of benzene among the following 
(c) N,N-Dim~thylaniline 0 (d) N-Methylaniline 0 would undergo hydrolysis most readily with aqueous NaOH 

134. Which of the following would not react with HN02? to furnish the corresponding hydroxy compound? 

(a) N,N-Dimethylaniline 0 (b) p-Toluidine 0 02N~ 
(c) Sulphanilic acid 0 (d) Ethylamine 0 . (a) 02N o. I 

135. When ethylbenzene is treated with bromine in presence of 
light and heat, the only product is: 
(a) I-bromQ-'l-phenylethane 0 (b) 02N l(5\- r l 
(ti) 2-bromo-I-phenylethane 0 ~ 

o 

o 
(c) o-bromoethylbenzene 0 _ ~ , r . ' ' 

(d) !,"bromoethYlbe~en~ , . D __ ~ ___ (~2_~~~~)3~--~-~--~~~~---~.----.J...0L---~ 
136. WhIch of tbe-followmg.-t&-least-baste'?------~--~~-~-· , 

(a) Aniline 0 (b) p-Methylaniline 0 (Q)-c 
O 0 

(d) I 
(c) Diphenylamine (d) Triphenylamine 

137. Which of the following is strongly acidic? 
(a) Phenol 0 (b) m-Nitrophenol o 
(c) m-Bromophenol 0 (d) m-Cresol ,0 

138. Which of the following is the weakest acid? 
(a) Benzene sulphonic acid 0 
(b) Benzoic acid 0 
(c) Benzyl alcohol 0 
(d) Phenol 0 

139. An organic compound • X' having molecular. formula 

C6H70 2Nhas6 carbon atoms in a ring system, two double 
bonds and also a nitro group as substituent, • X' is: 
(a) homocyclic but not aromatic 
(b) aromatic.but not homocyclic 
(c) homocyclic and aromatic 
(d) heterocyclic 

140. The weakest acid among the following is: 
(a) benzoic acid 

o 
o 
o 
o 

o 

146.Salol is prepared from: 
(a) ~alicylic acid and methyl alcohol 
(b) salicylic 'acid and phenol 
(c) both (a) and (b) 
(d) none of the above 

147. C H' OH CIOCCH3 ) C6HsOOCCH3 ; 
6 s, NaOH (aq.) 

The above reaction is an example of: 
( a) acetYlation 
(b) benzoylation 
(c) Schotten-Baumann reaction 
(d) Reimer-Tiemann reaction 

OH 

148. © K2S20
g 

.. ? 
Heat . 

The product formed in the reaction is: 

o 

o 
o 
o 
o 

o 
o 
o 
o 
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(a) benzoquinone 0 (b) diphenyl ether 0 
(c) benzene sulphuric acid 0 (d) hydroquinone O. 

149.Phenol on standing in air develops a red colour due, to 
formation of: ' 
(a) cyclohexane 0 (b) resorcinol 0 
(c) phenoquinone .. 0 (d) quinol 0 

150.Benzoic acid gives benzene on being heated with' X' and 
phenol gives benzene on being heated with 'Y'. Therefore 
'X' and 'Y' are respectively: 
(a) soda lime and copper 0 
(b) zin~ dust and sodium hydroxide 0 
( c) zinc dust and soda lime 0 
(d) soda lime and zinc dust [I 

ISI.The number ofsigma and pi bonds in benzene molecule is: 
. (a) 6crand 67t 0 (b) 12crand 37t 0 

( c) 6cr and 91t 0 (d) 9cr and 31t i:I 
151.Select the correct statement about benzene. 

(a) There is a cyclic delocalisation of pi electrons in 
benzene 0 

(b) There are two types of C-C bonds in benzene molecule 
o 

(c) Because of unsaturation benzene undergoes addition 
reactions 0 

(d) Mono substitution of benzene gives three isometic 
substances 0 

153.Which is not an aromatic compound? 
(a) Pyridine 0 (b) Xylene 0 
(c) Naphthalene 0 (d) Cyclohexane 0 

154.According to Huckel rule, the number of pi electrons in 
naphthalene is: 
(a) 6. 
(c) 14 

o (b) 10 
o (d) 16 

o 
o 

G.R.B. Organic Chemistry for Competitions 

(a) toluene 
( c) chlorobenzene 

o (b) xylene 
o (d) benzyl chloride 

o 
o 

IS9.Benzene on reaction with conc. HN03 in presence of conc. 

H2S04 followed by the treatment of Cl 2 in presence of 
FeCI 3 ' it gives: 
(a) 2-chloro-l-nitrobenzene 0 
(b) 3-chloro-l-nitrobenzene 0 
(c) 4-chloro-l-nitrobenzene 0 
(d) a mixture of 2-chloro and 4-chloro-I-nitrobenzene 0 

160. Which does not show substitution in benzene ring? 
(a) CIS03H 0 
(b) Conc. H2S04 on heating 

(c) Conc. HCI 
(d) CH3ClIAlCl3 

161.0xidation of naphthalene by acidic KMn04 gives: 

o 
o 
o 

(a) toluene 0 (b) benzoic acid 0 
(c) benzaldehyde. 0 (d) phthalic acid 0 

161.Which of the following is the most abundant individual 
substance obtained from coal-tar? 
(a) Benzene 0 (b) Naphthalene 0 
(c) Diphenyl 0 (d) Kerosene oil 0 

163.Toluene reacts with chlorine in the presence oflight to give: 
(a) benzyl chloride 0 (b) benzoyl chloride 0 
(c) o-chlorotoluene 0 (d) p-chlorotoluene 0 

IM.Benzene vapour mixed with air when passed over V20 S 

catalyst at 500°C gives: 
(a) oxalic acid 0 (b) glyoxal 0 
(c) fumaric acid 0 (d) maleic anhydride 0 

165. Which one of the following will undergo meta substitution 
on mono chlorination? 
(a) Chlorobenzene 0 (b) Phenol 0 

15S.Anbydrous AlCl 3 is used in Friedel-Crafts reaction because (c) Ethylbenzoate 0 (d) Ethoxyethane 0 
-----itis::-. --------------------I66.WhicLoLt~following group increases the maximum 

(a) soluble in ether 0 electron density in benzene ring? 
(b) ionisable to Al and CI ions [I (a) OH 0 (b) NH2 0 
(c) electron rich 0 (c) CH

3 
0 (d) X 0 

(d) electron deficient molecule 0 167.0zonolysis of toluene gives: . 
15ft.The carbon-carbon bond length in benzene is: (a) two molecules of glyoxal 0 

(CET (Kamataka) 1009) (b) three molecules of glyoxal 0 
(a) same as in C2H4 . . 0 (c) two molecules of glyoxal and one molecule of methyl 
(b) in between C2 H6 and C2 H2 

(c) in between C2H6 and C2H4 
(d) in between C2 H4 and C2 H2 

o 
o 
o 

157.Benzene reacts with n-propyl chloride in the presence of 
anhydrous AlCl 3 to give predominantly: 
(a) n-propylbenzene 0 
(b) isopropylbenzene 0 
(c) 3-propyl-l-chlorobenzene 0 
(d) no reaction 0 

I5I.Benzene reacts with CH3 CI in the presence of anhydrous 

AlCl 3 to form: ICRSE (Mecl.) 1009) 

glyoxal 0 
(d) tWo molecules of methyl glyoxal and one molecule of 

glyoxal 0 
168.Most reactive compound towards electrophilic substitution 

is: (OPMT 1008) 

° 
" 

o (b)~HJ o 
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CI 

(C)@ o (d) none of these 

169. Which is difficult to be nitrated directly? 
(a) Benzene 0 (b) Toluene 
(c) Phenol 0 (d) Nitrobenzene 

. Cl Hydrolysis . y' 

170. X ~ Benzotrichloride ) ; 

X and Y respectively are: 
(a) benzene and benzoic acid 
(b) benzene and benzaldehyde 
(c) toluene and.benzoic acid 
Cd) toluene and benzaldehyde 

171. Most stable carbocation ion is: 
+ 

(a) p-NOZ-C6H4-CHz 
+ 

(b) C6HS GHz + 

(c) p-CI-C6H4-CHz 
+ 

(d) p-CH30-C6H4-CHz 
172. Ulmann reaction is used for the preparation of: 

(a). diphenyl 0 (b) toluene 
( c) iodobenzene 0 (d) naphthalene 

(i) CHCl3INaOH . 173. Phenol . ) Sahcylaldehyde 
(ii)W 

[] 

o 
o 

o 
o 
o 
o 

o 
o 
o 
o 

o 
o 
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179. When phenol reacts with benzene diazonium chloride, the 
product obtain~ is: 
(a) phenylhydfazine 
(b) p-amino azobenzene 

(c) phenol hydroxylamine 
(d) p-hydroxy azobenzene 

o 
o 
o 
o 

188. When phenol reacts with chloroform and an alkali, the 
compound fo:rrned is salicylaldehyde. If pyrene is used in 
place of chloroform, the product obtained is: 
(a) salicylaldehyde 0 (b) salicylic acid 0 

. (c) cyclohexanol 0 (d) phenolphthalein 0 
III. WhenphenoHsreacted with CHCl3 and NaOH followed by 

acidification, salicylaldehyde is obtained. Which of the 
following species are involved in the above' 'mentioned 
reaction as intermediates? ° . .OH 

~H ~C~Ch 
(a) U "CClz 0 (b) U · .0 

° 
(c)· 0 .. ~HCl tV "I 

OH 

o 

112. The most suitable method of separation of a equal (l : l) 
This reaction is known as: mixture of cr and p-nitrophenols is: 
(a) Gattermannaldehyde synthesis 0 (a) sublimation 0 (b) crystallisation 
(b) Duffreaction 0 (c) chromatography 0 (d) distillation 

o 
o 

(c) Perkin's reaction 0 183. The reagent(s) which can be used to distinguish 
(d) Reimer-Tiemann reaction 0 acetophenone from benzophenone is (are): 

174. Neutral FeCl3 gives purple colour with: (a) 2,4-dinitrophenyl hydrazine [] 

(a) only phenol 0 (b) Benedict's reagent 0 
-----f(b.a-jl-ionly-salieyUcracid g ..................... _(c.Uz~andNa~O-3 0 

(c) both phenol and salicylic acid 0 (d) aqueous solution ofNaHS03 0 
(d) only benzoic. aCid 0 ~. 

175. Kolbe-Schmidt reaction is used for: 114. In the reaction ~OCH3 ~? the products are : 
(a) Salicylaldehyde 0 (b) Salicylic acid 0 lilT 28181 
(c) Phenol 0 (d) Hydrocarbon 0 (a) ~IQL. OHand CH3Br 0 

176. Which of the following does not give effervescence with ~ 
NaHC03 ? 

(a) BenzoiC acid 0 (b) 2,4-Dinitrophenol 0 
(e) Phenol 0 (d) 2,4,6-Trinitrophenol ·0 

177. Phenol on treatment with conc. HN03 gives: 

(a) picric acid 0 (b) cr andp-nitrophenols 0 
(c) m-nitropheilOl . 0 (d) none of these 0 

171. Phenol on treatment with dil. HN03 gives: 

(a) picric acid 
(b) cr and p-nitrophenols 

o 
o 

(b) @-Br and CH3Br 

(c) @-Br and CH3.QH 

(d) Br--<Q>-oCH3 and Hz 

lIS. Reimer-Tiemann reaction involves an intermediate: 
(a) ca1:bocation 0 (b) carbanion 
( c) free radical 0 (d) carbene 

o 

o 

o 

o 
o 

(c) cr and m-nitrophenols 

(d) p- and m-nitrophenols 

o . 116. m-chloro benzaldehyde on reaction with conc. KOH at room 

o temperature gives: 
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(a) potassium m-chlorobenzoate and m-hydroxy 
benzaldehyde 0 

(b) m-chlorobenzyl alcohol and m-hydroxy benzaldehyde 
o 

(c) m-chlorobenzyl alcohol and m-hydroxy benzyl alcohol 
tJ 

(d) m-chlorobenzyl alcohol and potassium-m-chloro-
benzoate '0 

187. Benzaldehyde in Clernmensen red~ction forms: 
(a) toluene 0 (b) phenyl methane 0 
(c) methylbenzene 0 (d) all of these 0 

188. When phenyl cyanide is reduced with SnCl2 and HCI in 

ethereal solution and the product is hydrolysed, it gives: 
(a) benzaldehyde 0 (b) benzoic acid .. 0 
( c) benzamide 0 (d) aniline 0 

189. Salicylic acid on heating with soda lime forms: 
. (a) benzene 0 (b) phenol 0 

(c) benzyl alcohol 0 (d) benzoic acid 0 
190. Salicylic acid on bromination gives: 

(a) 2,4,6-tribromosalicylic acid 0 ' 
(b) 2,4,6-tribromophenol 0 
(c) 2,4,6-tribromobenzoic acid 0 
(d) p-bromosalicylic acid 0 

191. Which aromatic acid among the following is weaker 
than simple benzoic acid? 
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194. Decarboxylation of cinnamic acid gives: 
(a) benzene 0 (b) toluene 0 
(c) ethylbenzene 0 (d) styrene 0 

195. By the action of malonic acid in ethanolic ammonia on 
benzaldehyde in the presence of pyridine, it forms: 
(a) benzoic acid 0 (b) phenyl acetic acid 0 
(c) cinnamic acid 0 (d) phthalic acid 0 

'196. Which has a smell of oil of winter green? [VMMC 2007] 
(a) Ethyl salicylate 0 (b) Methyl salicylate, .. 0 
(c) Benzaldehyde 0 (d) Phenyl salicylate 0 

197. Salicylic acid is used: 
(a) as an antiseptic 0 
(b) as a medicine for rheumatic pain 0 
( c) in the preparation of ~ dyes 0 
(d) all of the above 0 

198. Which of the following may be used as a food preservative? 
(a) Benzene 0 
(b) Sodium benzoate 0 
(c) Toluene 0 
(d) Sodium meta-aluminate 0 

199. Among the following four compounds 
(I) Phenol (II) Methyl phenol 
(III) m-Nitrophenol ' (IV) p-Nitrophenol 
The acidity order is : [CBSE (PM.T) 2010] 
(a) IV> III > I > II 0 (b) III> IV > I > II 0 

, (c) I> IV> III > II 0 (d).II > I > III > IV 0 

(a)@H COOH 200. Intramolecular rearrangement of phenyl acetate to give 0-

O (b) 
,,© 

and p-hydroxy acetophenone in presence of anhydrous 
o AlCl3 is known as: 

(a) Reimer-Tiemann reaction 0 
N02 0 (b) Kolbe-Schmidt reaction 

CI 

COOH ,©COOH (c) Fries rearrangement 0 
(c) ©O' 0 (d) 0 0 (d) Friedel-Crafts reaction 0 

, 201. Ph!halic anhydride on heating with resorcinol in the 
-.,---~H3-- .,--- -'-~-S0JH-·,-----:-·---·-presence.of-oonc,1I2S~re'es;s:-----------

192. The organic products formed in the reaction, 

LiAlH4 ,H+ 
C6HS COOCH~ ) are: 

(a) C6HsCH20Hand CH30H 0 
(b) C6HsCOOHand CH4 0 
(c) C6HSCH3 and CH30H 0 
(d) C6HSCH3 and CH4 0 

193. Which of the following carboxylic acids undergoes 
decarboxylation easily? 
(a) C6Hs CO-CH2 "":"'COOH 0 
(b) C6Hs-CO-COOH 0 

(c) C6Hs-fH-COOH 0 

OH 

(d) C6Hs-fH-COOH 0 

NH2 

(a) phenol 0 (b) fluorescein 0 
(c) phenolphthalein 0 (d) alizarin 0 

202. Dyes are formed when benzene diazonium salts are coupled 
with: 
(a) phenol 0 (b) aniline 0 
(c) N,N-dimethyl aniline 0 (d) aU of these 0 ' 

203. Towards electrophilic substitution, the most reactive will be: 
(a) nitrobenzene 0 (b) aniline 0 
( c) N-acetyl aniline 0 (d) aniline hydrochloride 0 

204. Arrange iti 'order of decreasing reactivity towai:ds 
electrophilic reagent in; 
chlorobenzene (I), benzene (II), toluene (III), phenol (IV) 
would be: (eBSE (Med.) 2007] 
(a) IV> III > II > 1 0 (b) IV> I > II > III 0 
(c) U>I>IV>III 0 (d) I>II>IV>III 0 

205. In Friedel-Crafts reaction, the electrophilic reagent is: 
(a) AlCl3 0 (b) RCO+ 0 

+ 
(c) RCOCI 0 (d) none of these 0 
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206. An aromatic amine (X) was treated with alcoholic po~h 

and another compound (Y) when foul smelling gas was 
formed as C6HS NCo The compound (Y) was formed by 
reacting a compound (Z) with Cl2 in the presence of slaked 
lime. The compound (Z) is: 
(a) CHC13 0 (b) CH3COCH3 ·0 
(c) CH30H 0 (d) C6H5NH2 0 

207; The increasing order of acid strength among p-methoxy 

phenol (I), p-methyl phenol (JI)and p-nitrophenol (III) is: 
(a) JI< 1 < III 0 (b) III < I <II 0 
(c) III <II < I . 0 (d) I < II < III 0 

208. When ethylbenzoate is hydrolysed with aqueous alkali, the 
products present in the medium are: 
(a) C6HsCOOHand C2HsOH 0 
(b) C6HsCOOHand C2HsO- 0 
(c) C6HsCOO- and C2HsOH 0 

o 
209. Which of the following is strongly acidic? 

(a) o-Nitrobenzoic acid 0 (b) p-Nitrobenzoic acid 0 
(c) m-Nitrobenzoic acid 0 (d) p-Nitrophenol 0 . 

210. By the action of bromine and alkali on benzamide, it gives: 
(a) benzene 0 (b) aniline 0 
( c) bromobenzene 0 (d) acetanilide 0 

211. Which order is correct about acidity? 

(c) easier loss ofH+ to regain aromaticity from the meta 
position than from ortho and para positiol\s 0 

(d) none of the above 0 
217. Which would decolourise cold aqueous potassilU11 

permanganate solution? 
(a) Benzoic acid 0 (b) Cinnamic acil 
(c) m-Toluic acid 0 (d) p-Toluic acid 

218. In the. following compounds, 
OH' OH 

© © 
(I) 

the order of acidity is: 
(a) III > IV > I > II 
(c) II> I > III > IV 

OH OH 

©NO'© 
(III) 

o (b) I> IV > III> II 
o (d) IV>III>I>II 

219. In the Cannizzaro's reaction given below, 

2Ph-CHO ow ) Ph-CH20H+PhC02 

o 
o 

o 
o 

the slowest step is: [AIEEE 2009) 
(a) attack of OH- at the carbonyl group 
(b) the transfer of hydride to the carbonyl group 
(c) the abstraction of proton from the carboxylic acid 
(d) the deprotonation of Ph -CH20H 

o 
o 
o 
o 

(a) C6HsOH>C6HsCOOH>CH3COOH 0 220. In the following compounds, 
(b) C6HsOH>CH3COOH>C6HsCOOH 0 .anisole (I), benzene (II), and nitrobenzene (III) 
(c) CH3COOH>C6HsCOOH>C6HsOHD the ease of reaction with electrophiles is: 

(a) I>II>III 0 (b) II>III>I 0 
(d) C6HsCOOH>CH3COOH>C6HsOH 0 (c) II> 1 > III 0 (d) III> II > J 0 

212. Aniline when acetylated, the product on nitration followed 221. The replacement of chlorine trom chlorobenzene to give 
by alkal:ine hydrolysis gives: phenol requires a drastic condition, but the chlorine of 
(a) acetanilide 0 (b) o-nitroacetanilide 0 2,4-dichloronitro-benzene is readily replaced since: 
(c) p-nitroaniline 0 (g)---.m-Jlitroanil~_~D~~~. __ (a.)-nitnY!1;oups-mak.e-the~aromatiG-flng--eleetrolrriehrlaitt-t--

213. Amongst the following, the most basic compound is: ortho/para-positions 0 
. (CET.(J&K) 2007) (b) nitro groups withdraw electrons from the meta-position 

(a) benzyl amine 0 (b) aniline 0 of the aromatic ring 0 
. (c) p-nitroaniline 0 (d) acetanilide 0 (c) nitro groups donate electrons at meta-position 0 

(d) nitro groups withdraw electrons from ortho/para-
214. 1,2,3-Trihydroxy benzene is called as: positions of the aromatic ring 0 

(a) phloroglucinol 0 (b) pyrogallol 0 222. I-Phenylethanol can be prepared by the reaction of 
(c) hydroxy quinol 0 (d) resorcinol . 0 benzaldehyde with: 

215. Which of the following compounds reacts slower than (a) ethyl iodide and magnesium 0 
benzene in electrophilic bromination? (b) methyl iodide and magnesium. 0 
(a) C6HsCH3 0 (b) C6HsOH 0 (c) methyl bromide and aluminium bromide 0 
(c) C6HSN02 0 (d) C6HSNH2 0 (d) methyl bromide 0 

223. Nitrobenzene can be prepared from benzene by using a 
216. When nitrobenzene is treated with Br2 in presence ofFeBr3, mixture of conc. RNO) and conc. H2S0

4
, In the nitrating 

the major product formed is m-bromonitrobenzene. mixture, RN03 acts as a: [CBSE (Meel.) 2009J 
Statement which is related to obtain the m-isomer is: (a) base 0 (b) acid 0 
(a) the electron density on meta carbon is more than that on (c) reducing agent 0 (d) catalyst 0 

ortho and para positions 0 224. In the following groups, 
(b) loss of aromaticity when Br+ attacks at the ortho and 

para positions and not at meta position 0 -OAc, -OMe, -OS02Me, - S02CF3 
(I) (II). (III) (IV) 
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the order of leaving group ability is: 130. p-Chloroaniline and anilinium hydrochloride can be 
(a) I> II > III> IV ' 0 (b) IV> III> I >U 
(c) III> II > I > IV 0 (d) II> III > IV> I 

o distinguished by: 

115. In the following compounds, 
o (a) Sandmeyer's reaction 0 (b) NallC03 0 

0 0 () 0 ~ I 
.N N 

~. I I 
H H 

(I) (II) (III) (IV) 

the order of basicity is: 
(a) IV> I >III >11 0 (b) III> I > IV > II 0 
(c) II >1 > III > IV 0 (d) I > III > II > IV 0 

226. Among the following statements on the nitration of aromatic 
compounds, the false one is: . 
(a) The rate of nitration of benzene is almost the same as 

that of hexa deuterobenzene 0 
(b) The rate of nitration of toluene is greater than that of 

benzene 0 
(c) The rate of nitration of benzene is greater than that of 

hexa deuterobenzene 0 
(d) Nitration is an electrophilic substitution reaction 0 

227. In a Cannizzaro's reaction, the intermediate that will be the 
best hydride donor is: 

H 

(.)~O- M-
D(b)V o~ ° o 

(c) AgN03 0 (d) Carbyhimine test 0 
131. Benzyl ch~oride (C6HsCH2CI)can be prepared from toluene 

by chlorination with: 
(a) SQ2C12 

(c) Cl2 

o (b) SOCl l 

o (d) NaOCI ,. 

o 
o 

131. A new. carbon-carhop bond formation is possible in: . ' 
. . [DPMT 1009) 

(a) Cannizzaro's reaction 0 
(b) Friedel-Crafts alkylation 0 
(c) Clemmensen reduction 0 
(d) Reimer-Tiemann reaction 0 

133. Among the following compounds, which will react with 

acetone to give a product >C N-? 
(a) C6HsNH2 0 (b) (CH3 )3 N 0 
(c) C6HsNHC6Hs 0 (d) C6HSNHNH2 0 

134. A positive carbylamine test is given by: 
(a) .MN-dimethyl aniline 
(b) 2,4-dimethyl aniline 
(c) N-methyi-o-methyl aniline 
(d) p-methylbenzyl amine 

o 
o 
o 
o 

135. The most unlikely representation of resonance structures of 
p-nitrophenoxide ion is: 

-O"--N""O 

. (c). ~O-D (d) ~O-D (0) 0 (b) 

.... _.~.~~ .... __ Me~ __ ~ __ .. __ 02NYV . ° 
228. In the reaction p-chlorotoluene with KNH2 in liquid NIi-

3
,--- -~N",,6--···-- -~N",,6- --_ .... _-

the major product is: 
(a) o-toluidine . 

(c) p-toluidine 

gives: 

. 0 (b) m-toluidine 

o (d) p-chloroaniline 

(a) CH3CHBrCHr-@-oH 

(b)CH3CH2CHBr-@-oH 

. (c) CH3cHBrCHr@-Br 

(d) CH3CH2CHBr-@-Br. 

o 
o 

o 

o 

o 

o 

(c) 0 . ; 0 (d) _0 o 

0- ° 
136. Benzoyl chloride is prepared from benzoic acid by: 

(a) C12 • hv 

(c) SOCl2' 

137. In the reaction, 

o (b) S02Cl2 

o (d) CI2 ,H20 

[lIT 1000) 

o 
o 

C6HsCHO+C6HsNH2 ~C6HsN=CHC6H5 +H20 
(A) 

the compound (A) is known as: . [AllMS 1001) 
(a) Aldol 0 (b) Schiff base 0 
(c) Schiff reagent 0 (d) Benedict's reagent 0 



Aromatic Compounds 

238. In the reaction, 

C
6HSNH.2 NaN02/HBF4 ~ (A) !JI) C H· F 

273 K 6 S 

the compound (A) is known as: [C.PMT 2002] 
(a) m-nitro fluorobenzene 0 
(b) a mixture of fluoroanilines . 0 
(c) benzene diazonium fluoride 0 
(d) benzene diazonium tetrafluoroborate 0 

239. Among the following compounds, the decreasing order of 
reactivity towards e leetrophilic substitution· is: 

. . . .. [CBSE (Moo.) 2000] 

Q.1P 1 01 QI Q~I " " .. ~" 
CH3 OCH3 CF3 
I II m IV 

(a) III>I>II>IV 0 (b) IV>I>II>III 0 
(c) I> II> III> IV o (d) II> I> III> IV o 

240. Identify the correct. order of reactivity· in electrophilic 
substitution reactions of the following compounds: 

[UT (S) 2002] 

o 0 6 0 

244. 
(i)C~ , (P); 

In the above reaction, product, (P) is:· 

CHO ~W JMOO~) 2002] 

(a)©. D(b)© ·0 

OH 

(C)© 
245. Among the following, the strongest base is: 

[liT (S) 2000;AFMC 20021 
(a) C6HsNH2 0 (b) P-1'~02.....:....C6H4NH2 0 
(c) P-CH3-C6H4NH2 0 (d) C6HsCH2NHi 0 

24
'6. AoCH) (CH,cObO ",,ICH,COOH }(IH,D ¥ ~'::=':::..::L;:,:::"", .. Ii' (X) 

NH2 

II m IV What is X ? [DPMT 2000] 
(a) I> II > III > IV 0 (b) IV> III > II> I 0 CH3 CH3 

IS In the ascendmg order, IS: [KCET 2002] 
o 

(c) II>I>III>IV 0 (d) II>III>I>IV 0 ~ ~ 
241. ~ ~ of compo~ds in wh~ch the reactivity of halogen atom (a) 0 Br d (b.) 0·.. Br. 

(a) chlorobenzene, vinylchloride, chloroethane 0 
(b) clnometilane, chlorobenzene;-vinytchtoride~-- ----e---~- NH2 -------NH+--

2
-· ----'-,-------

(c) vinylchloride, chlorobenzene, chloroethane 0 
(d) vinylehloride, ehloroethane, ehlorobenzene 0 

242. The .correct acidic order of the following is:' 

243. 

[~ 
(a) I > 11 > III 
(c) II > III > I 

[CBSE(Med.) 2001] 

n¢ m¢ 
CH3 N02 

o (b) III> I >11 
o (d) I> III > II 

o 
o 

When phenol is treated with CHCl3 and NaOH, the product 

formed is: [CBSE (Med.) 2002) 
(a) benzaldehyde 0 (b) salicylaldehyde 0 
(c) salicyclie acid 0 (d) benzoic acid . 0 

247. 

~COCH) (0)9 
NH2 

CH3 · . 

o (:lr& . 
~COCH3· 

NH2 

©t
C 

N HO' 

+ CH3MgBr - Q ~-- P; 
. OCH3 

The product· P' in the above reaction is: 

o 

[CBSE (Mett.) 2002] 

<OH 1: CH3 

(a) lQJ o (b) 



(O)~ 
OCH3 

o (d) o 

248. F-<Qr' " ,NOz (~:.~ .. , (A) (i) NaN02IHCI ,(B) 
(O-S"q .. 
(ii) Hz/Ni 

[lIT (S) 2003] 

o 

o 

o 

o 
Hg2+ IH+ 
, ) (A); (A) is: [lIT (S) 2003) 

Ph 

o (d) ~OH 0 

CH3 

G,R,B. Organic Chemisto' for Competitions 

253. The conversion of acetophenone to acetanilide is best 
accompanied by using: [UPSEAT 2004] 

(a) Beckmann rearrangement 0 
(b) Curtius rearrangement 0 
(c)Lossen rearrangement 0 
(d) Hofmann rearrangement' ' 0 

254. Which of the following undergoes reaction with 50% 
sodium hydroxide solution, to' give the corresponding 
alcohol and acid? [AIEEE 20041 

(a) Phenol 0 (b) Benzaldehyde 0 
(c) Butanol 0 (d) Benzoic acid 0 

, 255. Which of the following will be most easily attacked by an 
electrophile? [PMT (MP) 2004) 

CI 

(a)© 
[J (h) © o 

(eJ ©] ~ 
o (d) [QJ o 

256. Using anhydrous AICl 3 as catalyst, which of the following 

reactions produces ethylbenzene (pbEt)? 
[CBSE (Med.) 2004] 

(a) CHlCHzOH + C6H6 0 

(b) CH3CH=CHz +C6H6 0 
(c) HzC=CHz + C6H6 0 

(d) H3C-CH3 + C6H6 0 
257. Nitrobenzene is used as a solvent for Friedel..crafts 

alkylation of bromo benzene because: [AIIMS 2004) 
(a) nitrobenzene cannot be used in alkylation 0 

25o.~ ".I.-DAe>', fh\ _! ........ 'I.-
• DWJU4liWUI;; 011 Iie8etlon Whu rvvhI3'1glTlvllfcocs.:------------1\"(:b'; r-~nzene-is-Iess reactive,than bro~obenzeDe D 
(a) aniline 0 (b) chlorobenzene 0 (c) nitrobenzene is, more reactive than bromobenzene 0 
(c) benzylamme 0 (d) benzonitrile 0 ' (d) none of the above 0 

251. \Vhieh of the following reagents will produce' 258. Aromatic nitriles (.ArC:t;Q are not prepared by: 
salicylaldebyde onrea'ction with phenol? [DPMT2004) [AIIMS 2004) 
(a,CHCtl/NaOH 0,,(b)CCI

4
/NaOH 0 (a) ArX+KCN0 (b) ArN2 +CuCN 0 

(c) CHzClzlNaOH 0 (d) CH
3
CI/NaOH .0 . (c) ArCONHz + P20 S 0 (d) ArCONH2 + SOCl 2 0 

252. The reaction of chloroform with alcoholic KOH and 259. Aniline reacts with which of these to form Schiff base? 
p*toluidine fortll.S: [AIEEE 2003] . rAFl\lC 20041 

(a) u,C~"O'; , 0 (a) Acetic acid 0 (b) Benzaldehyde 0 
~.. (c) Acetone 0 (d) NH3 0 

260. Which of the following is the strongest base? 

(h) H,C--< 0 r,a [J IAlEEE 20041 

(e) n,c--<O~NHCHCl2 [J (a) <O~2 [J (h) ~CH' [J 

(d) H.c----(O)-NC [J (e) <Ot~2 [J (~) ~2 [J 



Aromatic Compounds 

261. DDT is prepared by reacting chlorobenzene. with: 
[BHU 2005] 

(a) CHCl3 0 (b) CCIl.-CHO) [J 

(c) CCl4 d (d) C2H6 0 
262. Which of the following molecules is most suitable to. 

disperse benzene in water? I\IIMS 2005] 

<a)~6Na' 0 

(b) N~O o 

(c) o 

n (d)Cl~ o 
263. Strength of acidity is in order: 

~ .. ~ .. ~N~ ~ 
CH3 N02 N02 

(I) (II) (III) (IV) 

[nCE 2005] 

(a) II > I > 1lI > IV D. (b) III > IV > I > II 0 
(c) I> IV> 1lI > II 0 (d) IV >1lI > I > II 0 

1011 

(c) it forms yellow crYstals ofiodofonn [J 
(d) it liberates H2 with Na metal . 0 

268. p-Cresol reacts with chlo~form in a1:kaiinemediUlll tQi g.ive 
the compound (A) which adds hydrogen cyanide to form. the 
compound (B). The latter on acidic hydrolysis gives chlral 
carboxylic acid. The sj:ructure of carboxylic acid is: 

CH3 . 

. ~" ' CH(OH)COOH 
<a) 9 .. 

OH 

~)0 .. 
~CH(OH)COOH 

OH 

cal 

c¢r" " "CH2COOH 
(c) 0 . 

., ' 

OR 

(d) 

(AIEEE 20051 

o 

o 

Cl 

264. The product of the following reaction is: '. 
oil 

)C~COOH 

- -----<a) ~NI!OH: =: ~, _~!-:-p~:-i7a:z-O-ID-OI-.. -26-9.~-en-Ij-~ W-ifu~-3-CO-O-N-a <ex~-;-),-.--"'-"-
(c) 2,4-Dinitrophenol 0 (d) 2,4,6-Trinitrophenol 0 y . 265. The bad smelling substance· formed by the action of Me ' 
alcoholic potash on chloroform and aniline is: product fonned is: [lIT (8) 2005] 

[AMU (Engg.) 2007] 

(a) nitrobenzene 0 (b) phenyl cyanide 0 
(c) phenyl isocyanide 0 (d) phenyl isocyanate 0 

266. The oompound prepared by a substitution reaction of 
benzene is: [EAMeET (Engg.) 20051 

(a) acetophenone 0 
(b) glyoxal 0 
(c) cyclohexane 0 
(d) hexabromocyclohexane 0 

267. The reaction in which phenol differs from alcohol is: 
. IJ~n:r2005] 

. (a) it undergoes esterification with carboxylic. acid 0 
(1,) it reacts with NH) 0 

<a)~ o 

. Me 

~)~Na o 

Me 
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.(C)~a o 

. Me· 

. . 'SOZ-OCO-CH3 

(d) ~ .•... +NaOH o 

Me 

270. Me---@-cH '0 + X CH3C~Na~ 

Me---@-cH CHCOOH; X is: [lIT (S) 2005) 

(a) BrCH2COOH 0 (b) OHC-COOH 0 
(c) CH3COOH 0 (d) (CH3COh 0 0 

271. Fluorobenzene (C6 H 5 F) can be synthesized in the 
. laboratory: . [AIEEE 2006] 

(a) by heating phenol with HF and KF 0 
(b) from aniline by diaZotisation followed by heating. t!f 

diazoniumsalt with HBF4 · 

. (c) by direct fluorination of benzene with F2 gas 0 
.. 272. (d) by reacting bromob~ene with NaFs~lution .0 

The structure of the major product formed m the followmg 
reaction; .. y ~:i:' j" 

[AIEEE 2006) 

.>-.-.. -.~-.... --~'---- -- ---- -- ----

(a)~CND (b) .. ~CI 0 

. y' NCY 

eN I 

(c) yCI .0 (d) yeN o. 

eN I 
273. Phenyl magnesium bromide I.li~blfl;thdll~ 1BO;] 

(a)atnixture of anisole and Mg(OH)Br 0 
(b) a mixture of benzene and Mg(OMe)Br 0 
(c) a mixture of toluene and Mg(OH)Br 0 
(d).a mixture of phenol and Mg(Me)Br 0 

274. The structure of the compound that gives a tribromo 
derivative on treatment with bromine water is: 

. [AIEEE 20061 

.. CH20H 

o ~)6 o 

o (d) Q o 

OH 

V
OH ". O:6Na 

275. I . .' + CHCh + NaOH. -- I 
~ .~ CHO 

, .. 

The electrophile involved in the above reaction is: . 
. . . [AIEEE 2006] 

1:9 
(a) dichloromethyl cation (CHClz) 0 
(b) dichlorocarbene (: Cel2 ) 0 

e 
(c) trichloromethyl anion (CCI3 ) 0 

~ 
(d) formyl cation (CHO) 0 

276. Which ofthe following sequence of reactions (reagents) can 
be used for the conversion of C6HsCfh .. G.H3 into 
C6HsCH=CH

2 
? [AUMS 2006] 

(a) SOCI2 ; H20 0 (b) S02C12; ale. KOH 0 
(c) C1 2' hv; H2 0 0 (d) SOCI2 ; alc. KOH 0 

277. Isopropyl benzene on air oxidation in the presenCe of dilute 
. acid gives: . [AIIMS 2006] 

(a) C6HsCOOH. 0 (b) C6HsCOCH3 0 
(c) C6HsCHO 0 (d) C6HsOH 0 

278. The major product obtained on the monobromination (with 
.... ~~jFe.BraJ of the following compound 'A' is: 

. . [AIIMs-lOOfi]"-'-

OCH3 

OCH3 
'A' . 

OCH3 

o (b)~CH3 o 

Br 

(d) Br~3 .. ·0 

. U
CH3 
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279. The following sequence of reactions on 'A' gives: 

CC
~ CH2CONH2 . I (i) Br2/NaOH. 'A' 
# COOCH

3 
(ii) heat 

·(a)WO 0 

o 

~)rYYZ~. 
~H 

o (c)cc;r o (d)QlO 0 

• .," 0 o 
280. Which 9f the following compounds would not evolve CO2 

when treated with NaHC03 solution? 

O 
[CET OUrnataka) 20061 

(a)· Salicylic acid .. (b) Phenol 0 
(c) Benzoic acid 0 (d) 4-Nitrobenzoic acid 0 

281. Which of the. following does not give benzoic acid on 

hydrolysis?·' [KCET 2006' AFMC 20QB] 
(a) Phenyl cyanide 0 (b) Benzoyl ~hloride 0 
(c) Benzyl chloride o (d) Methyl benzoate " 0 

282. Phenol can be distinguished from ethanol by the following 

reagents except: .. rPET (Ker.la) 200.61 
(a) sodium D (b) NaOHlI2 0 
(c) neutral FeCI) 0 (d) Br2 /H20 0 
(e) phthalic anhydride/conc. H2 S04 and NaOH 0 

283. Which of the following is more basic than aniline? 

rCBSE (Med.) 200..6] 
(a) Benzylamine 0 (b) Dipnenylarnine 0 
(c) Triphenylamine 0 (d) p-Nitroaniline " D 

-·~284. ':~::co:J:erlynsoctf~~/~=c a~ifFMC200~-
( c) acetic acid 0 (d) none of these 0 

28S. In which reaction, polysubstitution takes place? 

[AMU (Med.) 2006] 

(a)© +CH,COCI -©' o 

~) © +CH,CI -© o 

(c) ©+HN~ - © .0 

o 

286. Which gives only monosubstituted product? 

(a) o_Dinitrobe.J~!eMT CYO~br~b~~t!l':~~~20~ 
(c) p-Dinitrobenzene 0 (d) Nitrobenzene 0 

'287. The reagent(s}used in the preparation of aspirin from 
s-alicylic acid is/are: "" [CET (J & K) 20061 
(a) SOCl2,pyridine O~) CH3CI,J\fC13 . . U 

" (c) CH3C02H,HCI 0 (d) (CH3CO}zO,H+ 0 
288. Which of the following reacts with benzene in presence of 

anhydrous AlCl 3 to fonn acetophenone? 

(a) CH3CI 

(c) CH3CHO 

O 
jEAMCET (Engg.) 20061 

(bJ CH3COOH 0 

o (d)CH3COCI 0 
289. The reagents and the reaction conditions used in the 

formation of benzene diazonium chloride from aniline are: 

(a) aq. NaN02, HCI, 25°C 

(b) dil. HCl, 0-5°C 
(c) aq. NaCI, Hel, 20°C 
(d) aq. NaN02 , Hel, 0-5°C 

[EAMCET (Moo.) 20oe) 

o 
o 
o 

290. Which reaction is used for the preparation of acetophenone? 

(a) Reimer-Tierruinn reaction (WB JEE (Engg.)20~ 
(b) Wurtz-Fittig reaction 0 
(c) Friedel-Crafts reaction 0 " 
(d) Cannizzaro's reaction 0 

291. The strongest ortho-para and strongest meta-directing 

,ra;~=::!~I~:.~~.~---[I'I~!·L<K(!!I!.@).2DDet--~ 
(b) --CONH2 and-NH2 0 
(c) -NH2 and -CONH2 0 
(d) ~Xand--CONH2 0 

o 
292. Which of the following is not aromatic? 

[PMT (Kerala) 2006, 08] 
(a) Benzene 0 
(b) Cyclopropenyl cation 0 
(c) TropyJium cation 0 
(d) Cyclopenta4ienyl cation 0 
(e) Cyclopentadienyl anion 0 

293. Acylation of phenols with aromatic acyl chloride in 
presence of NaOH is known as: 
(a) Schotten-Baumann reaction 
(b) Hell-Volhard-Zelinsky reaction . 
(c) Haloform reaction 
(d) Cannizzaro's reaction 

[PMT (HP) 200~ 

o 
o 

·0 
294. Reactivity order of following towards Na0Et: EtOH:" 

IDPMT 2006) 



"1.'. 
" 

W 

~N02 
9 

NOz 
(III) 

(a) III>U>I .. 
i(c) l>ll>1II 

,[J (b )II'> 1> III 

, 0 (d) IU>J>II 
o 
o 

295. T-o'lueneby Etar<l's reaction gives: IDPMT 2006] 
(a) ortho-cresol 0 (b) benzoic acid 0 
(c )benzylalcohol '0 (d) benzaldehyde 0 

296. Phenol on, reaction with CHCl3 and NaOH gives 

benzaldehyde. 'In:termediateoftbis reaction is=jDCE 20061 
, (a)carbocation .. 0 (b) carbanion 0 
(c) free radical ' 0 ' (d) carbene ' 0 

297. X 'AgN03 ) Yellow or white ppt. 
HN03 

Whichtifthe following cannot be X? ' IDCE 2006] 

(a) U~ 0 (b) ,(CH,),CCI 0 

(e) UCH,Br . 0 (d) aw,CI- 0 
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(a) 1< II < III < IV 0 (b) I < II < IV < In 0 
(c) IV < I < II < III 0 (d) IV < II <I < III 0 

303. The IUPAC name of C6HsCOCI is: [lIT 2006] 

(a) benzoyl chloride 0 
(b) benzene chloroketone 0 
(c) benzene carbonyl chloride 0 
(d) chlorophenyl ketone 0 

304. Which of the following reactants on reaction with conc. 
NaOH followed by acidification gives the following lactone 

. as the only product? [lIT 2006] 

o 
II 

(YC",,-o 
~CH( 

CC' ~ COOCH3 CC·COOH 
(a) I ' " 0' (b) I 

# COOH d CHO 

'CC· CHO (c) I 
# CHO CC

COOH 
o (d) I 

d COOH 

'0 

o 

O
~' . AIel 

305. d + CI-CH2CH2CH3-4 p 
(i) 02/A 
(ii) H

2
0 10 Q + Phenol 

The major products P and Q are: lIlT 20061 

298. Which of the following species is less reactive than benzene 0 
towards electrQphilic substitution reactions? (a) I ~' 

, [BV (pune) 2006] , h' 

(a) Aniline 0 (b) Nitrobenzene 0 

[] 

(c) Bromobenzene 0 Cd) Phenol 0 0' 
299. Which of these does notcontain --,-COOHgroup? (b) I ',~ 

_., ____ . _~~ ~ET (P'!!l.illb) Engg. 2006] d 
(a) Aspirin 0 (b) Benzoic acid -U---- (5 
(c) Picric acid 0 (d) Salicylic acid 0 

300. In the following reaction. (c) I ~ 
X Brominati0l) y' ,NaN02 ) h' 

, HCl 

o 

o 

Z Boiling T 'b b X . 
'C

2
HsOH) n rorno enzene, IS: o 

(PMT (Uttarakband) 2006] 
(a) betp:oicacid o (b) saIicylicacidD 
(c) phenol 0 (d) aniline ,0 

,301. When benzenesulphonic acid and p-nitrophenol are treated 
with,NaHC03 .. tbe gases releasedres.peotively are: 

lilT 20061 
o 

306. The compound ~~OH is u...J as, [AIIMS 20071 

{a) S~, N02 

{;oj S02. CO2 

lQ (b) S02' NO 

o {d) CO2• CO2 o 
", 302.(1) t;2 .. :Dihydroxy benzene (II) It3 .. Dihydroxybenzene 

(III) l;4-Bihydroxy benzene (IV) HydFoxybenzene 
The ,increasing order of boiling points of the .above 
mentioneda\cohols is: [lIT 20061 

(a) antiseptic 0 (b) antibiotic 0 
(c) analgesic 0 (d) pesticide 0 

307. The reaction 

~.o OH 

~OH 
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is an example of: [PMT (Kerala) 2007] 
(a) Wurtz reaction 0 (b) Williamson reaction 0 
(c) Ulmann reaction 0 (d) Wittig reaction 0 
(e) Wurtz-Fittig reaction 0 

308. HO-@ + @-N2CI- Base 10 ? 

(a) @-N=N-@-OH 

(b)@-O-@ 

(C)<Q)-@ 
(d)@-(Q)-OH 

[AFMC 2007] 

o 

o 

o 

o 
309. What amount of bromine will be required to convert 2g of 

phenol into 2,4,6-tribromophenol? [UPSEE (Engg.) 2007] 
(a) 20.44 g 0 (b) 6.00 g 0 
(c) 4.00 g 0 (d) 10.22 g 0 

310. In order to distinguish between C2 Hs NH2 and C6HS NH2, 

which of the following reagent(s) is useful? 

[BHU (Mains) 2007] 
(a) Hinsberg reagent . 0 (b) ~naphthol 0 

316. The functional groups present in 'salol' are: 
[EAMCET (Engg.) 20071 

(a) -:-NH2 and -OR 0 (b) -OH and -COR 0 
(c) -NH2 and -COOHO· (d) -OH and -COOR 0 

317. Nitrobenzene is reduced with Zn and alcoholic potash 
mixture to get: [EAMCET (Med.) 20071 
(a) C6HsNH2 0 
(b) C6HsNH-NH-CfiHs 0 
(c) C6HSN NC6HS 

(d) C6HS -NH-CO-C6Hs 

o 
o 

318. Phenol is more acidic than alcohol because: 
[BCECE (Med.) 2007] 

(a) phenol is more soluble in polar solvents 0 
(b) alcohol does not lose hydrogen atom 0 
(c) phenoxide ion is stabilised by resonance . 0 
(d) phenoxide iop does not exhibit resonance 0 

319. In the reaction, 

h 
N;CI-

(A) 10 & Br 

(c) CHCl3IKOH 0 (d) NaOH 0 (A) is: [DPMT (Moo.) 2007] 
311. Aniline is prepared in presence of FelHCI from: (a) H3P02 IJ (b) Cu 2Cl 2 0 

[CPMT 2007] (c) HgS041H2S04 0 (d) H+ /H20 0 
(a) benzene 0 (b) nitrobenzene 0 320. Which of the following aromatic acid is most acidic? 
(c) dinitrobenzene 0 (d) none of theSe 0 [AMU (Engg.) 2009] 

312. Reaction of cyclohexanone with dimethylamine in the COOH COOH 

pres.ence of catalytic amount of an a.c .. id ... forms a compoun.d . ~.. ..... ..-©\. . . known as: [UPSEE (Engg.) 2007] . 
(a) an amine 0 (b) an imine 0 (a) ~Q_ ~ ____ ~.--E-QQ. . _. ___ 0 __ 

- .. -----... (c) an e~riiine-~ .. --·-rrlO)aSchiff'-s base ·-··-O~··---·-~- OH 
313. Consider the following compounds: . 

(i)@-mCl(ii)o,N-c-@-COCI (e) ~. OH 0 (d) i-.OOHOH 

(iii) H,C-c-@-COCI (iV)OHC-c-@-COcI.~ l8J o 

The correct decreasing order of their reactivity towards 
hydrolysis is: [CBSE (Med.) 2007] 
(a) (iv) > (ii) > (i) > (iii) 0 (b) (ii» (iv) > (i) > (iii) 0 
(c) (ii) > (iv) > (iii) > (i) 0 (d) (i) > (ii) > (iii) > (iv) 0 

314. The compound fonned as a result of oxidation of 
ethylbenzene by KMn04 is: [AIEEE 2007] 
(a) benzylalcohol 0 (b) benzophenone· 0 
(c) acetophenone [J (d) benzoic acid 0 

315. Presence of a nitro group in a benzene ring:· 

r AIEEE 2007J 
(a) deactivates the ring towards electrophilic substitution 0 
(b) activates the ring towards electrophilic substitution 0 
(c) renders the ring basic 0 
(d) deactivates the ring toward~ nucleophilic substitution 0 

OH 
321. Pick out the wrong statement. 

(a) Toluene shows resonance. 
+ 

(b) 0 is non-aromatic. 

[PET (Kerala) 2007] 
o 
o 

( c) The hybrid state of carbon in carbonyl group is Sp2. 0 
(d) Dipole moment of vinyl chloride is less than that of 

methyl chloride. 0 
(e) The hyperconjugative effect is known as no bond 

resonance. 0 
322. Aniline when diazotised in cold and then tr.eated with . 

dimethylanilinegives a coloured product. Its structure 
would be: [CBSE (Med.) 2004; UGET (Med.) 2007J 



(a)CH3NH~N=N~NHCH3 . 0 

(b) CH3-\Q)-~ N-\Q)-lffi2 

- (C)(CH3)2N~N-N-<O) 
(d) (CH3)2N-\Q)-N=N-@-NH2 

323. In the following reaction, . 

Cone.·HN03 ----"-_11 'X'; 
Cone. HzS04 

o 

o 

o 

The structure of major product 'X' is: [llT 2007] 

G.R.B. Organic Chemistry for Competitions 

327. Among the foUowing. which is least acidic? 
(CET (Karnataka) 2008) 

(a) p-Nitrophenol 0 (b) p-Chlorophenol 0 
(c) Phenol o (d) o-Cresol 0 

328. The reaction ofCH3 ~f=f-o-OH with HBr 

- H3C H 

gives predominantly: 
H Br· 11-0-. 

(a) CH3 -f-f " ! .OH 

H3C H 

·Br H 11-0-
(b) CH3-f-f " ! OH 

(PET (Kerala) 2008] 

o 

o 

rA1 . H3C H 

(a) ~NH·~. o· N02 0 fl", _ 
. lSJJ (c) CH3-f-f-o-OH .0 

02N~ 0 HH3 C 

(b)... ~~~ .. 0 [J _ H31 '-0-
·lSJJ (d) CH3-r-f " ! Br 

o 

(c) ©lN~ .. O D:r ~r 
H .•. lQ( 1 1-0-

__ .. _____ (d) ~~~~_~ ____ ~_ .. __ ~329. ;:g'::~a;~~;:tw=!~:;a~7::~;. 
-wbetr-treated--with-bramine-wateF-f..\)-ra~gi.ves-+~,~--
C7HsOBr3' The compounds (X) and (Y) respectively are: 324. Cyclohexene on ozonolysis followed by reaction with zinc 

dust and water gives compound E. Compound E on 
treatment with aqueous KOH yields compound F. 
Compound F is: [llT 2007) 

(a) VCHO 0 (b) o-CHO 0 

-(c) o-COOH o 
325. Bakelite is obtained from phenol by reaction with: 

. [AIEEE 2008) 

326. 

(a) HCHO 0 (b) (CH20Hh 0 
(c) CH3CHO 0 (d) CH3COCH3 0 -
Phenol when it first reacts with concentrated sulphuric acid 
and then with concentrated nitric acid, gives: 

[AIEEE 2008] 

(a) nitrobenzene 
(c) o-nitrophenol 
(e) none of these 

o (b) 2,4,6-trinitrobenzene 0 
o (d). p-nitrophenol 0 
D 

[PET (KeraJa) 2008] 

(a) benzyl alcohol and 2,4,6-tribromo-3-methoxy benzene 
o 

(b) benzyl ~cohol and 2,4,6-tribromo-3-methylphel101 0 
(c) o-cresol and 3,4,5-tribromo-2-methyl phenol 0 
(d) methoxy benzene and 2,4,6-tribromo-3-methoxy 

benzenl} 0 
(e) m-cresol and 2,4,6-tribromo-3-methyl phenol 0 
Benzoylation- of phenol in alkaline medium is known as: 330. 

[JEE (WB) 2008] 

(a) Friedel-Crafts reaction 0 
(b) Wurtz-Fittig reaction 0 
(c) Schotten-Baumann reaction 0 
(d) Sabatier-Sendem's reaction 0 

331. Anisole is the product obtained from phenol by the reaction 
known as: [VITEEE 2008] 

(a) coupling 0 (b) etherification 0 
(c) oxidation 0 (d) esterification 0 
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332. Which of the following species does not exert.a resonance 
effect? [CET(Karnataka) 2008] 
(a) C6HsOH 0 (b) C6HsCI 0 

+ . 
(c) C6HSNH2' 0 (d) C6HSNH3 . 0 

333. In a reaction of aniline, a coloured product' C' was obtained. 

©J
NH2 /Q\..--N<CH3 

O NaN°2 • (B) ~ CH3 • (C) 
HCI Cold 

(A) 

The structlJ,.;) of 'C' would be: 

o 

o 

o 

o 

334. The correct order of increasing basic nature of the following 
bases is: 

)§r

NH2 . )§rNH2 o 0 
02N . H3C 

(I) (2) (3) 

r;;y-NH2 ~NH2 M ·0.··· 
H3CO 

(4) . 

(a) 2 < 5 < 1 < 3 < 4 0 
(c) 2 < 5 < 1 < 4 < 3 0 
(e) 2 < 5 < 4 < 3 < 1 0 

N02 
(5) 

[PET (Kerala) 2008) 
(b) 5 < 2 < 1 < 3 < 4 0 
(d) 5 < 2 < 1 < 4 < 3 0 

335. When nitrobenzene is reduced with zinc and. methanolic 
NaOH, the product obtained is: [PMT (Kerala) 20081 
(a) aniline 0 (b) phenyl hydroxylamine 0 
(c) p-aminophenol 0 (d) azobenzene 0 
(e) hydrazobenzene 0 

336. Aniline reacts with ...... to yield ...... as the final product. 

(a) bromine,2-bromoaniline 
(b) bromine, 2,4,6-tribromoaniline 
(c) chlorofonnIKOH,phenyl cyanide 
(d) acetyl chloride, benzanilide 

[DCE 2008] 
o 
o 
o 
o 

337. Which of the following reactions caT'. produce aniline as 
main product? . [AFMC 2008] 
(a) C 6H5NOz +Zn!KOH 0 
(b) C6HsNOz + ZnlNH4CI 0 
(c) (;6H5N02 + LiAIH4 

(d) C6HSN02 + ZnJHCI 

338. In the following reaction sequence, 

~NH .. 2 
Excess Br2 ) (X) 0) NaN02/HCI) (V) 

(ii) H3P02 

CH3 
The compounds (X) and (Y) respectively are: 

o 
o 

[CET (Punjab) Engg. 2.008] 

(a) .~ and ~B' 0 

Br 

CH3 CH3 

(b) B'fB' . and ·0· B'l9fB' o 

CH3 CH3 

B'iB' fu~B' and 0 
...... _---' .------

(c) o 

Br Br 

(d) o/B' and C9ffu o 

CH3 CH3 

339. Toluene is nitrated and the res~lting product is reduced with 
tin and hydrochloric. acid. The product so obtained is 
diazotised and then heated with cuprous bromide. The 
reaction mixture so formed contains a: [AIEEE 2008) 
(a) mixture of o-and m-bromotoluenes 0 
(b) mixture of o-and p-bromotoluenes 0 
( c) mixture of 0- and p-dibromobenzenes 0 . 
(d) mixture of 0- and p-bromoan:i1ines 0 



340. Identify 'B' in the following reaction: [DPMT 2008J 

~ "':,:"" '.4' c,u,oH, 'B' 

CI 

(a) ~H o 

OC2HS 

(c) f"" o (d) none of these o 

CI 

341> The major product of the following reaction, 
Me 

F 
Ph§N: 

------...... ?; is: [lIT 2008) 
Dimethyl fonnamide 

F F 
(a) o (b) o 
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343. In the following reaction sequence, the correct structures of 
E, F and G are: 

o 0 
. II II . Heat EJ 12 
Ph~OH - [ NaOH- [F]+[G] 

(iii implies BC labelled carbon) [lIT 2008J 
o 0 

~ A- + (a) E = Ph CH3, F = Ph ONa , G == CHI3 0 
o 0 

(b) E=PhAcH3, F=PhAONa+, G=Cill3 0 

o 0 

(c) E~PhAcH3' F=PhAONa+' G=CHI3 0 
o 0 

(d) E=PhA CH3, F=PhAONa+, G=CH31 0 

344. Consider the acidity of the following carboxylic acids: 
(i) PhCOOH (ii) o-N02C6H4COOH 
(iii) P-N02C6H4 COOH (iv) m-N02C6H4COOH 
Which of the following orders is correct? 

[JCECE (Merl.) 2008J 
(a) (i) > (ii) > (iii) > (iv) tJ (b) (ii) > (iv) > (iii) > (i) 0 
(c) (ii) > (iv) > (i) > (iii) 0 (d) (ii) > (iii) > (iv) > (i) 0 

345. Predict the product: 

~NHCH3 
~ + NaNOz + HCI ~ Product 

[eBSE (Med.) 20091 

•••• _~.~~ ••••• __ m. N02~ .. _.~ __ 
CH3 

------~~~- ..... 1--1 ------

SPh 
(c) o (d) o 

342. Dichlorobenzoic acid Mononitration rProduct (only one). 
The structure of reactant can be: [DPMT 2008) 

(a) CI~CI··· O-(b) -fc,.. 0 

CI 

COOH 

Jvo CI 

(c) )8J 
CI 

o (d) 

COOH 

©eCI 

CI 

o 

(aj ©IN

'
N0

2 o 

NO 

346. Amino . group 'is' ortho, para-directing for aromatic 
electrophilic substitution. On nitration of aniline, a good 
amount of m-nitroaniline is. obtained. This is due. to: . 

[DCE'2009] 
(a) in nitration mixture, ortho-, para-activity of -NH2 

group is completely lost 0 
(b) -NH2 becomes.......,...NH;, which is m-directing 0 
(c) -NH2 becomes -'-NH+S04' which is m-rlirecting 0 
(d) -NH2 becomes -NIrNO;, which is m-directing 0 
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347. Which one of the following is ·not the correct reaction.of aryl 
diazonium salts? [DCE 2009] 
(a) C6HsN;CI- +Cu2C12 ~C6H5CI 0 

(b) C6HsN;CI- + HBF4 ~C6H5F 0 
(c) C6HSN;Cr +H3P02 ~C6HsP04 0 
(d)C6HsN;Cr +SnCI2/HCI ~C6H5NHNH2 0 

348. In Gattermann reaction, a diazonium group is replaced by X 
using Y. What are X and Y? [EAMCET 2009] 

X Y 
(a) CI- CulHCI 0 
(b) Cl+CuCI2IHCI 0 
(c) CC' CuCI 2 IHCI 0 
(d) Cl 2 Cu20IHCI 0 

349. In electrophilicaromatic substitution reaction, the nitro 
group is meta-directing because it: 

rCET (Karnataka) 20091 
(a) decreases electron density at meta-position 0 
(b) increases electron density at meta-position 0 
(c) increases electron density at ortho- and para-positions 

. 0 
(d) decreases electron density at ortho- and para-positions 

o 
350. Which statement is incorrect? IJ EE (W Ii) l0091 

(a) Phenol is a weak acid 0 
(b) Phenol is an aromatic compound 0 
(c) Phenolliberatc:s CO2 from Na2C03 solution 0 
(d) Phenol is soluble in NaOH 0 

1~19 

o (~~~,D 
N02 

354. Consider the following compounds, 

@"NIIZ @"rnZNHZ @"rnzrnZNHZ 
(I) (II) (III) 

What is the correct order of basicity of the above 
cOIllPounds? [SCRA 2009] 
(a) I> II > TIl 0 (b) TIl> I > II 0 
(c) III> II > I 0 (d) I> III > II 0 

355. An aromatic compound X with molecular formula, C9HlOO 

gives the following chemical tests: 
(i) Forms 2,4-DNP derivative (ii) Reduces Tollens' reagent 
(iii) Undergoes Cannizzaro reaction and (iv) On vigorous 
oxid3tion 1,2-benzenedicarboxylic acid is obtained. 
'X' is: IDCE 20091 

(a) ~ZIIs o ~) ~CHO 

C2HS 

o 

351. The major product obtained on interaction of phenol with ° 
sodium hydroxide and carbon dioxide is: IAIEEE 20091 1\ 

CHO 

(a) benzoic acid 0 (b) salicylic acid D. ©(C", 
(c) O. CH3 0 (c) salicylaldehyde 0 (d) phthalic acid 0 

352. Consider the following reaction: _______ . __ Glli_ .... __ . (d)" @_ .... _ .. ~ ..... _--
-----···--·--····-----···------AlIC[·--KMilO-----

Phenol ~(X) CH3CI ) (y) ame 4) (Z); 
anhyd. AICl3 

the product (Z) is: ICBSE (Med.) 20091 
(a) benzaldehyde 0 (b) benzoic acid 0 
(c) benzene D. (d) toluene 0 

353. In the reaction for dinitration, [DCE 2009J 

J """. IINO, (X) 

~CH3 " 

the major dinitrated product (X) is: 

02N*OH 

(a) O. 
CH3 

N02 

OH 

02N~. NO.2 

o (b) ~ 0 
CH3 

C2Hs 

356. The most suitable reagent 'A' for the reaction 

if· ° 0°V'0 CH 'A' '/' . 
. 3 - CH

3 
is/are: 

(a) 0 3 

(b) H20 2 

[AMU (Engg.) 2009] 
o 

(c) NaOH-Hz02 

(d) m-chloroperbenzok acid 
357. In the chemical reaction, 

:&Z _N_aN_O....;;2~ (A) HBF4) (B) l8J HCI, 278 K) . 

o 
o 
o 

The compounds A and B respectively are: IAIEEE ZH HI! 



1,020 

(a) nitrobenzene andchlorobenzene 0 
(b) nitrobenzene and fluorobenzene 0 
(c) benz!me diazonium chloride and fluorobenzene 0 
(d)' phenol and benzene 0 

358. An orange dye p-hydroxy azobenzene can Qe synthesized 
from benzene diazonium chloride by: 

(a) Sandmeyer reaction 0 
(c) Coupling reaction 0 
(e) Etard reaction 0 

[PMT (Kerala) 2010] 
(b) Gomberg reaction 0 
(d) Gattermann reaction 0 

359. What is obtained when nitrobenzene is treated sequentially 
with (i) NH4ClIZn dust and (ii) H2S04/Na2CrZ07? 

[JEE (WB) 2010] 
(a) Benzene 0 (b) Nitrosobenzene 0 
( c) m-chlorobenzene 0 (d) p-chloronitrobenzene 0 

360. Identify the product (E) in the following sequence of 
reactions: 

CH3 01 ~(A) So/HCI) (B) NaN02/HCI) (C) y 273-278K 

N02 

COOH 

(a) 0 
ex, 'CH3 

(c), I, 
~ Br 

H20/H3P02) (D) KMn04 ) (E) 
OH-

[AMU (Med.) 2010] 

o (b)QBr o 

, 361. The..most,basic_amine among the.foUo.wingjs: .. 

(a) p-toluidine 
(c) p-nitroaniline 
( e) p-fluoroaniline 

362. In the following reaction, 
CH3 ' 

~- ~X 
U hv 

the major product 'X'is: 

CH2Br 

(a) 0 
~Br 

(c)U 

[PMT (Kerala) 2010] 
o (b) o-nitroaniline 0 
o (d) 2,4~dinitroatiiline 0 
o 

[AMU (Med.) 2010] , 

D~) &Br o 

o 
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363. The compounds P, Q and S 

(Y,. COOH(yOCH'rJ-n-O 
HoN' 'HcN,· ,V ' 

P ,,3 Q S 

were separately subjected to nitration using HN03/H2S04 
mixture. The major product formed in each case 
respectively is: [lIT 2010] 

(a)' I ' ' I g'~ C,OOH g, OCH3 

HO, ,d H3C d" 

'N02 N02 

xx
~",COOH 

(b), I, , 
'HOd N02 

(c) I "" ' , I ,', 
g,

' ~'"COOH, xx~, OCH3 

'HO ," d , H3C ' d N02 

NOi' ' 

364. In the reaction 

H c-<yf ,,0 (i) NaOHIBr2 T 
3 " • 

- NH2 (ii) ~~O 
~""'CI 

the structure of the pr04uct Tis: 

(a) H3C~~O 0 
,~- ~O-C«) 

[lIT 2010] 

o 
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(b) ~NH" ~f' ... ~- ~C H3 o _ ... 
o 

o 

o 

SET II : This set contains questions with two or more correct answers. 

365. The ether @---o--cHr@ when treated with 

HI produces: 

(a) <Q!-cH21 0 (b) (O)-cH20H 0 

(c) @-I 0 (d) @-oH 0 

366. Toluene when treated with Br2 IFe gives p-bromotoluene as 

the major product because the -CH3 group: 
(a) is para-directing 0 
(b) is meta-directing Cl 
(c) activates the ring by hyperconjugation 0 
(d) deactivates the ring . 0 

367. An aromatic molecule will: 

(a) have 4mt electrons 
(b) have (4n + 2}7telectrons 

(c) be planar 
.... (d) be cyclic. 

368. Which of the following are less reactive than benzene? 

o 
o 
o 
o 

(a) Toluene· 0 (b) Chlorobenzene 0 
(c) Nitrobenzene 0 (d) Benzoic acid 0 

369. Salicylic acid is prepared from phenol by: (AFMC 2005) 

(a) Reimer-Tiemann reaction 0 
(b) Kolbe's electrolytic reaction 0 
(c) Kolbe's reaction 0 
(d) none of the above 0 

370. Which of the following are meta-directing? 
(a) S02C1 0 (b) eocH3 . 0 
(c) CN 0 (d) NHR 0 

371. The type of substitution reactions of benzenoid 
hydrocarbons are: 
(a) elimination 0 (b) electrophilic 0 
(c) nucleophilic 0 (d) free radical 0 

372. Which of the following compounds will reduce Fehling's 
solution? 

1021 . 

(a) Formaldehyde 0 (b) Acetaldehyde 0 
(c) Benzaldehyde. . D. (d) Chloral 0 

373. Benzene molecule has: . 

(a) 9 sigma and 3 pi-bonds 0 
(h) 30. electrons 0 
(c) 12 sigma and 3 pi-bonds 0 
(d) 21 electrons 0 

374. Benzene is obtained from benzene diazonium chloride by 
the: 
(a) reduction with alkaline stannous chloride· 0 
(b) reduction with acidic stannous chloride 0 
( c) action of hypophosphoI'\ls acid 0 
(d) action ·of ethyl alcohol 0 

375 •. Amongst the following the total number of compounds 
soluble in aqueous NaOH is: [liT 20101 

H3

C'!ICH3 

(a) U 
OH 

(d) 0 NOz 

(e) 6 

376. In the reaction 
OH--

6" NaOH(aq.)/Br2) 

.~ 

the intennediate(s) is (are): 

Arlli (a)y 
Br 
0-

(C)¢ 
Br 

o 

o~)Q 
Br Br 

0-

o (d) A 
~Br 

[UT 2010) 

o 

o 
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Following questions consists of an Assertion (A) and 
Reason (R). Use the following keys to choose the 
appropriate answer: 
(a) If. both (A) and (R) are correct and (R) is correct 

explanation of (A) .. 
(b) Ifboth (A) and (R) are correct but (R) is not the correct 

explanation of (A). 
(c) If (A) is correct but (R) is incorrect .. 
(d) If (A) is incorrect but (R) is correct. 
(e) Ifboth (A) and (R) are incorrect. 

1 CA) Acetaldehyde reduces Fehling's solution but 
benzaldehyde does not. 

(R) Acetaldehyde is stronger reducing agent than 
benzaldehyde. 

2. (A) p-methoxy benzaldehyde is less reactive than 
benzaldehyde towards cyanohydrin formation. 

(R) The + R effect ofmethoxy group increases the electron 
deficiency of the carbonyl carbon. 

3. (A) Phenol is more reactive than benzene towards 
electrophilic substitution. 

(R) In the case of phenol, the intermediate carbocation is 
more resonance stabilized. (lIT 2000) 

4. (A) p-Nitrophenol is stronger acid than o-nitrophenol. 
(R) Intramolecular hydrogen bonding makes artho-isomer 

weaker acid than pa,:a-isomer. 
5. (A) Friedel-Crafts reaction between benzene and acetic 

anhydride in presence of anhydrous AlCl3 yields 
acetophenone and not polysubstitution product. 

(R) Acetophenone formed poisons the catalyst, preventing 
further reaction. 

6. (A) o-Phenol sulphonic acid on heating at 100°C changes to 
p-phenol sulphonic acid. 

...... -~----·--tR:-JSWplionation of~plreIiol-is~~rl'everstbte~p1t)'Ce"ss~-~~·-~ 
7. (A) Phenol and benzoic acid can be distinguished by NaOH. 

(R) Benzoic acid is stronger acid than phenol. 
8. (A) Nitrobenzene undergoes Friedel-Crafts reaction. 

(R) Friedel-Crafts reaction is an electrophilic substitution 
reaction. 

9. (A)Benzonitrile is prepared by the reaction of 
chlorobenzene with potassium cyanide. 

(R) Cyanide ion (~) is a strong nucleophile. 
10. (A)In strongly acidic solution, aniline becomes more 

reactive towards electrophilic reagents. 

G.R.S. Oryanic Chemistry for Competitions 

(R) The amino group being completely protonatedin 
strongly acidic solution, the lone pair of electrons on the 
nitrogen is no· longer available for resonance. 

1111' 20011 

11. (A) Rates of nitration of benzene and hexadeuterobenzene 
are different. 

(R) C-H bond is stronger than C-D bond. 
[AlIMS 2005] 

12. (A) The presence of nitro group facilitates nucleophilic 
substitution reactions in aryl halides. 

(R) The intermediate carbanion is stabilized due to the 
presence of nitro group. IAIIMS 2006] 

13. (A) Aryl halides undergo nucleophilic substitution reactions 
with ease. 

(R) The C-H bond in aryl halides has partial double bond 
character. 

14. (A) Benzyl bromide when kept inacetone,.water, it produces 
benzyl alcohol. 

(R) The reaction follows SN 2 mechanism. [AlIMS 2003] 
] 5. (A) Styrene on reaction with HBr gives 

2,.bromo-2-phenylethane. 
(R) Benzyl radical is more stable than alkyl radical. 

[AII~S 2004] 

16. (A) p-Hydroxy benzoic acid has a lower boiling point than 
o-hydroxy benzoic acid. 

(R) a-Hydroxy benzoic acid has intramolecular hydrogen 
bonding. . [liT 2007] 

17. (A)Friedel-Crafts reaction is used to introduce an alkyl or 
acyl group in benzene nucleus. 

(R) Benzene is a solvent for the Friedel-Crafts alkylation of 
bromobenzene. [AIIMS 2008] 

18. (A) Nitration of aniline can be conveniently done by 
-~---~-protecfii):g the ammo group by acetYlation. ~~--

(R) AcetylatiQn increases the electron density in the benzene 
ring. [AIIMS 2010] 

19. (A) Reimer-Tiemann reacnon of phenol with CC14 inNaOH 
at 34() K gives salicylic: acid as the major product. 

(R) The reaction occurs through intermediate formation of· 
dichlorocarbene. [AIIMS 2010} 

2U. ~A) 4-Nitro chlorobenzene undergoes nucleophilic 
substitution more readily than chlorobenzene. 

. (R) Chlorobenzene undergoes nucleophilic substitution by 
. elimination addition mechanism while 4-nitrochloro

benzene undergoes nucleophilic substitution by addition 
elimination mechanism. [AIIMS 2010} 
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J·ANSWERSI ; .' , ~ " 

OBJECTIVE QUESTIONS 

1. (d) 2. (a). 3. (d) 4. (h) 5. (a) 6. (c) 7. (c) 8. (b) 9. (b) . 10. (a) 
11. (c) . 12 .. (d) 13. (b) 14. (a) 15. (a) 16. (a) 17. (a) 18. (c)' 19. (b) 20. (a) 
21. (c) 22. (c) 23. (c) 24. (b) 25. (d)' 26. (b) 27. (d) 28. (b) 29. (c) 30. (a) 
31. (d) 32. (d) 33. (b) , 34. (a) 35. (d) 36. (d) 37. (a). 38. (d) 39. (b) 40. (c) 
41. (a) 42. (d) 43. (c) 44. (b) 4S. (c) 46. (b) 47. (c). 48. (d) 49. (d) 50. (b) 
51. (a) 52. (d) 53. (a) 54. (d) 55. (c) 56. (d) 57. (e) 58. (b) 59. (c) 60. (a) 
61. (b) 62. (c) 63. (a) 64. (c) 65. (a) 66. (b) 67. (b) 68. (c) ~9. (d) 70. (d) 
71. (a) 72. (b) 73. (c) 74. (b) 75. (c) 76. (b) 77. (c) 78. (a) 19. (d) 80 .. (a) 
81. (d) 82. (b) 83. (c) 84. (a) 85. (c) 86. (a) if;. (d) 88. (c) 89. (c) 90. (b) 
91. (a) 92. (b) 93. (d) 94. (e) .' 95. (b) 96. (a) 97. (b) 98. (b) 99. (c) 100. (a) 

101. (d) 102. (c) 103. (c) 104. (b) 105. (d) 106. (b) 107. (d) 108. (d) 109. (b) 110. (e) 
111. (e) 112. (c) 113. (b) 114. (a) 115. (d) 116. (b) 117. (b) . 118. (d) 119. (e) 120. (b) 
121. (a) 122. (a) 123. (e) 124. (a) 125 .. (d) 126. (b) 127. (e) 128. (c) 129. (a) 130. (d) 
131. (b) 132. (d) 133. (e) 134. (a) . 135. (a) 136. (d) 137. (b) 138. (e) 139. (a) 140. (c) 
141. (b) 142. (a) 143. (d) 144. (c) 145. (a) 146. (b) 147. (a) 148~ (d) 149. (c) 150. (d) 
151. (b) 152. (a) 153. (d) 154. (b) 155. (d) 156. (e) 157. (b) 158. (a) 159. (b) 160. (c) 
161. (d) 162. (b) 163. (a) 164. (d) 165. (e) 166. (b) . 167. (e) 168. (a) 169. (e) 170. (e) 
171. (b) 172. (a) 173. (d) 174. (c) 175. (b) 176. (c) 177. (a) 178. (b) 179. (d) 180. (b) 
181. (a,d) 182. (d) . 183. (e) 184. (a) 185. (d) 186. (d) 187. (d) 188. (a) 189. (b) 190. (b) 
191. (e) 192. (a) 193. (a) . 194. (d) 195. (e) 196. (b) 197. (d) 198. (b) 199. (a) 200. (e) 
201. (c) 202. (b) 203. (b) 204. (a) 205. (b) 206. (b) 207. (a) 208. (c) 209. (a) 210. (b) 
211. (d) 212. (c) 213. (a) 214. (b) 215. (c) 216. (a) 217. (b) 218. (d) 219. (b) 220. (a) 
221. (d) 222. (b) 223. (a) 224. (b) 225. (d) 226. (a) 227. (e) 228. (b) 229. (b) 230. (c) 
231. (c) 232. (b,d) .233. (a,d) 234. (b) 235 •. (e) 236. (c) 237. (b) 238. (d) 239. (a) 240. (e) 
241. (a) 242. (b) 243. (b) 244. (b)' 245. (d) 246. (b) 247. (b) 248. (a) 249. (a) 250. (d) 
251. (a) 252. (d) 253. (a) 254. (b) 255. '(e) 256. (e) 257. (b) 25!t (a) 259. (b) 260. (d) 
261. (b) 262. (e) 263. (b) 264. (d) 265. (e) 266. (a) 267. (c) 268. (b) 269. (c) 270. (d) 
271. (b) 272. (d) 2n (b) 274. (a) 275. (b) 276. (b) 277. (d) 278. (b) 279. (c) 280. (b) 
281. (e) 282. (~) 283. (a) 284.~} . 285.@.'....... 286.02) .. _ 287: (dL.........~~~~Cd) 289. (d) 2!lli.~(c,\ 
291. (e) 292. (d) 293. (a) 294. (a) 295. (d) 296. (d) 297. (a) , 298. (b) .299. (e) 300. (d) 
301. (d) 302. (c) , 303. (e) 304. (e) 305. (d) 306. (e) 307. (b) 308. (a) 309. (d) .310. (b) 
311. (b) 312. (c) 313. (b) 314. (d) 315. (a) 316. (d) 317. (b) 318. (el 319. (a) 320. (d) 
321. (b) 322. (e) 323. (b) 324. (a) 325. (a) 326. (e) 327. (d) 328. (a) 329. (e) 330. (e) 
331. (b) 332. (d) 333. (b) 334. (a) , 335. (d) l:}6. (b) 337. (d) 338. (b) 339. (b) 340. (e) 
341. (a) 342. (b) 343. (e) 344. (d)." 345. (d) . 346. (b) 347. (e) 348. (a) 349. (d) .350. (e) 
351. (b) 352. (b) 353. (a) 354. (c) 355. (a) 356, (d) 357. (e) 358. (e) 359. (b) 360. (b) 
361. (a) 362, (e) 363. (e) 364. (d) 365. (a,d) 366. (a,c) 367. (b,e,d) 368. (b,c,d) 369. (a,e) 370. (a,b,e) 
37!. (b,c,d) 37 2. (a,b,d) 373. (b,c} 374. (a,c,d) 375. (b,d,f,h) 37(1. (a,e) 

ASSERTION-REASON TYPE QUESnONS 
" 

1. (a) 2. (e) 3. (a) 4. (a); , 5~ (c) 6. (b) 7. (d) 8. (d) 9. (e) 10. (d) 
. 11. (e) 12. (a) ·13. (d) 14. (e) , 15; (e) 16. (d) 17. (e) 18. (e) 19. (e) 20. (b) 
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1. Which of the foUowingstructurescorresponds to the 
product expected, when e]tcessof C6 H6reacts withCH2 Cl2 

in presence of anhydrousAlCl 3? 
CI 

.' I,' 
(a) ( . }-lH~) . 0 

(b) (0 )-ciIC12 o 

CI. I .' 
(C)(n~) o 

CI 

(d) (}-cH,-{ ) o 

2. The correct order of decreasing basicity of the following 
compounds is: . 

·6··
NH

.'.

2 

1 
~ 

(I) 

. '4. Osr NoNH,. Product 'A'byreactiqn 'R'. 

-'A' and 'R' are: 
OCH3 . 

. (a)::r- . ,elimination addition U NH2 · 

OCli3 

(b) 0-NR, , elimination addition 

OCH3-

. (C)Jr-. . ,nucleophilic substitution 

~NH2" . 

o 

o 

o 

(d) none of the abo.ve 0 
5. Which of the following does not undergo Friedel-Crafts 

reaction? 
(a) Aniline D. (b) Phenol 0 
(c) Nitrobenzene 0 (d) All of these 0 

6. Which of the following groups deactivates the benzene ring 
(a)I>II>ITI>IV' 0 (b) 11>1>111 >IV 0 towardselectrophilicsubstitution? . 

.. __ J~LJJJ~IYcJ?JL .. · .. ·0 (d) U>I>IV>III 0 (a) -NHR' 0 (b) -OH 0 
3 •. Which of the follo~g-h~cl~:;e;-pK:~~I~~?-"--"""- --- .. --(c)--~€ooR-' -.----n-~g-(4)-QR- [J 

7. . Benzene reacts with CCl4 in presence of anhydrous AlCl 3 

(a) ;;OH . 0 (b) J;H 0 ~r=~ _e g V···. UOH. (c) tetracblorobenzene 0 

o o 

flint:. Closer is the electron withdrawing group to the 
carboxylic group; greater is the acidic character of the 
. compound. 

COOH 

Thus, 6-OH has lowest pKa value.] 

(d) triphenylmethyl chloride 0 
8 .. An aromatic amilie (X) was treated with alcoholic potash 

and another compound (Y) when a foul-smelling gas was 
formed with formula C6HS NC, (Y) was formed by reacting 
a compound (Z)withCI2 in presence of slaked lime. The 
compound (Z) is : 

. (a) C6HSNH2 
. (c) CH3COCH3 

IDnt: 

(X) 

+CHCh 
(1') 

o (b) CH30H 

o (d) CHCI) 

NC 

Ak.KOH·6 
Phenyl isocyanide 

(foul-smelling compound) 

Cl 
o 
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9. Which xylene is most readily nitrated? 
(a) Ortho xylene 0 (b) Para xylene 0 
(c) Meta xylene 0 (d) All at the same rate 0 

10. Which of the following compounds is a weaker acid as 
compared to benzoic acid? 

CI 

(a)9 
COOH 

(e) Q 
COOH 

CH3 

rID •• , ¢ 
COOH 

[] 

o o 

is weaker acid than benzoic acid 
because +I group (-CH3) lowers the 
acidic character of carboxylic group.] 

(c) O·~. .. o (d) <5 o 

14. Which of the following species is aromatic? 

(a) 6 o (b) o· o 

.. 
(c) ~ o (~O o 

15. Sulphanilic high 

melting point. This is due to : 
(a) the molecule exists as Zwitter ion 0 
(b) intramolecular hydrogen bonding takes place 0 
(c) the compound is purely ionic in character 0 
(d) none of the above 0 

[Hint: H2N-D-S03H -- H;N-( )-S03] 

Zwitter ion 

16. Oxidation of (A) gives para benzoquinone. (A) is : 

(alO 0 (b) 2) o 11. In benzyne[ Ol}mennediate, the triple bond 

-1~~I~~~::::~::::::;I;~--~(e) ~ ~__D -(~-~-~-~_D-~_ 
(d) one Sp2_Sp2 sigma bond, one Sp2_sp2 pi-bond and one NH2 

p-p pi-bond 0 

12. (;rCI I N02 Dil. NaOH 

~ 

N02 

The above reaction proceeds through : 
(a) electrophilic addition 
(b) benzyne intermediate 
(c) activated nucleophilic substitution 
(d) oxirane 

13. Wbic,h of the following is/are aromatic? 

(a) L 0 (b) 0 

o 
o 
o 
o 

o 

o 

17.00-1-< ) 
Product of this reaction will be : 

o ;==(N0
2 (al Q--o-l~-;) o 

o 

(bl( C4> 
N02. . 

o 

o 

(e) Q,N-Q--ol-< ) o 
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o 

o 

JHint: OJI-Q (i) Activating and 
~ -.Ji ~ ---,.. Ii "ortho-para-directing 
~ II ~ II (ii) Deactivating and 

! ! I I meta-directing] 
(I) (II) 

18. In which of the following cases, the nitration will take place 
at meta-position? 

$ 

0 0 
NH3 0 

6 6 
(I) (II) (III) (IV) 

(a) II and IV 0 (b) I, II and III 0 
(c) II and III 0 (d) I only 0 

19. In the reaction 

compound 'A' is: 

(a) ( )-CH20H 0 

(b) ( )-~H2CH20H 0 

G.R.B. Organic Chemistry Jor Competitions 

[Hint: ;; a, J: + 3HCl U Light '"V 
OH 
I 

CCl3 HO-C--OH 6 + 3N.OH(.q.) - 6 + 3NoCi 

!-H20 

8: 
22. An aromatic compound C7 H6 Cl2 (A), gives AgCl on 

boiling with alcoholic AgN02 solution and yields C7HiOCI 
on treatment with sodium hydroxide. (A) on oxidation gives 
monochlorobenzoic acid. The compound (A) is : 

CH2Cl CH2Cl 

(a) ¢ 0 (h) 6=~: 
'l Cl 

(e) .J{CI 
"clN 

o 

CHCl2 

(d) 6 
o 

o 
(c) 0-' CH-CH2 0 

- ""-/ 
"""""-2"0"-. -"~~d")-"""i":-h-o u-r:-:c-:-~""O":"S::~iS m~t e .. i~ 0 ... - -~ ~-: H'=I

C

"-' -A-;-O-2- Q-+-A~g-~"l--"----"-

(a) . )). 0 (h) lrNO
' 0 a: CI CHOH 

02N~N02 Yl L-_N_30_H_(3_Q.) __ • 01 " 
. NO, NO, Y 

NO, 0 "" I -KM-n~~J[-] Hi-:--->-' ~: 
21. Chlorination of boiling toluene in presence oflight followed Y 

by treatment with aqueous NaOH gives : " Cl Cl 
(a) ortho cresol "0 (b) para cresol 0 (A) Monochlorobenzoic acid 

(c) 2,4-dihydroxy toluene 0 (d) benzoic acid 0 
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23. Oil of vanilla bean is : 

(a) qOCHJ q;H OH 

[] (b) I ' 
~ 

o 

CHO OH 

OH 

~)qOH o (d) Jr.. 0 

HO~OH 
OCH3 

24. Consider the following reactions I and II, 

,6 
Products 'X'and 'Y' are respectively: 
(a) picric acid, styphnic acid 0 
(b) styphnic acid, picric acid 0 
(c) picric acid, benzoic acid 0 
(d) picric acid, salicylic acid 0 

OR OR 

~,,6 Cone. 'fINO] .. O'N=<:rJ<Q, 
Cone. H2SO4 

PhenQI 
N02 

Picric acid 

OH OH Q Cooc.HNO, ~N-¢CO'l ~ I Cone. H2SO4' 
OR ~ OR 

Resorcinol 
N~ 

Styphnie acid 

25. Oil of bitter almonds is : 

oH 0 

(a) 0 (b) 6 0 

0 (c) ::: I 0 

CHO 

(d) 6-0H D. 

~\l027 

'OCOC1I N.N,,,, o;ONI 3 8. 
Rearrangement 

B '~ 26. ~ -NaCl ~ 

then: 
(a) [A] =N2 

(b) [B] ~ 0-&; [C] ~ oH 
0-1 N=C=O 

(c) [C) = 

~ 

o-CN 
(d) [B] = I II; [D] 

~ 0 

NH2 

27.6-COOH 
---:=----- Product; 

The product formed in above reaction is : 
NH2 ' NH2 

C 
!KOR 

D 

D 

o 

D 

D 

BrABr b Q-I COOH 

~ ~ 
(a) '. Y'" 0 () D 

Br Br 
~--"---.~---------

NH2 . Br 

(c) Br-Q--COOHD (d)Br-Q-COOHD 

Br Br 

CCh 

l8. 6 + CI, FoCI, , X 

'X'is: 
(a) ortlto chlorobenzotrichloride 0 
(b) para cblorobenzotricbloride 0 
(c) meta chlorobenzotrichloride 0 
(d) none of the above 0 

29. Which of the following is most reactive towards 
electropbilic substitution reaction? 
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(.) 0 
N02 

o (b) 6 o 

(c) 2) o (d) ( )-( ) 0 

30. Wh"" < )-( ) is treated with rutrating mi~ture 

o 

o 

o 

Here, the product 'At will be : 

OCHj 

CH3U'I ' 
(a) 0 

CH3 ~ CN 

o 

~ Hint: OClI, is ortho, para-directing and activating group 
while -eN is meta-directing and deactivating. Thus, 
electrophilic substitution will take place at para-position 
with respect to -OCH3 group. Ortho product will not 
be preferred due to steric hindrance.] 

G.R.B. Organic Chemistry for Competitions 

32. Which of the following will have lowest heat of 
hydrogenation per mole of compound? 

(a) 01 0 (b) O~ 0 
~ ~# 

(c) 1 0 (d) I 0 (X)~. CO)~ ~ 
~ # ~ # # 

[Hint: Benzene has lowest heat of hydrogenation because it has 
least number of n-bonds.] 

0.
CH3

, Ozonolysis· P d 
33. Y .' ro ucts; 

CH3 

The products formed are: 

o 
II 

(a) CH3-C-CHO 

(b) CHO-CHO 

o 0 
II II 

(c) CH3 -C-C-CH3 

(d) HCOOH 

01 H3P04 
34. + CHr-C=CHz ----::---=--. X; 
~ I 

CH3 

The compound 'X'is : 
CH3 CH3 
I I 

o 
o 

o 
o 

~~-CHz=::ClL-d: . .LJH.r3 -----'C ..... H.J.33::::::C.=CH3 -. __ .... ____ _ 

(a) 6 0 (b) 6 0 

o (d) none of these o 

35. Styrene undergoes follo\A'ing reaction in acid medium : 

c5~H' 
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The various intemlediates fonned are : 

o (b) o 

(c) o (d) o 

ANSWERS: BRAIN STORMING PROBLEMS I 

1. (d) 2. (c) 3. (a) 4. (c) S. (c) 
11. (d) 12. (b) 13. (a,c) 14. (c) IS. (a) 
21. (d) 22. (a) 23. (a) 24. (a) 2S. (c) 
31. (d) 32. (a) 33. (a.b) 34. (b) 3S. (a,b,c) 

6. (c) 7. (a) 8. (c) 
1(i. (a,b,c) 17. (c) 18. (b) 
26. (a,c,d) 27. (a) 28. (c) 

CH I 3 

or~H 
(a) 

9. (c) 
19. (b) 
29. (a) 

1029 

(c) 

10. (c) 
20. (a) 
JO.(a) 
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I INKED COMPREHENSION TYPE QUESTIONS 

Passage 1 

In the electrophilic substitution of benzene ring, the second 
substituent is directed by the group already present. Electron 
releasing groups (+/ and +M) are ortho-para-directing and 
activating, whereas the electron withdrawing groups (-/ and -M) 
are meta-directing and deactivating. 

Halogens are placed under the category of +T (Tautomeric) 
groups because they have -Inductive and +Mesomeric' effect. 
These groups are deactivating but ortho-para-directing. 

In the introduction of third group to the benzene ring, the 
product of minimum steric hindrance is fonned. 

Answer thc following questions : 

I. Onho·xylene [ 6-CH3] on mono nitration gives. 

(a) two products 
(c) one product 

2. In the reaction, 
CI 

QC!. 

(b) three products 
(d) four products 

Conc. HN03 
C HNO • Product; one. 3 

Which of the following products is not fonned at all? 

CI CI 

(a) ~ (b) 011<,& 
~ CI ~ CI 

N02 

Cl CI 

(xNO' D (c) (d) I 
~ CI 02N ~ CI 

3. Which of the following is not an ortho, para-directing 
group? 
(a) -F (b) -NC 
(c) -OCOCH3 (d) -CC13 

4. Which of the following substituted benzene derivatives 
would furnish three isomers when one more substituent is 
introduced? 

CI 

(a) 6 

.;: 

(c) -;;:P I . a CI 

~ Cl 

A deactivating group in electrophilic substitution reaction: 
(a) deactivates only ortha- and para-positions 
(b) deactivates only meta-position 
(c) deactivates meta-position more than ortha- and 

para-positions 
(d) deactivates ortho- and para-positions more than 

meta-position 

Passage 2 

An aromatic compound (A), C9H'20 was subjected to a 
series oftest in the laboratory. It was found that this compound: 
. (i) does not fonn silver mirror with Tollens' reagent. 

(ii) rotates the plane of polarised light. 
(iii) reacts with sodium metal to evolve hydrogen gas. 
(iv) does not decolourise pink colour of bromine water. 
(v) reacts with hot KMn04 to fonn monocarboxylic acid '8' 

which on decarboxylation gives benzene. 
(vi) reacts with Lucas reagent in about 5 min. 
(vii) reacts ':Vith 12 and NaOH to produce yellow coloured 

precipitate of the compound (C). 
(viii) loses its optical activity due to fonnation of compound 

(D) on reaction with Red P and HI. 
Answer the following questions: 

1. The furictionargrcrLipspfesentili tnecompound(Jf)is-: -. 

~ 
(a) aldehydic (-CHO) (b) ketonic (-C-) 

(c) alcoholic (-OR) (d) alkoxy group (-OR) 
2. Structure of the compound (A) will be : 

0-1 

CH2--CH2--CH20H 
(a) 
~ 

(d) none of the above 
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3. Molecular formula of the compound (C) will be : 

(b) 0-1 

(c) CHI3 

4. Monocarboxylic acid (8) will be : 

(a) HCOOH (b) C6HsCOOH 
(c) C6Hs-CH2-COOH (d) CH3COOH 

5. The compound (D) will be : 

(a) C6HsCH2CH2CH3 

Passage 3 

A compound (A) called vanillin is isolated from vanilla 
seeds. Molecular formula of vanillin is C8 H8 0 3, Vanillin gives 
violet colour on treatment with neutral FeCI3. It also gives silver 
mirror with Tollens' reagent. Each mole of vanillin gives one 
mole of AgI when subjected to Zeisel's active methoxy 
estimation. 

'11' Cone. HBr d ( ) Varn In ) compoun 8; 

Compound (8) can also be obtained from catechol by 
Gattermann-Koch reaction. 

Answer the following questions : 
1. Which of the following functional groups is not present in 

vanillin? 
(a) -COOH 
(c) -OH 

2. Vanillin contains : 
(a) -CI 
(c) -CHO 

3. Vanillin contains : 
(a) a phenolic group 
(b) an alcoholic group 

(b) -CHO 
(d) -OCH3 

(b) -CONH2 
(d) -COOH 

(c) both phenolic and alcoholic groups 
(d) two phenolic groups 

4 •. Structure of vanillin should be : 
OH 

(a) ~CHo 
CHO 

CHO 

(e) Q-oCH
3 

OH 

~
CHOI 

(b) 

~ OCH3 

OH 

CHO 

(d) Q-oH 
OCH3 " 
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5. Compound (8) when heated with zinc dust will give: 
CHO OH 

(a) 6 (b) 6-CHO 
OH OH 

(e) 6-oH QI (d) 

~ OH 

IH;nt,.J) -""'--.J) z. ~" •• 6CH~ I y OCH
3 YOH ~ 

OH OH 
(A) Vanillin (B) 

Passage 4 

Two isomeric compounds 'A' and '8' are isolated from 
vegetable origin, both have molecular formula CIOH12o. Both' 
these compounds are insoluble in water. These compounds 
decolourise Br2/CCI4 and pink colour ofBaeyer's reagent. 

On vigorous oxidation both isomers give same compound, 

i.e., para anisic acid, CH3a-Q--c00H 

Indicate whether the following statements are true or false: 
1. One of the two isomers may be : 

H~r.=CH--CH3 
.~-I . _. CH

3 
~--.---

(a) True (b) False 
2. If two isomers 'A' and '8' on catalytic hydrogenation give 

same product then these isomers may be : 

Cis or trans CH3a-Q--cH=CH---CH3 

(a) True (b) False . 

CH3CH2-a-Q--cH=~H2 on 3. The compound 

oxidation gives para anisic acid. 

(a) True (b) False 
4. One of the two isomers can be synthesized as follows: 

p-brornoanisole + Mg + ether Allyl bromide) 'A' or '8' ; 

CH30-Q--cH2--CH=CH2 

Then the isomer will be : 
(a)-True (b) False 

I 
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5. Both' A' and 'B' are geometrical isomers: 

(a) True (b) F~lSe 

Passage 5 

A carbonyrcompound P, which gives positi~~ iodoforin test, 
undergoes reaction with MeMgBr followe~ by dehydration to 
give an olefm Q. Ozonolysis of Q leads to a dicarbonyl compound 
R, which undergoes intramolecular aldol reaction to give 
predominantly S. 

(In 2009) 
1. The structure of the carbonyl compour.d Pis: 

cn~ CCX~ Me 
(a) 1 ,~ (b) I 

o Me # 0 Me 

~ 
(c) V .-.A 

o Et 

o 

(dl~l· 
U~ Me 

1. The structures of the products Q and R, respectively, are: 

C¢~OM' 
Me Me 

(a) O;CI '\. Me 
~ , 

Me Me 

0 

(b
l O2 c¢ I:: ~RO .~ 

Me Me Me Me 
0 

(Cl02 C¢H .1 # . CRO 

Me Et Me Et 
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o 

(dlo$' 
Me 

c¢~ CR3 

# CRO 

Me Et 
3. The structure of the product Sis: 

(alc¢ 
Me 

00
~· 

(b) 1 

# . 0 
Me Me 

(
Cl o6 

Me Me 

Passage 6 

p-Amino-N,N-dimethylaniline is added to a strongly acidic 
solution of X. The resulting solution is treated with a few drops of 
aqueous solution of Y to yield blue coloration due to the formation 
of methylene blue. Treatment of the aqueous solution of Y with 
the reagent potassium hexacyanoferrate(II) leads to the formation 
of an intense blue precipitate. The precipitate dissolves on excess 
addition of the reagent. Similarly, treatment of the solution of Y 
with the solution of potassium hexacyanoferrate(III) leads to a 
brown coloration due to the formation of Z. [lIT 1009) 

1. The compound X is: 
(a) NaN03 

1. 

3. 

(c)Na2 S04 
The compound Y is: 
(a) MgCl2 
(c) FeCt, 
The compound Z is: 
(a) Mg 2 [Fe(CN)6] 
(c) Fe4(Fe(CN)6h 

(b) NaCI 
(d)~Na2S 

(b) FeClz 
(d) ZnCl 2 

(b) Fe(Fe(CN)6] 
(d) K2Zn3[Fe(CN)6h 

ANSWERS: LINKED COMPREHENSION TYPE QUESTIONS 1----------------, 
Passage 1 
Passage 2 
Passage 3 
Passage 4 
Passage 5 
Passage 6 

1. (a) 
1. (c). 
1. (a) 
1. (b) 
1. (b) 
1. (d) 

2. (d) 
2. (b) 
2. (c) 
1. (a) 
1. (a) 
1. (c) 

3. (d) 
3.' (c) 
3. (a) 
3. (b) 
3. (b) 
3. (b) 

4. (a,b) 
4. (b) 
4. (b) 
4. (a) 

. S. (d) 

. 5. (a) 
S. (a) 
S. '(a) 

,. 



17 
ORGANIC COMPOUNDS IN THE 

SERVICE OF MANKIND 

Mankind owes much to chemistry. The main aim of 
chemistry has been to improve the quality of human life. 
Organic compounds are so closely related with our daily 
activities that in their absence our survival is not possible. 
Organic compounds are used in various fields of human effort 
such as agriCUlture, textiles, medicines and drugs, power and 
transportation, plastics, dyes, soaps, photography, etc. In this 
chapter, we shaH study the chemistry of organic compounds 
used as polymers, dyes and medicines. 

17.1 POLYMERS AND POLYMERIZATION 
When ethylene is heated under pressure with oxygen, there is 
obtained a compound of high molecular mass (about 20,000) 
which is essentially an alkane with a very long chain. This 
compound is made up of many ethylene units and hence is 
called polyethylene. (poly many). 

'Oi,heat 
nH2C=CH2 -----7) ... CH2-CH2-CH2-CH2 

Pressure 
- CH2-CH2-'" 

or (-CH2-CH2-)n 
Polyethylene 

Polyethylene is a polymer and its formation is an example 
of the process termed polymerization. 

Polymers are, thus, high molecular mass compounds 
whose structures are composed of a large number of simple 
repeating units. The repeating structural units are usually 
obtained from low molecular mass simple compounds 
called monomers (mono = one). The process of joining 
together of a large number of simple small molecules 

(monomers) to make high molecular mass (103 107 u) 
polymer through covalent bonds (polymers: poly + mers = 
many parts) is termed polymerization. Polymers are also 
called macromolecules (macro = large), which have very high 
molecular masses. 

Smaller species formed by the process of polymerization 
of a monomer are referred to dimer, trimer, tetra mer, 
pentamer ............ polymer, etc., depending on the number 
of monomer units. 

Monomer 

Dimer Two monomer units 
Trimer Three monomer units 
Tetramer Four monomer units 
Pentamer Five monomer units 

Polymer Large no. of 
monomer units 

A 
A-A 
A-A-A 
A-A-A-A 
A-A-A-A-A 

HOMOPOL YMERS AND CO-POLYMERS 
Polymers are divided into two categories depending upon 

the nature of the repeating structural units. 
(i) Homopolymer and (ii) Co-polymer 
A polymer which is obtained from only one type of 

monomer molecules is known as a homopolymer. On the 
other hand, a polymer made from more than one type of 
monomer molecules is referred to as a co-polymer. Few 
examples of common homopolymers and copolymers are 
given in the ahead tables: 
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Table 17.1-HOMOPOLYMERS 

Common name of the homopolymer Monomer Uses 

1. Polyethylene H2C=CH2 In the manufacture of pipes, toys, bags, wire insulators, bottles, etc. 
Ethylene 

2. Polyvinyl chloride (PVC) H2C=CHCl In the manufacture of sheets, water pipes, hoses, hand bags, etc. 
Vinyl chloride 

3. Polystyrene C6HsCH=CH2 In the manufacture of combs, toys, radio and television cabinets, etc. 
Styrene 

4. Polyacrylonitrile (PAN) H2C=CH-CN In the manufacture of orIon (fibre) and acrilon films. 
'Acrylonitrile 

5. Teflon (polytetrafluoroethene) F2C=CF2 In the manufacture of insulators, gaskets, etc. 
Tetrafluoro . 

ethylene 

6. Buna rubber H2C=CH-:-CH=CH2 In the manufacture oftyres, hoses, etc. 
Buta -I ,3-diene 

7. Polyvinyl acetate H2C==CHOOCCH3 In the manufacture of latex paint. 
Vinyl acetate 

Table 17.2-CO-POLYMERS 

Common name of the co-polymer I Monomer 

1. Synthetic rubber or styrene buta- (i) C6HSCH=CH 2 
diene rubber (SBR) or (Buna-S) Styrene 

2. Dacron or Terylene 
(Polyester) 

3. Glyptal 
(Polyester) 

(ii) H2C=CH-CH=CH2 
Buta -1.3 -diene 

(i) HOCH2-CH~ml 
Ethylene glycol 

(ii) H3COOqC6H4 )COOCH, 
Dimethyl terephthalatc 

(i) HOCH2-CH20H 
Ethylene glycol 

.. ~........-/COOH 
(ii) H4C6"-.... 

COOH 
Phthalic acid 

4. Nylon-6,6 
(polyamide) 

5. Bakelite 
(Formaldehy~e resin) 

6. Melamine-formaldehyde resin 
or Melamine 
(Formaldehyde resin) 

7. Polyurethane 

(i) H2N(CH2)~H2 
Hexamethylene diamine 

(ii) HOOC(CH2)4COOH 
Adipic acid 

(i) HCHO 
Formaldehyde 

(ii) C6H50H 
Phenol 

(i) HCHO 
Formaldehyde 

N 
(ii) H2N( )NH2 

NVN 
NH2 

Melamine 

(i) HOCH2-CH20H 
Ethylene glycol 

• 

(ii) O=C=N-CH=CH"':""N=C=O 
Ethylene di-isocyanate 

Uses 

In the manufacture of light duty tyres, belting, hoses and 
rubber soles. 

In the manufacture of fabrics and magnetic recording tapes. 

In the manufacture of paints and lacquers. 

--- ~~-.-..... -~ ..... ------

In the manufacture of fabrics, tyre cords, ropes, carpets, etc. 

In the manufacture of electrical goods, phonograph records, 
fountain pen barrels, combs, etc. 

In the manufacture of plastic crockery. 

In the manufacture of fibres, paints and heat insulators. 
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17.2 CLASSIFICATION OF POLYMERS 

The polymers may be classified in a number of ways depending upon one criterion or the other as described below: 
I. Classification based upon source or origin, 2. Classification based upon synthesis, 
3. Classification based upon mechanism, 4. Classification based upon structure, 
5. Classification based upon molecular forces. 
1. Classification based upon source or origin: On the basis oftheir origin, polymers may be classified into three groups: 

(i) Natural polymers (ii) Semi-synthetic polymers and 
(iii) Synthetic polymers. 
(i) Natural polymers: These are substances of natural origin, i.e., these are found in nature mainly in plants and animals. 

The well known natural polymers are proteins (polymers of amino acids), polysaccharides (polymers of monosaccharides) and 
rubber (polymer of isoprene, i.e., 2-methylbuta-I,3-diene). Silk, wool, starch, cellulose, enzymes, natural rubber, haemoglobin, 
etc., are the examples of natural polymers. ' 

(ii) Semi-synthetic polymers: These are the substances which are obtained by using natural polymers, i.e., some 
modifications are made in natural polymers by artificial means. Nitrocellulose, cellulose acetate, vulcanized rubber, gun cotton 
(cellulose trinitrate) arid cellulose xanthate, etc., belong to this class of polymers. 

(iii) Synthetic polymers: These are man-made polymers, i.e., polymers synthesised in laboratory. A list of important 
synthetic polymers has been given in Tables 17.1 and 17.2. 

2. Classification based upon synthesis: On the basis of mode of synthesis, polymers are classified into two categories. 
(i) Addition polymers (or Chain growth polymers): These are polymers formed by the addition together of the molecules 

of the monomer or monomers to form a macromolecule without elimination of anything. The process of the formation of addition 
polymers is tenned addition polymerization. The addition polymers are formed by monomers which are unsaturated compounds, 
e.g., ethene and derivatives pf e,thene. An addition polymer hasthe same empirical formula as the monomer. Ethene, vinyl chloride 
and vinyl cyanide are some 'ofihe compounds which un~ergo addition polymerization. 

Polymerization [ '] 
nH2C=CH2 ) - CH2-CH2- n 

Ethene 

Polymerization 
nH2C=CHCI--------~) 

Vinyl chloride 

Polymerization 
nH2C=CHCN ------7) 

Vinyl cyanide 

Polythene 

Polymerization 
nF2C=CF2 -----7) [-CF2 -]n 

Tetratluoroethene Tetlon 

CH3 
I 

nH2C==C--CH==CH2 
Isoprene 

Polymerization 
) 

CH3 
I 

-CH2-C CH-CH2 

Natural rubber 
[Polyisoprene (cis-)] 

nH2C=CH-' C=CH2 ---~) -CH2-CH=C-C,H2-. 
Chloroprene 

n 

fl Polymerization [. fl 1 
, Neoprene rubber n 
(polychloroprene) 
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CH CH2 n@· + nH2C=CH-CH=CH2 
Buta-I,3-diene 

Polymerization 

Styrene I 
l-CHr-CH=oCH-CH©-CHr-CH2-CH CH-CHr-CHr-CH~CI'--<:Hr-l 

Styrenebutadiene rubber (SBR or Buna-S) n 

(ii) Condensation polymers (or Step-growth polymers): Condensation polymers are formed by the combination of 
monomers with the elimination of simple molecules such as water, alcohol, NH3, HCI, CO2, etc. This process of formation of 
polymers is called condensation polymerization. Condensation polymers are generally formed by reaction between 
polyfunctional monomers. Proteins, starch, cellulose, etc., are the examples of natural condensation polymers. Amongst the 
synthetic polymers, two main types of condensation polymers are: polyesters and polyamides. These are also called step-growth 
polymers since, they are formed as a result of stepwise reaction. 

Polyester-(Terylene or Dacron): The long chain of condensation polymers consists of ester linkages formed by 
condensation of an hydroxy group and carboxylic group with elimination of water molecules. 

o 0 
------, II -H20 II 

HO-R-O: H + HOC-R'-COOH ) HO-R-O-C-R'-COOH ______ J 

Terylene is the most important example of this group. It is made by heating ethylene glycol with dimethyl terephthalate. 

HOCH2CH20[~=~~~)~OC-@-COOCH3 Heat) HOCH2CH200C-@-COOCH3 +CH30H 
Ethylene glycol . 

DImethyl terephthalate 

1 Further reaction 
at each end 

[-CH2CH20oc-@-coo-l 

Terylene (Dacron) 

Polyamide (Nylon-6,6)*: Th~Jong chain of con<!ensation polymers consists of amide linkages forme~Qy~onde~l:\tion_~ 
an amino group and carboxylic group with elimination of water molecules. Nylon-6,6 is the most important amide. 

o 0 
II II 

HOOC-R-COH + H2NR'NH2 ~ HOOC-R-C-NHR' NH2 + H20 

Nylon-6,6 is formed by condensation of adipic acid and hexamethylene diamine. 

Heat 
HOOC(CH2)4COOH + H2N(CH2)6 NH2 . ) HOOC(CH2)4CONH(CH2)6NH2 + H20 

Adipic acid Hexamethylene diamine Condensatton 

or 

Further reaction 
at each end 

[-CO(CH2)4CONH(CH2)6 NH-]n 
Nylop.-6,6 

3. Classification based upon mechanism: Polymers and polymerization process may also be classified according to the 
mechanism of combination of monomer units. 

(A) Chain growth addition polymerization: It involves a series of reactions each of which consumes a reactive particle 
and produces another similar one. The reactive particles may be free radicals or ions (cations or anions) to which monomers get 
added by a chain reaction. The polymers thus, formed are known as chain growth polymers. Chain growth addition polymerization 

*Nylon-6,6 gets its name from its tWo constituents, adipic acid and hexamethylene diamine, both of which have six carbon atoms each. 
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is an important reaction of alkenes and conjugated dienes or 
indeed of all kinds of compounds that contain carbon-carbon 
double bonds. Polythene, polypropylene, polybutadiene, 
teflon (PTFE), polyvinyl chloride (PVC), polystyrene are some 
examples of chain growth polymers. 

(a) Free radical mechanism: Free mdical polymeri
zation is initiated by organic peroxide or other reagents which 
decompose to give free radicals. Following steps are involved: 

(i) Chain initiation : Organic peroxides undergo 
homolytic fission to form free radicals. 

II : II Heat II. • o 0 [0 1 
R-c-Dfo-C-R ~2%-O:.. ---'f2R +2C02 

Per~xide . Unstable 

In case of benzoyl peroxide, the free radical formed is 
benzoyloxy mdical and then phenyl free mdical. 

o 0 

C6H5--~-~O-~-C6Hs IV 
Benzoyl peroxide 

o 
Heat ) 2W-~1:b. 

'-' Benzoyloxy radical . 
~ 2C6HS + 2COz 

Phenyl radical 

(ii) Chain propagation: Free mdical adds to an alkene 
(ethene) molecule to form a new free radical. 

. C··~ . 
ROCH2 -CHz ~R-CH2-CH2 

The free radical formed attacks another alkene molecule 
and the process continues in building a long chain. 

RCH2~~ Q ~ RCHzCH2C> 1 CH2 

(mY-Cbain termination : The'chain reaction come!do 
halt when two free radical chains combine. . 
2R(CH2CH2)nCH2CH2 ~ 

R(CH2CH2)nCH2CH2:CH2CH2 (CH2CH2)n R 
Note: Benzoyl or t-butyl peroxide are common initiators, used. 

Free radical polymerization can also be initiated by a 
mixture of ferrous sulphate and hydrogen peroxide 
(FeS04 + HZ0 2). . 
2C6Hs (CH2CH2)nCH2CH2 ~C6H5 (CH2CH2)n 

-CH2CH2-CH2CH2-(CH2CH2)tiC6Hs 

or they can undergo disproportionation by accepting one 
hydrogen free radical or by one free radical from the other 
which is converted to an alkene. 

(iv) Disproportionation : 
. . 

2C6HS (CH2CH2)nCH2CH2 ~ 

C6Hs (CH2CH2)nCH=CH2 +C6HS (CH2CH2)nCH2CH3 
Alkene Alkane 
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(b) Cationic mechanism : Cationic addition poly
merization is initiated by use of strong Lewis acids such as 
H2S04,HF, AICI3, SnCI4, TiCl4 or BF3 in H20. The 
following steps are involved: 

(i) Chain initiation: The acid furnishes proton. 
H2S04 ~. H+ + HS04 

HF ~ H++F-

BF3 + H20 ~ H+ + BF3 (OH)-

The proton adds to the carbon of the dQuble bond of the 
alkene to form a carbocation. 

(\ + 
H+ +H2C=CH2~CH3CH2 

CH . CH3 I 3 I 
CH3--C=CH2+ H+ 193K>CH3-C+-CH3 

2-Methylpropene Carbocation 
(Isobutylene) 

(ii) Chain propagation: The carbocation combines 
with another molecule of alkene to form a new carbocation and 
the process continues to form a long chain. 

+ {\ + 
CH3CH2 + H2C=CH2 ~CH3CH2CH2CH2 

+ 
CH3CH2CHzCH2 + nH2C=CH2 ~ 

+ 
CH3CH2 (CH2CH2 )n CHzCH2 

Similarly, 

CH3 ,H3 CH3 CH3 

1+ H2C=C-CH3 I 1+ 
CH3-C-CH3 ) CH3-C-CHz-C-CH3 

I 
CH3 

-::-::--t(GlhhC_~[CH2-.. GCH3h 1n-CH2-·· C+(CH3-)~ 

(iii) Chain termination: The chain may be terminated 
by combination with a negative ion or loss of a proton . 

+ 
CH3CH2(CH2CH2)n CH-CH2~ 

I"-J 
H HS04 
"--./ 

CH3CH2 (CH2CH2)n CH=CH2 + H2S04 
Polymer 

(CH3hC-[CH2-C(CH3h1n-CH2-C+ (CH3h~ 

t i:t3 CH--C 
2 I 

CH3 n 
Polyisobutylene 

The special feature of cationic addition polymerization is 
that they proceed at high speeds (few seconds only) even at 
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very low temperature. Polyisobutylene is used for the 
manufacture of truck tyre inner tubes. Some common examples 
of alkenes (monomers) undergoing cationic polymerization are 
ethylene, propylene, isobutylene, styrene, vinyl ethers and 
butadiene, etc. 

(c) Anionic mechanism : The anionic addition 
polymerization is initiated by strong baSes suc.h as + KNH2 , 
+ 

NaNH2' C4 H9 Li and Grigna~d reagent, etc. In the 'chain 

initiation step, carbanion is fonned which then reacts with 
alkenes molecule to fonn another carbanion and the process 
continues. 

.. .c::>. A 

The nucleophilic attack on an alkene is not an easy 
reaction because alkenes themselves are electron rich. Thus, 
the initiator to be used must be a very strong nucleophile. In 
these polymerizations, the chain carriers are negatively 
charged carbanions and involve the following steps: 

(i) Chain initiation: The base furnishes an anion. 

K+NH2 ---'; K+ + NHi 

~n 
NH2 +H2C=CH---,;NH2-CH2-CH 

. I I 
C6HS C6Hs 

Styrene. Carbaruon 

(U) Chain propagation: 
H2C=CHC6Hs NH2-CH2-CH ) 

I 

(iii) Chain termination : 

I I 1 .. NH2 -CH2 -CH-CH2 -CH ---';[-CH2 -CH-] 

C6HS C6HS C6Hs n 
Polystyrene 

Anionic addition polymerization is more favourable 
with the monomers which have electron withdrawing 
substituents (e.g., -CN and -COOR) because these groups 
decrease the electron density and stabilize the intennediate 
anion to facilitate attack by a nucleophile. Some common 
examples of monomers undergoing anionic polymerization are 
acrylonitrile, styrene, methyl a-cyano acrylate, vinyl chloride 
and methyl methylacrylate, etc. 
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(B) Step growth polymerization: It involves a series of 
reactions each. of WhICh is essentially independent of the 
preceding one. Fonnation of polymer is possible simply 
because monomer happens to undergo reaction at more than 
one functional group. This type of polymerization proceeds by 
stepwise intennolecular condensation with the Joss of simple 
molecules like H20,NH 3, HCI, etc., and does not depend upon 
chain carrying free radicals or ions. The polymers thus, fonned 
are, called step growth polymers. Fonnation' of nylon, 
terylene, bakelite, etc., are the examples of step growth 
polymerization. 

Let us illustrate the process of step growth polymerization 
in the simplest way involving two monomer units A and B • 

1 

A \=B··~ ~CD~_ ) A-B 
Monomer Step I Dimer 

A-B + A Condense) A-B-A 
Step II 

A B A B Condense - - + ) A-B-A-B----(A-B-h; 
, Step III Tetramer Polyme; 

So, it should be noted that an addition polymerization 
occurs through chain-growth mechanism whereas 
condensation polymerization is through step-growth 
mechanism (Distinction). 

1'4. Cla~¥ir..~ation based on :t~ucture: On the basis of 
structure, polymers are of three types: 

. (i) Linear polymers : These' are the polymers in which 
the monomers are JOIned together to fonn long straight chains. 
The various polymeric chains are then stacked over one 
another to give a well packed structure (Fig. 17.1 (a)]. As a 
result of close packing, such polymers have high melting 
points, high densities (HDP) and high tensile strength. The 
examples of such type of polymers are polythene, PVC, 
polyesters and nyloJ!.s, ~t~. Thes,e mllyJ,-e teITl1~Ji as. one 
dimensional polymers. - .--

(ii) Branched chain polymers : In these polymers, the 
monomeric units are joined to produce long chains (called the 
main chain) along with side-chains of different lengths which 
produce branches (Fig. 17.1 (b)]. Branched chain polymers are 
irregularly packed and as a result they have lower melting 
points, low density (LDP) and lower tensile strength as 
compared to linear polymers. Some common examples of 
branched chain polymers are amylopectin and glycogen, etc. 
Their molecules are two dimensional. 
. (iii) Cross-linked polymers : In these polymers, the 
initially fonned linear polymer chains are joined together to 

. fonn a three dimensional network structure [Fig. 17.1 (c)]. 
The links involved are called cross-links and these polymers 
are called cross-linked polymers. These polymers are hard, 
rigid and brittle because of their network structure. Solids are 
tenned as three dimensional polymers. Examples are: 

, bakelite, urea-fonnaldehyde polymer, melamine fonnaldehyde 
(melmac) resins, etc. 
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(a) Linear chain (b) Branched chain 

(c) Cross-linked 

Fig. 17.1 

5. Classification based upon molecular forces: The 
utility of polymers in various fields is due to their mechanical 
properties like tensile strength, elasticity, toughness, etc. These 
properties mainly depend upon the intennolecular forces like 
van der Waals' forces and hydrogen bonding operating in 
polymer molecules. Polymers have been classified into four 
types on the basis of the magnitude of intennolecular forces 
present in them. 

(i) Elastomers: These are the polymers having very 
weak intermolecular forces of attraction between the 
polymer chains. The weak forces pennit the polymer to be 
stretched out about 10 times their nonnallength. Few chemical 
bonds are introduced 6etween the randomly coiled molecular 
chains which act as cross-links. These cross-links help the 
polymer to come to its original position after the force is 
released. Elastomers thus, possess elastic character. 
Vulcanized rubber is a very important example of an elastomer 
and other examples are natural rubber, Buna-S Qr SBR (a 
copolymer of butadiene 75% and styrene 25%). . . 

HighlY·Vulcanized rubber containing 20-30% sulphur is 
called ebonite. 

(ii) Fibres: These are the polymers which have quite 
strong intermolecular forces such as hydrogen bonding. 
These polymers can be used for making fibre as their molecules 
are long and thread like. Nylon-6,6 polyester (terylene or 
dacron) and polyacrylo nitrile (orlon), etc., are some important 
examples of this type. 

(iii) Thermoplastics: Tnese are the polymers in which 
intermolecular forces of attraction are neither very strong nor 
very weak and there are no cross-links between the chains. 
These can be easily moulded by heating, i.e., a thennoplastic 
polymer is one which softens on heating and becomes hard on 
cooling. Polyethylene, polypropylene, polystyrene, PVC and 
teflon are the examples ofthermoplastics. 

IPlasticisers: Substances, . which are sometimes added 
to plastics to impart viscosity, flexibility, softness or other 
properties to finished products, are called plasticisers.] 
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(iv) Thermosetting polymers: These are polymers in 
which extensive cross-links are fonned between polymer 
chains on heating. A thennosetting polymer becomes hard on 
heating. Such polymers are prepared in two steps. The first step 
is the fonnation of long chain molecules which are capable of 
further reaction with each other. The second step is the 
application of heat which causes a reaction to occur between 
the chains, thus, producing a complex cross-linked polymer. 
Bakelite is an example of thennosetting polymers. . 

Difference between Thermoplastic and 
Thermosetting Polymers 

·Tbermopiastie polymers 

1. These soften and melt on heat
ing. 

2. These can be remoulded, recast 
and reshaped. 

Tbermosetting polyiDen 

These do not soften on heating but 
rather become hard. In case pro
longed heating is done, these start 
uming. 

cannot be remoulded or re-

3. These are less brittle and soluble hese are more brittle and insolu-
in some organic solvents. ble in organic solvents. 

4. These are fonned by addition 
polymerization. 

These are fonned by condensation 
polymerization. 

5. These have usually linear struc- These have three dimensional 
tures. cross-linked structures. 

6. Examples: Polyethylene, PVC, Examples: Bakelite, Urea-
Teflon, Nylon, etc. formaldehyde, Resin, Terylene, 

etc. 

CO-POLYMERIZATION 
When two or more different monomers unite together to 

polymerize, the resulting product is called aco .. polymerand 
the process is tenned c9-polymerization. 

The properties of a copolymer are entirely different from a 
physical mixture of the two individual polymers. Copolymers 
have better physical and mechanical properties. For example, 
Buna-S or SBR (Styrenebutadiene rubber) is a co-polymer of 
styrene and buta-l ,3-diene. Polystyrene is easily breakable but 
polybutadiene is flexible. The co-polymer, SBR is more 
flexible than polybutadiene and tougher than polystyrene. The 
properties could be changed by varying the amounts of ~ach 
monomer. 

Types of co-polymer: Depending upon the distribution 
of monomer units, the following four types of co-polymers are 
possible: 

(i) Alternating co-polymer: The two monomer units (A 
~d B) are linked in an alternate manner throughout the 
polymer chain. 

A-B-A-B-A-B-A-B-A-B ... 
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(ii) Random co-polymer: The distribution of monomer 
units is random throughout the chain. 

A-B-B-B-A-A-B-A-A-B-B-A-B 
-B-A-A-A-A-B-B-B ... 

(iii) Block co-polymer: In this kind, there are blocks of 
each kind of monomer units; i.e., it consists of blocks of one 
type of monomer units alternate with blocks of another type. 

-B-B ... A-A-A-A-A-A-B-B-B-B-B 
-B-A-A-

Block co-polymers can be prepared by initiating the 
radical polymerization of one monomer to give homopolymer 
chains, followed by addition of an excess of the second 
monomer. 

(iv) Graft co-polymer: It consists of a linear polymer 
chain of one type to which has been grafted side-chains 
(branches) of another type of monomer units. 

A-A-A-A-A-A-A-A-A-A-A-A-A-A-A-A-A-A-
I I I 
B B B 
I I I 
B B B 
I I I 
B B B 
I I I 
B B B 
I I I 

The formation of graft co-polymer can be brought about by 
either of the two general methods: 

(a) Initiation of chain growth of monomer (B) on an 
existing polymer molecule formed from monomer (A) or 

(b) Termination of chain growth of polymer (B) by an 
existing polymer molecule formed from monomer (A). 

17.3 SOME IMPORTANT POLYMERS 
The various commercially important addition and 

condensation polymers are as follows: 
[A) Addition Polymers 

. 1. Polyethylene or Polythene (-CH2-CH2-)n 

This polymer is an addition polymer and is obtained by 
polymerizing ethylene. Now-a-days, two types of polythenes 
are manufactured which have widely different properties. 

(i) Low density polythene (LDPE): It is prepared by 
heating very pure ethylene at 190-210°C under a pressure of 
about 1500 atmospheres in the presence of traces of oxygen 
(0.03--0.1 %). The polymer produced consists of highly 
branched chain molecules. The branching does not allow the 
polymer molecules to undergo close packing and thus, the 
density ofthe polymer is low and it has low melting point (384. 
K). 

200·C, 1500 atm. ) +H
2
C-CH2 +n 

(Oxygen) Polythene 
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It is chemically inert, tough but flexible. It is a poor 
electrical conductor. It is used for packaging, cable insulation 
and in the manufacture of pipes, squeeze bottles and toys. 

(ii) High density polythene (HDPE) : It is 
manufactured by the coordination polymerization of ethylene 
in a hydrocarbon solvent at 60-70°C under a pressure 6-7 
atmosphere in the presence of a catalyst such as triethyl 
aluminium and titanium tetrachloride (Zeigler-Natta catalyst). 

nH2C=CH2 60~70·C,6atm.) +H2C-CH2-h 
Ethene [TiCI4 + A1(C2Hs)3 ] Polythene n 

The polymer thus, produced, consists of practically linear 
molecules which get packed closely and thus, density is high. 

It is chemically inert but more tougher and harder. Its 
tensile strength is more also than low density polythene. It is 
used in making housewares such as buckets, containers, 
dustbins, bottles, pipes, toys, etc. 

2. Polypropylene: It is prepared by passing propylene 
through n-hexane containing triethyl aluminium at 100°C 
under 10 atmospheric pressure. 

nCH3-CH=CH2 
Propylene 

Polymerization) (-CH-CH _) 
(C2Hs)3 A1,lOO·C I 2 n 

10 atmosphere CH 3 

Polypropylene 

It is used in the manufacture of housewares, medical 
equipment, electronic components, toys, pipes, fibres, etc. It is 
also used as an electrical insulator and coating on electrical 
wires .. 

3. Polystyrene (Styron) : It is manufactured by 

POlymeg~ati~~:f styrene in presence Of[b~~~~:id.et' © (CoH,co),o,· --© -
Styrene Polystyrene n 

Note: Styrene is obtained from benzene as followS: . 

[ 

CH2CH3. 

f?J
o _C_H2=_CH~2) © F~03ICr2~ ) 

Anhyd. AICI3 65O"C 

Ethylbenzene 

©~~,] 
Styrene 

Polystyrene is used in the manufacture of food containers, 
cosmetic bottles, television and radio cabinets, plastic cups, 
packaging and toys. 

4. Tefton-Polytetraftuoroethylene (pTFE): It is 
manufactured by heating tetrafluoroethylene under pressure in 
the presence of ammonium peroxydisulphate. 

(NH4h~08 
nF2C=CF2 ------)0) [-. CF2 -CF2 -]n 

High pressure Teflon PTFE 
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It is chemically inert and heat resistant polymer. It is very 
tough and electrical resistant. It is used in niaking seals and 
gaskets which have to withstand high temperature. It is also 
used for insulation of electrical items and for making non-stick 
surface coating and lubricant particularly for cooking utensils. 

Similarly, polymonochlorotrifluoroethylene (PCTFE) can 
also be used at the place of teflon. 

nClFC=CF2 ~(-ClFC-CF2 -)n 
Chlorotrifluoroethylene PCTFE 

5. Polyvinyl chloride (PVC): It is obtained by heating 
vinyl chloride in an inert solvent in the' presence of benzoyl 
peroxide. 

(C6HSCO)202 [ 1 nH2C=CHCI ~ - CH2-CH-
Vinyl chloride I 

a n 
Polyvinyl chloride 

It is a thennoplastic and its plasticity can be increased by 
addition of a plasticiser (esters of phthalic acid). It is an 
electrical insulator and is resistant to fIre and chemicals. 

It is used in making sheets, pipes, waterproof outer 
clothing (rain coats), hand bags, table clothes, plastic dolls, 
gramophone records, floor covering and electrical insulating 
coating on electrical cables. 

6. Polyacrylonitrile (Orion): It is prepared by 
polymerization of acrylonitrile (vinyl cyanide) in presence of 
ferrous sulphate and hydrogen peroxide. 

nH2C=CHCN Polymerization )[-CH2-CH-] 
Vinyl cyanide FeS04+H20 2 I 

CN n 
OrIon 

Orion is also named acrilanor courtelle. This polymer 
forms water resistant and quick drying fIbre. The fIbre can be 
worn or knitted. It can also be ble.nded with wool. It is used for 
clothes, carpets, blankets, etc. 

7. Polymethylmethylacrylate, (PMMA): It is prepared 
by polymerization of methylmethylacrylate in the presence of 
organic peroxide. 

. TH 
3 

Peroxide [ TH 
3 

] 
nH2C. C~OOCH3 .. ~H2~-

MethylnietbylacryJate I 
. COOCH3 

PMMA n 

It is a hard and transparent polymer. It is commercially 
known as plexiglas. It is used for making lenses, 
photosensitive, aircraft windows, skylights, plastic jewellery, 
etc. 
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Similarly, polyethylacrylate (PEA) is also formed.' It is 
. tough and also used as alternative of rubber. Mainly it is used in 
blankets and carpets. 

nH2C=CH~OOC2H5 .. ~H2~H- . Peroxides [ ] 

Ethylacrylate I 
COO~H5 

n 
Polyethylacrylate 

[8] Condensation Polymers 

1. Terylene (Dacron): Terylene or Dacron is also called a 
polyester as it contains ester groups. It is prepared by condensing 
dimethylterephthalate and ethylene glycol in presence of a weak 
base, (calcimn acetate). Methanol is eliminated during 
condensation, 

nH3COOC-@-O COOCH3+ nHOCH2~H20H 
Ethylene glycol 

Dimethylterephthalate 

-C
H

3
0H 

.. [-c-@-o C-OCH2-CH20] 
300"C II II 

. 0 0 . n 
Terylene 

'It is the most important polyester. Its melt can be spun into 
fIbres. It can be mixed with cotton and wool. It is highly 
resistant.to the action of chemicals. It has a low degree of 
moisture absorption and dries up very rapidly. The terylene 
fIbre is strong, flexible and durable. Its clothes retain creases. 

As a fIlm, this polymer has a high tensile strength and 
resistant to tearing. The fIlm is used· for making magnetic 
recording tapes. 

2. Glyptal or Alkyds: It is a three dimensional 
polyester having cross-links and is a thermosetting plastic. It is 
obtamed by cOndensation of ethylene g(ycol and phthalic acid-
or glycerol and phthalic acid. 

HOOC COOH 

@" Heat .. 
nHOCH2~H20H + n -nH

2
0 

Ethylene glycol 
Phthalic acid 

w 0 
-OCH2-CH2":""'O-C ~-

@ 
(Glyptal) 

Poly (ethylene glycol phthalate) 

When its' solution in a suitable solvent is evaporated, it 
leaves a tough but non-flexible fIlm. It is, therefore, used in the 
manufacture of paints and lacquers. 
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3. Nylon : Nyl~n is used as a general name for' all synthetic fibres fonning polyamides, i.e., baving a protein like structure. 
These are the condensation polymers of dianiines and dibasic acids. A number is usually suffixed with the name nylon which refers 

. to the number of carbon atoms present in the diarnine and the dibasic·acid respectively. . 
Nylon-6,6 (read as nylon six, six) is obtained by condensatic:m polymerization ofhexamethylene dianiine (a diamine with six 

carbon atoms) and adipic acid (a dibasic acid haVing 6 carbon atoms). I 

. . .' , [ . -- 1 . . . ' 280°C . '. . . . 
nHOOC(CH2)4COOH+nH2N(CH2)6NH2 ". ) ,.--OC(CH2)4CONH(CH2)6NH-

Adipic acid ". Hexamethylene High pressure 
. .. diariline -nH20 Nylon-6,6 n . . . 

Nylon-6,lO (read as nylon six; ten) is obtained by condensation polymerization ofhexamethylene diamine (si~ carbon atoms) 
and sebacic acid (a dibasic acid with. 10 carbon atoms). 

'NHdCH2)~NH2+ HOOC~~2)~OOH _;:'0 [-NH~CH2~Jj~CH2J~ 
i Hexamethylene dlamtne . Sebaclc aCid ,2 ',,' Nylon-6, 10 . . n 

NyIo~ fibres are strong~r tban natural fibres and so are used in making cords and ropes. The fibres are elastic, light, very strong 
. and flexible. They have drip dry property and retain creases. It is fnert towards chemicals and biological agents. It can be blended 

with Wool.Nylon fibres are.used in iriaking carpets~fabrics, tyres,cords, ropes, etc. . 
. Nylon~~ or Perion L: A poIyaInide closely related to nylon knowti as Perlon L (Germany) or NylonN 6 (USA), is prepared by 

prolonged heating of capiolactumat260-270°C. . . . ' 
. Caprolactum is obtained by Becklnann's rearrangement of cyclo'bexanone oxime. 

o NOH 

O[O[~O ~6 NH~H. 6 
Cytl~hexane Cyclohexanol Cyclohexanone Cyclohexanone 

oxime 

. NOH y 

6 
. N 

B~kahn's H2C/ 'c=o ---,--.... ,I I 
rearrangement H c'. CH 

2 ...." 2 

2::~OOC.. .[-LNH -(CH2),-] 

. Nylon-6 ,. n 
'. HzC-CH2 

Caprolactum 
. (Six carbon atoms in the 

repeating tmits) 

The fibre is practically identical to nylon-6,6 in properties. . 
4. Melamine-formaldehyde resin: This resin is formed by condensation co-polymerization of melamine and formaldehyde. 

H2NN NH2 . " Hil'~I~NJHCH20H . Y I( + HCHO ---.;...... I' II ,Polymerization .. 

~N Formaldehyde . ~N 

NH2 NH2 
Melamine 

(2,4,6-Triamino-
1;3,5-triazine) 

(Intermediate) 

N . -HN-( I'INH-CH2-

~N 
NH 
I 

(Melamine-formaldehyde polymer) 
11 

It is a quite hard polymer and is used widely for making plastic crockery under the name melamine. The articles made from this 
polymer do not break even d~pped from considerable height. . . . . 

" 
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5. Pbenol-formaldebyde resin (BakeUte): Phenol-fonnaldehyde resins are obtained by the reaction of phenol and fo~lde
hyde in the presence of a basic catalyst. The reaction involves the fonnation of methylene bridges in ortho, para or both ortho and 
para positions. The initial product is a linear polymer called Noval~c which is used in paints. 

@

HOIr@HcH20H@H...@HCH20HPOlymerktiOn + HCHO -- . + , n . . 10 
.. . 

(Intermediate) CH20H . . . 

[ -@-CH2-@-] 
o-and p-hydroxy methylphenol ' .. 

Novalac.(Linear polymer) n 

Novalac on heating with HCHO undergo cross-linkage to. fonn an infusible solid called.DakeUte. 

Polymerization 
III 

Bakelite is used for making combs, fountain pens, phono
. graph records, electrical goods, etc. Soft bakelites with low de
gree of polymenzation are used as binding glue for laminated, 
wooden plants and in varnishes and lacquers~ Sulphonated 
bakelites are used as ion-exchange resins. . 

17.4 RUBBER 
It is a polymer which is capable of returning to its original 
length, shape or size after being stretched or defonned. Rubber 
is a common example of an elastomer. The rubber obtained 
from natural sources is called natural rubber and polymers 
prepared in laboratory which are similar to natural rubber are 
known as synthetic rubbers. . 

(i) Natural rubber: Natural rubber is a polymer which is 
obtained from rubber trees iri the fonn ofa milky sap known as 
latex. The latex is coagulated with acetic acid or fonnic acid. 
The coagulated mass is then squeezed. 

The raw natural rubber is a soft, gummy and sticky mass. It 
is insoluble in water, dilute acids and alkalies but soluble in 
benzene, chloroform, ether, petrol and carbon disulphide. It 
absorbs a large amount of water. It has low elasticity and low 
tensile strength; It breaks when too much stretched. 

Natural rubber is a hydrocarbon polymer~ It has the compo
sition (CSHg)n. Destructive distillation of natural rubber gives 

. mainly isoprene (2-methyl buta-l ,3-diene). . ' 

CH . 
I 3 

H2C 'C-CH=CH2 
Isoprene 

(2-metbyl buta-l,3-diene) 
Thus, isoprene is a monomer of natural rubber. 

. 
Cross-linked polymer (Bakelite) 

CH3 - [ . CH3 " J . 
I . Polymeri- ' I . . 

nH2C=C-CH=CH2 . III -::-CHz-C=CH-CH2- n 
Isoprene zation Natural rubber 

Natural rubber is a linear 1,4-addition polymer of isoprene. 
On the average, it contains 5000.isoprene units. 

Naturalrubber is cis-l ,4-polyisoprem!and has only cis con~ 
figuration about the double bond as shoWn below: 

nA _ >=, f'> " 1,>=,,-
Isoprene T·· Tn --.. ~~ 

or Cis-polyisoprene 

fH2C",,-c=c/ CH. 2} .. 
LH3C/ .. "'-H 
. . Cis-polyisoprene . n 

... (Natural rubber)' . 

There are weak: vander waals' forces and therefore, it is 
elastic aqd non-crystalline. Gutta-Percba(getah means gum 
and percha means tree) isa naturally occurring isomer of rub
ber in which all the double bonds are trans. So, Gutta-Percba 
is all trans-polyisoprene.1t is non-elastic and non-crystalline. 

(All tran.Honfignration'in <!utta-~erCha) 

or . .ta7c
)C=c<H 1 .. 

H3C . CHz±. 
Trans-polyisoprene n 
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Vulcanization of rubber 

. Natural rubber is soft and sticky and therefore, in order to 
give strength and elasticity natural rubber is vulcanized. Vul
canization is a process of treating natural rubber with sulphur 
or some compounds of sulphur (like SF 6) under heat as to mod
ify its properties, i.e., to render it non-plastic and to give 
greater elasticity and ductility. The sulphur reacts with the 
polymer molecules forming a cross-linked network. This 
cross'-linking gives mechanical strength to the rubber. In addi
tion, fillers, such as carbon black and zinc oxide are usually 
added to the crude rubber before vulcanization in order to im
prove its wearing characteristics. 

CH3 CH3 
I I 

. -CH2-C=CH-CH2-CH2-C=CH-CH2-· .... . 
-CH2---t=CH..,....cH2-CH24=CH-CH2-..... . 

CH3 CH3 
('Jatural rubber) 

sUIPhur~ Heat 

CH3 CH3 
I I 

-CH-C=CH-CH2-CH2-C=CH-CH2-· ..... 
I : 
S L_ S ----, 
I : 

-CH-C=CH-CH2-CH2-C=CH,-CH-..... . 
I . I 
CH3 CH3 

Vulcanized Il,lbber 

Natural rubber is used for making shoes, waterproof coats. 
and golf balls. Vulcanized rubber is used for manufacturing 
rubber bands, gloves, tubing, conveyor belts and car tyres. 

(ii) Synthetic rubber: They are also more flexible, tougher 
and dunibl~ than natural rubber. Neoprene, thiokol, buna-S 
and cis polybuta-l,3-diene are some examples of synthetic 
rubber. 

(a) Neoprene: It was the first synthetic rubber manufac
tured on large scale. It is also called diepreile. Its monomer, 
chloroprene (2-chlorobuta-l,3-diene) is prepared from acety
lene. 

Chloroprene undergoes free radical polymerization to form 

Cu2CI2 HCI 
2HC=CH .. H2C=CH-C=CH-

NH4CI 
Acetylene (343K) Vinyl acetylene 

Cl 
I 

H2C=CH---C=CH2 
Chloroprene 

neoprene (polychloroprene). It polymerizes very rapidly (700 
times faster than isoprene) and the reaction occ)ll"s by 1,4 addi
tion of one chloroprene molecule to the other.' 

Cl [ Cl J . , . ,I Polyrneri-. . '. .' I ' . 
nH2C=CH-C~CH2 f .. -CH2-CH=C-CH2-, za Ion 

Chloroprene :. N' n 
eoprene 
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or 
Cl 
I Zeigler-Natta 

nH2C=C-CH=CH2 .. 
2-Chlorobuta-l,3-diene 

(Chloroprene) 

Catalyst 
Cl Cl n 

Neoprene 

Many of the properties of neoprene are similar to natural 
rubber, but neoprene is more resistant to action of oils, gaso
line and other hydrocarbons. It is also resistant to sunlight, ox
ygen, ozone and heat. It is non-inflammable. 

It is therefore, used for making automobile and refrigerator 
parts, hoses for petrol and oil containers, insulation of electric 
wires and conveyor belts. 

(b) Thiokol: Thiokol is made by polymerizing ethylene 
chloride and sodium polysulphide. 

CICH2-CH2Cl + Na-S-S-Na + CICH2-CH2Cl 
1 Polymerization 

-CH2-CH2-S-S-CH2-CH2-S-S-CH2-CH2-
Thiokol rubber 

The repeating unit is -CH2-S-S---CH2-. 
Thiokol is chemically resistant polymer. It is used in the 

manufacture of hoses and tank linings, engine gaskets and 
rocket fuel when mixed with oxidising agents. 

(c) Buna-S (SBR-Styrene butadiene rubber): Buna-S 
rubber is a co-polymer of three moles of butadiene and one 
mole of styrene. In Buna-S, 'Bu' stands for butadiene, 'na' for 
symbol of sodium (Na) which is polymerizing agent and'S' 
stands for styrene. It is an elastomer, (General purpose styrene 
rubber or GRS). 

nH2C=CH-CH=CH2 + n 
Buta-l,3-diene 

~ C~~t' 
Styrene 

rCH2-CH~CH -CH2~-CH2-l 

Buna-S n 

Buna-S is generally compounded with carbon black and 
vulcanized with sulphur. It is extremely resistant to wear ancl 
tear and therefore, used in the manufacture of tyres and other 
mechanical rubber goods. It is obtained as a result offree radi
'cal co-polymerization of its monomers. 

{Buna-N: It is obtained by-co-polymerization of butadiene 
and acrylonitrile, (General purpose Rubber Acrylonitrile or 
GRA). 

CN 
I 

nH2C=CH-CH=CH2 + nH2C=CH--

J -(,H,.-{:H~CH--CH"-{:H~-t 
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It is very rigid and is very resistant to action of petrol, lubri
cating oil and many organic solvents. It is mainly used for 
making fuel tanks]. 

(d) Cis-polybuta·l, 3-diene: Buta-l,3-diene on polymer
ization in presence ofZeigler-Natta Catalyst (i.e., a mixture of 
triethyl aluminium and titanium trichloride or tetrachloride) 
gives cis-polybuta-l ,3-diene in which I A-addition takes place 
in each butadiene molecule and the remaining doubled bonds 
are cis. 

nH2C=CH -CH=CH2 
Buta-I,3-diene 

or n ~ Zeigler-Natta 
// '\. '\. 10 

Buta-l 3-diene Catalyst , 

Zeigler-Natta catalyst .. 

[(~H5hAl + TiCI3] 

tH2C)C=C<CH2t 
H H n 

Ci8-polybuta-I,3-diene 

n 
Ci8-polybuta-l,3-diene 

(Synthetic rubber) 

17.5 MOLECULAR MASS OF POLYMERS 

Polymerization is quite complicated in nature. During the 
formation of polymers, the degree of polymerization or the 
length of the polymer chain depends upon the availability of 
the monomer molecules uear the growing polymer chain and 
also the reaction conditions employed. As a result in the 
synthetic polymers, the chains of different lengths may unite 
with one another. Hence, an average value of molecular mass 
is taken. But the same is not true for the natural polymers such 
as proteins, where the chains are ofidenticallengths and hence 
their molecular masses are singular and not average in nature. 

Types.of average molecular mass: There are two types of 
average molecular masses of polymers. 

(i) Number-average molecular mass (Mn)' 

(ii) Weight (mass)-average molecular mass (M w)' 

The two types of molecular masses are defined and calcu
lated as follows: 

(i) Number-average molecular mass (Mit): When 

the total mass of all the molecules of a sample is divided by 
the total J,lumber of molecules, the result obtained is called 
the number-average molecular mass. For example: . 

Let N 1 molecules have molecular mass M I each 

Let N 2 molecules have molecular mass = M2 each 

Let N3 molecules have molecular mass = M3 each 

Then, Total mass of Nl molecules N} M 1 

Total mass of N2 molecules = N 2 M 2 

Total mass of N3 molecules = N 3 M 3 and so on. 

So, the total mass of all the molecules 

NIMI +N2M2 +N3 M 3 + ... 
== 'f..NjMj 
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where Ni is the total number of molecules of ith type with 
molecular mass Mj • 

Total number of all the molecules = NI + N 2 + N 3 ... 
'f..N· I _ 

Therefore, the Number average molecular mass (M It) 

Mn = N}M} +N2M2 +N3 M3 .~. 
NI +N2 +N3 ... " 

- 'f..N·M· M = I I 
. n 'f..N. 

I 

M n is generally determined by osmotic pressure measure-f. 

ment. 
(li) Weight (mass)-average molecular mass (M w): It is 

average of the molecular mass of the groups of the molecules 
having particular molecular masses multiplied by their respec
tive molecular masses. For example, as before that 
N l' N 2, N 3' etc., molecules have molecular masses M l' M 2, 
M 3, etc., respectively. 

Then, Total mass of NI molecules = NIMI 

Total mass of N 2 molecules = N2M 2 

Total mass of N 3 molecules == N 3M 3 and so on. 

The products with their respective molecular masses will . 
be: 

(N}M! x M I ), (N2M 2 x M"2), (N3M3 x M 3 ),etc. 

i.e., N!Mf,N2M;,N3M;:etc., 
2 . 2 2 

Sum of the products = NIMI + N2M2 +N3M3 + ... 

='f..NjMl 

Total mass ofthe molecules 

==NIMI +N2M2 +N3M 3 + ... 

, =='f..NjMj 

Hence, the weight-average molecular mass (M w) is cal

culated by multiplying the total molecular mass of groups of 
molecules having different molecular masses with their re
spective molecular masses, adding the products and then by di
viding the sum by the total mass of all the molecules. 
Therefore, 

Mw== NIMf +N2M; +N3 M ; +.:. 
NIMl +N2M2 +N3 M 3 + ... 

'f..NjMl 

'f.. NiMj 

M w is generally determined by using methods which 

depend upon the masses of individual molecules, vi~ .. 
light scattering, ultra centrifuge or sedimentation, etc. 

Polydispersity Index (PDI) : The ratio of weight average 
molecular mass and number-average molecular mass is called 
Polydispersity Index (pDI), e.g., 



PDI= Mw " 
Mn 

PDI is used to determine the homogeneity of a polymer. In 
general, there are two differe~t types of polymeric substance 
depending on the basis' of values ofPDL 

(i) Monodisperse polymers: Polymers whose molecules 
have same or narrow range of molecular masses are called 
monodisperse polymers. 

In natural polymers, PDI is usually equal to one (i.e., 
Mw Mn) which means that they are mon~ispersed and 

hence, are more homogeneous (PDI = 1). 
(ii) Polydisperse polymers : Polymers whose molecules 

have a wide range of molecular masses are called poly disperse 
polymers. 

In synthetic polymers" PDI is greater than unity (i.e., 
M w > M n) which means that they are' PQlydispersed and 

hence, are less homogeneous (fDI > 1). 
Example 1. In a polymer sa';;"ple, 30% molecules have mo

lecular mass 20,000; 40% have molecular mass 30,000 and 
the rest 30% have 60,000; Calculate their number-average 
and mass-average molecular masses. [PMT (Kerala) 2006) 

[Hint: M = (30 x 20,000) + (40'x30,OOO)+ (30 x 60,000) ~ 36000 
n 30+40+30 ' 

2" '2 2 Mw = 30(20,000) + 40(30,000) + 30(60,000) =43,333J 
30 x 20,000 + 40 x 30,000 + 30 x 60,000 ' . 

Example 2. A sample of polymer conta{nS 200 molecules of 
molecular mass 103

; each 300 mol~uleshave 104 each; and 
500 molecules have 105 each. Calculate their number~average 

, and weight-average molec;ular masses. 

[Hint: M =. (20~xI03)+(300XI04)+(500xl05) 
n '200+ 300+ 500 

= (2+ 30+ 500)10
5 

'= 53 200 
1000 ' 

M = 200 x(1()~)2 + 300 x (104)2 + 500x(105)2, 

w 200:><:103 + 300 X 104 + 500xl05 

10
8
(2+ 300+ 50000) = 10

3 
x 50302 = 94 553J 

L05(2+ 30+ 500) ,532 ' 

17.6 BIOPOl YMERS AND BIODEGRADABLE 
POLYMERS 

Nature provides many polymeric species which are essential 
for life and can be produced by biological systems such as 
micro-organism, plants and animals. They can also be 
synthesised chemically., Starch and cellulose (poly
saccharides), proteins, peptides, PHBV (poly~hydroxyl 

, butyrate ~hydroxyl valerate), R.N.A. and D.N.A. (nucleic 
acids) which control the various life 'processes are called 
Biopolymers. (Details about th~ir characteristics are given in 
unit 15 ofbiomolecules). 
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All these biopolymers can be broken into component parts 
either by enzyme-catalysed reaction or themselves dUtmg a 
certain period of time and hence, are biodegradable. They are 
non-toxic and do not cause pollution, hence, a better alterna
tive to petroleum based polymers such as plastics which are 
non-biodegradable and are the source of major pollution. In bi
ological'systems, biopolymers degrade mainly by enzymatic 
hydrolysis and to some extent by oxidation. One of the best 
method of making a polymer biodegradable is by inserting 
hydrolysable ester group into the polymer. 

Biopolymers have several functional uses, i.e., they act as 
stabilizers, thickners, binders, lubri~ants and adhesives, etc. 
Since, biopolymers are biodegradable and are from renewable 
sources, they have a major scope in industry such as in cosme
tics, pharmaceuticals, pac19ng papers and textiles, etc. 

In vie~ of the ~jsposal problem of polymers waste, and 
for developing polymers for other safe uses in human system, 
biodegradable synthetic polymers have been developed. These 
synthetic polymers mostly have functional groups prevalent in 
biopolymers and lipids. 

Among these the most important class of biodegradable 
polymers are aliphatic polyesters and polyamides. Some of 
these briefly discussed below:' 

(a) Polyhydroxy butyrate (PHB): It is obtained from 
hydroxy butyric acid (3~hydroxy butanoic acid.). 

o 
lied . Ha--.:-CH--CH

2
--C--OH on ensatton .. 

I ' 
, CH3 

3-Hydroxy butanoic acid 

Polyhydroxy butyrate (PUB) 

,'(b) Poly~hydroxy 'butyrate-CO-f3-bydroxyvalerate 

(pHBV): It is a copolymer of 3-hydroxy butanoic acid and 
3-hydroxy pentanoic acid,jn which the two monomer units are 
joined by ester linkages. 

nHO-CH--CHi--C--OH + nHO-CH--CH2--C-OH 
. I II I II ' 

'CH3 0 CH2Cfl3 0 
3-Hydroxy butanoic acid 3-Hydroxy pentanoic acid 

PUBV 
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The properties ofPHBV vary ac<cording to the ratio of both 
the acids (monomers): 3-Hydroxy butanoic acid provides stiff
ness while 3-hydroxy pentanoic acid gives flexibility to the co-
polymer. ' ' 

PlfB andPHBV have been used for making films for pack
aging and into moulded items. When a drug is enQlosed in a 
capsule ofPHBV, it is released only when the polymer is de
graded in the body. PHBV also undergoes bacterial degrada- ' 
tion in the environment. 

, (c) Poly glycolic acid (PGA) and poly lactic acid (PLA): 
This copolymer is commercially called dextron. PGA is ob
tained by the chain polymerization of cyclic dimer of glycolic 
acid. ' 

nHO-CH,COOH . HMt .1CH,Jl. 
Glycolic acid PGA n 

PLA is obtained by polymerization of cyclic dimer oflactic 
acid or by microbiological synthesis of lactic acid followed by 
polycondensation and removal of water by evaporation. 

~ {01 nHO-CH-C--OH Condensation... O-CH~ 
I ' I 

, CH3 CH3 n 
Lactic acid ' PLA 

'<>' A copolymer ofPGA and PLA (90 : 10) was the first biode
gradable polyester used for stitching of wounds after opera
tion. This ,polymer gets completely degraded and absorbed by 
the body within 15 days to one month ofthe surgery. 

(d) Nylon-2-Nylon-6: It is an alternating polyamide of 

glycine (containing two carbon atoms) and 5 '(or!:) amino 

caproic acid (containing si~ carbon atoms). 

nH2N-CH2-C00H + nH2N-(CH2k,--C00H ~ 
Glycine l:-Amino caproic acid 

{ '0 OJ II "II 
NH-CH2-C-NH-(CH2)~ , 

- Nylon-2-Nylon-6 n 

It is a biodegradable step-growth co-polym~r. 

(e) Poly L--caprolactone lactone (peL): It is obtained by 

chain polymerization of the lactone of 5 (or !:) hydroxy 

hexanoic acid. 
o 

H 
II ' Heat 

n O-CH2CH2CH2CH2CH2-C-QH-
5( or l:) hydroxy hexanoic acid 

17.7 WHY DO WE SEE COLOUR 

Visible light consists' of electromagnetic ,radiations of 

wavelengths 400-750 nm (4000-7500 A).Each~avelength is 

associated with definite energy and produces characteristic 

colour sensation when it' strikes the retina of our eye. Light 

possessing all the wavelengths from 400.-750 nm (visible 

range) appeals'Yhite.l1le white light is actually made pf seven! 

, colours. These are violet,indigwblue, green, yellow:, orange ' 
. '. I 

and red (VIBGYOR). When white light falls on a substance, 
three things 'may 'occur: ' 

(i) Totally reflected, i.e., nothing is absorbed or, 

(ii) Partially reflected and partially absorbed 'or, 

(iii) TotallyabsorJ:>ed, i.e., nothing is reflected. 
The substance appears white when light is totally reflected 

or black when it is totally absorbed. But when a part oflight is 
j reflected and rest absorbed, the substance looks coloured. If 

only a singl~ band is absorbed, the' substance will have the ' 
complementary colour of the absorbed band. The table given 

, below correlates the wavelengths absorbed with complemen
tary (visible) colours observed: 

:". 

Coniplem~~ry W~vele .. gt~ , 'Cglour 
.- .... 

absorbed (nrn) absorbed col~ur 

400-435 violet yellow-green 

435-480 blue yellow 

480-490 blue-green orange 

49~500 grt:en~bhie red 

50~560 ,~~~Il_~_ ,purple' 

560-580 yellow-green' violet' 

58~595 ,,,yellow blue 

595-{)05 orange green:-blue 

605':"750, red:,. blue.~en 

In case, only one'band is reflected and rest are absorb~, the 

colour of the substance is that of the reflected band. Thus the '. ., - . 
substance may appear red, 

(a) either because it absorbs only the green·bll.le band 

(490-500 nm) from the white light and reflects ail the rest. 

(b) or because it absorbs all the bands except red 

(605-750 nm), which it reflects. 

17.8 DYES 

Dye is a natural or synthetic colouring matter which is used~n 

solution to stain materials especially fabrics. All the coloured 
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substances are not dyes. A coloured substance is termed as a 
dye if it fulfils the following conditions: 

(i) It must have a suitable colour. 
(ii) It can be fixed on the fabric either directly or with the 

help of mordant. 
(iii) When fixed it must be fast to light and washing, i.e., 

it must be resistant to the action of water, acids and alkalies, 
particularly to alkalies as washing soda and soap have alka
line nature. 

The following examples show that all coloured substances 
are not necessarily dyes. Azobenzene is a highly coloured sub
stance but does not act as a dye because it does not fix itself on 
a fabric while two similar compounds p-aminoazobenzene and 
p-hydroxyazobenzene act as dyes. 
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@-N=N-@' 
Azobenzene 

@-N=N-@-NH2 ' 

p-lUrrinoazobenzene 

@-N=N-@-OH 

p-Hydroxy azobenzene 

A dye consists of a chromophore group and a salt forming 
group called anchoric group. 

In 1876, Otto Witt put forth a theory as to correlate colour 
with molecular structure (constitution). The theory is named 
'The Chro<mophore Auxochrome Theory' and its main pos
tulates are: 

(i) The colour of the organic compounds is due to the presence of certain multiple bonded groups called chromophores. Impor
tant chromophores are: 

o 0 
II t 

-N N-:; -N~O:; -N N-; 
Azo Nitro Azoxy 

)C=O:; )C=S: ; 
Carbonyl Thio carbonyl 

o 0 
1111 =0= I I I I -C-C- ; )C=C< ; :; -C~-C=C-

Dicarbonyl Ethylenic _ Conjugated group 
Quinonoid 

[Chromophore-Greek word, Chroma = colour, Phorein to bear] 
The presence of chromophore is not necessarily sufficient for colour. To make a substance coloured, the chromophore has to be 

conjugated with an extensive system of alternate single and double bonds as exists in aromatic compounds. 
The chromophore part of the coloured substance (dye) absorbs some wavelengths from white light and reflects back the com

plementary colour. A coloured compound.having a chromophore is known as chromogen. 
(ii) Certain groups, while not producing colour themselves, when present along with a chromophore in an organic substance, 

intensify the colour. Such colour assisting groups are calledauxochromes (Greek word, Auxanien = to increase; Chrome = col
our), i.e., they make the colour deep and fast and flX the dye to the fabric. The auxochromes are acidic or basic functional groups. 
The important auxochromes are: 

Acidic: --OH , 
Hydroxy 

Examples.: 
Dye 

1. p-Aminoazobenzene 

H2N-@-N=N-@ , 

(Orange) 

2. Picric acid 
OH 

~L§JN02 
N02 

(Yellow) 

-COOH 
Carboxylic 

Basic: -NH2' 
Amino 

Chromophore' 

-N N-

-NHR , 
Alkylamino 

-NR2 
Dialkylamino 

Auxochrome 

--OH 
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OH 

3. Alizarin -OH 

o 
(Purple solution in alkali) 

4. Malachite green 

< 0 >-S rN(CH,h
C1 

N(CH3h 

However, Otto Witt cbromophore-auxocbrome concept fails to explain the colour of certain dye stuffs like indigo. 

17.9 CLASSIFICATION OF DYES 

Dyes are classified to their chemical constitution or by their application to the fibre. Chemists prefer to classify dyes according 
to their, structures but the dyers classify them according to their application. 

Classification of Dyes According to their Chemical Structures 

(i) Nitro and nitroso dyes: These dyes contain nitro or nitroso groups as the cbromophores and -OH as auxochrome. A few 
examples are: 

OH O,N@NO, 
N02 

Picric acid 
(2,4,6-Trinitrophenol) 

NO -©§JH, 
I-Nitroso-2-naphthol 

(Gambine-Y) 

OH HO,S@:g)No, , 
N02 

Naphthol yellow-S 

OH ·©r§:ro
, 

2-Nitroso-I-naphthol 
(Gambine-R) 

OH 

[gl§ro, , 
N02 

Martius yellow 

(ii) Azo dyes: The azo dyes contain one or more azo groups -N N-, as the cbromophore. Azo dyes constitute the largest 
and the most important group of synthetic dyes. These can be prepared by diazotising an aromatic amine and subsequent coupling 
with a suitable aromatic phenol or amine. 

@N=NCI+H@NH2 ~:o~ @N=N<O)NH2 

p-Amino azobenzene(Ahiline yellow) 

@N=NCl+H<O)N(CH3h-...... @N=N@N(CH3h 
p-Dimethylamino azobenzene 

(Butter yellow) 



The important azo dyes are the following: 

NH2 

N=N-@NH2 , 

@N=~NH2 
NH2 

Bismark brown 

Methyl orange 

Azo dyes are highly coloured. Azo dyes can be further 
div:ided into acid, basic, direct, ingrain or developed dyes, 
etc., on the basis of mode of application. 

(iii) Triarylmethane dyes : In these dyes, the central 
carbon is bonded to three aromatic rings. One of which is in 
the quinonoid form (the chromophore). Malachite green is 
the typicaJ example of this class. 

< 0 ~ rN(UI,)'cl 

N(CH3)2 
Malachite green 

Rosaniline and crystal violet are other two important dyes 
of this class. . . 

(iv) Anthraquinone dyes: Para quinonoid chromophore 
is present in these antbrilcene type dyes. Alizarin is a typical 
anthraquinone dye .. 

o OH 

o 
Alizarin 

OH 

(v) Phthaleins: Products obtained by condensation of 
phthalic anhydride with phenols, in presence of dehydrating 
agents like conc. H2S04 or anhydrous zinc chloride are called 
phthaleins. 

G.R.B. Organic Chemistryfor Competitions 

~OOH 

~=~N(UI'h 
Methyl red 

Phenolphthalein 

The other important dyes of this class are: 

.~ 

o=~~ 
FI 

.OH 
uorescem 

.. 

Eosin 

Mercurochrome 
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(vi) Indigo dyes: These dyes contain the carbonyl chromo
phore. Indigo is the oldest known dye. 

o H 
II I 

@(C)c=<N:@ 
Y w 
H 0 

Indigo (Dark blue crystalline powder) 

Another indigo dye is royal blue in colour which is dibromo 
derivative of indigo. It is called Tyrian blue. 

o H' 

, ~. *)§JBT .~\ / 0 ~ /C=C, 
Br Y K 

H 0 
Tyrian purple 

Classification of Dyes According to their Application 

(i) Direct dyes: Direct dyes can be directly applied to the 
fibre, both animal and vegetable, by dipping in hot aqueous 
solution of the dye. Th~se dyes are most useful for those 
fabrics which can form'hydrogen bonds, i.e., for cotton, rayon, 
wool, silk and nylon. Martius yellow' and congo red act as 
direct dyes. 

OH 

©x§JN02 , 

N02 
Martius yellow 

NH2 ' NH2 

WNN~=N-OO 
S03H Congo red S03H . 

(ii) Acid dyes: These are usually salts of sulphonic acids 
and can be applied to wool, silk and nylon. The presence of 
sulphonic acid group makes them water soluble. T~e~e 
dyes are applied from an acidic bath. The polar aCl<i;lc 
groups interact with the basic groups of the fabric. Orange~ I 
is an excellent acid dye. 

~'-03S-@-N=N~ g ~OH 
Orange-I(Azo dye) 

(iii) Basic dyes : These are the hydrochlorides or zinc 
chloride salts of colour bases having basic groups. These dyes 
react with anionic sites present on the fabric to attach 

themselves. These dyes colour fibres of nylons and polyesters. 
Aniline yellow, butter yellow, magenta (rosaniline) and 
malachite green are the exantples of basic dyes. 

@-N=N-@-NH2 , 
Aniline yellow 

Note: Acid and basic dyes are ac1;ua1ly direct dyes. 

(iv) Mordant dyes: These dyes have no natural affinity 
for the fabric and are applied to it with the help of certain addi-

tional substances I tabriC II 
known as mordants. 
A mordant (Latin 0, /0 
mordere = to bite) is AI - Mordant 
any substance which a "-
can be fixed to fab- OH 
ric and reacts with 
the dye to produce 

colours on fabric. Alizarin 
Three types of mor- O. . . 3+ 
dants are commonly Coordination compound of Ahzann W1th Al 

used: (i) acidic mordants like tannic acid which are used with 
basic dyes; (ii) basic mordants such as metallic hydroxides or 
albumin which are used with acidic dyes and (iii) metallic mor
dants like salts of aluminium, chromium, iron, tin, etc., which 
are used with acidic dyes. Actually the mordant forms an insol
uble coordination compound between the fabric and the dye 
and binds the two. Alizarin is a typical mordant dye. It gives 
different colours depending on the metal ion used. For exam
ple, with A13+, alizarin gives a rose red colour; with Ba2+, a 
blue colour; with Fe3+, a violet colour and with Cr"-, a brown
ish red colour. 

The process of mordant dyeing consists in impregnating 
the fabric with mO,rdant in presence of wetting agent followed 
by soaking of the fabric into the solution of dye. . 

(v) Vat dyes: These dyes are insoluble in water and cannot 
be applied directly. These dyes on reduction with sodium 
hydrosulphite (NaHS03) in a vat form, a soluble compound 
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which has great affinity for cotton and other cellulose fibres. 
The cloth is soaked in the solution of a reduced dye and then 
hung in air or treated with oxidants like perboric acid. As a 
result, the colourless compound is bxidised to insoluble dye 
which is now bound to the fabric. So, the dyes which are 
applied to the fabric in the colourless reduced state and then 
oxidised to coloured state, are called vat dyes. The colourless 
and reduced state of the dye is called the leuco base. The 
common examples of vat dyes are indigo and tyrian purple. 
These are mostly used on cotton. 

o H 
II I 

~C /N~ 
~JC=\M 

Reduction 
\ 

\ Oxidation 

I II 
H 0 

Indigo (Blue, water insoluble) OH H 
I I 

@C)c-<)§J 
I . I 
H OH 

Indigo-white, Leucobase 
(Colourless, water soluble) 

(vi) Ingrain dyes (Developed dyes): Ingrain dyes are those 
which are synthesised directly on the fabric. Examples of this 
type are azo dyes. The fabric is immersed in the solution of 
coupling reagent (usually a phenol or naphthol). Then it is 
dipped in the solution of suitable diazonium salt. Both react to 
form the dye whose molecules are adsorbed on the surface of 
fabric. The ingrain dyeing is particularly suitable for cotton 
fabrics. 

(vii) Disperse dyes: These dyes are used to colour 
synthetic fabrics such as nylon, orIon, polyesters and cellulose 
acetate which hilVe tightly packed structures. The dyes are 
dispersed in a colloidal form in water. The fabric is immersed 
in the- colloidal dispersion of the dye when fine dye particles 
are trapped within the polymer structure of the fabric. 
Examples of this type are monoazodye and anthraquinone dye. 

17.10 INTRODUCTION TO DRUGS AND 
CHEMOTHERAPY 

The word drug is derived from the French word drogue 
which means a dry herb. In a general way, the drug may be de
fmed as substance used in the prevention, diagnosis, treatment 
or cure of disease in man or other animals. Drugs may be a sin
gle chemical substance or a combination of two or more differ
ent substances. An ideal drug should satisfy the requirements 
given ahead: 
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(i) When administrated to the ailing individual or host, its 
action should be localised at the site where it is desired to act. 
In actual practice, there is no drug which behaves in this 
manner. 

(ii) It should act on a system with efficiency and safety. 
(iii) It should have minimum side effects. 
(iv) It should not injure host tissues or physiological pro

cesses. 
(v) The cells should not acquire resistance to the drug after 

sometime. 
Very few drugs satisfy all the above requirements. Each 

drug has an optimum dose, below which it has no action and 
above this level it becomes a poison. 

The term chemotherapy, which literally means chemical 
therapy or chemical treatment was coined in 1913 by Paul 
Ehrlich, the father of modern chemotherapy. He defined che
motherapy as the use of chemicals (drugs) to injure or de
stroy infectious microorganisms without causing any 
injury to the host. According to Ehrlich, chemotherapeutic 
agents are chemical substances which have selective toxicity, 
being harmful as much as possible to the invading or infectious 
organisms but harmless to the host. Chemotherapy has devel
oped into a vast subject today and efforts are being continu
ously made to search new drugs as to free human beings from 
various types of diseases. Chemicals (drugs) used in chemo
therapy are usually classified according to their action. 

17.11 ANTIPYRETICS AN D ANALGESICS 
An antipyretic is a drug which is responsible for lower

ing the temperature of the feverish organism to normal but 
has no effect on normal temperature states. This causes body to 
lose heat and subsequently lowers the body temperature. 

Aspirin is an important antipyretic. The other antipyretics 
are phenacetin, paracetamol, novalgin, phenyl butazone, 
methacetin and butazolidine etc. 

o 
II 

& O---C-CH3 

l8J-COOH 
Aspirin 

(Acetyl salicylic acid) 
or (2-Acetoxy benzoic acid) 

• 

.. 

Aspirin is absorbed from gastrointestinal tract. The stom
ach acid causes a partial hydrolysis of the ester. The ester cir
culates in the blood and further hydrolysis occurs into salicylic 
acid which is the active component. It causes several side ef
fects. It may cause minute ulcers· in the· stomach and cause 

. bleeding. Aspirin should not be taken empty stomach. Some 
persons are allergic to aspirin. The usual allergic reaction is 
rashes on skin, lowering of blood pressure, profuse sweating, 
intense thirst, nausea and vomiting. Calcium and sodium salts 
of aspirin are more soluble and less harmful. Aspirin is also 
used to prevent heart stroke because it acts as vaso-dialator. 
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Because of these shortcomings in aspirin, the other 
analgesics like ibuprofen, naproxen, diclofenac sodium or 
potassium find use as alternatives. . . 

The derivatives of p.aminophenol are used as anttpyretlc. 
The main limitation of these derivatives is that they may act on 
red blood cells and thus, they may be harmful in moderate 
doses. The important derivatives are: 

NHCOCH3 NHCOCH3 NHCOCH3 

© © © 
OC~5 OH 

Phenacetin Paracetamol Methacetin 
(4-Ethoxy- (4-Acetamido- (4-Methoxy-
acetanilide) phenol) acetanilide) 

Phenyl butazone is a pyrazolone derivative. Its structure is: 

C6HS 

I 

<-CO 
C6H5N I 

=CH-C4H9 

I 
or 

ONa 
Phenyl butazone 

Butazolidine 

It is highly toxic and hence not considered as a safe drug. 
Oxyphenyl butazone is less toxic and is used in place of 
phenyl butazone. 

Analgesics: Medicines which relieve or decrease pain 
are termed analgesics. These are of two types: 

(i) Narcotic (addictive) drugs: These are mainly opium 
and its products such as morphine, codeine, marijuana and 
heroin. These produce analgesia and sleep and in high dos~s 
cause unconsciousness. They are very potent drugs and theIr 
chroniC· use leads to addiction. 

OH 

NCH3 NCH3 

o 
Morphine 

OCH3 0 
Codeine 

H OH 

(ii) Non-narcotic (non-addictive) drugs: These are the 
drugs which are not potent and do not cause addiction. 
Common drugs are aspirin, analgin, nov algin, butazolidine 
(phenyl butazone) andbrufen (ibuprofen), etc. They are quite 
effective and give immediate relief from pain and fever. These 
drugs also have antipyretic properties. 

Analgin 

Ibuprofen or Brufen 
(p-Isobutyl phenyl·2-propanoic acid) 

@::~ 
~ 

Dic10fenac sodium 
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Aspirin, novalgin, phenacetin and combiflam act both as 
antipyretic as well as analgesic. They are quite effective and 
give immediate relief from pain and fever. 

17.12 ANTISEPTICS AND DISINFECTANTS 

The chemicals used for sterilisation are classified under two 
headings: (i) Antiseptics and (ii) Disinfectants. 

(i) Antiseptics: The term 'septic' is derived from the 
Greek word septikos which means putriry or rot. In medicine, 
it indicates the state of being infected with pus forming 
organisms. Anti-infective agents which are applied locally, 
i.e., applied directly to the skin wounds, cuts, ulcers and 
diseased skin surfaces, etc., are known as antiseptics. 

Chemical substances which prevent the growth of 
microorganisms or kill them but are not harmful to the 
living human tissues are called antiseptics. Some common 
examples of antiseptics are: Dettol, savlon, acriflavin, gentian 
violet, mercurochrome, boric acid, chloramine· T, tincture of 
iodine (an alcohol-water solution containing 2-3% iodine), 
iodoform, potassium permanganate, etc. 

(ii) Disinfectants: These substances kill the micro
organisms or stop their growth but are harmful to the 
human tissues. These are used for sterilisation of inanimate 
objects like instruments, utensils, clothes, floors, sanitary 
fittings, sputum and excreta. These are harmful to living 
tissues and cannot be used on the skin. The examples are :. 
phenol, methyl phenols, hydrogen peroxide, chlorine, 
bleaching powder, sulphur dioxide, etc. 

The same substance can act as antiseptic or disinfectant 
depending upon the concentration of the substance in solution. 
In smaller concentrations, it is an antiseptic while in higher 
concentrations it becomes disinfectant. 0.2% solution of 
phenol acts as an antiseptic and its I % solution is a 
disinfectant. 

Some common examples are: 
(a) Chlorine (CI2 ) is used to disinfect drinking water. It is 

used as 0.2 to 0.4 ppm (parts per million)' concentrated 
solution. . 



(b) Hexachlorophene is mainly used in soaps, creams,· 
dusting powders and emulsions. 

(c) Thymol, a natural derivative of phenol is a powerful 
disinfectant. 

OH 

;QrCH(CH3h 

O· 
CH) 

(d) Amyl meta cresol (5-methyl-2-pentyl phenol) is used 
as antiseptic in mouthwash or gargles in infections of the 
mouth and throat. 

OH 

&C,Hn 

CH)JVJ 

( e) Bithional is also used as an antiseptic in medicated 
soap. Such soaps are used to reduce undesirable odours due to 
bacterial action on skin surface. 

~S~l 
CI Cl 

BitbionaI 

(I) Dettol is one of the most commonly used antiseptic in 
the world. It is a mixture of chloroxylenol and Cl-terpeneol in 
a suitable solvent. Chloroxylenol (4-chloro-3,5-dimethyl 
phenol) is used both as an antiseptic and disinfectant. 
p-Chlorometaxylenol is also used as a body deodorant. 

H'C~H' ~H 
Cl Xo 

Chloroxylenol a-Terpineol 

(g) Gention violet and methylene blue are organic dyes 
but used as effective antiseptic. 

17.13 ANTIBIOTICS 

The term antibiotics has been derived from the word 
'Antibiosis' which means survival of fittest, i.e., a process in 

I. Penicillin-G Of n, 
@-CHr-
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which one organism may destroy another to preserve itself. It 
is a chemical substance produced by or derived from living 
cells which . is capable of Inhibiting the life processes or 
even destroying microorganism. . 

The first antibiotic, discovered by Alexander Fleming in 
1929 from the mould penicillium notatum, was penicillin. In 
1938, Ernst Chain and Howard Florey isolated penicillih in 
pure form and proved its effectiveness as an antibiotic. It was 
introduced into medical prnctice in 1941. Penicillin is used 
against large number of infections caused by various cocci, 

. O.·····H··:#···<. 
, 11/ ... I,.J·S·~ ... ····CH ... 
tt---C-r~4~1'~~'~C/ 3'1 

~ H . a'N~' / Ii'CH / 

\'«A.f\ .~::>} 
.... '. .0 .. 

Cysteine \'" I . ../'" 
··.OH /Vic.:,· ....... ,. wIDe 

General structure of penicillin 

gram positive bacteria, etc. It is an effective drug for 
pneumonia, bronchitis, sore throat and abcesses. 

Severnl naturally occurring penicillins h~lVe been isolated. 
All of these have the empirical formula, 

C9Hn0 4SN 2R 
In penicillin, a four membered ring is fused to another five 

" membered ring. Structures of individual penicillins are given 
in the taMe: Penicillin-:G is the most commonly used. 

The penicillins are only sparingly soluble in water. 
However, their sodium or potassiuni salts are soluble "in water. 
Penicillins are found to be active against gram positive stains. 
However, these are ineffective against gram negative 
organisms. Organisms sometimes develop resistance to 
penicillins. Penicillins generally have low toxicity.in 
comparison to sulpha drugs. However, in some cases allergic 
reactions may result in. Penicillin is thus, given after a test 

, prick. 
The antibiotics can either be bactericidal or bacteriostatic. 

Examples are: 
Bactericidal: The drugs which kill the organism in the 

body. For example, penicillin, oxloxacin, aminoglycosiders. 
Bacteriostatic: The drugs which inhibitor check the 

growth of the organism in the body. For example, tetracycline, 
chloramphenicol and erythromycin. 

...... -. 

Benzyl penicillin 

2. Penicillin-F orI, -CH2-CH~CH-CH2-CH3 2-Pen~lpentcillin 

3. Penicillin-K or IV. -(CHZ)6-CH3 n-Heptyl penicillin 
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4. Pellicilliri~X or III, 

5., Penicillin-Y or Y, 

,-CH2-@-OH 

-CH2-O-@ 
p-Hydroxybenzyl penicillin 

Phenoxy methyl penicillin 

,(O>-rH-

NH2 6.' Ampicillin 

,7. Methicillin 

8. Amoxyciltin 

Scientists have discovered a number of other antibiotics. 
These have proved to be as effective as penicillin but some of 
these are broad spectrum and are more effective. The 
commonly used are: 

(i) Streptomycin: It was discovered in 1944 by 
Waksman. It is effective against tuberculosis (m). It is also 

, used for other common infections like throat, lungs, ears and 
kidney. It is very effective in the treatment of meningitis and 
pneumonia. Streptomycin'is an amino base and forms salts that 
are very soluble in water. The sulphate and calcium chloride 
double salts are white amorphous powders. The molecule 
contains two strongly basic quanido groups and a weakly basic 
methyl amino group. 

OH H , OH H H 

I 
~=N-H 

I 
, NH2 H ' 

H 7;Qo H OH 

H H 
Streptomycin 

Streptomycin is rapidly absorbed after an intramuscular 
injection. Oral administration of streptomycin is of no value in 
the treatment. 

PAS (p-amino salicylic acid) and INH (isonicotin 

hydrazine or isoniazid) are also used for the treatment of 
tuberculosis. 

(ii) Chloramphenicol: It is a broad spectrum 
antibiotic. It was ftrst isolated from a species of streptomyces. 
It has been produced synthetically on'commercial basis. It is 
, w~~te or ~yish white needle like crystalline substance. It has 

, a bitter taste. One gram of chloramphenicol is soluble in about 
400 mL of water. It is freely soluble in alcohol. 

@-c <NHCOCHC12 
02N- 0 HOH-CH, 

CH20H 
Chloramphenicol 

It is effective against certain gram-positive and gram
negative bacteria, some rickettsiae and viruses. It is very 
effective in the treatment of typhoid fever, para-typhoid 
fevers, diarrhoea and dysentery. It is also specific, for 
influenza, meningitis, pneumonia, whooping cough and 
urinary tract 'infection. 
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Chloramphenicol may cause serious complications and 
hence it should not be used indiscriminately or for minor 
infections. Chloramphenicol in high concentrations inhibits 
the growth of animal and plant cells. 

(iii) Tetracyclines: The tetracyclines contain 
hydronaphthacene skeleton as the characteristic structural 
unit. The structures of tetracyclines are given below: 

RI CH]OHH R2 N(CH3h 
·H H H 

~ OH 

~I 

OH ° 
Chlorotetracycline RJ =C~ R2 =H 

. (Aureomycin) 
Oxytetracycline RI =H, R2 -OH 
(Terramycin) 
Tetracycline R) =R2 =H 
Tetracyclines are broad spectrum antibiotics and are 

effective against a number of types of bacteria, larger viruses, 
protozoa, parasites and typhUS fever. These can be given 
orally. 

17.14 ANTIMICROBIALS 

Chemical substances used to cure diseases caused by bacteria. 
fungi and viruses are called antimicrobials. These include 
antibacterials, antifungal and antiviral agents. Some important 
examples of antibacterial drugs are sulpha drugs, antibiotics 
and quinolones, etc. 

Sulpha drugs: A group of drugs which are derivatives 
. of p-amino benzene sulphonamide (Sulphanilamide) are 

called sulpha drugs. 

H2N-@-S02NH2 

p-Amino benzene sulphonamide 
(SulphaniJamide) 

These were the fIrst effective chemotherapeutic agents to 
be widely used for the cure of bacterial infections in humans. 
They have also been found to be active against gram-positive 
and gram-negative cocci, bacilli and protozoa. At present 
sulphanilamides have been largely replaced by antibiotics for 
the treatment of most of the bacterial diseases. Some 
successful sulphanilamides are given below: 

c9JN SO,V 
SuJphapyridine 
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NH2 

~ r 
S02NH-C-NH2 

Sulphaguanidine 

Sulphapyridine 

Sulphadiazine 

Sulphaguanidine 

Sulphatbiazole 

Succinyl 
sulphathiazole 

Sulpha acetamide 

Sulphatbiazol 

~?r 
S02NH-C-CH3 

Sulpha acetamide 

used to cure pneumonia. 

used to cure pneumonia, throat infections, 
meningitis, etc. 

used to cure bacillary dysentery. 

useful against staphylococcal infections and 
bubonic plague. 

useful in intestinal infections such as bacillary 
dysentery and cholera. 

used to cure urinary tract infections. 

17.15 ANAESTHETICS 

Anaesthetics may be dermed as those drugs which produce 
insensibility to the vital functions of all types of ceDs . 
especially of nervous system. The ·effect produced by 
anaesthetic is reversible, i.e., affected organs return to the 
normal state as soon as the concentration of the anaesthetic is 
decreased. Thus, anaesthetic produces temporary insensibility 

. to pain or feeling in the whole body or a particular organ. 
Anaesthetics may be classifIed into two groups on the basis of 
their applications. 

(i) General anaesthetics: These depress the central 
nervous system to such an extent that all sensitivity to pain or 
feeling is lost, i.e., they produce unconsciousness all over the 
body. These are used-foF major surgical operations. These may 
be. used in the form of a·gas, e.g., nitrous oxide, cyclopropane, 
ethylene, ether or may be given in the injection fOllll; e.g" 
sodium pentothal. 

HSC2) <CO-N> 
C C--S--Na 

CH3(CH2hHC CO-NH 
I 
CH3 

Sodium pentothal 

(ii) Local anaesthetics: These affect only a part of the 
body to make it insensitive to pain or feeling. Common local 
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anaesthetics are : xylocaine (used in jelly form), ethyl chloride 
(used in spray form) and procaine (used in injection). These 
are used for small surgical operations like tooth extraction, 
stitching of a wound or incision of an abscess. Some other 
modem local anaesthetics are : a. -eucaine, orthocaine (ortho-

. form) and dimethisoquin. 

17.16 TRANQUILUZER OR HYPNOTICS 
The chemicals which bring about redueed mental tension, 
relieve anxiety and result in a more. cahn outlook without 
producing any marked degree of sedation or hypnosis or 
without grossly altering the level of consciousn~ss are called 
tranquillizers. Tranquillizers are effective in such mental 
disorders when ordinary hypnotics or sedatives fail. These are 
also called as psychotherapeutic drugs. 

Two powerful drugs called reserpine .( an alkaloid) imd 
chlorpromazine were introduced simultaneously. The other 
drugs in common use are barbituric acid and its 
5,5-disubstituted derivatives (barbiturates) such as veronal, 
amytal, luminal, equanil, seconal, librium, diazepam (valium, 
calmpose), etc. 

Barbituric acid Veronal or 
(Barbital) 

C,H'---&~N_H 
H2C CH-CH2::l~T~ 

o f 0 
H 

Seconal 

crCC5 
C6HS 

Valium (Diazepam) 

?! iH
3 ?! 

H2N-C-O-CH2-T-CH2-0-C-NH2 

CH3 

Equanil 

Note: Equanil.is an important medicine Used' in depression and 
hypertension. . . 

Drugs used in the treatment of mental disease can be 
classified as: 

(i) Narcoties : These are used .as analgesic and 
depressant. It reduces anxiety and tension, e.g., pethidine, 
heroin, opium, etc. 

(il) Hypnoties : These are tranquillizers, used to reduce 
. anxiety and mental tens'ion. 

(W) Sedatives: It reduce t4e action of central nervous 
system. These are also called as depressant. These are used for 
the violent mental patients. It induces the feeling or relaxation, 
calmness and drowsiness. Some common sedatives are valium 
and barbiturates . 

(Iv) Antidepressants: These drugs are given to the 
patients having lack of confidence. These are also called mood 
boosters. It induces the feeling of well being. Some examples 
are vitalin, methadrine and cocain. 

17.17 ANTI-MALARIALS 
Medieines used to bring down the body temperature 
during malaria fever are ealled anti-malarials. Originally 
quinine (an alkaloid) was the only drug known to be effective 
against malaria. 

Malaria is a highly widespread infectious disease, caused 
by sporozoa of genus Plasmodium. It is characterised 
clinically by periodic fever, anaemia and enlargement of liver 
and spleen. The four species, Plasmodium vivax, Plasmodium 
malariae, Plasmodium ovale arid Plasmodium Jalciparum are 
responsible for malaria in humans. Thus, there are four types 
of malaria:' , 

Protozoa Malaria caused 
Plasmodium vivax Fever on alternate days 
Plasmodium malariae Fever 011ce in three days 
Plasmodium ovale ~ever once in three days 
Plasmodium Jalciparum Fever once in four days 
The·chemotherapy of malaria is connected with different 

stages in the cycle of malarial parasite. The mosquito injects 
the parasite into the blood of a human being. It immediately 
goes to the liver cells where it multiplies. Once the parasites 
have grown in number, these come to blood and enter the red 
blood corpuscles where they also multiply. Eventually, the red 
cells burst liberating the parasites as well as toxms. These 
toxins cause fever, chills and rigeur. The liberated parasites 
attack the fresh red cells and the cycle continues. Depending 
upon the periodicity of this cycle in the red cells fever comes 
on. alternate days, once in three days or once -in four days. 
Some of the liberated parasites go back to liver and continue 
the cycle there. 

Choice of an anti-malarial drug depends on the point of its 
action on the life cycle of the malarial parasite . .various drugs 
used are: 

1. Primaquine: It destroys sporozites in the liver. It is 
too toxic and its long term use is not advisable. 

2. Chloroquine, proquanil and pyrimethamine: These' 
kill the parasites in blood. 

17.18 ANTACIDS 
Intestine is acidic due to the formation of HCI during 
digestion. Excessive acidity in the intestine creates problem of 
intestinal ulcer, gastric' reflux and oesophagitis. The 



compounds which reduce· or neutralise acidity are called 
antacids. Some commonly used antacids are discussed below: 

(i) Baking soda containing NaHC03 and KHC03: 
(ii) MgO, Mg(OH) 2, MgC0J and magnesium trisilicate 
(iii) CaC03 

. (iv) Al(OH)3,AlP04 and aluminiumaniino acetate. 
Above ,compounds are basic and thereby neutralise HCl, e.g., 

CaC03 + 2HCl----+ eaC12 + H20 + CO2 t 
Al(OH)3 + 3HCl----+ AlCl3 + 3H20 

Mg(OH)2 +2HCl----+MgCI2 +2H20 • 

Antacid can be used in the form ofliquid (solution) and in 
the form of tablets, but solution is more effective antacid. 
Note: (i) Rantidine and Cimetidine ate used in the. treatment of 

peptic ulcers. A • 

II... "02 

. MezN J:JvS'V"\. /C"-
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H 
Ranitidine (Zanlac) 
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CH

3 Ii-CN 
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H 
Cimetidine (Tegiunet) 

(ii) Pentaprazole and. Ollliprazole . are 'The new. drugs used to' 
inhibit gastric secretion. . . • . 

H . " 

(X)-~*CH3 
H3C OCH3 '1:, 

Omeprazole 

17.19 ANTI-HISTAMINES 

Antigens from environment and food create allergic reactions 
to our body. In this situation histamines are released from 
certain cells in our body. 

Anti-histamines are the drugs which diminish or abolish 
the effects of histamine, a chemical released by mast cells 
during an allergic reaction. 

Some commonly used anti-histamines are: 
(i) Diphenhydramine (Benadryl) 

Diphenhydramine . 
(ii) Pheniramine maleate (Avil and cough sYrups) 
(iii) Chloropheniramine maleate (Zeet) 

.' 

., 
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Cl-<Q\ ... . 

~--CII'-CH2-N(CH3)'(CHCOOH)2 

(iv) Triprolidine (Acididil) 
(v) Phenothiazine, Promethazine (phenargan) 
(vi) Dimethindene(Foristal) 
(vii) Antazoline (Anti~tine) 
(viii) Chlorotheopyllinate salt (Avomine) 
These drugs are used in the treatment of hay fever, mild 

asthma, insect bit~s, cold etc. 

17.20 CHEMICALS IN FOOD 

The chemicals used in food ~re preseryatives, edible colours, 
artificial sweetening agents alid antioxidants. Such chemicals· 
are discussed below in short. 

1. Preservatives: According to British Food and Drug 
Act of 1928, a preservative may ,be defineJi as the substance 
which is capable and inhibiting or arresting the process of 
fermentation, acidification or any other decomposition of 
food. 

Preservatives are classified into the following three' 
categories depending upon course of action: 

(a) Antioxidant preservatives: These are the substan
ces that retard the chemical reactions and break down of foods 
when they come in contact with oxygen, light, heat and certain 
metals. These chenllcals also stabilize some of the vitamins 
and amino acids present in food: Examples of antioxidant 
preservatives are: 

(i) Butylated Hydroxy Anisole (BHA) 
(ii) Butylated Hydroxy Toluene (BHT) 

. (iii) Tertiary butyl hydroquinone 
(iv) Propyl gallate 

OH 

/yC(CH3h 

Y 
OCH3 . 

Butylated hydroxy 
anisole (BHA) 

;;OH 
.HO¥OH 

OH 
Gallic acid 

OH 

(CH3hCyYC(CH3h 

. Y 
CH3 

Butylated'hydroxy 
toluene (BHT) 

;;OC3
H

7 

HO¥OH 
. OH 

Propyl gallate 

(Antioxidants) 
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(b) Antiripening agents: These are used to preserve 
food specially fruits and vegetables. These chemicals attack 
the enzymes which metabolize the food after harvesting. 
Example of antiripening agents are : citric acid, ascorbic acid 
anddisodium salt of ethylene diamine tetraacetic acid 
(BDTA). 

(c) Antimicrobial preservatives : Such chemicals 
inhibit the growth of yeast, bacteria or moulds. Examples of 
such preservatives are : sorbates and esters of p-hydroxy 
benzoic acid, sodium nitrite, sodium sulphite, calcium 
propionate and benzoates, etc. . 

Note: In addition to sugar and salt the substances such as vineger,oils, 
spices and citric acid are also used to preserve jam, pickles, 
ketchups and sq\l.ashes, etc. 

(2) Artificial sweetening agents: . Artificial sweeteners' 
have been in use since the discovery of saccharin in the 1880s. 
Its structure (o-Sulphobenzoic imide) is given below: 

o 
II 

o::C.'NH 
I I 

~ . S02 

(Saccharin; I,2-benzisothiazolin-3-one, 1 , I-dioxide) 

Saccharin is 500 times sweeter than sucrose. Sodium salt 
of saccharin is water soluble and more palatable. Examples of 
some other artificial sweetener are: sucralose, dulcin, 
nitroanilines, aspartame and acesulfame-potassium. 

Artificial sweeteners are also called as low calorie 
sweeteners because these chemicals pass through human body 
unmetabolised A polyhydroxy compound called xylitol is 
used as a sweeteners in sugarless gum. 

¢CO~2 

OC2HS 

Dulcin 
(p-phel'l.ethyl urea) 

H2N-CH-CONH-CH-COOCH3 

I I~ 
CH2COOH CH2~ 

Aspartame 

Note: Aspartame breaks down in the body into menthol and naturally 
occurring amino acid. 

(3) Edible colours: The colours that can be added to 
the food without harmful side effects are known as edible 
colours. The colours increase the eye appeal and compliment a 
definite flavour. Edible colours should be stable to acids, 
alkalies, light and high temperature. Edible colours may be of 
natural or synthetic origin. 

The commonly used natural colours are: 
(i) Chlorophyll (green colouring matter from leaves) 

(ii) Saffron (prepared from saffron flowers) 
(iii) Tunneric (dried roots) 
(iv) Caramel (prepared by strongly heating the sugar) 
(v) Cochineal or caramine (obtained from dried female 

insects) 

(vi) J3-carotene (from carrot) 
(vii) Alizarine, Indigo (dyes from plant origin) 
-Synthetic edible colours are also frequently used Aniline 

dyes, azodyes replace natural colours. For example, 
amarnatb, aniline yellow, butter yellow are frequently used 
~o dyes. Amarnath gives magenta colour in aqueous me~um. 

OH S03Na 

Na03s-Q-N N f 

Amarnath S03Na 

< )-N=N-Q-NH2 ; 

Aniline yellow 

~N=N-Q-' N<CH3 

~-- -- CH3 
Butter yellow 

Some other synthetic edible colours are tabulated below: 

ErYtbrosine bluishpfuk 

Allurared yellowish red 

Sunset yellow reddish yellow 

Tetrazme lemon yellow 

Indigofute deepbiue 

Carmoisine fast red 

Ponceau fast green 

17.21 ROCKET PROPELLANTS 

A number of satellites have been launched by diffetenr' 
countries. India launched its fJISt successful satellite vehicle, 
SLV-3 fr.om Sriharikota on July 18, 1980. In order to push 
these rocket satellites into the space, some chemical 
substances are used. These substances (fuels) used for 
launching rockets are called rocket propellants. A 
propellant is a combination of an oxidiser and a fuel which 
when ignited undergoes combustion to release large volume of 
hot gases. When these hot gases are passed through a narrow 
nozzle of the rocket motor, it provides the necessary thrust for 
the rocket uplift in accordance with Newton's third law of 
motion. 

Type of Rocket Propellants 

Depending upon the physical state, the propellants can be 
classified as: 

1. Solid propellants, 
2. Liquid propellants, 
3. Hybrid propellants. 



1. SoHd propellants: They are the mixtures of solid 
fuel and solid oxidiser. These are further divided into two 
classes: 

(a) Composite propellants: These propellants use a 
polymeric binder such as polyurethane or polybutadiene as a 
fuet and ammonium perchlorate as an oxidiser. The 
performance of these propellants can be increased by using 
some additives such as finely divided magnesium or 
aluminium metal along with the fuel. 

(b) Double base propellants : These mainly use 
nitroglycerine (liquid) and nitrocellulose (solid). The 
nitrocellulose gels in nitroglycerine sets in as a solid mass. 

The main disadvantage of solid propellants is that these 
propellants once ignited will continue burning with a 
predetermined rate without having a start or stopping 
capability. 

2. Liquid propellants: These consist of an oxidiser 
such as liquid oxygen, dinitrogen tetraoxide (N-204) or nitric 
acid and a fuel such as kerosene, alcohol, hydrazine or liquid 
hydrogen. These are further divided into two types: 

(a) Monopropellants: The liquid propellants in which 
a single chemical substance acts beth as a fuel as well as an 
oxidiser are called monopropellants. For example, hydrazine 
(H2NNH2), nitromethane (CH3N02), methyl. nitrate 
(CH30N02) and hydrogen peroxide (H20 2), etc. Among 
these, except hydrazine, all other compounds serve both as a 
fuel as well as an oxidiser. 

(b) Bi-liquid propellants: These consist of two liquids 
in which one of them acts as a fuel, while the other acts as the 
oxidiser. Most commonly used liquid f}1els are kerosene, 
alcohol, hydrazine, monomethyl hydrazine (MMH), 
unsymmetrical dimethyl hydrazine (UD~ or liquid 
hydrogen, etc., while the most commonly usealiquid oxidlsers 
are liquid oxygen, liquid dinitrogen tetraoxide (N 204) or 
nitric acid. 
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Advantages ofBi-Hquid.PropeDants over Solid Propellants 

(i) The bi-liquid propellants give higher thrust than solid 
propellants. . 

(ii) The thrust generated by liquid propellants can be 
controlled by switching on and off the flow of propellants. On 
the other hand, the thrust cannot be controlled in solid 
propellants. 
. 3. Hybrid propellants: These consist of a solid fuel 
and a liquid oxidiser. For example, acrylic rubber (solid fuel) 
and liquid N 204 (liquid oxidiser). . 

Examples of propeDants used in different rockets 

(i) Saturn Booster Rocket of American Space 
Programme: Used a mixture of kerosene and liquid oxygen 
as a propellant in the initial stage whereas liquid oxygen and 
liquid hydrogen were used for the upper stages. 

(ii) The Titan. Ballistic Missile: Used a mixture of 
hydrazine (fuel) and N 204 (oxidiser). 

(ill) PROTON (a Russiari Rocket) : Used kerosene and 
liquid oxygen as liquid propellant. 

(iv) SLV-3 (Space Launch Veh.icle-3) and ASL~ 
(Augmented Space Launch Vehicle), the Indian Satellites: 
Used compQsite solid propellants. . 

(v) PSLV (Polar Space Launch Vehicle), the Indian 
Rocket Recently Launched: Used solid propellants in the 
first and third stages and bi-liquid propellaJ;lts such as 
N 204 + UDMH (Unsymmetrical dimethyl hydrazine) in the 

second stage and N 10 4 + MMH (Mono methyl hydrazine) in 

the fourth stage. . 
(vi) Space Shuttle: Used liquid oxygen and liquid 

hydrogen along with solid boosters in the 'lower st~ges. 
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1. [A] Fill in the blanks: 
( a) The monomer of natural rubber is ...... . 
(b) The monomers ofterylene are terephthalic acid and .... 

(c) The starting raw materials for nylon-6,6 are adipic acid 
and ....... 

(d) Rubber particles in latex are coagulated by adding ..... 
(e) The monomer of teflon is ...... . 
(f) Protein is a ...... polymer. 
(g) Substances which lower body temperature in high 

fevers are called ...... . 
(h) The chemical name of aspirin is ...... . 
(i) Indigo is a ...... dye while alizarin is a ...... dye. 
G) Phenol is used as an/a ...... and ...... . 
(k) Phenacetin, paracetamol and methacetin are used as ... 

(I) The drugs which relieve or decrease pain are called .... 

(m) Streptomycin is a ....... spectrum antibiotic. 
(n) Chloroquine is an ...... drug. 
(0) The melamine-formaldehyde resin is quite ..... . 

polymer. The articles made from this polymer ..... . 
even dropped from considerable hdght. 

(P) Salol is used as ...... . 
(q) Bakelite is made by the action of. ..... and ...... . 
(r) Tincture of iodine is 2-3% solution of ......... in 

alcohol-water. 
(s) Equanil is used as ...... . 
(t) A group with multiple bonds in an organic dye 

molecule is known as ...... . 
(u) The auxochromes ...... the cololp' of chromogen. 
(v) Malachite green is an example· of ...... dyes. 
(w) ...... is used in the manufacture of paints and lacquers. 
(x) ...... is used for the treatment of typhoid. 
(y) Alizarin is a typical. ..... dye. 
(z) Vinyl chloride on reaction with dimethyl copper gives 

. "',' .. ~ . 
[B] Fill in the blanks: 

Monomers Polymers Other impo~ant use 
(i) Formaldehyde, ............ ... " ........ 

phenol 
(ii) ............... Teflon ............... 

(iii) ............. "# .. PMMA ..... ~ ............ 
(iv) Chloroprene ................ ............. 
(v) ............. .............. For making crockery 

(vi) ............... Orion ............ 
(vii) Adipic acid, ............... ..... ~ ............. 

hexamethylene 
diamine 

(viii) ............. Glyptal ............ 

. 2. State, whether the following statements are True or False: 
(a) The colour of the dye is due to auxochrome group. 

3 . 

(b) Aspirin is an antibiotic. . 
(c) Indigo is a mordant dye. 
(d) Cellulose nitrate is a natural polymer. 
(e) The bakelite is a thermosetting plastic. 
(f) 2-Chlorobutadiene is a monomer of synthetic rubber. 
(g) Paracetamol is an antipyretic dnig. 
(h) Calmpose is a tranquillizer. 
(i) PVC is a step growth polymer. 
G) Acid dyes are used in basic medium. 
(k) Nylon is a polyamide polymer. 
(I) Terylene is a polyamide polymer. 
(m) Bakelite is an example of thermoplastic. 

.. 

(n) Thermoplastic polymer is one which softens on heating 
and becomes hard on cooling. 

(0) Tranqui1lizers affect the central nervous system and 
induce sleep. 

(P) Buna-S is obtained by polymerization of butadiene and 
styrene. 

(q) Glyptal is obtained by polymerization of glycol and 
terephthalic acid. 

(r) Methyl orange is an rtzo dye. 
(s) Chemotherapy means use of chemicals to destroy 

infectious microorganisms without caUSing any injury 
to host. 

(t) Phenylbutazone is considered as a safe drug. 
(u) Sulphapyridine is use.d to cure pneumonia. 
(v) Streptomycin is administrated orally. ~ 

(w) Penicillin is an effective drug for pneumonia, bronchitis 
and abcesses. . 

(x) Tetracyclines are effective in the treatment of typhoid 
fever, diarrhoea and dysentary. . 

(y) Chloramphenicol is a broad spectrum antibiotic; . 
(z) In propellant, the burning of a fuel should not leave any 

ash. 
[A] Match the following: 
(a) Natural rubber 
(b) Buna-S 
(c) Nylon-6,6 
(d) Bakelite 
(e) Melamine 

. (f) Orion 
(g) Terramycin 
(h) Iodine 

(i) Malachite green 
(j) Martius yellow 
[B] 
(a) Penicillin 
(b) Chloramphenicol 

(l) Thermosetting polymer 
(2) Homopolymer 
(3) Antibiotic 
(4) Acid dye 

. (5) Antiseptic 
(6) Basic dye 
(7) Butadiene and styrene 
(8) . Melamine-formaldehyde 

resin 
(9) Isoprene 

(10) Polyamide 

(P) Bacteriostatic 
(q) Antibiotic 
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(c) Aspirin 
(d) Ibuprofen 

[C] 
(a) C.ellulose. 
(b) Nylon-6,6 
(c) Protein 
(d) Sucrose 
[D] 

(r) 
(s) 
(t) 

Bactericidal 
Analgesic 
Antipyretic 

(P) Natural polymer 
(q) Synthetic polymer 
(r) Amide linkage 
(s) Glycosidelinkage 

(a) Sodium perbenzoate (P) Disinfectant 
(b) Chlorine (q) Antiseptic 
(c) Bithional (r) Milk bleaching agent 
(d) Potassium stearate (s) Soap 

4. Write the names and structures of the monomers of the following polymers: 

[lIT 2007] 

[DCE2009) 

(i) NatUral rubber, (ii) Synthetic rubber, (iii) Nylon-6,6, (iv) Polythene, (v) PVC, (vi) Teflon, (vii) Terylene, (viii) Bakelite, 
(ix) Polypropylene, (x) Neoprene, (xi) Plexiglas. 

5~ ... How will you synthesise? 
... (a) . Polyvinyl chloride (pVC) from acetylene. 

[ Hint: HC==CH ~ H2C=CHCI 
HgClz Vinyl chloride 

(b) Orion from acetylene. 

CI 

Polym~on) [-CH2-tH-]n] 
P~~de pvc 

[
Hint: HC==CH HCN) H2C=CHCN 

Ba(CNh Vinyl cyanide 

CN 

pol~tion) [-CH2-tH- ]n ] 
Pero~de Orion 

(c) Polystyrene from benzene. 

. CHr~H3 © + H2C=CH2 AlCI3 .. © 
Benzene Ethyl benzene 

65O"C 

CH=CH2 

© 
Styrene 

. , [-C©H-CH. r-.J Polymerization ~ 

Peroxide 

Polystyrene n 

[ Hint: 

(d) Terylene from ethylene and p-xylene. 
o 

o:!/Ag ) C0H2 H+lHzO) HOCH2-CH20H' 
. 300"C Ethylene oxide Elhylene glycol 

CooH 

°2N
PS © 

Heat .. 0 
COOGH3 

CH30Hlli' .. © 
CooH 

Terephthalic acid 

HOCH2-CH20H + H3CO~C-@-COOCH3 
(e) Nylon-6,6 from buta-I,3-diene. 

COOCH3 
Dimethyl terepbthalate 

[ Hin.t: H2C=CH-CH=CH2 ~ CICH2-CH=CH-CH2Cl NaCN) CH2-CH=CH-CH2CN 
Buta71,3-iliene I 

HOOC(CH2)4CooH 
Adipic acid 

H2N(CH2)6NH2 
Hexamethylene diamine 

CN 

HZINi 
?H2 -CH2-CHz-CH2CN +-"":::---' 

<;:N 
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nHOOC(CH2)4COOH + nNH2(CH2)6NH2 High pressure ) Nylon -6,6 + nH20 ] 
277°C 

6. Describe how the following polymers are synthesised? 
(i) Nylon-6,6, (ii) Thiokol, (iii) Buna-S, (iv) Bakelite, 
(v) Terylene, (vi) Melamine, (vii) Nylon-6 .. 

7. Write the short notes on the following: 
(a) Co-polymer, (b) Synthetic rubber, (c) Thermoplastic, 
(d) Thermosetting, (e) Elastomer, (f) Vulcanization of 
rubber. 

8. Write the free radical mechanism for the polymerization of 
ethene. 
[Hint: Free radical mechanism for polymerization of ethene is 

initiated by organic peroxide or other reagents which 
decompose to give free radicals [Refer to sec. 17.2 (3)] 
1037. 

9. How does the presence of benzoquinone inhibit the free 
radical polymerization of vinyl derivative? 
[Hint: Benzoquinone combines with free radical intermediate to 

form a.non-reactive free radical, which is highly stabilized 
by resonance. Because of the lack of reactivity of this 
intermediate, it inhibits the further progress of the chain 
reaction and the reaction stops. 

10. How does the presence of double bonds in rubber molecules 
influence their structure and reactivity? 
(Hint: From the structural point of view, the natural rubber is a 

linear cis-l A-poly\soprene. In this polymer, the double 
bonds are located between C2 and C3 of each isoprene 
unit. The cis-configuration about· double bonds do not 
allow the chain to come closer for effective interactions 
and hence intermolecular forces are quite weak. 
Therefore, the natural rubber has a coiled structure and 
shows elasticity. J 

n
1
K4-
Isoprene 

11. Answer the following: 

L ..In 
Cis-polyisoprene 

or 

(i) What does 6,6 indicate in nylon-6,6 ? In what way it is 
different from nylon-6? 

(ii) What is the effect of heating on (a) thermoplastics and 
(b) thermosetting plastics? 

(iii) What type of drug phenacetin is? 
(iv) Name the chemical responsible for antiseptic properties 

ofdettol. 
(v) Give the name offlISt antibiotic. 

(vi) Give the name with structure of a broad spectrum 
antibiotic. 

(vii) Name the drug which is used to bring down body 
temperature during fever. 

(viii) What type of drug chloramphenicol is ? 
(ix) What are tranquillizers ? 
(x) What are direct dyes? 

12. Select acid dyes, basic dyes, vat dyes and mordant dyes from 
the following: :. 
Alizarin; Malachite green; Martius yellow; Indigo; 
Orange-I; Aniline yellow. 

13. (a) Give four examples of chromophore groups. 
(b) Give two examples of direct dyes: 
(c) Write the one name of each pfthe following: 

(i) Nitro dye, (ii) Azo dye, (iii) Triphenyl methane dye. 
(d) Give one use of each of the following : 

(i) Morphine, (ii) LSD, (iii) Streptomycin, 
(iv) Saccharin. 

14. Write the short notes on the following: 
(a) Chromogen, (b) Auxochromes, (c) Ingrain..dyes, 
(d) Azo dyes, (e) Disperse dyes, (f) Mordant dyes, (g) Vat 
dyes, (h) Basic dyes. 

15. Answer the following: 
(i) Name a. drug in case of mental depression. 

(ii) Write the names of some antaCids. 
(iii) Write the name of chemicals lI$ed in food. 
(iv) Give four examples of anti-histamines. 
(v) Name the medicines which can act both as an analgesic 

as well as an antipyretic. 
(vi) Name the main species responsible for malaria. 

(vii) Which alkaloid is used for? [CBSE (Med.) 2005] 
(a) Hypertension . (b) Malaria fever' 

16. Distinguish between: 
(i) Antipyretics and antiseptics. 

(ii) Antiseptics and disinfectants. 
(iii) Broad spectrum and narrow spectrum antibiotics. 
(iv) General·and lo~ anaesthetics .. 
(v) Narcotics and hypnotics. 

(vi) Antioxidant and antimicrobial preservatives. 
17. What are bi-liquid propellants? Give their advantages over 

solid propellants? . 
18. What are propellants? What type of propellant is used in 

SLV-3 and ASLV rockets? 
19. What is the role of.monomethyl and dimethyl hydrazines in 

rockets? 



ANSWERS 
1. [A] (a) isoprene; (b) ethylene glycol; (c) hexamethylene diamine; 

(d) dilute acetic acid; (e) tetrafluoro ethylene; (1) condensa
tion/natural; (g) antipyretics; (h) acetyl salicylic acid; (i) vat, mor
dant; (j) antiseptic, disinfectant; (k) antipyretic; (I) analgesics; (m) 
broad; (n) antimalarial; (0) hard, do not break; (p)antiseptic; (q) 
phenol, formaldehyde; (r) iOdine; (s) tranquillizer; (t) chromo
phore; (u) deepen; (v) basic; (w) glyptal; (x) chloramphenicol; (y) 
anthraquinone; (z) polyvinyl chloride. . 
[B] (i) Bakelite, manufacture of electric goods 
(ii) Tetrafluoro ethylene, manufacture of insulators 
(iii) Methyl methylacrylate, for making eye lenses 
(iv) Neoprene, for making automobiles and refrigerator parts 
(v) Melamine, formaldehyde, melamine formaldehyde resin 
(vi) Vinyl cyanide, for making carpets and blankets 
(vii) Nylon 6,6, for making carpets and textile fibres 
(viii) Ethy lene glycol, phthalic acid, for manufacture of paints and 
lacquers. 

2. (a) False, (b) False; (c) True, (d) False, (e) True, (1) True, (g) True, 
(h) True, (i) False, (j) False, (k) True, (1) False, (m) False, (n) True, 
(0) True, (P) True, (q) False, (r) True, (s) True, (t) False, (u) True, 
(v) False, (w) True, (x) False, (y) True, (z) True. 

3. [A] (a-9); (b-7); (c-IO); (d-I); .(e--8); (f-2); (g-3); (h-5); (i-6); 
(j-4); 
[B] (a-q,r); (b-p,q); (c-s,t); (d-s,t); 
[C] (a-p,s); (b-q,r); (c-p,r); (d-s); 
[D] (a-r); (lr=p); (c-<O; (d-s) 

4. __ (i) '''''''''' (11,~H3 CH~CH,l ; 
(li) 1,3-Butadiene (H2C=CH-CH=CH2)and styrene 

cn CH2 

© 
. (iii) Hexamethylenediamine[H2N(CH2h;NH2] and adipic acid 

[HOOC(CH2)4 COOH]; 
(iv) Ethylene (H2C=CH2); 
(v) Vinyl chloride (H2C=CHCI); 

(vi) Tetrafluoro ethylene (F2C=~); 
(vii) Ethylene glycol (HOCH2-,-CH20H) and phthalic acid; 

(viii) Phenol and formaldehyde; 

~." 

(ix) Propylene (CH3CH=CH2); 
CI . I 

(x) Chloroprene (H2C=C-CH=CH2); 

CH3 
I 

. (Xi) Methyl methylacrylate (H2C=C-COOCH3). 
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6. (i) Hexamethylene diamine [H2N(CH2)4NH2] and adipic acid 

[HOOC(CH2)4COOH]; (ii) Ethylene chloride [CICH2-CH2CI] 
and sodium polysulphide [Na-8-8-Na]; (iii) Buta-I,3-diene 
[H2C=CH-CH=CH2]and styrene [C6HsCH=CH2]; 
(iv) Formaldehyde [HCHO] and phenol [C6HsOH]; 
(v) Ethylene glycol [HOCH2:--CH20H] and dimethyl tereph
thalate [H3COOC(C6H4)COOCH3 ]; 

(vii) Caprolactum 

H 

/N"" 
H2,· ,=0 

HzC CHz 
\ / 

HzC-CH2 

on heating at 260-270"C. 

U. (i) Nylon-6,6 gets its name from its two constituents, adipic acid 
and hexamethylene diamine, both of which have six carbon atoms 
each. Nylon-6 is prepared by prolonged heating of caprolacturn at 
260"-270"C (It has six carbon atoms in repeatingunits.); (ii) Ther
moplastics soften and melt' on heating while thermosetting poly
mers do not soften on heating rather become hard; (iii) Antipyretic; 
(iv) Chloroxylenol; (v) Penicillin; (vi) Chloramphenicol, 

@--?H <NHCOCHCI2 
02N 0 CH- CH ; (vii) Paracetamol 

CH20H 

or aspirin; (viii) Antibiotic; (ix) The chemical compounds which 
relieve anxiety and result in a more calm outlook without produc
ing any marked degree of sedation or hypnosis are called tranquil
Hzers; (x) The direct dyes can be directly applied to fibre. 

12. Alizarin-Mordant dye 
Indigo-Vat dye 
Malachite green, Aniline yelIow-'Basicdyes 
Martins yellow, Orange-I-Acidic dyes 

IS. (i) Equanil or Vitalin; 
(ii) Ranitidine, Cirnetidine, Omeprazo\e and Pentaprazole, etc; 
(iii) (a) Preservatives (Sodium benzoate) (b) Antioxidants (BRA, 
BRT); (c) Artificial sweetening agents (saccharin); (d) Edible 
colours (Chlorophyll, Saffron); 
(iv) (a) DiphenhydramiIie (Benadryl); (b) Pheniramine maleate 
(Avil and Cough syrups); (c) Promethazine (phenargan); (d) 
Chlorotheopyllinate salt (A vomine); 
(v) Aspirin, Paracetamoi, Ibuprofen, Diclofenac sodium, 
Combiflam, etc; (vi) Plasmodium vivax, Plasmodium malariae, 
Plasmodium ovale, Plasmodium falciparum; 
(vii) (a) Reserpine (b) Quinine. . ,"", 
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08JECTIVE QUESTIONS 
SET I : This set contains the questions with sing~e correct answer. 

1. Which of the following is a natural polymer? 
(a) Protein 0 (b) Polythene 
(c) Buna-S 0 (d) Bakelite 

2. The monomers used in the manufacture of nylon-6,6 are: 

o 
o 

(a) sebacic acid and hexamethylene diamine 0 
(b) adipic acid and butadiene 0 
(c) sebacic acid and butadiene 0 
(d) adipic acid and hexamethylene diamine 0 

3. PVC polyiner can be prepared by which of the monomers? 
[JEE (WB) Engg. 2006] 

(a) CH3CH=CH2 0 (b) C6HsCH=CH2 0 
(c) H2C=CHCI 0 (d) H2C=CH2 0 

4. Which of the following sets contains only addition polymers? 
(a) Polyethylene, polypropylene, terylene 0 
(b) Polyethylene, PVC, acrilon 0 
(c) Buna-S, nylon, polybutadine 0 
(d) Bakelite, PVC, polyethylene 0 

5. Which of the following fibres is not made up of polyamides? 
[MGIMS (Med.) 2008] 

(a) Artificial silk 
(c) Wool 

o (b) Naturalsilk 0 
o (d) Nylon 0 

6. Nylon is: 
(a) polyester fibre 
(b) polyamide fibre 
(c) polythene derivative 
(d) polyethylene methyl acrylate fibre 

7. Which of the following'is an antibiotic? 
(a) Terramycin 0 (b) Aspirin 
(c) Paracetamol 0 (d) Chloroquine 

8. Which of the following is used as antipyretic? 
(a) Paracetamol 0 (b) Chloroquine 
(c) Chloramphenicol 0 (d) LSD 

9. Point out the wrong statement. 

o 
o 
o 
o 

o 
o 

o 
o 

(a) Penicillin was discovered by A. Fleming 0 
(b) Phenacetin is a very important antibiotic 0 
( c) Chloroquine is an antimalarial drug 0 
(d) Ether is an anaesthetic 0 

10. Which of the following groups would you introduce into a 
dye to make it water soluble? 
(a) -N02 0 (b) -CI 0 
(c) -S03H 0 (d) -OH 0 

11. A dye absorbs the wavelength corresponding to blue colour 
of light. The observed colour will be: 
(a) blue 0 (b) red 
(c) green o (d) orange 

12. Which one is an example of vat dye? . 

o 
o 

(a) Congo red 0 (b) Alizarin 0 
(c) Malachite green 0 (d) Indigo 0 

13. With which of the following cations, alizarin will impart a 
violet colour on the fabrics? 

(a) Fe3+ 0 (b) Cr3+ 0 
(c) Ba 2+ 0 (d) Al3+ 0 

14. Aspirinisa/an: [BHU2005] 
(a) narcotic ·0 (b) antipyretic O' 
(c) tranquillizer 0 (d) anaesthetic 0 

15. Which one is a protein fibre? 
(a) Cotton 0 (b) Rayon 0 
(c) Silk 0 (d) Polyester 0 

16. LSD (Lysergic acid diethylamide) is: 
(a) sweetening agent 0 (b) synthetic fibre 0 
(c) psychedelic drug 0 (d) antibiotic 0 

17. The antibiotic used for the treatment of typhoid is: 
(a) penicillin 0 (b) chloramphenicol 0 
(c) terramycin , 0 (d) sulphadiazine 0 

18. Reserpine is: 
(a) tranquillizer 0 (b) antibiotic 0 
(c) vitamin . 0 (d) honnone 0 

19. Which one of the following is achromophore group? 
(a) -N=N- 0 (b) -OH 0 
(c) -S03H 0 (d) -NH2 0 

20. Which one of the following statements is wrong? 
(a) PVC stands for polyvinyl chloride 0 
(b) PTFE stands for teflon 0 
(c) PMMA stands for polymethyl methyl acrylate 0 
(d) Buna-S stands for natural rubber 0 

21. The monomer of polystyrene is: [PMT (Kerala) 2010] 
(a) C2HsCH=CH2 0 (b) CH2=CHCl 0 
(c) C6HsCH=CH2 0 (d) CH2=CHCHO 0 
(e) C6HsCH=CHCHO 0 

22. Which ofthe following statements is not correct? 
[DUMET 2010] 

(a) Caprolactmn is the monomer ofnylon-6D 
(b) Terylene is a polyester polymer 0 
(c) Phenol formaldehyde resin is knwon as bakelite 0 
(d) The monomer of natural rubber is butadiene 0 

23. Which one of the following is an example of co-polymer? 
[JEE (WB) 2010] 

(a) Teflon 0 (b) Buna-S 0 
(c) PVC 0 (d) Polypropylene 0 

24. Natural rubber is a' polymer of: 
[UGET(Med.) 2004; BCECE (Med.) 2008] 

(a) neoprene 0 (b) isoprene. 0 
(c) chloroprene 0 (d) butadiene 0 

25. Heating of rubber with sulphur is known as: 
(a)galvanisation 0 (b) bessemerisation 0 

. (c) vulcanisation 0 (d) sulphonation 0 
26. Synthetic polymer which resembles natural rubber is: ." 

[CMC Ludhiana (Med.) 2008] ,. 
(a) chloroprene 0 (b) neoprene 0 
(c) nylon . 0 (d) glyptal 0 
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27. Natural polymer among the following is: 
(JEE (Orissa) 20101 

(a) nylon 0 (b) cellulose 0 
( c) glyptal 0 (d) terylene 0 

28. 1,3-Butadine and styrene on polYJl1erisation give: 

(a) Buna~S 

(c) Teflon . 
29. Dacron is an example of: 

( a) polyamide 
( c) polyurethane 

30. Orion has a unit: 

[EAMCET (Med.) 20101 
o (b) Terylene 0 
o .( d) Bakelite 0 

(PET (MP) 20041 
o (b) polypropylene 0 
o (d) polyester 0 

[AFMC20041 
(a) isoprene 0 (b) acrolein o 
(c) glycol 0 (d) vinylcyanide o 

31. Teflon is a polymer of the monomer: 
[AFMC 2006; JIPMER (Med.) 2008] 

(a) CHF=CH2 0 (b) CHF=CHCI 0 
(c) CHCI=CHCI 0 (d) F2C=CF2 O. 

32. The fibre obtained by the condensation of hexamethylene 
diamine and adipic acid is: 
(a) dacron 0 (b) nylon-6,6 
(c) rayon . 0 (d) teflon 

o· 
o 

33. Which one of the f9llowing is a thermosetting polymer? 
[nCE 2006; AMU (Engg.) 2007] 

(a) Nylon-6 0 (b) Nylon-6,6 0 
(e) Bakelite 0 (d) SBR 0 

34. The widely used plastic PVC is a polymerization product of: 
(a) H2C=CH2 0 (b) H2C . CClz 0 
(c) CHCI=CHCI [) (d) H2C=CHCI 0 

35. Salol can be used as: 
(a) antiseptic 
(c) both (a) and (b) 

36. Ampicillin is: 
(a) an analgesic 
( c) an antimalarial 

37. Chloroquine is: 

o (b) antipyretic 
o (d) none of these 

o (b) an antibiotic 
o (d) an antipyretic 

o 
o 

·0 
o 

(a) an analgesic 0 (b) an antibiotic 0 
(c) an antimalarial 0 (d) an antipyretic 0 

38. Which of the following structures represents neoprene 
polymer? [CBSE (PMT) Prelims 2010] 

(a) +CH-CHz+n 0 
I 
C6HS 

F 
(b) +CHz-CH+n 0 

fl 

(c) +CHz-CH+n 0 

rl 

(d) +CH2 -C=CfI--':"'CH2 +n 0 
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39. Which of the following is an example ofazo dye? 
(a) Congo red 0 (b) Malachite green 0 
(c) Martius yellow 0 (d) Indigo 0 

40. The basic dye among the following is: [AFMC 200~1 
(a) alizarin 0 (b) aniline yello\y 0 
(c) congo red 0 (d) indigo 0 

41. Arsenic drugs are mainly used in the treatment of: 
(a) jaundice 0 (b) typhoid 0 
(c) syphilis 0 (d) cholera 0 

42. Polypropylene is not used in: 
(a) clothes 0 (b) ropes 0 
( c) heat resistant plastics [!l (d) parachute ropes 0 

43. To which class of dyes does phenolphthalein belong? 
(a) Azo dyes 0 
(b) Nitro dyes 0 
(c) Triphenylmethane dyes 0 
(d) Phthalein dyes 0 

44. Which of the following is not a biopolymer? 
(a) S.tarch 0 (b) Rubber 0 
(c) Proteins 0 (d) Nucleic acids 0 

45. Which of the following is a chain growth polymer? 
(a) Polypropylene 0 (b) Glyptal 0 
(c) Nylon-6,6 0 (d) Nylon-6 0 

46. An example of natural biopolymer is: 
(a) nylon 0 (b) rubb~r 0 
(c) teflon 0 (d) DNA 0 

47. The product of addition polymerization reaction is: 
(a) nylon 0 (b) glyptal . 0 . 
(c) polythene 0 (d) terylene 0 

48. Which of the following is an example of .condensation 
polymer? 
(a) Buna-S rubber 0 (b) Bakelite 0 
(c) Nylon-6,6 0 (d) All of these 0 

49. Terylene is a condensation polymer of ethylene glycol and: 
(a) phthalic acid 0 (b) terephthalic acid 0 
(c) benzoic acid 0 (d) salicylic aci.d 0 

50. Arrange the following in increasing order of their 
intermolecular forces: 

Nylon-6,6 (I), Buna-S (II), Polythene (m) 
[AMU (Medical) 2010] 

(a) II, III, I ' 0 (b) III, II, I !;] 

(c) I, II, III 0 (d) II, I, III 0 
51. Neoprene is a polymer of: 

(a) isoprene 0 (b) butadiene 0 
(c) styrene 0 (d) chloroprene 0 

52. A polylimide synthetic polymer prepared by prolonged 
heating of caprolactum, is: 
(a) nylon-6,6. 0 (b) nylon-6 0 
(c) nylon.;6,10 0 (d) glyptal 0 

53. The polymer containing strong intermolecular forces e.g., 
hydrogen bonding is: [AIEEE 2010] 
(a) natural rubber 0 (b) teflon 0 
(c) nylon-6,6 0 (d) polystrene 0 
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54. Hydrazine as a drug is used in ilie treatment of: 
(a) malaria 0 (b) typhoid 0 
(c) cholera '0 (d) tuberculosis 0 

55. Which of ilie following is an alkaloid? 
(a) Nicotine 0 (b) Atropine 0 
(c) Cocaine 0 (d) "All of these 0 

56. The drug which is effective in curing malaria is: 
(a) quinine 0 (b) aspirin 0 
(c) salol 0 (d) analgin 0 

57. A substance which can act boili as an antiseptic and 
disinfectant is: 
(a) aspirin 0 (b) phenol 0 
(c) analgin 0 (d) sodium pentothal 0 

58. The substances which relieve anxiety, reduce mental tension 
and induce sleep are called: 
(a) analgesics 0 (b) antipyretics 0 
( c) tranquillizer 0 (d) anaesthetics 0 

59. Whichofilie following is used as anaesthetic? 
(a) N2 0 (b) N20 0 
(c) Ca. 0 (d) C02 0 

60. Dettol consists of: 
(a) cresol + e1hanol 
(b) xylenol + terpeneol 
(c) chloroxylenol + terperieol 
(d) none of ilie above 

61. Heroin is a derivative of: 

o 
o 
o 
o 

(a) morphine 0 (b) nicotine 0 
(c) cocaine 0 (d) caffeine 0 

62. The pupils of eyes are dilated wiili a very dilute solution of 
an alkaloid which is: 
(a) , adrenaline 0 (b) atropine 
(c) . equanil 0 (d) ephedrine 

63. Putrefaction of substances is caused by: 
. ( a) bacteria only 

(b) aironly 
(c) bacteria and air 
(d) bacteria and air at temperature above O"C 

64. Penicillin was first discovered by: 
(a) A. Fleming 0 (b) L. Pasteur 

" (c) G. Thompson 0 (d) A. Noble 
. 65. The poisonous gas evolved in Bhopal tragedy was: 

o 
o 

o 
o 
o 
o 

o 
o 

[EAMCET (Engg.) 2007] 
(a) COCl2 
(c) CH3CN 

o (b) CH3NCO 0 
o (d) CO 0 

66. In making lemon pickle: 
(a) chillies are used to kill all germs and bacteria 
(b) lemon oil acts as preservative 
(c) salt plays ilie same role as sugar in jam 
(d) citric acid acts as preservative 

67. Refrigeration helps in food preservation by: 
(a) killingilie germs 
(b) reducing ilie rates of biochemical reactions 
(c) destroying enzyme action 
(d) sealing ilie food wiili a layer of ice 

o 
o 
o 
o 

o 
o 
o 
o 
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68. A large number of antibiotics have been isolated from: 
(a) bacteria actinomycetes 0 
(b) bacteria staphylococcus 0 
(c) bacteria rhizobium 0 
OOac~ 0 

69. An antibiotic, contains nitro group attached to benz!!ne 
nucle:us in its structure, is: 
(a) chloramphenicol 0 (b) penicillin 0 
(c) tetracycline 0 (d) streptomycin 0 

70. Germinated barley called malt is a source of enzyme: 
(a) invertase 0 (b) diastase" 0 
( c) zymase 0 (d) maltase 0 

71. Which one is a broad spectrum antibiotic? 
(a) Procaine 0 (b) Plasmoquin 
(c). Aspirin 0 (d)· Chloramphenicol 

72. Sulpha drugs are used for: 
(a) removing bacteria 
(b) precipitating bacteria 
(c) stopping the growth of bacteria 
(d) decreasing ili~ size of bacteria 

73. Morphine is: 

o 
o 

o 
o 
o 
o 

(a) antiseptic 0 (b) analgesic 0 
(c) antibiotic 0 (d) anaesilietic 0 

74. Arsenic containing medicine used for ilie treatment of 
syphilis is: (PMT (Kerala) 2010] 
(a) Erythromycin 0 (b) Ofloxacin 0 
(c) Tetracycline 0 (d) Salvarsan 0 
(e) "Penicillin 0 

75. Phenol is used as: 
" (a) an antiseptic 0 (b) an insecticide 0 

(c) a disinfectant 0 (d) styptic 0 
76. The artificial sweetener containing chlorine iliat has the 

appearance and taste as iliat of sugar and is stable at cooking 
temperature is: [PET (Kerala) 2010] 
(a) Aspartame a (b) Saccharin 0 
(c) Sucrolose 0 (d) Alitame 0 
( e) Bithional 0 

77. The relationship between colour and chemical constitution 
was put forwarded by: 
(a) A. Noble 0 (b) Otto Witt 
(c) P. Ehrlich 0 (d) A. Fleming 

78. Which of ilie following is an auxochrome? 
(a) -OH 0 (b) -COOH 
(c) -NR 2 0 (d) All of iliese 

79. Which ofilie following acts as chromophores group? 
(a) Carbonyl or iliio carbonyl 
(b) Azo or !lZOxy 
(c) Nitro. or nitroso 
(d) All of the above 

80. Indigo belongs to: 
(a) direct dyes 
(c) ingrain dyes 

o (b) vat dyes 
o (d) mordant dyes 

o 
o 

o 
o 

o 
o 
o 
o 

o 
o 
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81. Which of the following is a correct statement for a substance 
to act as dye? 
(a) Presence of chromophore is necessary 0 
(b) Presence of auxochrome group as well as chromophore 

is necessary 0 
(c) Every coloured substance 0 
(d) All of the above 0 

82. The compounds used to fix a dye to the fabric are known as: 
(a) mordant 0 (b) bleaching agent 0 
(c) azeotrope 0 (d) leuco base 0 

83. Cetyl trimethyl ammonium bromide is a popular : 
[PET (Kerala) 2010] 

(a) non-ionic detergent 0 (b) anionic detergent 0 
( c) cationic detergent 0 (d) sweetener 0 
(e) antioxidant 0 

84. Red ink is prepared from: 
(a) aniline 0 (b) eosin 0 
(c) phenol 0 (d) congo red 0 

85. Alizarin, a mordant dye is not used in: 
(a) painting 0 (b) wool dyeing 0 
(c) printing 0 (d) cotton dyeing 0 

86. Which one of the following is a mordant? 
(a) Tannic acid 0 (b) Metallic hydroxides 0 
(c) SaltsofAl,Cr,Fe,SnD (d) All of these 0 

87. The number of ehromophores in picric acid is: 
(a) 1 0 (b) 2· 0 
(c) 3 " 0 (d) 4 0 

88. Which of the following compounds can make clothes fire 
proof? 
(a) MgS04 0 (b) Al2(S04h 0 
(c) FeS04 0 (d) Cu2CI2 0 

89. Which of the following is a plasticizer? 
(a) Coconut oil 0 (b) Mustard oil 0 
(c) Castor oil 0 (d) Pine oil 0 

90. Which of the following is used to make non-stick eook-
wares? " . 

(a) Polyvinyl chloride 0 
(b) Polytetra fluoro ethylene 0 
(c) Polystyrene 0 
(d) Polyethylene terephthalate 0 

91. Match the List I with List II and select the correct answer 
using the codes given below the list: [SCRA 2000] 

List I List II 
I. Iodoform A. Anaesthetic 
II. Methyl salicylate B. Antiseptic 
m. Diethyl ether C. Insecticide 
N. Hexachlorocyclohexane D. Detergent 

Codes: 
(a) I-B, II-E, III-C, N-D 
(b) I-D, II-B, III-A, N-C 
(c) I-B, II-E, III-A, N-C 

". (d) I-C, II-A, III-D, N-B 

E. Pain balm. 

o 
o 
o 
o 
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92. Which of these is a hypnotic? [AFMC 20011 
(a) Metaldehyde 0 (b) Acetaldehyde 0 
(c) Paraldehyde 0 (d) None of these 0 

93. Which of the following is used as an antiseptic? 
[MGIMS (Wardha) 2001] 

(a) Phenol 0 (b) Benzaldehyde 0 
(c) Benzalamine 0 (d) Malic anhydride 0 . 

94. Which of the following is not an artificial sweetener? 
[AMU (Engg.) 20101 

" (a) Aspartame 0 (b) Sucrolose 0 
(c) Sucrose 0 (d) Alitame 0 

95. Tranquillizers are the substances used for the treatment of: 
" (a) cancer 0 (b) AIDS 0 

(c) mental diseases 0 (d) physical disorders 0 
(e) blood infection 0 

96. Which of the following is used to make paints and lacquers? 
[DPMT20021 

(a) Polystyrene 0 (b) Polyvinyl chloride 0 
(c) Glyptal 0 (d) Nylon 0 

97. Which of the following is not a biliquid propellant? 

(a) Nitroglycerine + nitrocellulose 
(b) Hydfazine + N20 4 
(c) Unsym. dimethyl hydrazine + N20 4 
(d) Kerosene oil + liquid oxygen 

[DUMET2010] 
o 
o 
o 
o 

98. Which one of the following is not a tranquillizer? 
[PMT (Kerala) 2010] 

(a) Equanil 0 (b) Salvarsan 0 
(c) Veronal 0 (d) Serotonin 0 
( e) Luminal 0 

99. Nylon threads are made of: 
[AIEEE 2003; JCECE (Med.) 2008] 

(a) polyvinyl polymer 0 (b) polyester polymer 0 
(c) polyamide polymer 0 (d) polyethylene polymer 0 

100. SLV -3 rockets are used in: 
(a) solid propellants 0 
(b) liquid propellants 0 
(c) composite solid propellants D. 
(d) hybrid propellants 0 

101. Which of the following represents a bi-Iiquid propellant? 
(a) Nitro glycerine + nitro cellulose 0 
(b) N20 4 + unsymmetrical dimethyl hydrazine 0 
(c) N 20 4 + acrylic rubber 0 
(d) Polybutadiene + ammonium perchlorate 0 

102. Which one of the following is a chain growth polymer? 
[CBSE (Med.) 2004; BHU (Mains) 2008] 

(a) Starch 0 (b). Nucleic acid 0 
(c) Polystyrene 0 (d) Protein· 0 

103. Themonomerofdaeronis/are: (DPMT2004] 
"" COOH 

(a) HOCH2-CH20Hand ~COOH o 
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(b) (f
H ° 

o 

(c) HOCH2-CH20H andHOOC--@--cOOH 0 
(d) f 2C=CF1 0 

104. The dyes which are applied to the fabric in the colourless 
reduced state and then oxidised to coloured state are called: 

[DPMT2004] 
(a) vat dyes 0 
(b) disperse dyes 0 
(c) triphenyl methane dyes 0 
(d) azo dyes 0 

105. Which of the following is a mordant dye? [~1PMER 2004] 
. (a) Aniline black 0 (b) Congo red 0 
(c) Alizarin 0 (d) Indigo 0 

106. Which one of the following is employed as a tranquillizer 
drug? [CBSE (Med.) Prelims 2010] 
(a) PromethllZine 0 (b) Valium 0 
(c) Naproxen 0 (d) Mife pristone . 0 

.107. Which of the following polymers has an ester linkage? 
[BVP (Pune) 2004] 

(a) PVC 0 (b) Nylon-6,6 0 
(c) SBR 0 (d) Terylene 0 

108. Nylon is not a: [PMT (Raj.) 2004; CET (Haryana) 2005] 
(a) condensation polymer 0 
(b) polyamide 0 
(c) copolymer 0 
(d) homopolymer 0 

. 109. Which of the following is used in vulcanization of rubber? 

o (b) CF4 
o (d) C1F1 

[MH-CET 2004] 
o 
o 

11 O. Structure of (monomer unit of) natural rubber is: 

[BCECE (Engg.) 2004] 

CH3 CI 
I . I 

(a) H2C=C-CH=CH1 D (b) H2C=C-CH=CH2D 

C6HS 

I 
(c) H1C=C-CH=CH2D (d) (-CH2-CH2-)n 0 

111. Paracetamol is an: (BCECE (Engg.) 2004] 
( a) antibiotic 0 (b) antipyretic 0 
(c), antimalarial 0 (d) analgesic 0 

112. A polymer containing nitrogen is: 
[UPSEAT 2004; A1IMS 2008] 

(a) bakelite 0 (b) dacron 0 
(c) rubber 0 (d) nylon-6,6 0 

113. In elastomer, intermolecular forces are: [BHU 2004] 
(a) nil 0 (b) weak tJ 
(c) strong 0 (d) very strong 0 

114. Which of the following is a biodegradable polymer? 
[AIIMS 2004] , 

(a) PVC 0 (b) Nylon-6 
(c) Cellulose 0 (d) Polythene 

o 
o 

115. 2-Acetoxy benzoic acid is used as an: 
[K~ET 2004; CET (Haryana) 2005] 

(a) antimalarial 0 (b) antidepressant 0 
(c) antiseptic 0 (d) antipyretic 0 

116. Which of the following is a polyamide? 
fAIEEE 2005; UPSEAT 2006] 

(a) Teflon 0 (b) Nylon-6,6 0 
. (c) Terylene 0 (d) Bakelite 0 

117. Which one of the following types of drug~ reduces fever? 

118. 

119. 

120. 

(a) Antipyretic 
(c) Antibiotic 
Buna-S is a polymer of: 

(AIEEE 2005] 
o (b) Analgesic 0 
o (d) Tranquillizer CJ 

[CET (Karnataka) 2008; CBSE (Med.) 2009] 
(a) butadiene only 0 (b) butadiene and nitryl 0 
(c) styrene only 0 (d) butadiene and styrene 0 
Which one of the following is not a broad spectrum 
antibiotic? [DPMT 2005] 
(a) Tetracycline 0 (b) Chloromycetin 0 
( c) Penicillin 0 (d) None of these 0 
Which of the following. gives paracetamol on acetylation? 

[EAMCET (Med.) 2005] 
OH . 

D(b)~ 
. NH2 

')yOOH NH.2 

(a) l8J o 

(e) ~ 
OH 

D(d)~ o 

NH2 
121. Antiseptic, chloroxylenol is: [KCET 2005] 

(a) 4.-chloro-3,S-dimethyl phenol 0 
(b) 3.-chloro-4,S-dimethyl phenol' 0 
(c)' 4.-chloro-2,S-dimethyl phenol 0 
(d) S.-chloro-3,4-dimethyl phenol 0 

122. Condensation product of caprolactum is: 
[BCECE (Med.) 2005] 

(a) nylon-6 0 (b) nylon-6,6 0 
(c) nylon-60 0 (d) nylon-6,lO 0 

123. A drug that is antipyretic as well as analgesic is: 
. [AMU (Med.) 2005] 

(a) chloroquin 0 
(b) penicillin 0 
(c) paracetamol 0 
(d) chloropromazine hydrochloride 0 

124. Which of the following rubbers is not a polydiene? 
[nPMER 2005] 

(a) Nitrile 0 (b) Polyisoprene 0 
(c) Polychloroprene [led) Thiokol 0 



125. Which of the following is a cross-linked polymer? 
[UPSEAT 2005) 

(a) Teflon ,0 (b) OrIon 
(c) Nylon 0 (d) Bakelite 

126. +NH(CH2)6NHCO(CH2)4CO+n is a: 

o 
o 

[CBSE (Med.) 2006] 
(a) thermosetting polymer 0 
(b) ,homopolymer 0 
(c) copolymer 0 
(d) addition polymer 0 

127. Which is not a polymer? [MGIMS (Wardba) 2006) 
(a) Sucrose 0 (b) Enzyme 0 
(c) Starch 0 (d) Teflon 0, 

128. Phenacetin is used as an: [JEE (WB) Engg. 2006] 
(a) antipyretic 0 (b) antiseptic' . 0 
(c) analgesic 0 (d) antimalarial 0 

129. Which of the following compounds is used as a body 
deodorant? [PMT (Kerala) 2006) 
(a) Aspirin 0 (b) Omeprazole 0 
(c) Indigosol-O 0 (d) p-Chlorometaxylenol 0 
(e) Bithional 0 

130. Which of the following is a bacteriostatic? 
[PET (Kerala) 2006] 

(a) Penicillin 0 (b) Erythromycin 0 
(c) Aminoglycodine [I (d) Ofloxacin 0 
( e) Bithional 0 

131. The hybrid rocket propellant consists of: 
[PET (Kerala) 2006] 

(a) acrylic rubber and liquid nitrogen tetroxide 0 
(b) polyurethane and ammonium perchlorate 0 
(c) nitroglycerine and nitrocellulose 0 
(d) liquid hydrogen and liquid oxygen 0 
(e) hydrogen peroxide 0 

132. The pair whose both species are used in antiacid medicinal 
preparation is: [AIIMS 2006] 
(a) NaHC03 and Mg(OHh 0 
(b) Na2C03 and Ca(HC03h 0 
(c) Ca(HC03h and Mg(OHh '0 
(d) Ca(OHh and NaHC03 0 

133. Which of the following colours is imparted by alizarin dye 
in presence ofCr3+ ion? [CET (Gujarat) 2006] 
(a) Violet 0 (b) Brown-red . 0 
(c) Pink 0 (d) Red 0 

134. Which of the followingpolymers can be used for lubrication 
and as an insulator? [CET (Gujarat) 2006) 
(a) SBR 0 (b) PVC 0 
(c) PTFE 0 (d) PAN 0 

135. A hybrid rocket propellant uses: [DCE 2006) 
(a) a liquid oxidiser and a solid fuel 0 
(b) a composite solid propellant 0 
(c) a biliquid propellant 0 
(d) a solid, liquid and gas as a propellant 0 

136. Which one of the following polymers is prepared by 
condensation polymerization? [CBSE (Med.) 2007] 
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(a) Rubber 0 (b) Styrene o 
o (c) Nylon-6,6 0 (d) Teflon 

137. Which of the following is a biodegradable polymer? 
[EAMCET(Engg.) 2007] 

(a) Polythene 0 (b) PVC 0 
(c) Bakelite 0 (d) PHBV 0 

138. The mw material used in nylon-6 is: 
[EAMCET (Med.) 2007; PMET (Med.) 2008] 

(a) adipic acid 0 (b) phthalic acid 0 
(c) ethylene glycol 0 (d) caprolactum 0 

13~. Which one is a chain growth polymer? 
[DCE (Engg.) 2007] 

(a) Teflon 0 (b) Nylon"6 0 
(c) Nylon-6,6 0 (d) Bakelite 0 

140. Which of the following is true for polypropylene? 
[DPMT (Med.) 2007] 

(a) Propylene, condensation polymer 0 
(b) Propylene, addition polymer 0 
(c) Propylene, ammonic polymer 0 
(d) Propylene, cationic ammonic polymerase 0 

141. Mark out the most unlike form of polymerization of 
H2C=CH-CH=CH2: '[AMU (Engg.) 2007] 

(a) r H>c=c<
CH2t 

-tH2C H n 

o 

(b) ~H;:r<:J o 
• 

. r· CH=-CH, CH~H'l 
(C)-t I I • 

(d) +Ci~~f' r-CH , 
o 

o 
. C-G 

n 

• 142. Terylene i~ the polyester of: (MH;'CET2007] 
(a) hexamethylene diamine and adipic acid 0 
(b) vinyl chloride and formaldehyde ' 0 
(c) melamine and formaldehyde 0 
(d) ethylene glycol and terephthalic acid 0 -

143. The basic dye among the following is: [DeE (Engg.) 2007] 
(a) orange-l 0 (b) aniline yellow 0 
(c) anthraquinone 0 (d) phenolphthalein 0 

144. An insoluble dye is reduced to a soluble colourless leuco 
form by an alkaline reducing agent. The fibre 'is soaked in 
the dye solution and then exposed to air to develop the 
colQur. The dye is: (Pl\iT (Kerala) 2007) 
(a) mordant dye 0 (b) vat dye 0 
(c) azo dye 0 (d) direct dye 0 
(e) disperse dye 0 

145. Chloramphenicol is: 
(a) narrow spectrum antibiotic 
(b) broad spectrum analgesic 
( c) broad spectrum antibiotic 
(d) broad spectrum antibacterial 

[DCE (Engg.) 2007] 
o 
o 
o 
o 
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146. Bithional is an example of: IAMU (Engg.) 2007) 
(a) disinfectant 0 (b) antiseptic 0 
( c) antibiotic 0 (d) analgesic 0 

147. Which of the following is used as a "morning after pill"? 
[PMT (Kerala) 2007; AIIMS 2010) 

(a) Norethindrone 0 (b) Ethynylestradiol 0 
(c) Mifepristone 0 (d) Bithional ' 0 
(e) Jlromethazine 0 

148. Tincture of iodine is: [BCECE (Med.) 2007] 
(a) aqueous solution Ofl2 . 0 
,(b) alcoholic solution Ofl2 0 
(c) solution of12 in aqueous KI 0 
(d) aqueous solution of KI 0 

149. Which of the following alkenes is most reactive towards 
cationic polymerization? [UGET (Med.) 2008] 
(a)- H2C=CHCH3 0 (b) H2C=CHCI ,Gl 
(c) H2C=CHC6Hs 0 (d) H2C=CHC02CH3 0 

150. Which one of the following is not a correct match? 
[Punjab CET (Engg.) 2008) 

,Polymer Monomerls 
(a) Teflon Tetrafluoroethyleue 0 
(b) PlexiglaS Methyl methacrylate 0 
(c) Odon Glycerol, phthalic anhydride 0 
(d) Buna-S Styrene-l ,3-butadine 0 

151. Which one of the following statements is not true? 
[CBSE (Med.) 2008] 

(a) Buna-S is a co-polymer of butadiene and styrene 0 
(b) Natural rubberis a 1,4-polymer of isoprene 0 
( c) In vulcanization, the formation of sulphur bridges 

between different chains make rubber harder and 
stronger 0 

(d) Natural rubber has the trans-configuration at every 
double bond 0 

152. Aspirin is chemically: 
[CMC Ludhiana (Med.) 2008; JEE (WB) 2010] 

(a) methyl benzoate 0 (b) ethyl salicylate 0 
(c) acetyl salicylic acid 0 (d) o-hydroxy benzoic acidD 

153. Which of the following is not true for antibiotics? 
(BHU (Screening) 2008) 

(a) Tetracycline is one of the broad spectrum antibiotics 
'which is effective against a large number of harmful . 
microorganism 0 

(b) Streptomycin is highly effective against, micro-
organisms which cause tuberculosis 0 

(c) Penicillin has a narrow spectrum and certain persons 
are sensitive to it . 0 

(d) Penicillin' v:my be administered without testing the 
patients for sensitivity to it 0 

154. Which of the following gives paracetamol on acetylation? 
, , [DCE2008i 

LNH2 

(a) 19J 
OH 

D(b)~ 
NH2 

o 

" -.. 
" .. ' .. 

OH NH2 

(c) ~ D(d)© o 

NH2 . , , 
155. Chloramine-Tis a: (CMC Ludhiana (Med.) 2008] 

(a) disinfectant 0 (b) antiseptic 0 
(c) analgesic 0 (d) antipyretic 0 

156. Which of the following statements is not true? 
[PMT (Kerala) 2008] 

(a) Some disinfectants can be used as antiseptic at low 
concentration 0 

(b) Sulphadiazine is a synthetic antibacterial 0 
(c) Pheromones provide chemical means of establishing 

communication 0 
(d) Aspirin is analgesic and antipyretic 0 
(e) Norethindrone is a pheromone 0 

157. Buna-N synthetic rubber is a co-polymer of: (AIEEE 2009] 

fl 
(a) H2C=CH-C=CH2 and H2C=CH-CH=CH2 0 
(b) H2C=CH-CH-CH2 and HsC6-CH=CH2 0 
(c) H2C=CH-CNandH2C=CH-CH=CH2 0 

fl 
(d) H2C , CH-. CN and H2C CH-C=CH2 0 

158. Given the polymers, 
A = Nylon-6,6 ; B = Buna-S ; C = Polytheue 

Arrange these in decreasing order of their intennolecular 
forces: (DCE 2009] 
(a) C<B<A 0 (b) B>C>A 0 
(c) B< C<A 0 (d) C<A <B 0 

159. The polymer of natural rubber is: (AFMC2009] 
(a) all trans isoprene 0 (b) Buna-N 0 
(c) all cis isoprene 0 (d) none of these 0 

160. The condensation polymer among the following is: 
[Karnataka CET 2009) 

(a) protein 0 (b) PVC 0 
(c) polytheue 0 (d) rubber 0 

161. The catalyst used for olefin polymerization is: 
[JEE (WB) 2009) 

(a) Ziegler-Natta catalyst 0 
(b) Wilkinson catalyst 0 
(c) Raney nickelcatalyst 0 
(d) Merrifield resin 0 

162. Among cellulose, polyvinyl chloride, nylon and natural 
rubber, the polymer in which the intermolecular force of 
attraction is weakest, is: (liT 2009] 
(a) nylon 0 (b) polyvinyl chloride 0 
( c) cellulose 0 (d) natural rubber 0 

163. The oxidant which is used as an antiseptic is: 

(a) KBr03 
(c) Cr03' 

(JEE (WB) 2009] 
o (b) KMn04 0 
o (d) KN03 0 



164. Which one of the following is employed as a tranquilizer? 
[CBSE (Med.) 2009] 

(a) Naproxen _ 0 (b) Tetracycline 0 
(c) Chlorpheninamine 0 (d) Equanil 0 

.HN~ 
165. The drug '- _)r-CH2CH2NH2 is used as: [DCE 2009] 

N . 
(a) antacid 0 (b) analgesic 0 
(c) .antimicrobial 0 (d) antiseptic 0 
(e) none of these 0 

166. Parkinson's ·disease is linked to abnormalities in the levels 
of dopamine in the body. The structure of dopamine is: 

IEAMCET 2009] 

(a)~: o (b) rl;;CH2CH2~2 0 

~OH 
OH OH 

CH2CH2NH2 

(e) & 
~OH 

D(d)~'~2H 0 

~OH 
OH OH 

167. Which of the following molecules is most suitable to. 
disperse benzene in water? [AFMC 2009] 

o 

(a)·~ONa+ 
o 

(b) Na+o~ONa+ 
o 

(c) 

(d)CI~ 

o 

o 

o 

168. Match the chemicals in column I with their uses in column 
II. 

Column I 
(A) Sodiwn perbenzoate 
(B) Chlorine 

Columnll 
I. Disinfectant 
2. Antiseptic 
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(C) Bithional 3. Milk bleaching agent 
(0) Potassiwn stearate 

(a) A = 1, B = 2, C = 3, 0 = 4 
(b) A=2,B=3,C 4,0=1 
(c) A=3,B=I,C=2,D=4 
(d) A 4,B= I,C:::=2,D=3 

< 

4. Soap 
[DCE2009] 

o 
o 
o 
o 

SET II: This set contains questions with two or more correct answers. 

169. Which of the following polymers involves cross-linkages? 
(a) Polythene . Q (b) Bakelite . 0 
(c) Melamine 0 (d) Vulcanized rubber 0 

170. Glyptal polymer is obtained from phthalic acid by treating it 
with: 
(a) malonic acid 0 (b) glycerol 0 
(c) maleic acid 0 (d) ethylene glycol 0 

171. Terylene (Dacron) is. prepared by condensing ethylene 
glycol with : 
(a) phthalic acid 0 
(b) isophthalic acid 0 
(c) terephthalic acid 0 
(d) dimethyl terephthalate 0 

172. Synthetic fibres manufactured from cellulose. are termed as: 
(a) .rayon 0 (b) nylon' 0 
(c) dacron 0 (d) artificial silk 0 

173. Which of the following are homopolymers? . 
(a) Polyvinyl chloride 0 (b) Polyacrylonitiile 
(c )Buna rubber 0 (d) )lylon-6,6 . 

174. Which of the following are co-polymers? 
(a) Bakelite 0 (b) Melamine 
(c). Buna-S 0 (d) Nylon-6,6 

175. Polymers can be classified on the basis of: 
( a) origin 0 (b) structure 
(c) mechanism 0 (d) synthesis 

17.6. Natural pqlymers are: . 
(a) bakelite 
( c) proteins 

177. Synthetic polymers are: 

o (b) polyisoprene 
o (d) polyethylene 

o 
o 

o 
o 

o 
o 

o 
o 

(a) bakelite 0 (b) polyvinyl chloride 0 
(c) polystyrene 0 (d) natural rubber 0 

178. Chain growth addition polymerization is an important 
reaction of : . 
(a) alkenes 0 (b) conjugated dienes d 
(c)· polyamides 0 (d) polyesters· 0 

179. The reagent(s) used for softening the temporary hardness of 
wateris(are): . (lIT 2010) 
(a) Ca3(P04h O(b) Ca(OHh 0 
(c) . Na2C03 O. (d) NaOCI 0 . 
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=ASSERTION-REASON TYPE QUESTIONS 
These questions given below consist of an Assertion (A) 
and Reason (R). Use the following keys to choose the 
appropriate answer: 
(a) If both (A) and (R) are correct and (R) is the correct 

explanation of (A). 
(b) Ifboth (A) and (R) are correct but (R) is not the correct 

explanation of (A). 
(c) If(A) iscorrectbut(R) is incorrect. 
(d) If(A) isincorrectbut(R) is correct. 

1. (A) Polypropylene is an addition polymer. 
(R) Polypropylene is polythene. 

2. (A) Bakelite is co-polymer. 
(R) Bakelite is a thermosetting material. 

3. (A) Polybutadiene is an example of chain growth polymer. 
(R) In chain growth polymers, the reactive particles may be 

free radicals or ions (cations or anions) to which 
monomers get added by a chain reaction. 

4. (A) Teflon has high thermal stability and chemical inert
ness. 

(R) Teflon is a thermoplastic. 
S. (A) Glyptal is obtained by the condensation polymerization 

of ethylene glycol and terephthalic acid. 
(R) Glyptal is used in the manufacture of paints and 

lacquers. 

,-.,. . 
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6. (A) Analgesics-bring down body temperature during high 
fever. 

(R) Tetracyclin is a tranquillizer. 
7. (A) Aspirin can cause ulcer in the stomach. 

(R) The ester group in aspirin gets hydrolysed to acid group 
in the stomach where the pH is 2. 

8. (A) Saccharin is an artificial sweetner. 
(R) It has a high calorific value. 

9. (A) Disinfectants kill microorganisms but are harmful to 
the human tissues. 

(R) Thymol is a powerful disinfectant. 
10. (A) Sulphanilamide is an antimalarial. 

(R) Malaria is a highly widespread infectious disease. 
11. (A) Detergents are preferred to soaps fonyashing purposes. 

(R) Detergents having branched hydrocarbon chains are 
. non-biodegradable. 

12. (A) Soaps are obtained by the hydrolysis of oils and fats 
with aqueous alkali. 

(R) Sodium salts of higher f!ltty acids are 'known as soft 
soaps. 

13. (A) A micelle formed by sodium stearate.in water has 
-coo- groups at the surface. 

(R) Surface tension of water is reduced by the addition of 
stearate. [AIIMS 2003] 

I ANSWERS I 
I I 

OBJECTIVE QUESTIONS . 
1. (a) 2. (d) 3. (c) 4. (b) 5. (a) 6. (b) 7; (a) 8. (a) 9. (b) 10. (c) 

11. (d) 12. (d) 13. (a) 14. (b) J5. (c) 16. (c) 17. (b) 18. (a) 19. (a) 20. (d) 

21. (c) 22. (d) 23. (b) 24. (b) 25. (c) 26. (b) 27. (b) 28. (a) 29. (d) 30. (d) 

31. (d) 32. (b) 33. (~) 34. (d) 
, 

35. (a) 36. (b) 37. (c) 38. (d) 39. (a) 40. (b) 

41. (c) 42. (c) 43. (d) 44. (b) 45. (a) 46. (d) 47. (c) , ·48. (d) , 49. (b) - - 50. (a) 

51. (d) 52. (b) 53. (c) 54. (d) 55. (d) 56; (a) 57. (b) -, 58. (c) 59. (b) 60. (c) 

61. (a) 62. (b) 63. (d) 64. (a) 65. (b) 66; (c) 67. (b) . 68. (a) 69. (a) 70. (b) 

71. (d) 72. (c) 73. (b) 74. (d) 75. (a) 76. (c) 77. (b) . 78. (d) .79. (d) 80. (b) 

81. (b) 82. (a) 83. (c) 84. (b) 85. (a) 86. (d) 87~ (c) 88. (b) 89. (c) 90. (b) 

91. (c) 92. (c) 93. (a) 94. (c) 95. (c) 96. (c) 97. (a) 98. (b) 99. (c) 100~ (c) 

101. (b) 102. (c) 103. (c) 104. (a) 105. (c)· . 106. (b) 107. (d) 108. (d) _ 109. (a) 110. (a) 

111. (b) 112. (d) 113. (b) 114, (c) 115. (d) 116. (b) 117. (a) 118. (d) 119. (c) 120~ (d) -
121. (a) 122. (a) 123. (c) 124. (d). 125. (d) 126. (c) 127. (a) 128., (a)' 129. (d) 130. (b) 

131. (a) 132. (a) .133. (b) 134. (c) 135. (a) 136. (c) 137. (d) 138. (d) 139. (a) 140. (b) 

141. (d) 142. (d) 143. (b) _ 144. (b) 145. (c) 146. (a) 147. (c) 148. (b) 149. (c) 150. (c) 

151. (d) 152. (c) 153. (d) 154. (c) 155. (b) 156. (c) 157. (c) 158. (a) 159. (c) 160. (a) 

161. (a) 162. '(d) '163. (b) 164. (d) 165. (e) 166. (c) 167. (c) 168. (c) 169. (a,b,c) 170. (b,d) 

171. (c,d) 172. (a,d) 173: (a,b,c) 174. (a,b,c,d) 175. (a,b,c,d) 176. (b,c) 177. (a,b,c) 178. (a,b) 179: (h,c) .. ' 

ASSERTION-REASON TYPE QUESTIONS -
1. (c) 2. (b) 3. (a) 4. (b) 5. (d) 6. (c) 7. (a) , 8. (c) 9. (a) 10. (d) 

11. (b) 12. (c) 13. (a) 
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BRAIN STORMING PROBLEMS 
1. DDT is an example of: 

(a) fungicide 0 (b) herbicide 0 . 
(c) insecticide 0 (d) rodenticide 0 

2. Which one of the following can be used as anaesthetic? 
(a) N20 iO (b) NO _ 0 

(c) NCl 3 0 (d) N02 0 
3. Amoxicillin is semi-synthetic modification of : 

(a) penicillin 0 (b) streptomycin 0 
(c) tetracycline 0 (d) chloramphenicol 0 

4. 2,4-dichlorophenoxy acetic acid is used as : 
(a) fungicide 0 (b) i'nsecticide 0 

\ 

(C;) herbicide 0 (d) moth repellent 0 
5. Dettol consists of: . 

(a) xylenol + terpeneol 0 
(b) chloroxylenol + terpeneol " 0 
(c) cresol + ethanol 0 
(d) none of the above 0 

6. Which of the following chemicals is used as pain killer? 
(a) Phenyl 'acetate 0 (b) Methyl acetate 0 
(c) Acetyl salicylic acid 0 (d) Salicylic acid 0 

7. A substance, which can be used both as analgesic and 
antipyretic~ is : 
(a) analgin 0 (b) aspirin 0 
(c) paracetamol 0 (d) all of these 0 

8. Which of the following compounds can be used as analgesic 
without causing addiction and mood elevator ? 
(a) N-acetyl p-amino phenol O· 
(b) Morphine 0 
(c) Diazepam 0 
(d) Heroine 0 

9. Select the incorrect statement among the following. 
(a) Aspirin is analgesic and antipyretic both, 
(b) . Ampicillill is a natural antibiotic .. 
(c) Sulphadiazine is a synthetic antibacterial. 
(d) Some disinfectants cail be used as antiseptics in lower 

concentrations. 
10 •. Which of the following substances is not a 

organophosphorus insecticide? 
(a) Malathion 0 (b) Parathion 0 
( c) Phosdrin .0 (d) Rotenone 0 

11. Hypnotic chloretone is obtained by : 
(a) condensation of acetone with chloroform 
(b) condensation of acetaldehyde with chloroform 
( c) . condensation of acetone with bleaching powder 
(d) condensation of acetaldehyde with bleaching powder 

12. Tick mark the wrong match. 
(a) Illorphine. narcoti~ . 0 
(b) charas halluCinogenic 0 
(c) cocaine . sedative 0 
(d) morphine analgesic' 0 

13. Polyethylene is alan : 
(a) random co-polymer 
(b) homopolymer 
(c) alternate co-polymer 
( d) cross-linked co-polymer 

14. Gammexane is : 
(a) DDT 
(b) hexachlorobenzene (HCB) 
(c) benzene hexachloride (BHC) 
(d) chloral 

o 
o 
o 
o 

o 
o 
0, 
o 

15. What substance is formed when F2 ~CF2 is polymerized ? 

(a) Polyethylene 0 (b) Polyurethane 0 
(c). PVC 0 (d) Teflon 0 

16. The abbreviation POI refers to : 
(a) name of the polymer 0 
(b) polydispersity index 0 
( c) Planck's disposal index 0 
(d) polydiagonal index 0 

17. A drug which is structurally related to adrenaline is : 
(a) salbutamol 0 (b) salvarsan 0 
(c) diazepam 0 (d) LSD 0 

18. Phenolphthalein is formed by condensation of, phthalic 
anhydride and C6HsOH (phenol). Which of the following 
structures shows colour in basic medium? 

(a)~j 
©(> 

C 
II 
o 

O-

rb 0-

(c) ~ % 0 (d) All of these 0 

ijC"OH 

~COO-
19. Eye lenses are manufactured by : 

(a) PMMAO (b) teflon D 
(c) PVC 0 (d) buna-N 0 
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20. Which polymer is obtained in the following sequence of 
reactions? 

CHCI
3 
~ X 800"C) Y Pofymerization) Plastic 

SbF3 (Polymer) 
(a) Bakelite 0 (b) Teflon 0 
(c) Polythene 0 (d) Nylon-6,6 0 

21. For synthetic polymers: 
(a) PDI = I' 0 (b) PDI < I 
(c) PDI ~ 1 0 (d) PDI:::; I 

o 
o 

22. A polyamide polymer is : 
(a) neoprene 0 (b) PVC 
(c) acrilon 0 (d) nylon-6,6 

Adipic acid 

(Condensation) 

Sebacic acid 
(Condensation) 

Polymers 'X' and 'Y' respectively are : 
(a) nylon-6; nylon-6,6 
(b) nylon-6,6; nylon-6 
(c) nylon-6; nylon-6, 1 0 
(d) nylon-6,6; nylon-6,10 

o 
o 

Polymer X 

Polymer Y 

o 
o 
o 
o 

24. The most suitable method for determination of the 
molecular mass of polymer is: 
(a) osmotic pressure 
(b) Victor-Meyer's method 
(c) elevation in boiling point 
(d) depression infreezing'point 

o 
o 
o 
o 

25. Teflon, polystyrene and neoprene are all : 
(a) co-polymers 0 (b) condensation polymers 0 
(c) homopolymers 0 (d) monome~ 0 

26. Rubber is a : 
(a) conducting polymer 0 
(b) oriented polymer 0 
(c) elastomer 0 
(d) strong commercial fabric 0 

27. Caprolactum is monomer for the manufacture of nylon-6 
and is obtained by Beckmann's rearrangement of: 

o 

(a) ¢ 
o 

NNOH, 

o (b) V ' 

ANSWERS: BRAIN STORMING PROBLEMS 

1. (c) 2. (a) 3. (a) 4. (c) 

o 11. (a) 12. (c) 13. (b) 14. (c) 

21. (c) 22. (d) 23. (d) 24. (a) 
0, 

o 

5. (b) 
15. (d) 

25. (c) 
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Oij 0 

(c) ¢ 0 (~O¢ 0 

OH 0 

28. Chain-growth polymerization may proceed by the following 
mechanism: 

,(a) free radical polymerization 0 
(b) cationic polymerization 0 
(c) anionic polymerization 0 
(d) all of the above 0 

CH3 

I . / 
29. H 2C=C-CH=CH2 \ 

Isoprene ,lA-trans addition Y 
\........:-------7) 

1,4-cis addition) X 

Xand Yare: 
X Y 

(a) natural rubber gutta percha 0 
(b) gutta percha natural rubber 0 
(c) natural rubber natural rubber 0 
(d) gutta percha gutta percba 0 

30. Phenol . gives two polymers on condensation with 
formaldehyde: 

OH 
HCHO (Small amount) 

61 
. ) X 
(H+) 

" \ HCHO (Excess) 
) Y 

(OH~) 

X andY are : 
X Y 

(a) bakelite novolak 0 
(b) novolak bakelite 0 
(c) bakelite bakelite, 0 
(d) novolak novolak 0 

6. (c) 7. (d) 8. (a) 9. (b) 1~. (d) 

16. (b) 17. (a) 18. (b) 19. (a) 20. (b) 
26. (c) 27. (b) 28. (d) 29. (a) 30. (b) 

.~, '-
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LI~KED COMPREHENSION TYPE QUESTIONS 

Passage 1 

PolytnerS~ ~e mad~up of small moiecule~~~11.~dmotiomers. 
Polytner which'are formed by one type of mp~oiner isciilled 
~~~~lymer~d'>YlPchc ~ .• forw~qbY:JAAf~tlj,~one~,of 
~onoinersare c·alledco:'polymers.Na~,,~IYlA~rs lire 
~lodegradable, .whereas SYllotl:t~pfK.l1~F ,~i;Qi~Y' .'not,be, 
Addition or chain growth pol$~ti()Il,ip'v~Jyef~e :~peated 
addition of monomers to ,the polyrI1.~chain.The,lllpn6iners are 
Unsaturated compoundS and tIlls type of :p~l~e~tio~ takes 
place by ionic (catiopic pr anionic) as' well:a8free' radical 
mechaniSm. Con'dens~tion orstep,~owth polym:~a.tionlnv()lves 
a series pf condensation reactions between, two monomerS~ Each 
monomer normally c~ntains two functiona(grouR~:Bran~h~hain 
polytners may' be ,conden.sation oradditlon:brit ,cross linked 
prilytners are always condensation polytners. ' , 

Answer the following questions : 
1. Which of the these are natural polytners ? 

(a) Proteins (b) Starch 
(c) Nucleic acid (d) All of these 

2. Which one of" the following polytner is prepared by 
condensation polymerization? 
(a) Dacron (b) Teflon 
( c) Styrene, (d) Rubber , 

3. Which one of the following is biodegradable polymer? 
(a) Nylon-66 (b) Glyptal 
(c) Cellulose (d) PVC 

4. Which of the following isa chain growth polymer? 
(a) Polystyrene (b) PTFE 
(c) Polybutadiene (d) All of these 

5. Which one of the following monomer is most reactive for 
anionic polymerization? 
(a) C6I:Is -CH=CH2 

(c) CH3 -rcH2 , 
, CH

3 

'(b) C6Hs-rH2 

C6 HS 

(d) H2C=CH2 

Passage 2 

• Antibiotics areilie cheIrucalsubsQmceswhich are prOduced 
by microorganistns :like bacteria; fungi and mouldS. Antibiotics 
can inhib!t the growth or even destroy other microorganistns. 

, ~ow-a-days, ,synthetic antibiotics are also' available. The first 
succ~sful aIitibi~ti~ prOducedw~penicinln. The, antibiotics may 
b(.'). either ,bactenocidal (kills.theorganisnriD. the body) or 
bacteriostatic (inhibits the growth oforg~sin), Ampicillin Md 
anioxycillin are modified antibrotics. Broad:spec!rum-antibioti~s 
areeff~veagainst several types ofharmfulmicroorgatiisnls.' i. 

Ans",erthefollowing questions:' ' " " 
1. Chloramphenicol is : 

(a) antipyretic 
(c) azo dye 

. :(b.) broad spectnun antibiotic 
(d) tranquillizer' 

2. Which of the following is not an antibiotic? 
(a) Chloramphenicol (b) Sulphadiazine 
(c) Penicillin (d) Bithional 

'3. Which among the following antibiotics is bacteriostatic? 
(a) Penicillin (b) Ofloxacin 
(c) Aminoglycosiders (d) Erythromycin 

4. Which of the follOWing antibiotics is/are the modification of 
penicillins ? 
(a) Ofloxacin (b) Ampicillin 
(c) Amoxycillin (d) Tetracycline 

5. Which of the following antibiotics is effective again~t 
tuberculosis?, , 
(a) Chloromycetin, (b) Tetracycline 
(c) Penicillin (d) Streptomycin 

Passage 3 

• Dyes are the 90louied ; substances ,that Can ;beapplied in 
solution or dispersion to a substaneegivingiraoolour.Earliest 
kno~ dyes were indigo and aliZarin .. TheSe were generally 
obtained from plants. Dyes generally absorb the,electromagnetic 
radiation of visible region. The dye appears hi tbecomplementary 
oolour'to,thatwhichis absorbed. ", " ' 

Azo' dyes have (-' N T N-") azo group as!chromophore. 
:nere ~ several azo dyes, e.g., congor~methylorange; methyl 
fed, aniline yellow, butter yelloW, etc. Those '8Z0 dyes which 
contain salts of amino. or substituted amino groups (-'-7:-NH2, 
::,;-NR:z) are basic dyes, which -;,n, acid medium form water soluble 
cation. ~ese dyesattack'~onic'sitespresent on':tlie fabrics. 
Those azo dyes:which:are usually salt of catboxylicor sulphonic 
-WOUP, are acid dyes; Acid dyes can be appli~ to wool; silk, nylon 
which have basic group (---,<NH2). 

Answer the following questions : 
1. A dye absorbs green coloured radiation then it will appear : 

(a) red (b) violet 
(c) orange (d) yellow 

2. Which of the following is an example of azo dye ? 
(a) Martius yellow (b) Triphenyl methane 
(c) Indigo ' (d) Orange-I . 

3. The compound [Q-N=N-o] azo benzene 

having a chromophore (-N N) is known as: 
(a) vat dye (b) chromogen 
(c) mordant dye (d) auxochrome 

4. Which of the following is/are not basic dye? 

(a) Q-N=N-Q-NH2 

Aniline yellow 

(b) < )-N=~-Q-N(CH3h 
Butter yellow. 
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COOH 

(c) 6N~N-o-N(CH3)z 
Methyl red 

(d) Na-03S-0-N='=N-0-N(CH3)z 

Methyl orange 

5. Select the correct statement(s) among the following: 
(a) Azo dyes do not impart fast colours 

1077 

(b) Azo dyes are adsorbed only on the surface of fabrics 
(c) -NH2 group aCts as auxochrome in aniline yellow 
(d) All azo dyes are acid dyes 

ANSWERS: LINKED COMPREHENSION TYPE QUESTIONS I--I_~ ____ ------------. 

Passage 1 1. (d)· 2. (a) 3. (c) . 4. (d) 5. (b) . 

Passage 1 1. -(b) 2. (b,d) 3. (d) 4. (b,c) 5. (d) 

Passage 2 1. (b) 2. (d) 3. (b) 4. (c,d) 5. (a,b,c) . 



18 
PROBLEMS BASED UPON 

STRUCTURES AND REACTIONS OF 
ORGANIC COMPOUNDS 

It has already been discussed in chapter 2, the detennination of empirical and molecular formulae of an organic compound. For 
the sake of revision, the various points are again given below: 

Percentage composition: Perccmtage composition of a compound isthe relative mass of each of its constituent elements in 
100 parts of it. 

or 

12 Mass ofe02 formed 
Percentage of carbon = - x x 100 

44 Mass of organic compound 

2 Mass of H20 formed 
Percentage of hydrogen = x x 100 

18 Mass of organic compound 

P f 
' 28 Volume of nitrogen evolved at NTP 100 

' ercentage 0 mtrogen = x x 
22400 Mass of the organic compound 

= 1.4 x Volume of acid x Normality of the acid 

Mass of organic compound 

, 35 5 Mass of AgCI formed 
Percentage of chlonne = -'- x x 100 

143,5 Mass of organic compound 

80 Mass formed 
Percentage of bromine - x x 100 

188 Mass of organic compound 

Percentage of'iodine 127 x Mass of AgI formed x 100 
235 Mass of organic compound 

32 Mass ofBaS04 formed 
Percentage of sulphur = - x x 100 

233 Mass of organic compound 

\ 62 Mass of Ammonium phosphomolybdate 
Percentage of phosphorous = - x x 100 

, 222 ?v,1ass of compound 

(Duma's method) 

(Kjeldahl's method) 

Percentage of oxygen = 100 (Sum of percentage of all other eiein'Jnts present in the compound) 
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Determinl,ltion of empirical formula: It represents the simplest relative whole number ratio of the, atoms of each element 
present in a molecule of the substance. 

The following steps are followed to determine the empirical formula: 
(i) The percentage of each element is divided by its atomic mass to obtain the atomic ratio of the element present in the 

compound. . 
(ii) The atomic ratio of each element is divided by the minimum value of atomic ratio as to get the simplest ratio of the elements 

in the compound. '. 
(iii) The simplest ratio thus obtained is made whole number ratio by multiplying all ratios by a suitable integer, if need be. 
(iv) Symbols of various elements present are written side by side with their whole number ratio as a subscript to the lower right 

hand corner ofthe symbol in order to get empirical formula. ' 
Determination of molecular formula: Molecular formula represents the actual number of atoms of elements present in 

one molecule of the compound. 

where 

Molecular formula = n x Empirical formula 

n Molecular mass 
Empirical mass 

Thus, for the determination of molecular formula, molecular mass of the compound shOuld be known. 

or 

Molecular mass of the substance (volatile) 2 x vapour density 

Mass of the x 22400 
Volume of the vapour given by the compound at NTP 

Molecular mass of the substance (non-volatile) 
100 x K x mass of the compound 

t1T x mass of the solvent 

where K = Molecular elevation constant or molecular depression constant 
t1T = Elevation in boiling point or depression in freezing point 

Molecular mass of the acid = Equivalent ~ss x BasicitY 

( 
Mass of silver salt x 108 107) Basicity 

Mass of silver 

Molecular mass of the base = Equivalent mass x Acidity 

III Mass of Platin. urn salt x 195 '. ) 
4,10 Acidity 

2 Mass of plat inurn 

Molecular formula does n6t provide the correct picture of the compound as two or more compounds having different 
properties may have the same molecular formula. Acetone, propionaldehyde and allyl alcohol have the same molecular 
formula, C3H60, but differ in properties. 

Structural formula: The structural formula represents the arrangement by which the various atoms and groups are linked 
within the molecule of a compound. Having known the molecular formula, the structural formula can be worked out by the study of 
the nature of compound and its reactions which confirm the presence of typical group or groups in the compound. Taking into 
account the valencies of various atoms or groups present, the structural formula can be written down. 

In the following tables some characteristic reactions of various homologous series and the inference drawn from them have 
been listed, 

ALIPHATIC COMPOUNDS 

(i) Compounds Containing C and H 

1. Compound decolourises bromine water or dilute alkaline potassium IrIs an unsaturated compound. It may be alkene ( > c=c < )' or 
permanganatesolution (8aeyer's reagent). alkyne (-C==C"':'-). 

2. Compound gives precipitate with ammoniacal solution of cuprous The compound .is. alkyne having acidic hydrogen, i.e., l-Alkyne 
chloride or silver nitrate. (R~Cs=C-H); 
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(i) Compound undergoes ozOnolysis to give carbonyl compounds. 

(ii) Omnolysis products are : 
-, -". ,"-'.:' ; ••.• ,' t, .-

(a) Only HCHO (2 molecules). 

(b l One molecule of aCHO andonemolecule~fhigher aldehyde. ' 

(c) T~ different aldehydes otherthan formaldehyde. 

", (tI) Two nioleculi;ls of same aldehyde 'otherthan formaldehyde. 

(~) one molec~l~oiketone and ~ne molecule of aldehyde. .' 

, (t) Two different ketones. 

(ii) Compounds containing C, Hand 0 

1. The compoimd liberates hydrogen with sodium~ 

2. It gives red colouration with ceric ammonium nitrate solution. 

3. (i) It gives aldehyde on oxidation. 

HaC=CH2 

RCH==CH2 

R\CH":"'CHR2 

kCH==CHR 

R2C~CHR 

I 
R[ 
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Rl> <R3 R-C=C-R' or " C=C 
I I' R2 ,14 
R R' 

The comp<>und may be alcohol or acid. 

The compound is alcohol. 

The compound is primary alcohol, i.e,-CHjlHgroup. 

(Ii) It gives ketone on oxidation. The compound is secondary alcohol, i.e, > CHOll group. ' 

(iii) It gives ketone with lesser number of carbon atoms on oxidation. The comp()\~nd is tertiary alcohol, i. e, ~COH group. ' :;j 
, . 

4.' With Lucas reagent'(conc. HCl + ZnCl:z): 

(i) The compound gives turbidity immediately. The compound is tertiary alcohol. 

(ii) The compound giVeS turbidity within five minutes. , The compound is secondary alcohol. 

(iii) The compound does not give turbidity at room temperature. The compound is primary alcohol. 

'5. The compound gives pink colour with Schiff's reagent. Thecorilpound is an aldehyde . 

. 6. 'The compound fOims a Crystalline precipitatewith'2~4djnitrophenyl 'The compound-may be either aldehyde~orXetone;-- . 
hydrazine. ,,' 

,7. The compOund gives silver mirror with, Tollens' reagent and red The compound is an aldehyde. 
precipitate\vith Fehling's solution. ' 

8. The compound on reduction gives a primary alcobol. 

9; The COrhpo~d op. oxidation gives an acid containiItg ,same,number of 
carbon atoms. " :,<, ,:' ," .. ,' , ,- -.. -. '"'\. 

'10. The compound gives reactions with NaHS03, H2NOH, GlISNHNH2' 
etp., but~!)esnot!edu~Fehling's solution!lJld ToUens' reagent. 

11. The compound 0,11 reduction gives secondary alcohol. 

12. The compound Undergoe~ iodoform test. 

13. ' The compound gives effervescence with NaHC03• 

14. , The compound forms ester with alcohol (pleasant smelling liquid). 

The compound is an aldehyde. 

The compound is an aldehyde. 

The compound is ketone. 

The compound is ketone. 

" " i 
The compound is CH3-C-R, where R may be II also, or the 

OH 
. I 

comP(jund IS CH3-CH--:-R. 

(Eth:yl alcohol also gives iodoform test.) 

• The compound is an acid 

I:The compound is an acid: 
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15. on heating. the compound gives CO2, The compound is dibasic acid. The two ---'CooH groups are attached 
with the same carbon atoDl~ 

16. Onheating; the compound loses water. The compound may be dibasic acid inwbich both the~OOH 
. groups are present on the adjacent carbon atoms: 

17. The compound on heating loses water and a lactide is formed. The compound is a-hydroxy acid. 

18. The compound on hea~g loses water and an unsaturated acid is The compound is I>-hydroxy acid. 
formed. 

19. The compound on heating loses water and an: inner ester (Lactone) is The compound is y-hydroxy acid. 
formed. 

20. The compound is sweet smelling liquid and on hydrolysis produces The compound is an ester. 
acid and alcohol. 

21. The compound is boiled with N:aOH and phenolphthalein. The pink The compound is an ester . 
. colour is discharged. 

(iii) Compound Containing C, H, N and~ 

.Infere"ce 

1. The. compound on heating loses ammonia or the compound on heating The compound may·be amide or ammonium salt oi: urea. 
with NaOH evolves NH3• 

2. The compound on heating with dehydrating agent (P20S) forms a The compound is an amide. 
cyanide (nitrile). 

3. The compound yields a primary amine withBr2 and KOH (Hofmann's The compound is an amide. 
bromamide r~ction). 

. . 
4. The compound gives an amine on reduction with tin and HCI. 

5. The compound on reduction gives an alcohol and ammonia. 

. The compound is nitro compound. 

The compound is alkyl nitrite. 

(iv) Compounds Containing C, Hand N 

1. The compound is soluble in HCI. The compound may be an amine. 

2. The comPound gives offensive smell with chloroform and alcoholic The compound is primary amine. 
KOH (Carbylamine reaction). 

3. The compound reacts with nitrous acid (NaNOz +HCI) to give alcohol The compound is primary amine. 
and nitrogen. . 

4. The compound on reduction gives primary amine. The compound is alkyl cyanide (nitrile). 

5.· The compound on hydrolysis with dilute mineral acids gives an acid The compound is alkyl cyanide. 
and ammonia. 

6. The compound on reduction gives secondary amine. The compound is alkyl isocyanide. 

7. The compound on hydrolysis gives primary amine and formic acid. . The compound is alkyl isocyanide . 

. (v)The compound is optically active. The compound contains at least one asymmetric carbon atOm. 
Isome,ric compounds: A molecular formula might represent various isomers. On the basis of molecular formula, the 

possible isomers are written first and then one of.the isomers is selected corresponding to various properties and reactions of the 
compound given in the problem. Some molecular formulae with possible isomers are given ahead: 
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2. eAO 

3. C)H60 z 

4. CAO) 

5. CJlsO 

"CH3COCH3 
Acetone 

CH3CHzCOOH 
PropiQnic acid 

CH3CHOHCOOH 
a-Hydroxy propionic 

acid (Lactic acid) 

CH3CH2CH2CHO 
n-butyraldehyde 

H-C-COOH 
II . 

H-C-COOH 
Maleic acid 

CH,COOH I -
CHzCOOH 
Succinic acid 

CH;CH2CH2COOH 
·n-Butyric acid 

CH3COOCzHs 
Ethyl acetate 

CH'3OCH3 
Dimethyl ether 

CH3CH2CHO 
PropionaIdehyde 

HCOOC1Hs 
Ethyl formate 

CHzOHCH1COOH 
P-Hydroxy propionic 

acid 

CH3CQC2Hs 
Ethyl methyl ketone' 

H-C-COOH 
II 

HOOC-C-H 
Fumaric acid 

<COOH 
CH3CH 

COOH 
Methyl malonic acid 

. (CH3)zCHCOOH 
Isobutyric acid 

C2HsCOOCH3 
Methyl propionate 
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H2C CHCH20H 
Allyl alcohol 

CH3COOCH3 
Methyl acetate 

(HCHO») 
MetaformaIdehyde 

t CH3 

I 
CH3~CH-OIO 

Isobutyraldehyde 

HCOOC~1 , 
n- and Iso-propyl 

furmate 

CH3CHOHOhCHQ 
Aldol <P-Hydroxy butyraldehyde), 

9. CJlIOO C2HsOC2HS 

Diethyl ether 
CH3-0-CJH1 
Methyl propyl ether 

(n~ oriso-) 

CH3CH2CH2CH20H 
(n-Butyl alcohol) 

11. CJHsN 

CH3> e, 

. CH-CH20H 
CH3 ' 

2-Methyl propan -I -01 ' 
(iso"butyl alcohol) 

CH3CH1NHZ 
Ethy~amine'''~'"'~' 

CH3CH2CN 
Ethyl cyanide 

CHr -:-CH?H2CH3 

, OH 
2-Butanol 

(Sec. butyl alcohol) 

CH3--'-NH-CH3 ' 
Dimethylamine' . 

CH3CHzNC 
Ethyl iSOcyanide 

SOME SOLVED PROBLEMS 

I-Butaool 
(CH3)3C- OH 

(Ten. butyl alcohol) 
2-Methyl propan -2-01 

Problem 1. A white precipitate was formed slowly when silver nitrate was added to compound (A) with molecular formula 
C6HI3Cl Compound (A) on treatment with alcoholic KOH gave a mixture of two isomeric alkenes (B) and (C), havingformula 
C6H12 • The mixture of (B) and (C) on ozonolysisJurnishedfour compounds (i) CH3CHO, (ii)C2HsCHO, (iii) CH3COCH3 and 
(iV)CH 3-?H-CHo. 

CH3 

What are the structures of (A), (B) an~ (C)? .. 
Solution: (A) forms slowly a white precipitate with silver nitrate, hence, it should be a secondary alkyl halide. 

Since, each alkene has six ~arbon atoms (C6H12), so CH~CHO and CH3-?H-CHO must result from one alkene and 

CH3 

C2H5CHOandCH3COCH3 from other alkene. Thus, the structure of two alkenes are: 
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<CH3 

H3C) <' CH C=C CH3 
H H 

(8) 

\0"'""'''' 
CH3CHO+CH3 -CHCHO 

I 
CH3 

H SC2 ) <CH3 
, C=C' 

H CH3 
(C) 

\ Orono,,.. 
C2H sCHO +CH3COCH3 

The structure of secondary alkyl halide which yields (B) 
and (C) alkenes on treatment with ale. KOH is: 

H 

I __ <CH3 Alc 
CH3-C-CH-CH, ~CH3CH2CH=C(CH3h 

"~---J-",**~':l) CH
3 

KOH (C) :H \CIL/' 
l _____ l,_ ......... 

(A) 

Alc.KOH 

CH3CH=CH-CH(CH3)2 
(8) 

Problem 2. A, chloro compound (A) showed the 
following properties: 

(i) decolourised bromine in CCI4 , 

(it) absorbed hydrogen catalytically, 
(iii) gave a precipitate with ammonical Cu 2C12, 
(iv) when vaporised 1.49 g of (A) gave 448 mL of vapour at 

STP. 
Identify (A) and write down the equation of reaction at step 

(iii). 
Solution: The (i) and' (ii) properties show that the. 

chloro compoWld (A) is an Wlsaturated compound having 
double or triple bond. 

The compoWld gives a precipitate with ammoniacal 
Cu 2C12' It is, therefore, an alkyne having acidic hydrogen, i. e., 
--C==CH. 

Determination of molecular mass: 
448 mL of the compoWld weights at STP = 1.49 g 
22400 mL of the compoWld will weigh at STP 

= 1.49 x 22400 
448 

Mol. mass = 74.5 
. Let the formula of the compound be RCIC==CH 

The formula mass = R + CI + (-C==CH) = 74.5 
R + 35.5 + 25 74.5 

R +60.5 74.5 
So, R =14 
i.e.,CH2 

Cl 
I 

The structure of compoWld (A) is CHz-C=CH. 

Equation of step (iii). 

11 NH
4
0H 11 

2CH2 -C==CH + Cu 2Cl2 ) 2CH2 --C==C. Cu 

+2HCl 

Problem 3. From analysis and molecular weight 
determination the molecular formula of a compound (A) is 
C3H7No. The compound gives the following iriformation. 

(i) On hydrolysis it gives an amine (B) and a carboxylic 
acid (C). 

(ii) Amine (B) reacts with benzene sulphonyl chloride and 
gives a product which is insoluble in aqueous sodium 
hydroxide solution. 

(iii) Acid (C) 011 reactioll with Tollens' reagent gives a 
silver mirror. 

What are (A), (B) and (C)? Explain the reactions with the 
help of equations. 

Solution: Acid (C) gives silver mirror with Tollens' 
reagent, thus, the acid (C) is formic acid (The acid which 

o 
II 

possesses aldehydic group), i.e., H-C-OH. 

CompoWld (B) gives a product with benzene sulphonyl 
chloride which is insoluble in aqueous NaOH. Hence, (B) is a 

R
1> secondary amine, i. e., NH. 

. R2 
(B) and (C) are obtained from compound (A) on 

hydrolysis. Thus, the compoWld (A) is amide, i.e., amide of 
formic acid (C3H7NO). 

o 
II <R1 

H-C-N 
. R2 

The compoWld {A) contains only 3 carbon atoms, thus, R 1 

and R2 contain one carbon atom each. 

o 
II ,<CH3 

The structure of (A) is, H-C-N 

Reactions: 

CH3 
N ,N' -Dimethyl fonnamide 

HCON(CH3 h + H20 --). HCOOH + (CH3h NH 
(A) (C) Sec. amine 

(8) 
Dimethyl amine 
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(CH3hNH +C6HsS02Cr~ (CH3hNS02C6Hs + HCI 
(B) (Insoluble in NaOH) 

HCOOH+Ag20~H20+C02 + 2Ag 
(e) Silver mirror 

Problem 4. Alkenes (A) and (B) yield the same alcohol (C) on hydration. On vigorous oxidation with KMnO 4, (A) gives a 

carbonyl compound (D) and an acid (E), each containing four carbon atoms. On the other hand (B) gives an acid (F) and a 
carbonyl compound (G). In (G), no two identical groups are attached to the same carbon atom. Give structures of (A) to (G) with 
proper reasoning. 

Solution: Alkene (A) on oxidation gives a carbonyl compound (D) and an acid (E), each having four carbon atoms. Thus, 
the probable structure of (A) may be, 

CH3-CH2-C=CH-CH2-CH2-CH3 
I , 
CH3 

or CH3 -CH2-?=CH-?H-CH3 

CH3 CH3 

Alkene (B) gives an acid (F) and a carbonyl compound (G). Alkene (B) gives same alcohol on hydration and is isomeric to (A). 
The carbonyl compound (G) has no carbon atom having two identical groups. Thus, the structure of (B) should be, 

CH3 -CH-C-CH2-CH2 -CH2-CH3 
I 
CH3 

(B) 

The alkene (A) should also possess the corresponding structure, thus, structure of (A) is, 

CH3CH2-C=CH~CH2-CH2 -CH3 
I , 

Reactions: 

CH3 
(A) 

CH3CH2-?=CH-CH2-CH2-CH3 

CH3 
(A) ! [0] 

CH3CH2C=O +CH3CH2CH2COOH 
I (E) Acid 
CH 3 (Butanoic acid) 

(D) Ketone 
. (Butan-2-one) 

HOH) 

OH 

(e) 

HOH I 
CH3 -CH=CI-CH2-CH2-CH2-CH3 -~) CH3 -CH2-C-CH2-CH2-:-CH2-CH3 

I . 
CH3 CH3 

(B) 

" 1[0] 
CH3COOH + CH3CH2CH2CH2C=O 
. (F) Acid I 

(Acetic acid) CH3 
(G) Ketone 

(Hexan -2-one) 

(e) 

.. 
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Problem S. An acidic compound (A), C4Hs0 3, loses its optical activity on strong heating yielding (B), C4H 60 2 , which 

reacts readily with KMn04 • (B)forms a derivative (C) with SOCI2, which on reaction with (CH3 h NHgives (D). The compound 
(A) on oxidation with dilute chromic acid gives an unstable compound (E) which decarboxylates readily to give (I'), C3H60. The 
compound (I') gives a hydrocarbon (G) on treatment with amalgamated Zn and HCI. Give structures of (A) to (G) with proper 
reasoning. 

Solution: The compound (.4) is an acid.and optical active. It possesses an asymmetric carbon and a carboxylic gr01~p. The 
structure of (A) may be, 

* CH3CH24HCOOH 

OH 
(i) 

a-Hydroxy acid 

!Heat 
Cyclic compound 

(Lactide) 

Thus, (A) isCH3CHOHCH2COOH. 

or 

OH 
* I 

CH3 -CH-CH2COOH 
(ii) 

P-Hydroxy acid 

!OnMatiDg 

CH3CH--;.-CHCOOH 
(B) Inactive 
(CAOz) 

It reacts readily with KMn04 

CH3CHOHCH2COOH Dil. c~omic) CH3COCH2COOH _--_CO...:;2=-+) CH3COCH
3 

(A) aCid (E) (F) 
I3-Hydioxy butyric acid (C3H60) 

! Zn(Hg}IHCl 

CH3CH2CH3 
(G) 

CH3CH=CHCOOH SOC\ CH3CH=CHCOCI (CH3hNH ) CH3CH=CHCON(CH3h 
(B) (C) (D) 

Probiem 6. A hydrocarbon A, ofCsHIO' on ozonolysis gives compound (B), C4H60 2 only. The compound (B) can also be 

obtained from alkyl bromide (C), C3HsBr, upon treatment with magnesium in dry ether, followed by CO2 and acidification. 
Identify (A), (B) and (C) and also give equations for the reactions. . . 

Solution:· The compound (B) is formed via the formation of Grigoard ·reagent followed by reaction with CO2 and 
acidification. It shows thatC3HsBr behaves like saturated compound. It is only possible ifC3HsBr is bromocyclopropane (Cyclo 
propyl bromide). 

""-Br Mg) ~MgBr (i) CO2 ) ~OOH 
V- Ether V- (ii) H+ IH

2
0 V··"'" 

C3HSBr (C) (B) C4H(;Oz 
(A) on ozonolysis gives only (B), hence it should be symmetrical unsaturated hydrocarbon. 

t>-c<t-<J 
CsHlO 

0 3 ) 2 ~OOH 
V(B) 

Problem 7. l,4-pentadiene reacts with excess ofHCI in the presence of benzoyl peroxide to give compound X which upon 
reaction with excess of Mg in dry ether forms Y. Compound Yon treatment with ethyl acetate followed by dilute acid yields Z. 
Identify the structures of compounds}( Y and Z. 

Solution: 1,4-pentil.dlene on addition with excess ofHCI in the presence of benzoyl peroxide, fonns 2!4-dichloro pentane 
(X) because HCl does not show peroxide effect. 
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H2C=CH-CH2-CH=CH2 
Penta-I,4-diene 

+2HCl 
) H3C-?H-CH2 -?H-CH3 (2,4-Oichloropentane) 

1 HOH (Oil. HCl) 

CH3 CH3 

I I 

<CH-C=O Ring closure 
H2C H (+) ) 

CH-MgCl 
I 

CH3 

CI CI 
(X) 

12Mg (in dry ethter) 

CH3 

I 

<CH-MgCl 
H2C 
. CH-MgCI 

I 
CH3 
(Y) 

CH3 CH3 
I I 

<CH-C-OMgCI 
H2C / 

CH 
I 

CH3 

1 HOH (Dil. Hd) 

CH3 CH3 

I I 
CH-C-OH 
I I 

CH2 -CH-==-CH3 
1,2,4-Trimethyl cyc1obutan-I-01 

(Z) 

Problem 8. A mixture of an acid anhydride (A) and a mono basic acid (9) on heating produces another mono basic acid (C) 
of equivalent weight 74 and an anhydride (D). The acids and anhydrides remain in equilibrium. The anhydride (D) contains two 
identical fluoro alkyl groups: The acid (9) contains a triJluoro methyl group and has an equivalent weight of 128. Give structures 
of (A) to (D) with proper reasoning (Atomic weight offluorine = 19). 

Solution: (RCOhO+2R'-COOH-:----i> 2RCOOH +(R'COhO 
(A) (B) (C) (D) 

(Mol. wt. 74) 

Mol. wt. ofR-COOH= 74,R +12 +32+1 ='74, R 74 45 =29 (C2HS) 
Thus, (C) isCH3CH2COOHand on the basis of above reaction, acid anhydride (A) is (C2HsCOhO. 
The acid anhydride (D) contains two identical fluoro alkyl groups. The acid (9) contains a trifluoro methyl group and has an 

equivalent weight of 128. Hence, mono basic acid (9) is CF3CH2COOH and so, acid anhydride (D) is (CF3CH2COhO. 

Reactions: (CH3CH2COhO+CF3CH2COOH~CH3CH2COOH+(CF3CH2COhO 
(A) (B) (C) (D) 

Eq. wt. = 128 Eq. wt. 74 

Problem 9. Hydrocarbon (A), C6HlO on treatment with H 2INi, H 21Lindiar catalyst and Na/liquid ammoniafonns three 

different reduction products (9), (C) and (D) respectively. (A) does not fonn any salt with ammoniacal AgN03 solution, but forms 
a salt (E) on heating with NaNH2 in an inert solvent. Compound {E) reacts with CH31 to give (1'); Compound (D) on oxidative 
ozonolysis gives n-butanoic acid along with other product. Give structures of (A) to (F) with proper reasoning. 
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Solution: (i) The given compound (A) is confirmed by the following reactions. 
H,fNi' 

-~ CH3CH2CH2CH2CH2CH3 
(9) n-Hexane 

H2/Lindiar CH3CH2CH2> <CH3 
CH3CH2CH2C=C-CH3 -I--~--~ C=C 

(A) Hex-2-yne . catalyst H CH 
(C) Cis-hex-2-ene 

Na/Liq. NH3 CH3CH2CH2> <H 
C=C 

H CH3 
(D) Trans-hex-2-ene 

1087 

(ii) A does not form any salt with ammoniacal AgN03 solution,but forms a salt (E) on heating with NaNH 2 in an inert solvent. 

Problem 10. An ester (A) (C 4H g02), on treatment with excess methyl magnesium chloride followed by acidification, gives 

an alcohol (B) as the sole organic product. Alcohol (B), on oxidation with NaOCI followed by acidification gives acetic acid. 
Deduce the structures of (A) and (B). Show the reactions involved. 

o 
II 

Solution: Let the ester be R-C-OR', i.e.;C4Hg0 2. 

The reactions of an ester with methyl magnesium chloride are as follows: 

o OM~1 0 
II CH MgCl I H+ II 

R-C-DR' . 3 ) R-C-DR' ---? R'OH + R-C-CH3 
(A) I 

OM~1 OH 

CH3MgCl I H+ I 
---~) R-C-CH3 ~R-C-CH3 

I I 
CH3 CH3 CH3 

(B) 

[0] ) CH COOH 
NaOCI 3 

Thus, R, should be H, because only secondary alcohol can be oxidised by NaOCI and not tertiary. 
o 
II 

Hence, the ester is H-C-OC3H7 (C4Hg0 2) and R'OH on oxidation gives CH3COO,H. Thus, R'OH must be secondary 

alcohol of three carbon atoms, (CH3hCH-OH, i.e., R' is isopropyl (CH3hCH-. Therefore, the ester (A) is 
o H 
II I.. 

H-C"'-()-C-CH3 (isopropyl formate) and alcohol (B) is a secondary alcohol, CH3-CH-CH3 (isopropyl alcohol). 
I . I . 
~ 00 
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AROMATIC COMPOUNDS 

The following characteristic properties are greatly helpful 
in deciding the structure of an aromatic compound. 

COJllpounds containing C and H 

I. On oxidation a, new compound The compound cOntainS 'a' side 
having ,-COOH' group is chain attached to the benzene 
formed. nucleus. 

2, • Compound obtained. on The, compound has two side 
oxidation ispbtbalic acid. " chains, ~rtho:to each other. ' 

3. The compound deeolounses The compound has unsaturated 
bromine water' or' forms side chain, Le., presence of 
addition product with bromine. ,--C=C~ or -,-C==C~ 

bond in the side chain. 

Compounds containing C, Hand 0 

1. It liberates hydrogen by ,the 
actiOn ofNa., 

2. ' It gives red,colouration with 
~encammOtiium nitrate. • 

The compound has" either 
alcoholic or carboxylic group. 

The compound has ,alcoholic, 
group. 

3. The compound turns ,blue The compound is either phenol 
litmus red. ' or acid; 

4. ,Thecompoundgivesbhu.~,red, Phenolic group, i.e., -OH is 
green or violet colouration or present in benzene nucleus. 
ppt. with FeCI). 

5. 'The compound' gives pink -CHO group is present. 
colour with Schiff's reagent. 

6. The compound reduces -CHOgroup is present. 
Tollens' reagent, i.e., 
prodUces 'silver mirror' or 

'~yrshblackprecipitate. 

't The compound forms an Carbonyl group (>C=O), i.e., 
oxime with hydroxyl amine aldehydic orketOtiic group is 

, and hydrazone with ,present. 
hydrazine. 

8. The compound undergoes ~O (aldehydic group) is 
, ,Cannlzzafo' s reaction; i. e., it linked to benzene nucleus as in 
,mctll,withconc. soJn.ofKOH benzaldehyde. 

'to 'produce a' , molecule, of ' 
alcohol and a riIolecwe of 
POtassium saltof an acicl. 

9. The ,compound gives The compound contains a 
efferveseence ,. with NaHC03 camoxylicgroup. 
solution. ' 

10. Aromatic dibasic acid loses a, The compound is phthalic acid. 
water moleCule; , 

11. The compound on distillation The compound has phenolic 
with zinc dust gives benzeiIe group,i.e., -OHin the nucleus. 
or its homi>lo 'e. 
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12. The compound undergoes The compound isa phenol ' 
Reimer-Tiemann reaction. 

Compounds containing C, H,N and 0 
c ;-, 0" _ ,_. ,.: •• ,_~ 

\f~~'~~~;i'i ' 
'I. The compound evolves The compound has amide, 

ammonia when heated with -CONH2 group. 
NaOH. 

2. With Br2 and' KOB, the The compound is an amide. 
compound gives primary 
amine. 

3.Onhydrolysis~ it forms an The compound is an anilide or 
amine. benzanilide. 

4 .• The compound forms a primary ,-N02 group is present. 
, amine ,on reduction with Sn and 
HCI or SnCl2 and Het 

Compounds containing C, Hand N 

I. Compound is soluble in water It b8s 7'"'NH2groUpin the side 
and turns red litmus blue. chain. 

2. The comPQund is soluble in Thecompo~ is an amine. 
dilute HCl. 

3. The compoJ1Dd undergoes The compo'utidhas an (-NH2I 
diazotisation. amino group in the benzene 

nucleus. 

4. The compound forms an acid The compound is a nitrile, i.e., it 
on hydrolysis and a primary has -eN group. 
amine on reduction. ' 

5. The. -compound on partial The compound has -eN group. 
hydrolysis with H20 2 and 
NaOH gives an amide. 

Compounds containing C, H and Halogens 

1.' On .oxidation, the compound' The halogen is present in the side 
gives an acid in which halogen 'chain. 
is absent. 

2. On oxidation; the compound 
gives an acid which contains 
halogen. 

3. The halogen is easily replaced 
by -OH, -CN, -NH2 
groups. 

Compound contains a side chain 
,but halogen atom is present in the 
benzene nucleus. 

The halogen is present in the side 
chain. 

4. The halogen is not easily The halogen is present in the 
replaced by '-OH, -eN, nucleus. 
- NH2 groups. ' 
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Molecular Formula and Possible Isomers 

Molecular formula .... 1 .. _ ..... 

CH3 CH3 CH3 C2HS 

(i) CsHlo @
CH

3 , 
@CH)' @ © 

o-Xylene m-Xylene CH) Ethyl benzene 
p-Xylene 

OH OH OH CH20H OCH3 

(ii) C1HsO @
CH

3 , 
@C1I3 ' @ @ @ 

o-Cresol m-Cresol CH3 Benzyl alcohol Anilole 
p-CmlOI 

; 

COOH COOH COOH I 

@OH 
@OH @ 

) 

(iii) C,fI603 / 
.~ 

OH 
o-Hydroxy benzoic, m-Hydroxy benzoic p-Hydroxy benZoi~ 

Kid Kid acid 

CHO CHO CHO COOH 

(iv) ~H602 
@OH , 

@OH ' @ @ 
a-Hydroxy m-Hydroxy OH Benzoic~id 

benzaldebyoo benzaldebyOO p-Hydroxy 
benzalOObyde 

OH OH OH 

@OH @OH 
HO@OH (V) GH(,03 OH 

1.2.3-Trihydroxy OH 1.3.5-Tribydroxy 
benzene (Pyrogallol) 1,2,4-Tribydroxy benzene 

benzene (PbIoroglucinol) 
(Hydroxyquinol) 

COOH COOH COOH CH2COOH CoocH) 

(vi) CsHgOz @
CH

3, @CH) , @ @ @ 
a-TollI;c m-Toluic CH3 Pbenyl acetic Melbyl benzoate 

acid' acid p-Toluie aeid 
acid 

COOH COOH 
@COOH 

@COOH'; @ 
(vii) CSH604 o COOH. 

Pbtbalic acid Isopbtba1icacid COOH 
Terephtbalic .:id 

CH20H CH~H CH20H 

(viii) C1Hs0 2 @OH 
©lOH @ ,. 

" 
o-Hydroxy benzyl m-Hydrox,y benzyl OH 

ak:obol alcohol p-Hydroxy benzyl 
alcohol 
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o-Cbloro 
benzilldebyde 

Phenyl cyaBis1e."', 

c.u.<~ 
0-, m., p-Toluidine 

m-Cbloro 
benzal~de 

N::2C 

© 
Phenyl isocyanide '\ 

. CJISNHCH3 
Methyl aniline , 

© 
. CI 

p.cbloro 
~yde 
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Benzylamine 

COCI 

© 
Benzoyl 
cbloride 

. Ct;HsCHz"""':Q-. N =0, 
. Benzyl nitrite 

CJi4 <NH2 

Phenyl nitrometlwie 

. COOH. 
o-,m-, p·Aniinobenzoicacid 

<COOH 
Ct;H4 

N02 . 
0-. mo. p-Nitrobemoic acid 

SOME SOLVED PROBLEMS 

Problem 11. Two isomeric forms of an organic 
compound (A), Cll H130Cl readily decolourise bromine water. 
and give same compound (B) on catalytic hydrogenation. Both 
the isomeric forms on vigorous oxidation give (C) which on 
treatment with soda lime gives 2-chloro"ethoxy benzene. 
However, (C) on treatment with Ni/AI alloY in alkaline medium 
gives 3-ethoxy benzoic acid. Only one of the isomers of (A) 
gives geometrical isomers (D) and (E). Identify (A) to (E) with 
proper reasoning. 

. Solution: 

Soda lime 

Compound (C) 

. Ni/Al 

NaOH 

Hence, the structure of compound (C) can be, 

" .. ' 

The compound (A) is unsaturated which possesses -Cl 
and ,......QCzHs groups also. 

The two isomers of (A) are ' 

CH=CHCH3 CHz-CH=CHz 

©CI ©.Cl 
OCzHs OCzHs 

(i) (ii) 

Both the isomers decolourise bromine water and on 
hydrogenation give the compound (B) 

©2~~:~3 
(B) 

COOH 
(B) ono~idation forms (C) ©CI 

OCzHs 
(C) 
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(i) isomer of (A) shows geometrical isomerism, (D) and (E). 

CH3-C-H 
II 
C-H 

©Cl 

OC2H5 

(Cis) (Trans) 

Problem 12. One mole of the compound (A), CgH12 incapable of showing stereoisomerism, reacts with only one mole OfH2 

on hydrogenation over pa, (A) undergoes ozonolysis to give a symmetrical diketone (8), CgH I20 2 • What are the structures of (A) 
and (B)? 

Solution: 

The structures of A and B are as follows: 

(A) 

Ozonolysis 
) 

o 
CH" II CH 

H C/ 2" / ~CH 
21 C I 2 

CH:z---C --CH2 
II 
o 

(B) 

Problem 13. A hydrocarbon (A) of the formula, C7H12 on ozonolysis gives a compound (B) which undergoes aldol 

condensation giving I-acetyl eyclopentene. Identify (A) and (B). . 
Solution: Since, the ozonolysis of hydrocarbon, (A), C7 H12 gives only one compound (B), it is clear that the compound (A),' 

is cyclo alkene. The ozonolysis product, (B) (with no loss of carbon atom) must have undergone intra-aldol condensation and gives 
I-acetyl cyclopentene, i.e., 

o Ozonolysis 

(A) 

jH
3 

/C=O 
H2C CH=O 

I I 
H2C",,- /CH2 

CH2 
(B) 

Intra-aldol .. 
Condensation 

I-Acetyl cyc10pentene 

Problem 14. An organic compound (A), C1gH200 on ozonolysis gives (B), CIOH 120 and (C) CSHS0 2 • Compound (B) gives 

iodoform reaction and produces an oxime (D), ClOHl30N on treatment with NH20H. Compound (D) reacts with PCIs in dry ether 
to give (E) which on hydrolysis gives (F), CSHII N and acetic acid. (F) on treatment with HN02 followed by oxidation gives 
phthalic acid. Compound (C) on mild oxidation gives (G) which gives effervescence with NaHC03. (G) on treatment with HI 
produces p-hydroxy benzoic acid and CH 31. Give structures of (A) to (G) with proper reasoning. 

CHO COOH COOH 

Solution: ~, [01,~, Vll1, ~ 
(C) (G) p-Hydroxy benzoic acid 
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o 
, ~ 

The compound (B) gives iodoform test as it has -C-CH3 group and produces oxime with NH20R 

PCIs in dry ether) ©CH2NHCOCH3 HOH 

CH, ( CH,COOII) I 
(E) 

©

COOH «i) HN02 ©CH2NH2 

COOH (ii) Oxidation CH3 
Phthalic acid (F) 

Hence (A) is 

CH3 

©

CH2-b=HC-@-OCH3 

CH3 

?H3 

Ozonolysis) ©CH2-C=O + OHC ~-OCH3 
CH3 ~ 

(A) (B) (C) 

Problem 15. An aldehyde (A) (CII HgO), which does not undergo self aldol condensation, gives benzaldehyde and two moles 

o/(B) on ozonolysis. Compound (B), on oxidation with silver ion, gives oxalic acid. Identify the compounds (A) and (B). 
Solution: Since, the given aldehyde does not undergo self aldol condensation, it will not contain a -hydrogen atom. Further 

it undergoes ozonolysis indicating the presence of unsaturation probably at two places as the products are benzaldehyde and two 
moles of (B). So, the structure of given aldehyde (C II HsO) is 

@-
. CHO 

O OzonolySis I 
CH=CH-C==C-CHO -------+) 2 + 

(A) COOH 
@CHO 

CHO 
I 

COOH 
(B) 

(B) 

COOH 
I 

COOH 
Oxalic acid 

Problem 16. Catalytic dehydrogenation o/methyl cyclohexane, obtainedfrom petroleum gives a liquid which on treatment 
with chloro sui phonic acid at 370K yields a mixture 0/ two isomers (A) and (B), C 7 H 7S02C1 The major isomer (A) reacts with 
ammonia to form (C), which on oxidation with permanganate gives compound (D). On heating, compound (D) gives a well known 
sweetening agent (E). The minor isomer (B) also reacts with ammonia to give a compound (F) which on treatment with 
NaCIOINaOH gives an antiseptic (G). Identify (A) to (G) with proper reasoning. 

Solution: . 

0 
CH3 CH3 CH3 

Catalytic 0 CIS03H OS{lzCI +0 • 
dehydrogenation 370K 

Toluene (A) Major (85%) S02CI 
(B) Minor (15%) 
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CH3 ©So,Cl NH3 

(A) 

CH3 

© 
NH3 

S02C1 
(B) 

CH3 COOH 
[0] 

• ©S02NH2 
KMn04 

©S02NH2 
(C) 

CH3 

© 
NaCIO 

NaOH 

S02NH2 
(F) 

(D) 

CH3 

© Na+ 
S02N< 

CC 
(G) Chloramine-T 

( an Antiseptic) 

Heat ©CO)NH .. 
S02 

(E) Saccharin 
(Sweetening agent) 

Problem 17. Compound (A) (CsHsO) on treatment with NHzOR HClgives (B) and (C). (B) and(C) rearrange to give (D) 

and (E), respectively, on treatment with acid. (B), (C), (D) and (E) are all isomers of molecular formula (CgH9NO). When (D) is 
boiled with alcoholic KOH, an oil (F) (C6B7N) separates out. (F) reacts rapidly with CH3COCI to give back (D). On the other 
hand, (E) on boiling with alkali followed by acidification gives a white solid (G) (C7 H60 2 ). Identify (A) to (G). 

Solution: H
S
C

6> C=O 
H3C 
(A) Acetophenone 

NH OR-HCI .. HS~6> . HsC6> ......... OH 
z ) C=N and C=N./ 

H3C ~OH H3C 
(B) Syn- (C) Anti-

Acetophenone oxime 

o 
CH3COCI II 

KOH) C6HsNHz ___ ~) C
6
HsNH-C-CH3 

if) (D) 
Aniline 

o 
HsC6> /OH II (i) KOH 

C= N ----l> C6HS -C-NHCH3 --'-'----+) C6HsCOOH + CH3NH2 
(ii) H+ H3C (E) (G) White solid 

(C) N -Methyl benzamide Benzoic acid 

Problem 18. A Grignard reagent (A) and a haloalkene (B) react together to give (C), Compound (C) on heating with KOH 
yields a mixture of two geometrical isomers, (D) and (E), of which (D) predominates. (C) and (E) have the same molecular formula 
and (C) gives I-bromo-3-phenyl propane on reaction with HBr in the presence of a peroxide. Give structures of (A), (B) and (C) 
and configurations of (D) and (E) with reasons. [Roorkee 2001] 

Solution: Since, (C) gives I-bromo,.3-phenyl propane on reaction with HBr in the presence of a peroxide; therefore, (C) is 
3-phenyl prop-I-ene. 

~CHzCH=CH2 + HBr Peroxide) ~CH2CHzCH2Br 
"0:::!/ (C) . ~ 

I-Bromo-3-phenyl propane 

Because (C) and (E) have same molecular formula, therefore, they are isomers and the reaction is: 

(C) KOH) (D) + (E), it is an isomerisation reaction. So, (D) and (E) are 3-phenyl prop-2-ene. 

and 
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Since, (C) is obtained by the reaction of a Grignard reagent (A) with halo alkene (B), therefore, (A) and (B) are: 

IQ\-CH2MgBr + BrCH . CH2 --, 

~ (A) (B) 

or CH2-CH=CH2 
(C) 

IQ\-MgBr + BrCH2-CH=CH2 
~ (A) (B) 

Problem 19. Five iSomeric para disubstituted aromatic compounds (A) to (E) with molecular formula Cs H80 2 were given 

. for identification. Based on the following observation give structures of the compounds: 
(i) Both (A) and (B) form a silver mirror with Tollens' reagent; also (B) gives a positive test with FeCl3 solution. 
(ii) (C) gives a positive iodoform test. 
(iii) (D) is readily extracted in aqueous NaHC03 solution. 
(iv) (E) on hydrolysis gives 1 ,4-dihydroxy benzene. [lIT 2002] 
Solution: (i) Compounds (A) and (B) must contain aldehydic group because both form silver mirror with Tollens' reagent. 

(B) must contain phenolic group because it gives positive FeCl3 test. Hence, compounds (A) and (B) must be: 

~o 
OCH3 
(A) 

p-Methoxybenzaldehyde 

+ Ag20 
Tollens'reagent 

~2eHO 

OH 
(B) 

p-Methoxybenzaldehyde 

CooH 

- ~ + Ag.,l. 
Silver mirror 

OCH3 

o 
II 

(ii) Compound (C) gives positive iodoform test, so it must have -C-CH3 group in its structure, i.e., (C) is: 

p-Hydroxy
acetophenone 

~ ~Na + ell, + 3NaI + 3H,<l 'Y' Iodofonn 

OH 
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(iii) Compound (D) is readily extracted in aqueous NaHC03, so it must have --COOH group in its structure, i.e., (D) is: 

~H + NoRCO, _ ~Na + H
2
0 + co, t 

CH3 CH3 
p-Methyl-

benzoic acid 

(iv) Compound (E) on hydrolysis gives 1,4-dihydroxy benzene; so (E) can be. 

~H~CH2 

OH 
(E) 

p-Hydroxy phenol 
vinyl ether 

OH 

~ +H2C~HOH 
OH 

l,4-Dihydroxy benzene 

Problem 20. Compound (A) of molecular formula C9H 702C1 exists in keto form and predominantly in enoUc form (B). On 

oxidation with KMnO 4, (A) gives m-chlorobenzoic acid. Identify (A) and (B). [lIT 2003] 

Solution: FormulaC9H70 2Cl exist in keto form and predominantly in enolic form so, it must contain -C-CH 2 - group. 
. . ~ . 

Oxidation of (A) gives m-chlorobenzoic acid. 

CI 

©-COOH 
m-Chlorohenzoi€ acid 

Hence, the compound should have a skeleton structure as, 
CI Cl CI 

©-e-,..c2H,o or ©-e-,..cHz-CHO 

~ . [Oll~~ 
- ©-C-CH-CIIO 

I 
OH 
Enolicform 

Cl 

~COOH 
Thus, A is: CI 

©-e-rnz-C 0 
II I 
o H 
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ESSENTIAL FEATURES 

!II All questions have been arranged chapterwise in a systematic way. 

!lJ The collection of some excellent questions asked in liT. 

III Multiple matching questions. 

!lJ Matching in Multiple columns. 

< 
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I >':~~~~~,,~ULTIPLE MATCHING PROBLEMS FOR liT ASPIR~~!~,{'::/) .', 
1. Match the List I with List II: 

Ust'I" 
(Tests) 

( a) Las.sai.gne's test 

(b) Beilstein test 

. ListJ( 

, ,(Elements to be detected) 

(c) SoruUfil nitroprusside test 

(d) Layertest 

(P) Nitrogen 

, (cD Chltirine 

(r) Sulphur 

(8) Bromine' 

2. Match the List I with List II: 

List I 
'(MbiliodS o~ estimation) 

(a) Kjeldahl' s method 

(b) Dtwta:s,method 

(9) C;;illiiuSitnethod 

(d) Liebig's method 

List II 
(Elements to beestima.ted) 

'(P) Halogen 

(q) Sulphur, 

(r) Carbon 

(s) Estimation of nitrogen 

3. Match the List I with List II: 

Ustl List II 

,(P) Alkene 

(q) Monocycloalkane 

(r) Non-aromatic 

(d) Decolounse;bromme water (8) Alkyneorallene 

4. Match the List I with List IT: 

Lis,t I. ' 

(a) I\romatic 

(b) Anti"arowatic 

Lis~II " 

(P) Planar 

(q) (4n + 2)rc delocalized electrons 

~l~tetraene-."(r) 4-mtlocalized;:eiee.trons-·-· 

(d) Huckelrule (8)' Non-planar. 

5. Match the groups in List I with their characteristics in 
List II: 

List I List'll 
·.,.(Groups ) (Characteristics) 

(a) .~R (p) + Inductive' 

(b) -'--0.- (q) Mesomeric 

(c) .-+NH2 (r) Deactivating 

(d) -NP2 (s) Activating 

6. Match the List I with List IT: 

~isH List II 

(a) Singlet:carbene 

(b) Triplet carbene 

(c) Frecirit~Cal 

(d) Carl'Jmliumion 

(P) Diamagnetic:' 

(q)Paramagnetic 

(r)Formed by homolytic fission 

(s) Formed by heterolytic fission 

7. Match the List I with List IT: 

Listl 

(a) Benzene 

(b), :N~opent!lne, 

(c) B1,lta-I,3-diene. 

(d) 2,2.),3,Tetrarneiliyl 
butane 

.. LisUI 

(P) FOmlflnlyone mono chloro 
derivative 

(q) Aromatic 

(r) Onlysp2 hybridised carbon 

(s) Undergo 1,2 and 
1,4-addition 

8. Match the compounds of List I with their functional groups 
in List II: 

Listl 

(a) Glycine 

(b) Salicylic acid 

(c) ,Aniline 

(d) Toluidine 

List II 

,(P) ----' NH2 

(q) -COOH 

(r) -oH 

(s) -CH3 

9. Match the List I with List II: 

List I 
(Reactions) 

(a) Dickmann's 
condensation 

List II 
(Intermediates) 

(P) Nitrene 

(b) Claisen condensation (q) Free radical 

(c) Hofmann's (r) Carbocation 
rearrangement 

(d) Allylic bromination (s) Carbanion 

(e) Friedel-Crafts reaction 

10. Match the compounds of List I with the test of their 
functional groups in List II: 

List I 

(a) Formic acid 

(b), Glycol' 

(c) Benzaldehyde 

(d) Primaryamine 

List II 

(P) Ammoniacal AgN0 3 

(q) NaHC03 

(r) HI04 

(s) Chloroform in NaOH 

Hydrocarbons 
(Aliphatic and Aromatic Hydrocarbons) 

11. Match the List I with List IT: 

List( 
Conwounds(Process ): 

CH3 

. I. 
(a) CHr -.2:C=CH2 

(OLOoolysis) , 

(b) CHr-C::aCH
(Hydration) 

List II 
'. (Products) 

~ 
(P) CI:JJ -C:-CH3 

(q) HCHO 



1100 

(c) CH r;--<::. C-;-Glh .(r) CH3COC)H 
(O:iono\ysis) , ... " :',. 

... .. ~ 

(d) CH3-C":""-C-C2Hs (s) C2HsCOOH 
(Ozonolysis) 

12. Match the List I with List II: 

ListI Listn 

(a) CSHI8 (n-octane) (P) Require 25/2 moles of oxygen 
for combustion of a mole 

(b) CSH1g{iso-octane) (q) Highest boiling point 

(c) CSHI8 (2;2,3,3-tetra (r) Lowest boiling point 
methyl butane) 

(d) Hexa decane (cetane) (s) Grading.in diesel oils 

13. Match the List I with List II: 

ListI 
(Isomeric hydrocarbons) 

(a) 0 
List II 

(products) 

(P) Three products 
ozonolysis 

on 

(b) CJI9-C""",C-H (q) . Absorb 1 mole H2 in 
presence ofNi catalyst 

(c) C2HsCH=CHCH=CHCH3 (r) Absorb·· 2 moles H2 in 
presence ofNi catalyst 

H H 
I I 

(s) O=C-(CH2)4-C=O 

14. Match the List I with List II: 

List I 
(Reactions) 

(a) CH3~CH-CH2 ~ ... 

Br 
I 

CH3-CH-CH3 

(b) CH3-CH=CH2 -;. 

CH3CH2CH2Br 

(c) CH3-CH=CH2 -;. 

Br-CH2-CH=CH2 
(d) CH3-CH=CH2 -;. 

CH3-CH-?H2 

~r Br 

(On ozonolysis) 

Listn 
(Reagents) 

.(p).8r2.watet ..... . 

(q) N-bromosuccinimide 

(r) HBr (Peroxide) 

(s) HBr(aq.) 

15. Match the compounds in List I with their detecting reagents 
in List II: 

List I List II 
(Compounds) (Reagents) 

(a) CH3-CH=CH2 (P) No suitable. analytical 
reagent 

(b) CH3-C==C-H (q) Ammoniacal AgN03 

G.R.B. Organic Chemistry for Competitions 

(~) ;:(J.rC"""'CH 

CH3 CH3··· 
I I 

(d) CHr-:-C-C-CH3 (s) 
>, I I 

CH3 CH3 

16. Match the List I with List II: 

ListI List II 

(a) Cyclopropane (P) Non-planar . 

(b) Cyclobutane (q) Planar 

(c) Cyclopelltane (r) Least sta~le cycloalkane 

(d) Cyclohexane (s) Shows conformations 

17. Match the List I with List II: 

List I 
(Compounds) 

List II 
. (J;'roperties) 

(a) H2C=CH2 (P) Do not. show. geometrical 

(b) H
3
:>C=C<:3 

(c) H
3
C)C=C< H 
H CH3 

(d) HP""'=C<H 
H3C/'"' H 

18. Match the List I with List II: 

List I 

isomerism. 

(q) Reacts withHBr according 
toMarkownikoff's rule 

(r) Symmetrical molecule 

(s) Decolourise Baeyer's 
reagent '. 

List II 

(a) Toluene (P) On oxidation by KMn04 in acid 
medium gives benzoic acid 

(b) .... €umene .. :----(q)~1:Jsed·in-the_manufactUre-6fphenol--

(c) Benzene (r) Symmetrical trimethylbenzerte 

(d) Mesitylene (s) On oxidation. (V2Qsf OZ) at 250-45QoC 
gives maleic anhydride 

19. Match the List I with List II: 

List I 
(Reagents for benzene) 

(P) 

(q) 

List II 
(Products) 

.?H'3: 

H3A--CH3 

U 
H3C,,·/CH3 

.2)" 
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(fCH
3 

CH3 . CH3 

6-CH3 mW¢ 
CH3 

20. Match the compounds of List I with their properties in 
List II: 

Listl List II 
(Compounds) (Uses) 

(a) Acetylene (P) Moth repellent 

(b) Naphthalene (q) Light oil 

(c) BenZene (r) Gas welding 

(d) Toluene (s) Artificial ripemng of fruits 

Halogen Containing Compounds 

21. Match the List I with List II: 

Lisn List II 

(a) Carbon tetrachloride (p) Solvent 

(b) DDT· (q) Insecticide 

(c) .. Chloropicrin (r) Antiseptic 

(d) Iodoform (s) Fire extinguisher 

22. Match the List I with List II and List III: 

List I List II ListID 

(a) Pyrene (P) 2,2'-dichloro (u) Fire extinguisher 
diethyl sulphide 

(b) Mustard gas. (q) CCl4 (v) Warfare gas 

(~LEI"!<QIL_~""(r) .. C~C12". . {w) .. .lnsecticide . 

(d) Lindane (~) Benzene (x) Refrigerant 
hexachloride 

23. Match the reactions of List I and metals used in List II: 

List I 

(i;l)Ww;tzreaction 

(b) Wurtz-Fittig reaction 

(c) Frankland'sreaction 

(d) Ulmann reaction 

24. Match the List I with List II: 

List I 

(a) Compounds . which give (P) 
three dichloto derivatives 

(b) Ethanol (q) 

(c) 'A~etone (r) 

(d) Give propene on treatment (s) 
with alcoholic KOH 

List II 

(P) .Cu 

(q) Zn 

(r) Fe 

(s) Na 

List II 

Chlorocyclohexane 

Give chloroform 
bleaching powder 

2-chloropropane 

l-chloropropane 

with 
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25. Match the List I with List II: 

ListI List II 

(a) Monomer of natural rubber (P) R-I 

(b) Most reactive alkyl halide (q) CHCIl 
for SN2 reactions 

(c) Gives alcohol with (r) Isoprene 
NaOH(aq.) 

(d) Give carboxylic acid with (s) i-methyl buta-I,3-diene 
aq.NaOH 

26. Match the compounds of List I with reactions in List II: 

List I List II 

(a) CHCI3 (P) Carbylamine reaction 

(b) CCl4 (q) Hunsdiecker reaction 

(c) R-COOAg+ Br2 (r) Sandmeyer reaction 
+ -

(d) CJIs-N2CI (s) Reimer-Tiemann reaction 

27. Match the List I with List II: 

List I List II 
(Compounds) (Number of halogenated derivatives) 

(a) 
CI 

Benzene· Li;t) (p) Three compounds 

CI 
(b) Toluene ---4 (q) Four compounds 

Light 

(c) CH~ 
4 Light 

(r) Single mono chloro derivative 

CI 
(d) Benzene--4 (s) 6-isomeric compounds 

AICI 3 

28. Match the List I with List II: 

List I List II 
(Reagents) .lli~~J." .... 

(a) (CN) (P) Neutral nUcleophile 

(b) (ONO) (q) Results cyanide 

(c) NH3 (r) Ambident nUcleophile . 

(d) H2O (s) Results isocyanide 

29. Match the reactions of List I with the products in List II: 

List I List II 

(a) Chlorination of boiling (P) 
toluene in. presence of 
light followed by 
treatment of aq:NaOH 

(b) Oxidation of toluene by (q) 
acidic KMn04 

(c) Oxidation of toluene by (r) 
Cr02Cl2/AcOH 

Benzotrichloride as 
intermediate 

Free radical substitution 
product followed by 
nucleophilic substitution 

BenZaldehyde 

(d) By tr~atment of benzal (s) Benzoic acid . 
chloride with aq. KOH 
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30. Match the List I with List II: 

Listl ' -ListD 

(a) CCI3-CHO .(p) React withwatet: 

° II 
Reducing agent for dyes (b) CH3-C-CH3 (q) , . 

0 
II 

(<;) CH3-C-c-H (r) Give : ,:chloroform with 
bleaching,powder 

(d) .CCI4 (s) Do not hydrolyse 

Alcohol, Phenol, Ether 

31. Match the List I with List II: 

List I List II 
(Compounds) (Reagents and reactions of 

response) . 

(a) Phenol (P) Bakelite formation 

(b) Ethanol (q) Ceric ammonium nitrate 

(c) BenzYl alcohol (r) Haloform test 

(d) Formaldehyde (8) FeCl3 

32. Match the compounds of List land their distinguishing 
reagents in List II: 

List I ListD 
(CompoWlds) . (Reagents) 

CH3 . 
(a) >CH-OH (P) Ammoniacal silver nitrate 

CH3 

(b) HCHO .(q) • Victor Meyer's reagent 

(c) CJis-OH (r) Lucas reagent 

CH3 ... _ ..... , .. , .. 

(d) CH3-C-OH (s) FeCI3 
'1 

CH3 

33. Match the compounds in List I with their uses in List II: 

List I Listll 
(Compounds) (Uses) . 

(a) Aspirin (P) Analgesic 

(b) . Wintergreen oil· (q) Antiseptic . 

(c) Salol' (r) Intestinal antiseptic 

(d) Phenol (s) AntipYretic 

34. Match the List I with List II: 

LiSt. tistD 

(a) Methylated spirit is poisonous due (p) Vinyl ether 
to 

(b) Anaesthetic 
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(c) ~Hr.O.~ .. ,(r)'&~~21 ir 

(d) Antiseptic witb the name of carbolic (s)' 0-.' 0.' H 
acid. . -

35. Match the compounds in List I with their uses iri List II: 

List I Listll 

(a) Glycol (P) Aspirin 

(b) Glycerol (q) Chlor{)foIm . 

(c) Phenol (r) Dynamite 

(d) Ethanol (s) Antifree.ze 

36. Match the reactions of List I with List II: 

List I Listll 
OH 

~OH 
(a) 0 (P) o,N-¢-NOj 

(b) ((OH". Br2 Water .. 

(c). I . (f.) HN03 .. . (r) (J
0H ... '." . 

. ~ . Cone. H2S04 . 

N02 
Picric acid . 

'OH 

B'~a..· 
Br 

Tri-bromophenol 

. . '. 0···· . 

(~;'ryOIL .. ~:~~~._ .. __ (~)¢ •• C I p;~~nzoquinone 
. V., '. 

o 

¢OHj' ,.', 
(t) ... ,. Para-b':"mophcinol 

.. ::::"'., . .' i". . 

Br' 

37: Match the List I with List II: 

List I 
.' (Compounds) 

CH3 

.. ..' :J .', _: . 
(b) CH3-C-OH 

" ,., ... "., " 

.. CHj 

. Listn' 
: (Response) 

. (P) No. response to Victor 
'. Meyer\sreagen.t 

,L 

(q) . TurbidityimmOOiatelywhen 
treated withtiif.:is reagent 
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38. 

39. 

(r) 

(s) 

Match the List I with List II: 

··tl8~'1 

(a) WOOd alCohol 

(b) GQlin .alcobol 

(e) Rectified spirit contains 

(d) Power alcob()l contains 

Match the List I with List II: 

List I 
(Compo~eactions) 

No response to 
reagent 

Red 
.' ;.~, - " 

colour in 
Mqrei's ~~t·· -

Lisjn 

(P) 

(q) 

(r) 

(8) 

CH3DH 

C2HsDH 

Petrol 

. 4:lJ% water 

ListU 
(Products) 

(a) Glycerolonreaction with oXalic (P) Acrolein 
acid gives . 

Lucas 

Victor 

(b) Dehydration of glycerol (q) 2-iodopr<,pane 

(e) Glyoorol.on tr~atment ofHI04 . (r) Allyl alcohol 

'(d.Y.G1ycercloottiatment with HI' (s) Formic ac.id 

40 .. Match the compounds in List I and the products obtained 
treatment with HI in List II: 

".;- ;'; ; '-.' 

L~IJ 
(Products wh~ D;eat,edwith HI in 

small amount) 
\' J' ' 

(p) No product. (a) . Cc;Hs-D-,Qis 
_' •. ~,t' i ' 

(b) CzHs-D-:-,:.C2Hs (q) C2Hs--:I 

Aldehydes and Ketones 

1. Match the compounds in List I with their products when 
.. tTeaiedwithGrlgilimireagent followed by hydrolysis: 

., 
Listf ListD 

(Coin~s) , ~ucts) 
(a) HCHD 

(b) CH3CHO 

. (c) Cc;H5b.CHO 

,. :~ • 
(4) .. ,CJl3,.;-,-C.~-9Ii 

(P) 3° alcobol 
.. (q) ArOmatiC alcohol ... 

(1") 20 aloohol: 

(s) l°al~ 

42. Match the List I with List II: 

Listl 
(Compounds) 

(a) Benzene 

. (b) l))I~Ile . 

; " 

ListU 

(P) Gattermann-Koch al~yde synthesis 

(q) . Stqmen's .. reaction 
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(c) Benzoylchloride ,(r)RosenmUlur~ reaction; 

(d) Phenyl cyanide (s)E1ard's reactil:m 

. (t) '., Gattennann aldehyde synthesis 

43. Match the List I with List II: 

~ Listl -, "' Listn 
. ·.(CQmpounds) , (Reactions) 

(a) CH]CHO (P) Haloform reaction 

(b) HCHD. (q) AlPolcond~tion 

~ 
(c) CH3-C-CH3 (r) Cannizzaro reaction 

0' 

.." 
(d) o-C-H (iI) Benzoin condensation 

44. Match the List I with List II and List III: 

'Ust·1 List II ,.-: Listm 

~. 

(a) CH3-C"'-H (P) CH3-CH2-CH3 (u) Clemmensen 

Zn/Hg • Conc.'HCi, 
0' 

-\1 
(b) CH3-C-CH3 

~ 
.. 'y 

(C)CH3-C-CH3 

NH2-NH\ 
NaOH 

(q) CH3---;,CH3 

DH 
I 

(r) CH3-CH"""':CH3 

DDHOH 
\I . .\ \ 

reduction 

(v) Pinacol 
reduction 

(w)L~ 

reduction 

(d)-.CH3-C--CHr(s)-~H3-G-· C-€H3:(x-)--Wolf-Kisbner' 
, . I I '. reduction 

CH3 CH3 
Mg/HC1~ . 

45. Match the List I wjth List II: 

, List} ListD 
(Products) (Reactions) 

(a) BenzOin condensation 

(b) Reformatsky .~o!J, 

(c) H'?frnann'sreaction 

(d) '. wittig real;tion 

DH 
I 

(P) Cc;Hs-CH-CHzCOOC2Hs 
(q) Cc;H5~Nfl2 

0' DH 'II: ,.: i' . 

~r) Cc;Hs-:-C;-CH-Cc;Hs 

(s) . CH)-CH=CH-CH3 

46 .. Match the List I with List II: 

List I 
(a) HCHD + Water 60010 

(b) HCHD';t- NH:3 

·Li~tU: 

(P) urotropin·· 

(q) Bakelite 

"1 .. 
E 
~ 

1 



(c) HCHO+Phenol;.' •. '; .. (r)CH30H 

(d) HeHO + NaOH, .' (s): Formalin' 

(t) HCOONa 

47. Match the reactions List I with List II: 

List I ,"," .: ListU 
(Reactions) .; (Products) 

CH3MgBr + HCN . HQH/H+) 
~ 

(a) (P) CH3-C-,CH3 
(b) CH3MgBr + HCOOC2Hs ~ (q) 'CH3CHO 

0 
II 

(c) .CH3MgBr+ H-C~Br 

.. ~ 

(d) CH3MgBr +CH3-C-Br 

48. Match the List I with List II: 

List),·· 
(Reactions) 

(a) ,CJIs-CH . CH-CHO 

CJis-CH=CH-CHzOH 

(r) 

(s) 

(b) Q;H5-CH0-4CJI5-CH20H 

(c) CH3-CH=CH-CH0-4 

CH3-CH=CH-COOH 
o 
II ? .. ' 

(d) CH3-C-CHr-'~ . 

;, '.' ,0 '. 

H3C) II <CH3 
. '.' C=CH-C-CH=C' 

H3C CH3 

49., Match the List I with List II: 

MgBrz 

NH3 

~ist\I1 

(Reagents) . 

(P). AnprIonjacal 
AgN03 

(q) NliBH4 

(r) Li~ 

(8) &(OH)z or 
.', DryHC~gas 

--_iCC-"'List I'~'_i' .. _ ..... _- .. il:.ist·n.· i·i ...... ~-
(Reactions) 

(a) Cannizzaro reaction 

(b) Aldol condensation 

(c) Benzoin condensation 

(d) Oppenau\!f oxidation 

(e) Wacker-process' '. '. 

50. Match the List I with List II: 

ListI 
(Re~ctionslReasents)' . 

(a) . Fehling's solution 

(b) Ben.e<lj.ct's reaction 

(c) Tollen '$, r<:a~ent 

(d) Clenunensen red.ucti~n 
(e) FrankIandreaction 

(Reagents) 

(P) PdClz 
(q) CuCl2 

. (r) kCN" 

(.) [CH'{O} 
(t) . NiiOlif 

Listn 
(Metals fuvolved)' 

,(P) Zn" 
(q) Hg 

.. (r) Ql 
(s)~g . 
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Carboxylic Acids and Their Derivatives 

51. Match the List I with List II: 

List I 
qttlaCtiori~) . , 

OH 

. 'Lis~1I 
(products) . 

(.) ((OOH "',t .. ", 

CooH 

wtQ 
.. ":' ·Be 

Salicylic acid 

OH 

AI Brtwater 
(b)U 

(s) .. '2,4,6-tribromophenol 
.' .. '. . . '. .' . 

52. Match the compounds of List I with tlie distinction reagents 
of List II: . 

(Jstl 
(Compounds) 

. ".;; 

(a) HCOOH 

(b) CH 3COOH 

(c) Benzoic acid 

(d) Cinnamic acid 

Liltn 
(Reagents) . 

. (P) Effervescence of,C02 withNaHC03 

(q)Colour with FeCl3 

. (r) DecolouriseBr2water 

(s)Give sil~er mirror with Tollens' 
reagent 

53. Match the compounds of List lwith their functional groups 
in List II: 

Listl Listn 
.. 
~i~ric~id 

'", 

(a) (P) DI) not contain c!l~xylicgroup 

(b) Ascorbic acid (q) Phenolic group 

(c) SaiihYllc acid (r) Carboxylic~up 
(d) Fo~ic acid (s) Aldehydic group 

54. Match the items of List I to those of List II: 

List.l ListU' 

(a) Red ants (P) Dicarboxylic acid 

(b) Oxalic acid . (q) Ethene onelecirolysis 

(c) Potassium succinate . (r). Jathane.",ithredPIHl ' 

(d) CH3-:-:~OOH (8) Formic a£id 

55. Match the List I with List II: 

'·t;uti .. ' List n 
(a) Petrolewrt 'wax.' '(p)E~terS of glycerol and higher fatiyaci 

(b) Fats (q) Amphoteric in nature 



Multiple Matching Problems forllT Aspirants 

(c) Amides 

(d) Esters 

(r) Found in fruits 

(s) l Mixfurehfhydrocilrbons 

Nitrogen Containing Compounds 

56. Match the List I with List II: 

ListI Listll 
(Reaction with) (Compounds) 

\a) Acetyl chloride (P) Primary amine 

(b) Methyl iodide (q) Secondary amine 

(c) Ethyl alcohol (r) Tertiary amine 

(d) Carbon disulphide (s) Quaternary ammonium 

57. Match the compounds formed of List I from the compounds 
of List II: . 

ListI Llstll 

(a) Aniline (P) Benzamide 

(b) Benzylamine (q) Nitrobenzene 

(c) m-Dinitrobenzene (r) Phenylcyanide 

(d) Benzaldehyde (s) Toluene 

58. Match the reactions in L~st I with compounds in List II: 

List I . List n 

(a) . Sandmeyer reactions (P) Chlorobenzene 

(b) . Gattermann reaction (q) Bromobenzene 

(c) Raschig method (r) p-Aminophenol 

(d) Oxidation of aniline . (s) p-Benzoquinone . 

Biomolecules and Biological Processes 

59. Match the vitamins of List I with the deficiency diseases in 
List II: 

'List I 

(a) Ascorbic acid 

(b) Vitamin B 

(c) 'Retinol 

(d) Vitamin D 

Listll 

(P) Scurvy 

(q) Dental bleeding

(r) Beri-beri 

(s) ,Night blindness 

(t) . Rickets 

60. Match the diseases of List I with their causes in List II: 

Listl 'Listll 

(a) Malaria (P) Protozoal 

(b) Dylleniery (q) . Amoebic 

(c) Typhoid (r) Viral 

(d) . AIDS (s) . Bacterial 

61. Match the compounds of List I with their hydrolysis 
products in .List II: 

tistI 
(Compounds) 

(a) Starch 

Listll , 
(Hydrolysis productS) 

(P) Fructose 

62. 

63. 

64. 

(b) , Sucrose 

(c) CelluloSj! 

(d) Lactose 

. (q) . Galactose, 

(r) P-(D) glucpse 

(s) . a-CD) glucose 

1105 

Match the reactions of List I with their products in List II: 

List I Listll 

(a) Glucose on reduction (P) Sorbitol 
with NaBH4 

(b) Fructose on reduction (q) Gluconic acid 
with NaBH4 

(c) Glucose with Br2 water (r) Glucaric acid 

(d) Glucose with HN03 (s) Mannitol 

Match the items of List I with the items of List II: 

List I Listn 

(a) Epiroers (P) a-(D) glucose 

(b) Anomers (q) D-mannose 

(c) Reducing ketose (r) Fructose 

(d) Functional isomer of glucose (s) I'-(D) glucose 

Polymers 

Match the polymers of List I with their properties in List II: 

List I Listll 

(a) PHBV (P) EIlIStomer 

(b) LDPE (q) Prepared by coordination 
polymerization 

(c) Natural rubber (r) Free radical polymerization 

(d) HDPE (s) Biodegradable 

Codes: 
(a) (a-p); (b---r); (c-q); (d-s) 
(b) (a-s); (b--r); (c-p); (d--q) 
(c) (a-r); (b--s); (c-p); (d-q) 
(d) (a-q); (b---r); (c-s); (d-p) 

65. Match the polymers of List I with their units in List II: 

ListI Listll 

(a) Buna~S (P) Isoprene 

(b) Ba)!.:elite (q) Caprolacturn 

(c) Nylon,-6 (r) Butadiene and styrene 

(d) Natural rubber (s) Phenol and formaldehyde 

Codes: . 
(a) (a--:-r); (b---s); (c-q); (d-p) 
(b) (a-r);(b--s); (c-p); (d-q) 
(c) (a-s); (b--r); (c-p); (d-q) 
(d) (a-q); (b--s); (c-r); (d-p) 
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66. Match the polymers of List I with their products in List II: 

List I Listn 

(a) Nylon-6,6 . (P) Phthalic acid and ethylene glycol 

(b). Buna-N (q) Terephthalic acid and ethylene· glycol 

(c) Dacron (r) Hexamethylenediamine and adipic acid 

(d) Glyptal plastic (s) Acrylonitrile and butadiene 

G.R.B. Organic Cb:emistryfor Competition! 

Codes: 
(a) (a--s); (b-q); (c-p}; (d-r) 
(b) (a-r); (b-p); (c-s); (d-q) 
(c) (a-p); (b-r); (c-q); (d-s) 
(d) (a-r); (b-s); (c-q); (d-p) 

\. 

ANSWERS 

1. (a-p, q, r, s) ~s) (c-r) (d-s) 34. (a-<J) (b-p) (c-r, s) (d-s) 
2. (a-s) (b-s) (c-p,q) (d-r) 35. (a-s) (b-r, s) (c--p) (d-<J) 
3. (a-p, q, r) (b-q, r) (c-r, s) (d-p, s) 36. (a-s) (b-r) (c--p) (d--q, t) 
4. (a-p, q) (b-p, r) (c-r, s) (d-q) 37. (a-r,s) (b-p,q) (c-p,r) (d-r,s) 
5. (a-p, s). (b-r) (c-s) (d--q, r) 38. (a-p) (b-<J) (c-q,s) (d--q, s) 
6. (a-<J) (b-p) (c-p, r) (d-p, s) 39. (a-r, s) (b-p) (c-s) (d--q) 
7. (a-p, q, r) (b-p) (c--r, s) (d,-p) . 40. (a-p) (b-<J) (c-r) (d-r,s) 
8. (a-p,q) (b-q, r) (c-p) (d-p, s) 41. (a-s) (b-t) (c-q, r) (d-p) 
9. (a-s) (b-,-s) (c-p) (d-<J) (e-r) 42. (a-p, t) (b-s) (c-r) . (d-<J) 

10. (a-p,q) (b-r) (c-p) (d---s) 43. (a-p,q) (b-r) (c-p) (d-r, s) 
11. (a-p,q) (b-p) (c-r) (d-r, s) 44. (a--q-u) (b-r-w) (c-p-x) (d-s-v) 
12. (a-p, q) (b-p) (c-p, r) (d-s) 45. (a-r) (b-p) (c-<J) (d-s) 
13. (a'-'-<l,s) (b-r) (cc-p, r) (d-q) 46. (a-s) (b-p) (c-<J) (d-r, t) 
14. (a-:-s) (b-r) (c-<J) (d-p) 47; (a=-q,-s) ~-~~~---1~=::9, r). (d-p, r) 
15. (a-r, s) (b-q, r, s) (c-q, r, s) (d-p) 48. .(a--q, r) ~ r) (c-p)-~~ (d-s) 
16. (a--q, r) (b--q) (c-<J) (d-p, s) 49. (a-t) (b-t) (c-r) (d-s) . (t-P. q) 
17. (a--p, r, s) (b-r, s) (C'---5) (d-p, q, s) 50. (a-r) (b-r) (c-s) (d-p,q) (r-P) 
18. (a-p) (b-p, q) (c-s) (d-r) 51. (a-s) (b-s) (c-p) (d--q, r) 
19 .. (a-r, s) (b-q) (c-<J) (d-p) 52. (a-p, s) (b-p,q) (c-p,q) (d-p, r) 
20. (a-r,s) (b-p) (c-<J) (d-<J) 53. (a-p,q) (b-p) (c-q, r) . (d-r,s) 
21. (a-p, s) (b-<J) (c-<J) (d-r) 54. (a-s) (b-p, r) (c-<J) (d-r) 
22. (a-q,-u) (b-p-v) . (c-r-x) (dc-&-w) 55. (a-s) (b-p) (c-<J) (d-r) 
23. (a-s) (b-s) (c-<J) (d-p) 56. (a-p,q) (b-p, q, r) (c-p, q, r)· (d-p, q) 
24. (a-p, r,s) (b-<J) (c-<J) (d-r,s) 57. (a-p,q) (lr-p, r) (c-<J) (d-r, s) 
25. (a-r,s) (b-p) (c-p) (d-q) 58, (a-p,q) (b-p,q) (c--p) (d-r, s) 
26. (a-p;s) (b-s) (c-<J) (d-r) 59. (a-p,q) (b-r) (c-s) (d-t) 
27. (a-s) (b-p, r) (c-q, r) (d-r) 60. (a-p) (b-p,q) . (c-s) (d-r) 
28. (a-q, r, s) (b-r) (c-p) (d-p) 61. (a-s) (b-p, s) (c-r) (d-q,r) 
29. (a-p, q, s) (b-s) (c-r) (d-r) 62. (a-p) (b--p, s) (c-<J) (d-r) 
30. (a-p, q,r) (b-r) (c-r) (d-s) 63. (a-p, q). (b-p, s) (c-r) (d---r) 
31. (a-p, s) (b-q, r) (c-<J) (d-p) 64. (a-s) (b-r) (c-p) (~ 
32. (a-q,r) (b-p) (c-s) (d-r) 65. (a-r) (b-s) (c-<J) (4) 
33. (a-p, s) (b-p) (c-r) (d-<J) 66. (a-r) (b-s) (c-q) (d-p) 
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