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Preface to the Current jon

Z Q
The response to the first edition of the book and positive f %n teachers and students has motivated me
to work upon this revised and thoroughly pruned edition. @

It is now power-packed with new questions of the @

book useful. All the best! %
@Z Dr Atul Singhal

&@% singhal.atul50@yahoo.com
N
&
i

Q

JEE format. | hope thar studenes will find chis
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Preface \Q%

The Peavion Guide to Inorgantc Chemistry for the IIT JEE is 4

presrigious engineering entrance examination. Io provy

le book for all the students preparing for the
ss/tested course material and problems thar will
ht be using. Because of its comprehensive and in-

classroom courses.

various other competitive examinarions during the last
t is strictly based on the larest 1T syllabus (2009-10) recom-

®m A careful scrutiny of previous years' [T
10 to 12 years was made before writing o
mended by the execurive board. It covery
in these examinations. Not many bgals
alignment with the prescribed syl Q) :

udents to understand the concepts without the help of any guide.

¢ this vast subject in a scructured and useful manner so as o familiarize che

candidates taking the ¢

W The multiple-choice queddonssmve been arranged in following categories:

Scraighr Objecrive T wns (Stngle Choice), Brainteasers Objective Type Questions (Single Choice},
Mulriple Correcr An Questions (More than one choice), Linked-Comprehension Type Questions,
Assertion and Reasg stions, Marrix-March Type Questions and the [IT JEE Corner.

This book 15 Ao pass on to another generation, my fascination with descriptive inorganic chemiscry.
Thus, the com he readers, both students and instructors, will be sincerely appreciated. Any suggestions

for added or

Dr Atul Singhal
singhal.atul50@yahoo.com
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CHEMICAL BONDIN
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(qualitative aspects only); VSEPR model and shape
planar, pyramidal, square pyramidal, trigon:

CHEMICAL BOND

Chemical bond is the force of actract
atoms together. A chemical bond Gala he force of

n ELZ a icular distance.

decrease n‘:%
When rewo atRrs come close to each other, forces

Rpulsion operate berween them. The
the attractive forces overcome repul-

L

arcraction and force of repulsio

A chemical bond is formed
m actain the octer scare

MiNiMize eEnergy

gain stabilit9

Chapter Cont

Orbital overlap and covalent bond; Hybridization invol
diagrams for homonuclear diatomic species; Hydroge

—

N

m@@wnd d orbitals only; Orbital energy

d; Polarity in molecules, dipole moment
-ules (Linear, angular, triangular, square
ridal, tetrahedral and octahedral)

hoice questions.

5 i

s 4

Electron cloud

Artractive

—  —

Repulsive

Nucleus

Fig. 1.1

Types of Bonds

Following are the six types of chemical bonds. Here,
they are listed in the decreasing order of their respec-
tive bond strengths.

Ionic bond
Covalent bond
Coordinate bond
Metallic bond
Hydrogen bond
van der Waals bond

it oD L



1.2 B Chemical Banding

Metallic bond, hydrogen bond and van der Waals
bond are interacrions.

Octet Rule

It was introduced by Lewis and Kossel, According
to this rule, each atom tries to obtain the ocrer state,
that is, a state with eight valence electrons.

N

Exceptions to the octet rule

m Transition meral ions like Ce™*, Mn*', Fe''.

m Pseudo inert gas configuration cations like
2 I+
Zntr, Cdr,

Contraction of octet state

m Here, the central atom 15 electron deficient or
does not have an ocrer state. For example,

"

BX

AIX,
= .

Ge (CH)),
: .

Ge”

Expansion of octet state

PCl,, SF , OsE,, ICl, erc

PCl,

SF
10 ¥

12

L BOND

ed by the complete transfer of
5 fsom a metal to a non-metal, This

/LY

Al + N——>AY NP
(2,8,3) (2,5 (2,8)(2,8)

m Number of electrons transferred is tro-
valency.

s Maximum number of electron erred by a
metal to non-mertal is threepas 1 e case with
AlF_, (Al metal transfers t ns to F)

m During electron cransfer, @) ost orbit of metal
is destroyed. The re 'mn is called core or
kernel, hence this .. called kernel bond

m Narure of ionic \r static or coloumbic
torce of attracti

m [t isa non-di

Cond the Formation
of an lon ond
The p bond formation is exothermic where

e essential conditions include

must have low ionization energy.

-metals must have high electron affinicy,

ons must have high lacrice energy.

9 Cation should be large with low electronegativity.
m  Anion must be small with high electronegativity.

Born—-Haber Cycle

The formation of an ionic compound in terms of
energy can be shown by Born—Haber cycle. It is also
used to find lattice energy, ionizarion energy and elec-
eron affinicy.

For example,

M(s) Suhlin:;.tim > M(g) ;q_n_i;%iipp__ > Mi(g) + ¢
Decomposition Addirion of e i

ve xl *1/2 D " X(g -E X @

M;J +X (@) E!}‘ml_f?‘:rm:imb MX(g)

AH =8+, D+I-E~U

Here,

S = Hear of sublimation
D = Hear of dissociation

I = Ionization enthalpy

E = Electron gain enthalpy or electron affinity

€1 —» Na' | @l
(2,8,7) (2,8) (2,8)
(2,8,2) (2,6) (2,8) (2,8)

Ul = Lattice energy
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1.6 B Chemical Banding

Typﬁs of Overlapping

1. s-s Overlapping: Overlapping berween s-s elec-
trons of two similar or dissimilar aroms is called s-s
overlapping and forms a single covalent bond.

5 L

Fig. 1.3 Formation of hydrogen molecule by
s-s overlapping.

s-p Overlapping: Overlapping between s and p
eleccrons is called s-p overlapping. NH, is formed
by the overlapping between three electrons of
nitrogen (px, py and pz) with three electrons of
three hydrogen atoms.

N = 15%, 25%, 2px' py' pz'
H = 15’
Serong bond can be formed only when hydm—%

gen electrons approach in the direction of
and Z axis at right angles to each other.

Some Important Features of Bo
Bond Length

m Bond lengch is the average distance the
centers of the nuclei of the two I:-t:nn&3
m It is determined by X-ray di spectro-

t10
Q

’
Factors affecti ngth
m Bond lengt atom. For example,
HF <« HI
IC §izé

(Atom

Q<
Sin@c Br<l
1
2 %ﬂ By Bond order or multiplicity

F

scopic methods.

example, C-C>C=C>C=C
1.54A 1.34A 1324

y Bond length o< 1

s%
thatis, sp’ sp’ sp
5% 25% 33% 505

Bond length o Electronic repulsion

For example, H; H;

Resonance and hyperconjugation also change
bond length.

For example, in benzene, C — C bond length is 1.39 A,
that is, in berween C ~ C and C=C.

7

= =

]

Bond Energy
m It is the energy needed to break one mole of bond of

a particular type, so as to separate them into gaseous
atoms. Ir is also called bond dissociation energy.

Bond energy can also be defined as the energy

released during the formarion of one mole of a par-
ticular bond. '

Factors affecting bond energy
m Bond energy o« Bond order or multiplicity

For example, C2C>C=C>(C-C
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Chemical Bonding W 1.9

For example,
X X X
X | ]
. - -
X
X
‘o' ‘m’ “o
60" 120° 180°

In case of para forms M p__is positive if both che
species are different. For example,

OR NH, X

x X OH
Homoatomic molecules like X, N,, O, and mol-
ecules having normal shapes according to hybrid-

ization like linear, trigonal, tetrahedral will be non-
polar, as for them, the dipole moment is zero. For

example, BX, {:HI‘, {:{:h, Sil:l_p P“:L,-

p=0 ﬁ N
g2ci2 o 954;5,‘ %
F F
i
” )%
Xe

:
»,a\f“

Moee = 0

7,

/8

Here, | (net) = 0 as C = O bonds are in opposi
directions.

Molecules in which che central arom has
electrons or have distorted shapes, like
midal, sea-saw shapes will have some

e
moment and will be polar in naturg, m%t
H.S, OF,, NH,, PH,, PCl,, SCl,, , etc.
E&] 1 (net) = 1.03D
;2 %‘ e

@; | P
O
onia has more dipole moment than NF, as in

monia p (net) is in che direction of lone pair electrons

1€, it is additive while in NF, p (net) is opposite to
lone pair i.e., substractive,

ipole
HO,

t(net) = 1.82D

[
A
\}%}D

M (n

m Dipole moment of a cis-alkene 1s more than trans-
alkene. In trans-alkenes, it is zero due to symmetry
in most of the cases.

<

Dipole Moment of Sm@\ mon Molecules
Z N

Molecule H, N,

=/
6' \ 3 E‘.H: CH:F: Dr 01 E_-H'n SD: il Cal  Nall {:H!ﬂH EJH‘ﬂH Hzﬂ HF
Pe
©\>

Dipole
0 0 0 196D 0 052D 0 161D 1.12 121 83 169 167D 1.84 191
maoment S
Molec 1, NO HS HO, NF, CHCl, PH, HCN SbCl, CHCl §, PCl, hr:’::; IF; | PX, X,
Dipole
1.02 146 0.17 092 184 055 115 058 293 39 18 0 0 0 0 0 0 0

moment




1.10 B Chemical Bending

- llustrations

| I
I'i—"'4':“L"EI‘IE| CHI-*L*C—H

cis-but-2-ene trans-but-2-ene

Exception: Unsymmetric alkenes with odd number of

carbon atoms have some value of dipole moment.

For example, trans-2-pentene

H
i

CH;
R
“ NCH,CH;

Hx"

Specific cases of dipole moment

— CH,Cl > CHCL > CHCL, > CCl,
Non-polar

~ CH,Cl > CH,F > CH_Br > CH,l

Highly polar

Uses

m To find geometry of a complex/molecule etc.

. = Tofind 1onic character or nature in a covalent spccie\<

P'-nhtntd

I'lnlculn:td‘iq E L }

s To distinguish between —cis and —crans ali}

Ionic nature 5% = x 100

b dipole moment

1. The experimentally deterny
of KF is 2.87 » 10°% :: istance between
' F dipole is 2.66 x

the centers of ch
107" m. Calcyla entage ionic charac-

ter of KF.

p=1.602 x 107 x 2.66 x 107"

%o 1onic characrer a KCl
_287x107%
4.26 % 1077
= 67.4 %,

x 100

2. The dipole moment of 15
coulomb meter which im:lit is a highly
polar molecule. The intEI" istance berween
K™ and CI” in this mu Y6 % 107" m. Cal-

culate the dipole f KCl molecule if
there were oppos exwf one fundamental
unit located ar leus. Calculate the per-

centage ioni KCL

S

mbs meter
o x 107" m

separation of unit charge (electronic
1.602 =« 107V C

1.602 x 107" x 2.6 x 107"
= 4.1652 x 107" cm
Q p (KCD = 3.336 x 107 cm

Pl}tr cent ionic characeer of KCl

2 3.336 = 1079
4.1652 = 107

H0.09 %

i
C

Soluti

n
For KC

£ X

= 10D

SIGMA AND Pl BONDS

Sigma (¢) Bond
Sigma bond is formed by axial or headrohead or linear

overlapping berween two s—s or s—p or p—p orbitals,

Sigma(c) bond obond © bond
@ j P P P
S5-5 S

Fig. .1
I. Sigma bond is stronger and therefore less reac-

tive, due ro more effective and stronger overlap-

ping than [ bond.

2. The minimum and maximum number of | bonds

between two bonded atoms is 1.

=4.20 x 107 em

3. Stability |! Number of sigma bonds.




ﬁ‘
You havemﬂﬁﬁmﬁftﬁggﬁle forviewing or reached your viewing limit for this
A\ 0

biook,



ﬁ‘
You havemﬂﬁﬁmﬁftﬁggﬁle forviewing or reached your viewing limit for this
A\ 0

biook,



ﬁ‘
You havemﬂﬁﬁmﬁftﬁggﬁle forviewing or reached your viewing limit for this
A\ 0

biook,



1.14 B Chemical Bonding

although it has double bonds (due to delocalizacion
of n electrons or resonance).

m Benzene has 36 kcal/mole of resonance energy.

m Resonance energy of CDJ i 154.9 kJ.

m In tauromerism, arrangement of atoms is different
for its different arrangements burt in resonance, che
arrangement of atoms 1s the same,

Stability of Different Canonical
Structures

1. A non-polar structure is always more stable
than a polar struccure. In the following exam-
ple, the structures are arranged in a decreasing
order of stability,

D &
OCRO)
In the last two struccures the charges are apart so
they are less stable.

will be the stability. Therefore,

2. Greater the number of covalent bonds grﬁter@

& +
CH;—C =0 > CH;—C=0

3. The canonical scructure in which posit
an electro4positive atom and negativ
electro—negative atom is more stable

4. The canonical structure

an octet scate 1s more ‘-»

o 2 e
5. If like cha c‘l oser then the structure will
be unstable’ @'
heid Q + - - $ E
IN = N=N-—0? «—:N—N=0
Most stable Unsrable

valent resonance The canonical structures

havesame numberofbondsandsame typeofcharges.
For example, 5O, NO,, CO_ ™~

4

2. Heterovalent resonance Here, the canonical scruc-
tures have different number of bonds

For example, buca- 1, 3-diene, vinyl

Resonance and Bond Orde @
Bond order = Toral no. of ordggbet

Total no. of majdfeds

O arams

1l SEractures

Example, In 50, B.O.=
In CIO,", B.

HYBRI
m Pauli ter incroduced this concept to
explain th pe of molecules which could not be
cxp%@ the valence bond theory.
. I% intermixing or re-distribution of energy
oag/two or more half-filled, fully filled, incom-

ly filled or empry orbitals of comparable energy,
form same number of hybrid orbitals, Hybrids

:2 ave identical energies and similar shapes.

Facts About Hybridization

s Number of atomic orbitals raking part in hybrid-
ization is equal to number of hybrids formed.

Electrons do not undergo hybridization.

A hybrid bond is always a sigma bond.

A hybrid bond is always stronger than a non-hy-
brid bond.

Hybridization occurs at the time of bond formacion.

Hybridization ©) Overlapping (for enough over-
lapping, orbitals must be at an approppriate dis-
tance from each other, thac is, neicther very close
nor very far).

e Hybridization increases stability and decreases reac-
tivicy and energy of a molecule.

m Hybridization occurs in che central atom in a mol-
ecule (NH,, H, 0, CH ). Here, the central atoms are
N, O, C respectively.

m Hybridizacion does not occur in isolated atoms buc
in bonded atoms.



Chemical Bending ® 1.15

Types of Hybridization

1. sp hybridization: Here, one s and one p orbirtals
. form two sp hybrid orbitals after intermixing.

Shape of molecule is linear and bond angle is
180°. For example, X-M—X (Mg, Be, Zn, Hg)

H-C=C-H
spoosp

Some other examples are CO,, and CS,.

2, sp” hybridization: Here, one s and two p orbitals
intermix ro form three new sp® hybrid orbitals.
m  Shape of these species is trigonal or coplanar
and the bond angle is 120°, For example,
X
|
B
O
X b4
3. sp® hybridization: Here, one s and three p orbit-
als intermix to give four new sp® hybrid orbirals.
|
s Q
m  Shape of the species is tetrahedral an )
angle is 109° 28", For example, C_H\
SiX,, NH,’, BX,, NH,, PH , H @
H
& O
AN
¢ n &
4. dsp® hybridizacion: s, two p and one

z

d orbitals {df—f} in
h}rhricl orbirals.

2 )ive four new dsp

<

u’- species 15 square planar and

gle'is 90°. For example, [Ni(CN),] 7,

-

5. sp’d hybridization: Here, one s, three p and

one d-orbital (dz®) intermix to form five spid
hybrid orbitals.

W Qysrini :
m  Shape of the species i al bipyramidal

20°. For example,

and bond angles (@

PX,, XeF , I Q
6. spﬁ%

b

ization: Here, one s, three p and
ytal (d* and d.° — %) intermix to form
*d* hybrid orbitals.

) A
/1N

Shape of the species is octahedral and bond
angle is 90°. For example, SF, XeF .

r

e
<
3

F
F\\EI:'/F
an

F

7. sp*d® hybridizadion: Here one s, three p and
three d orbiral qu. dp, d_) intermix to form seven
new sp’d® hybrid orbicals,

N
]

Shape of the species is pentagonal bipyrami-
dal and bond angle is between 72° to 90°.
For example, IF_, XeF .

F
<
Fe————2Xxe

F| F
E
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Chemical Bonding B 1.17

According to this theory, besides hybridization,
the nature of electrons around the central atom also
decide the shape of molecule.

There may be two types of electrons around che cen-
tral atom, thart 1s, bond pair or lone pair of electrons,

These elecrrons undergo electron—electron repul-
sion and the decreasing order of electronic repulsion

follows lp=lp > lp—~bp > bp-bp.

Due to this electronic repulsion, the shape of the
molecule becomes distorted and the bond angle
changes.

Distorrion in shape o € —e~ repulsion

Distortion in shape or change in bond angle o=
electronic repulsion.

Geometry of Some Molecules
and lons

sp? hybridization
sp?
RN e
3 bond pair 2 bond pair I
I lone pair =0 1 lone pair %
A

A

Trigonal shape due
to bond pair of €

due e n e
For example, BX,.BH,, 5('_}5 @

1
B 5
S
}E{ \1{ & @ ) 0
MNormal trigon Bent shape

bond pairs and one lone

cﬁp—bp type of repulsion dis-

Here, 5 ato a5

1. When the cencral arom has four bond pairs of elec-

angle of 109" 28" which The Shape tetrahedral.
For example, CH , CCl, 5iCl,, NH *, BX

H

\C
4%
H H

Il

lone pair of electron, thergw
repulsion, which distoge
the bond angle, thy

pyramidal and the |
28' For example /&%

he bond angle is 1077,
tral atom has 2 lone pair and 2 bond
tron, there will be lp=Ip type of electronic
, hence the shape will be distorted and it
be angular or bent. For example, H O, H.§,

A

AN
B B

4. When the central atom has 3 lone pairs and 1 bond
pair of electrons, there will be lp—lp type of elec-
tronic repulsion. hence, shape is highly distorted
and it becomes linear. For example, 1-Cl, HCI

sp’d hybridization

1. When the central atom has 5 bond pair of electrons,
the shape will be normal with normal bond angle,
that is, the shape becomes trigonal bipyramidal and

bond angle of 90% and 1207, As only bp—bp type of
electronic repulsion occurs, hence there is no distor-

tion in shape and no change in bond angle. For exam-
ple, PCL,, AsF, and PF.,

Cl

g Cl
CI—]E_%{)”
t Cl
Cl
Due to the difference in bond angles here bond

trons, the shape will be normal with normal bond

lengch also varies far axial and equitorial bonds.
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Chemical Bonding W 1.19

Hybridization and Shapes of Some Simple Molecules

Number Number of Number of Molecular Examp
of Bonds Lone Pairs  Charge Clouds  Geometry and Shape

@%

2 0 3 0"0—0 Linear ==C
O T 0
3 0 0 0- .0 T1'1g~|:n£§bi hh‘C=U
3 0 plan /
%0a Y|
z 1 o 0\ e
_"'f' ﬂ_ @ TEtl'ﬂ]'lE'l.‘.l!'ﬂ] ::l_l—H
H H‘(
a 1 : < -1 =
N il
5
3 Bent {JQ

0‘0 bipyramidal Cl’ |
o

& s
@% 00 [rigonal Gl II; >
©

O
%éﬂ See-saw : n‘sq
Q ﬁ_o li:
3 2 é T-shaped Cl—F
§oa
O

Linear 1 o




1.20 B Chemical Bonding

Number Number of Number of
of Bonds Lone Pairs Charge Clouds
B 0
5 1 6
-8 2
3. Artomic orbitals must have same symmetry al{)ng_

with the major molecular axis, for example, if Z
axis is the main molecular axis, then only p —p,
orbitals will overlap and not p,of p..
Molecular orbitals are formed due to construct @
and destructive interference of atomic urbitals%
Constructive interaction of orbitals berwee
lobes having same wave function W prod

ing molecular orbitals like o,

HoMOs (Highest Occupied Moleculf

sEHUCTIvVe INCeracrion
Fig. 1.13

m Destructive interaction berween orbitals having

Molecular Example§§
Geomertry and Shape
0 ) @
%g O Octahedral &QF F
@ cl 12
o © Square §;> E]“'~5| --a
80 0 ;1 C e a

yre Planar

=

00
00 O

Q

or LuMOs (Lowest Unoccupied Molecular
). For example, o*, n*, d*.

&

>
D

Super position

G
C

Amplitude =0

g
L
R

d
d

Amplitude = a

<>

Anti-Bond ing
/\
Destructive interaction

Fig. 1.14

Facts Related to HoMOs and LuUuMOs

m Energy: LuMOs > HoMOs
m Wavelength: LuMOs < HoMOs

different sign of ¢ produces anti-bonding molecular



ﬁ‘
You havemﬂﬁﬁmﬁftﬁggﬁle forviewing or reached your viewing limit for this
A\ 0

biook,



1.22 B Chemical Bonding

i a 25"
— ""'—'..' N :\— —
25 S Fl 3 25
T 2g
L o ]. 5. E: w
] — -
1s ; B 1s
T1g
Atomic Molecular Atomic
Orbirtals Orbitals Orbirals

. Molecular orbiral energy level diagram for diatomic
homonuclear molecules such as O, F, etc.

(i)  Molecules with N, configuration or 14 &

Cls 0°1s, 025 G"2s, n2p, = nlp, G2p,

(ii) Molecules with O, configuration or more than 14 e.

-
-

ols o'ls, a25 025, O2p, n2p,
=n 2p,0"2p,

m o ls is the lowest energy molecular nrhiml%
o 2p, is the highest energy molecular orby

m Due to intermixing of 25 and 2p or 5 es
where the number of elecruons is 16,
o 2p_is taken after 0" 2s here. %
n —n
» Bond order = bE - &
Here n, = Number of bong (b 2cular orbical
electrons
n, = Number of Nbonding  molecular
arbirtal ele
Bond order « Bo Bition energy
*« Bo e
o (O
‘E@Dﬁngth
m Highert srder, higher will be scabilicy and
shorter, ¢ bond length.
m Ifunp trons (n = 1, 2) are present in a mol-
AUnetic.
m hat is no unpaired electrons, molecule is

nZp, n‘Eﬁ%(

A

K

S

9

H* :o(ls)
H- : o(lsy¥ o’ (1s)
N KK o(2s), " (2s)F, n(2px) = nt (2p Xz )

T (2px)’
N : KK o (28, 0" (25)?, n(sz:r?@ , O2p2’

A (2px)=n" (2py)
0, : KKo(2sY,o'(2sF,o x)’ = m(2py)’

n (2px)'=n" 2py)
0,7 : KK, o (2s¥, o’ a

(2pyy=n" (2
0O :KK o (2

(2py),n
0, : KK,

|
F, :

(2p : :
. @ﬁ’@ 40
rders Related to
ular Orbital Theory

GJ‘:H- G.'I'* DE GJ_ DE_E
Bond 3 i 2 1.5 1
order >

Decreasing order of bond order, bond angle, bond
dissociation energy.
Increasing order of bond length.

Magnetic Nature

0, = O = 0, = D.f* = Df’
n 2 1 1 0 0
Paramagnetic Weakl v Dhamagnetic

Paramagnertic

CO, NO* , CN7, N, (14 ¢7) all have bond order 3

and are diamagnetic.
NO, CN, N, N* all have a bond order equal to
2.5 and are paramagnetic as n=1.

H,, Li,, B, all have a bond order equal to one and
are diamagnetic except B,

H_;, H;, HE;' all have a bond equal to order %2 and
are paramagnetic,

All molecules with fractional bond order are para-
magnetic.

Molecules with whole number bond order are
mostly diamagnetic, except O, B, ”32_‘
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1.26 B Chemical Bonding

34.  The number-of lone pairs on Xe in XeF,, XeF,
and XeF , respectively are
(a) 3,2,1 (b) 2,4,6
(€) 1,2,3 (d) 6,4, 2
35. The two atoms X and Y lie on the top of group
2 and group 16, respecrively. On combination,
they form compound of the type
@ XY, (b) XY
(©) XY (d) XY,
36.  Pairs of species having identical shapes for mol-
ecules is
(a) BF, PCl, (b) PF,, IF,
(¢) CF,, SF, (d) XeF,, CO,
37.  Shape of CIF, is
(a) T-shaped (b) V-shaped
(¢) Pyramidal {d) Equilareral triangle
38. A square planar complex is formed by hybrid-
ization of che following atomic orbitals
@) s, PPy P, (b) s,p,.p,p,.d
(c) dx’ — ."f"lm 5 Ps P‘r (d) s, P P._,.l- P, dz’
39,  Which of the following represents the Lewis
structure of N, molecule? é
(@) JN=N; (b) -N =N, \
(© IN=N @ @C))
40. Inter-molecular hydrogen b-nnclmg
{a) o-nitrophenol Eﬁ%
(b) o-chlorophenol
(c) Ammonium chloride
(d) Warer %
41. The geometrical shape n@ ridizacion is
(a) Trigonal bipyram;
(b) Linear
{¢) Tetrahedral
(d) Square p
42. In which of ing species, intramolecu-
lar H-bondir :
I. Ace AN I1. Salicylate ion
. Pre acid IV. O-Nitrophenol
\ {b) I, II, IV
\ (d) IV only
43 \ h one of the following compounds has che
~= esr bond angle in its molecule?
(a) SO, (b) OH,
(c) SH (d) NH,

44,

45.

46.

2

49.

50.

51.

52.

33.

Which bond angle, 8 would result in the maxi

mum dipole moment for che triatomic

:{Yz shown below:
S

¥

X N@
(a) B = 120° (b 0
(c) B = 145° ~175°

Which of the fnll% the highest bond

order?
(@) N,
(c) He
rogen b-und is of the order of
(a) %' (b) 140 kJ mol™’
kE {d) 4 k] mol™

(<)

af the following pairs of molecules

jiave permanent dipole moments for boch

SiF, and NO,

: (b) NO, and CO,
(©) NO, and O,

(d) SiF, and CO,

Né.) In the formarion of N,* from N, the electron is

D

removed from a
(a) @ — orbital
{¢) o — orbiral

(b} nt — orbital
(d} n" — orbital

Which of the following is diamagnetic?

(a} HS* (b) O,

{c) Li, (d) He '

How many types of F — 8 ~ F bonds are present
in SF ?

(a) 5 (b) 4

(c) 3 (d) 2

An octahedral complex is formed when hybrid
orbitals of the following type are involved

{a) d* sp’ (b) dsp’

{(c) sp* (d) sp’

The pair of species having identical shapes for
maolecules of both species is

(a) CF, SF, (b) XeF,, CO,

() BF,, PCl, (d) PE,, IE,

Among the following compounds, the one
that is polar and has the central atom with sp*
hybridization is



ﬁ‘
You havemﬂﬁﬁmﬁftﬁggﬁle forviewing or reached your viewing limit for this
A\ 0

biook,



ﬁ‘
You havemﬂﬁﬁmﬁftﬁggﬁle forviewing or reached your viewing limit for this
A\ 0

biook,



ﬁ‘
You havemﬂﬁﬁmﬁftﬁggﬁle forviewing or reached your viewing limit for this
A\ 0

biook,



1.30 W Chemical Bonding

() O, <HQO, < O,

{h} Di = HEGE % DE

() HO, <0, <0,

(d) O, <0, < HO,

In which one of the following pairs, molecules/
ions have similar shape?

{a) CCl, and PtCl,

(b) NH, and BF,

(c} BF, and c-butyl carbonium ion

{d) I'CD‘E and HI'D

How many bonding MOs can be formulated for
benzene and how many of these can degenerate?

(a) 3,6 (b 3,2

{c¥ 6,3 (d) 2,3

The correct order of bond angles (smallest first)
in H.§, NH_, BF, and 5iH _ is

(a) HS < SiH, « NH, < BF,

(b) NH, < HS < SiH < BF,

(c) HS « NH, « SiH, < BF,

{cd) H_,S < I‘-JH} < BFA < SiH4

Which of the following is not a reﬁnnating§

98.

100.

1031,
of chlorobenzene?

Cl

102.

ngth in NO is greater than in NO"
length in NO" is equal than in NO
d length is unpredicrable

bond strength pertaining to oxygen molecule
and its cation or anion is

{a) DJE' = D‘; > D}. > D;'

) O0,>0'>0>0%
(£) O =0 0.7 .07
d) 0>0,-0,>07"
The dipole moments of meth
derivarives are in the order

@ halogen

(b) CH.Cl < CHCI,
(c) CH, < CHCI,
(d)

(CH_),C-H < (CH_),CH-H < H,C-H <
H,C.CH -H
(b} HEC-H < {CH3}}E—H < HT_E.CHI-H <
(CHﬂjIEH-H
{e) (CH),C-H <(CH ) CH-H = HC.CH -H
< HC-H
{(d) HC-H <« HC.CH,-H < (CH,),CH-H <
(CH,),C-H
107. The bond lengths and bond angles in the
molecules of methane, ammonia and water are
given as under:

106, %ﬁect order of bond energies for the C-H

C
H/ \\H 0.109nm; 109.5°

™
H/V\H 0.101am: 107°

O
H/U\H 0.096nm; 104.5°

The variation in bond angle is a result of
I. The increasing repulsion between hydro-
gen atoms as the bond length decreases.
II. The number of non-bonding electron pairs
in the molecule,

ITI. A non-bonding electron pair having a
greater repulsive force than a bonding

electron pair.
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1.34 B Chemical Bonding

140. The number of sigma and pi-bonds in the com- (d) H,C-H < HC.CH-H < (CH,),CH-H <

pound (CN),C = C(CH.) (MCO), is (CH,) C-H
(a) 16 oand 10 n bonds
(b) 15 o and 11 = bonds @

(c) 17 cand 11 n bonds

(d) 16 o and 11 m bonds 144. The dipole moment of &
141. Consider the given statements about the molecule; moment of:
(H,0),CH~-CH = CH-C=C~CH = CH, Cl @

I. Three carbon atoms are sp* hybridized
II. Three carbon atoms are sp” hybridized

I1I. Two carbon atoms are sp hybridized of
three statements:

(a) Iand II are correct
(b) Iand Il are correct
{c) II and III are correct
(d) I, Il and III are correct
142. The correct decreasing order of bond angles is
(a) CIF, > PF, = NF, > BF,
(b) BE, > PF, > NF, > CIF,
(c} BF, > NF, > PF, » CIF,
(d) BE, > CIF, > PF, > NF,
143. The correct order of bond energies for the
bond is
(a) (CH)),C-H < (CH,),CH-H
H,C.CH -H

(b) H,C-H < (CH,).C-H <
(CH,),CH-H

145. Whichatebe following statement(s) is/are correct? (c) The density of water increases from 0°C to
R ~Q stal lattice of ice is mostly formed a maximum at 4°C because the entropy of
& the covalent as well as hydrogen bonds. the system increases.

The density of water increases when heated (d) Above 4°C the thermal agitation of warter
from 0°C to 4°C due to the change in the molecules increases. Therefore, intermo-
structure of the cluster of water molecules. lecular distance increases and water starts

expanding.
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1.38 B Chemical Bonding

Comprehension-2

A number of molecules and polyatomic ions cannot be
described accurately by a single Lewis structure and
a number of descriptions based on the same skeletal
structure are written and these raken together repre-
sent the molecule or ion. These structures have almose
similar energies, same arrangement of atoms and have
same number of bonding and non-bonding pair of
electrons. These contributing structures or canonical
forms taken together consticute the resonance hybrid
which represents the molecule or ion.

185. Which of the following is not correct about res-
onance?
(a) It averages the bond features as a whole.

(b) Ir stabilizes the molecule since energy of
the resonance hybrid is lower than that of
any of the single canonical structure.

(¢) There is no equilibrium berween these
canonical struccures.

{(d) These canonical structures have real exis-
tence also.

186. The value of bond order of CO bond for C{j}?§
ion is \
(a) 1.25 {b) 1.33 %
(c) 1.5 d 1.0 Q
187. Due to resonance in benzene, the &’F -C
bond length and bond order are, vr:l}r
(a) 115 pmand 1.5 &
(b) 1.39 A and 1.33 %9
(c) 1.39 Aand 1.5 @
(d) 115 pm and 2.0
188, The correct order % for the resonating

(b 1>1I1III

Comprehension-3

Pauling introduced the concept of hybrid]
atomic orbitals for explaining the character
of polyatomic molecules. For example
hybridizations of atomic orbitals of Be(B
(O are used to explain the formati
shapes of molecules like BeCl,

H,O. They also explain the fgrm
bonds in molecules like echyfeay

Cel,, PH, and
of multiple

arable energies.
3 dtomic orbitals must be

fectron waves in hybrid orbitals
t each other.

(b) II and III
{d) Iand III

120 hich of chere is correctly matched?

\2 Molecule
Dy

Hybridizarion of central atom

I. IE} spd
II. IC1S spd?
III BeCl, in solid state sp’
(Iv) PCL’ dsp’

(a) I and II (b) I and III

(c) II and III (d) I, Il and IV

In hepta-3-ene and l-yne, the hybridization
state of carbon arom number 2 and 3 are, respec-
tively

(a} sp’ and sp, respectively

(b) sp and sp™ respectively

(c) sp only

(d) sp and sp* respectively

191,

192, Inwhich of the following change, the hybridiza-

tion state of central atom does not change?
(2} Conversion of AICI, into AL CL

(b) PCI, into PCl

(c) Toluene into benzaldehyde

(d) 1-1=1III

(d) NH, into NCI,
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1.46 B Chemical Bonding

Comprehension-2 228. (a)(r, r), (b)-(p), {cH(q, 1), (d)-(s)
185. () 186. (b) 187. (& 188, () 229. @)s, ©), (b)(q), (©)-65), (Hp, ©
230. (a)-(p), (b}-(p, q), (c)-(p, q, £, 5), \
Comprehension-3 231. (a)-(p), (b)), (c)-(s), (d)-(r)
189. (&)  190. (a)  191. (b) 192 (d) 232. @
233.
Comprehension—4 334,
193. (b) 194. (b) 195. (c) 196. (d) 235,
Comprehension-5 236.
197. (d)  198. (b)  199. (&)  200. (c) 237.
Assertion and Reasoning Questions .
2001, (b)  202. (a) 203. (b) 204. (c) A%
205. ) 206. (b) 207. (b) 208. (@) | 24f (b)), (c}-(p), ()
209. @ 210, (@) 21 @ 212 @ | (D
213, (@) 214. (@ 215. (b) 216. (a) ( he lIT-JEE Corner
27. () 218. © 219. @) 220 (@ . © 242 by 243 © 244 @)
221. @) 222. (b) 223. (a) 22% 245. (b)  246. (d) 247. (b)  248. ()
2. @ @@ T T
@ 253, (@) 254. (b) 255. (d) 256. (b)

Matrix—-Match Type Questigl@%
257. (by  258.(d) 259. (d) 260. (d)

226. (a)-(q), (b}-(p, t), {c)-{r, 0}, (d @
261. (b) 262, (d) 263. (a)
227. (a)(s), (b)-(r), (c)-(q), {dJ—;vl(aLZ
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1.50 ® Chemical Bonding

NO,
123. Since in this structure, every atom
{except H) has a stable octer of electrons, hence

it is the mose stable one.

124. In XeF: sp’d® hybridization. Shape is square
planar instead of octahedral due to presence of

two lone pair of electrons on Xe atom,
SE: SF, molecules shows sp’d.

125. A compound is soluble in warter when its
hydration enthalpy is greater than its lacrice

enchalpy.

CuSO, 5H.O
0
{

128,

Cu™+0=5-0" .5H0

O

Here, ionic and covalent bonds are present i@

EuSD‘i while HE'D molecules are arrach
coordinate bonds.

132,

Here the order of dipole moment wil@%

(A) = (B) = (C) = (D).

16

254 =2
134. Moles of (P) = 337 @
Moles of (Q) = 89 =2 %&

135.

138.

c '
17 — 10.87 G.13
fo = c(1/8.13 4+ 1/6.13) = 3.14A

Do w8
x (g *ig) = 6.13 = 8.13 7
613 3314 -1354

Ks

14.26

180

141,

142,

Multiple Correct
Questions

148,

169.

This molecule has four carbon atoms (i.e.,

~CH = CH-and —CH = CH, ) sp® hylo™ilized.
As for them the bond angles are
BF, — 120°, NF, - 106°, PF, @ IF, -

90° and 180°, @
A%ﬁl’ ype

As I':-EF:, has thr of electrons hence it

15 INCOrTect.

pmnt— :
i ﬁs prder of

B
3
Q

. As In SFﬁ there are |2 electrons in the valence
shell of sulphur atom hence it is correct.

. The bond angle of PF, is more than PCl, because
of pni-drt bonding in PF,
As bond order of NO** and NO 15 same i.e., 2.5
so the correct order is

NO* > NO** = NO = NO.

SiF, sp’ tetrahedral non-polar
XeF, sp'd® square planar non-polar
SF, sp’d square pyramidal polar
BE, sp® rtrigonal planar non-polar
. NaHCO, —» Na' + HCO~
Ienic bond
H—0O0—C—0*®

I

G

Covalent bond

. 5nCl, has sp” hybridization and angular struc-
ture. In C5, carbon is sp hybridized and is linear.
NCO™ and NO,* being isoelectronic with CS,
have same type of shape,
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1.54 B Chemical Bonding

Solution

If there were opposite charges of one fundamental
unit, L.e.,
gq= = 1.602 x 10" coulombs, then

p=qxd

=(1.602 x 10" coulombs) = (2.6 x 10"""m)
= 4,1652 x 10" coulombs metre

Asp . =3.336 x 10 coulomb metre
Hence % ionic characterp

= 3.336 x 100¥ x100

4.1652 x10%

= 80.09 %

15. Find the dipole momentc of HCl molecule if che
band legth is [.2475 GED = 3.336 % 1 .
Solution @
1 = q.r = (L6023 x 10 CX1.2476 x@.}
= 1.999 x 10* C-m Q
e C-m,\®
= 3336x10"C-
= 5.99D
16. Explain the the nature of bonding
in LiF
(1T 1996]

LE:

Using the VSEPR theory, idencify the type of
hybridization and draw the structure of OF
What are the oxidation states of O and F?

(1T 19961

3"

18. Interpret the nonlinear shape of H.S mo
and nonplanar shape of PCl, using vale
electron pair repulsion (VSEPR) th

numberH=1,P=15,Cl=17)

IC
998]

19. of O,. Spec-

rey.
[T 2000]

Wrice the MO electron distri
ify its bond order and m@gnes)

Using VSEPR thmr@
and BrF,.
[1IT 2003]

in diethyl ether, anhydrous
,? Explain in terms of bonding.
[T 2003]

20.

G

21,

22, ape of XeF, and OSF, according to

sory. Show the lone pair of electrons

[HT 2003)

(

the basis of ground state electronic con-

D@ﬁgumtiun arrange the following molecules in

>

increasing O — O bond length order.
KO,, 0,, O,[AsF,]

[LIT 2003]

24.  Predict whether the following molecules are iso-

structural or not. Justify your answer.
(i) NMe,
(i) N(SiMe,),
[IIT 2005]

What is the effect of the following ionization
processes on the bond orders in C, and O ?

How does bond energy vary from N°, to N*,and
why?

25,
20.

27. Whart is the hybrid state of BeCl,? Whar will
be the change in che hybrid srate of BeCl, in the

solid srare?

28. BeF, and BF, both are stable inspite of contrac-

tion of octet rule, Why?

29. PX, exists but not PH,. Explain?
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2.8 B Periodic Properties

Factors Affecting Electronegativity

(i) Electronegacivity o¢ Zeff
o 1/81ze
(1i) Tonizacion Energy and Electron Affinity:
Electronegativity o lonizarion energy
o Electron affinity
(11i) Charge on Atom: The cation will be more elec-
tronegative than parent atom, which in turn will
be more electronegacive than its anion. Higher
the positive charge (oxidation state) greater will
be its eleccronegativity.
For example, Fe*’ > Fe*
(iv) Effect of Substicution: The electronegartivicy of
an atom depends upon the narure of substituent
atrached to thar atom.

For example, carbon atom in CF I acquires greater
positive charge than in CH_I, the refore C atom in
CF,I is more electronegarive than in CH L.

(v) The difference in electronegativity of an atom
caused by substituents results in different chemi-
cal behaviour of thar atom. <

(vi) Electronegativity oC s percentage

So, sp > sp’ > sp’

For example,
CEC>»L=C>C-C
!

more electronegative

Variation in Electyc i

In Period
ight in a period the

On moving from le%
electronegativity in

ty Value

Zeft increases and size

decreases. o
Order for fi negativity in any Period
IA < IIA > II A < VA = VIA < VIIA
Min, Max.
Q
For
CeN<O<F

e Al <S8i<P<8§<Cl

negativity.

Electronegativity of zero group elements is zero.

Since, they have stable octet state they 0 ten-
dency to accrace electrons.
In Group:
On moving from top to bottom i oaf electrone-
gativity decreases as Zeff d es 2R Fize Increases,
For example, K&ﬁ%
F>Cl>Br>I @
O>8>8>Te
N>Ps>As>Sh %
O\
Group = 1 (N 14 15, 16 17
2] 1) IVA VA VIA VIIA
I Period \»
1P Be B & N F
e JERT Lt e v IR O | IR ST 1
Mg Al S P 5 Cl
1.2 15 L8 21 25 3.0
a Ga Ge As Be Br
1.0 16 18 20 24 28 v
> VPeriod Rb Sr In Sn S5b Te 1 3
08 10 17 18 19 201 25 §
VIPeiod Cs Ba TI Pb Bi Po Ac £
03,09 18 19,19 176.:332
» Increases
- B
REMEMBER
Decreasing order of electronegaivicy
aF >0 >N>C >€>B
e M 3 29T 2D 2
s Almost all metalloids have nearly 2 value of
i -electronegarivity. "

Applications of Electronegativity

(1) Calculation of partial ionic character in a
covalent bond: It depends upon two factors:

(1) The electronegativity difference berween two
bonded atoms.

(i1) Dipole moment of the compound.
Hannay and Smyth Equation:
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2.12 B periadic Properties

14,

16.

[7.

8.

19.

- {a) (I {10y (111}

Four successive members of the first row transi-
rion elements are listed with cheir atomic num-
bers. Which one of them is expecred to have the
highest chird 10nization energy?
(a) 1ron (7 = 26)
(b) vanadium {(Z = 23)
{c) manganese (£ = 25)
(d) chromium (7 = 24)
Identify the correct order in which the covalent
raclius of the following elements increases

(I Ti (1 Ca
{111y Sc
(by (1) (13 (11T}
() (1103 (11) 1)

Which one of the following arrangements repre-

(c) (1) (IIT) (1T}

sents the correcr order of electron gain enthalpy
(with negarive sign) of the given atomic species?
a) S<0<c<Cl<F (W CQ<«<F<8<0
() F<Cl<0<8 (d)O<S5<F<C

The electronic affinicy values (in k] mol '} of three
halogens X, Y and Z are, respecrively =349, =33

and =325, Then X, Y and Z respectively are
(a) F,, Cl and Br, (by Cl,F, and Br,

(c) Cl, Br,and F,

(d) Br, Cl and
Which one of the following orde n
accordance with the property stat Mwat/ic?
(a) F, = Cl, = Br, > [; electronégasé
(b) F, = Cl, > Br, = 1 ; bond dissdbcagion energy
() F,>Cl,>Br,» I '}w“
(d) HI » HBr = HCI > Tic property

in warer %

A sudden large ju taen the values of sec-

(a) 1.60, 1.60
(c) .72, 1.60

{by 0.72,0.72
(dy 1.60,0.72

IN

(

21,

22,

25.

26.

27.

Amongst the following elements (whose electronic
configurarions are given), the correce i '
order of ionization energy is

(I} [Ne] 3s° 3p° (I1) [Ne] 3s
(1) [Ne] 3s° 3p (IV) [Ar] 3 p-‘
(a) IIl < . < I < IV (b) ]Vc@{[
() T<Ill<IV < Il (d) IV &1 <111

t for periodic

The sratement that is n
classitication of eleme

do not vary in a regular
th increase in atomic number.

ransition elements, the d-subshells are
1 wirh electrons monotonically wich
i rease in atomic number.

{a) very low value of -[IE,’JL and {IE}z'

(b) very high value uf{[E}ll and {IEJE.

{c} low value of (IE), and low value of (IE),.

(d) low value of (IE), and bigh value of (IE),.
Correct order of (IE) among the elements Be, B,
C,N,O s

(a) B<Be<C<O<«N

(b)) B<Be<C<N=<zOQO

{(c) Be<B<C<N<QO

{(d) Be<B<O<N<C

Which of che following order is wrong?

(a) NH, < PH, <« ﬂsHj—acidic

(b) Li < Be < B < C —(IE},

(€) ALO, > MgO < Na O < K,0 — Basic

(d) Li* = Na' < K* < Cs" — ionic radius
Amongst the following elements (whose elec-

cronic configurations are given), the one having
the highest ionizarion energy is

{a) [Ne] 3s° 3p' (b)y [Ne] 3s* 3p°

(c) [Ne] 3s° 3p° (d) [Ar] 3d" 4s? 4p°
The outermost electronic configuracion of the
most electronegative element is

{(b) ns’ np*

{d) ns’ np”

{a) ns’ np’
{C} T.I.Ez np‘i
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2.16 W Pericdic Properties

66.

67.

68.

69,

70.

71.

73

Multiple Correct Answer Type Questions
(One or More Than One Choice)

Choose the correct statement.

(a) Ce, Gd, U are lanthanoid.

(b) Cu, Ag, Au are known as coinage metal.

(c) Lialthough the first member of alkali
metal bur it is strongest reducing agent.,

(d) Reducing character decreases down the
j-..’ll'ﬂlJ]."l-

Which of the following represent the incorrect

order of 1onization energies?

(@) F>xN>0>C (b)) Fx0>N=z>C

() I>Br>F>=Cl (d) F>ClzBr>1

Choose the correct statement/s.

(a) 1s’ element belongs to p-block.

(b) [Xe] 4f"' 5d' 6s° element belong to f-block.

(c) [Ar] 3d” 4s' element belong to s-block.

(d) [Ar] 3d" 4s’ 4d" element is noble gas,

Choose the correct order.
(a) Be’* < Li* <« Ca™ < K* (ionic radii).
(b) Sulphur has highest electron affinity amon

N

chalcogens.
(c) Cl has highest negarive electron gain

(d) F is second most Elf.':;rr::=u'u.=.-g:ui-.réz»{?§‘{Z
Which of the following is/are codrder
regarding radius?
(a) Al" < Mg* < Na*
(c) Be™ « B* < Li*

%mem are artificially

(d) Cl° < § < P*
Which of the fol

pllowing pairs conrain mecalloid?
(b) Ge, Ga

D Helium has the highest ionizacion energy.
(c) Alkali metals are the strongest oxidizing agents.

(d) Carbon has the highest melting point.

74.

76.

79.

80,

S31.

-

Choose the pair in which IE of/frse
greater than lEI of second eleme in case of
IE, order is reversed. Q

{a) P, S
(c) Mg, Al

(g @E Reducing power

(d) lonization energy of rthe element

Select the process which is/are endothermic here.
(a) H+e —H"

(b) O +e O

(c) Ar—e —» Ar*

(d) X — = X" +¢

Which of the following sets of ions are isoelec-
rronic?

(a) Li*, Be**, Be™  (b) Na*, Mg*, Al*

{c} P+, &, K* (d) CI', B, I

Which of the following sequence contains acomic
number of only representative elements?

(a) 13,33,54,83 (b) 55,12,48,53

(c) 22,33,55,66 (d) 3,33, 53,87

Which of the following pairs has elements that
belong to the same period?
(a) Caand Zn (b) Mg and As

{c) Caand Ar (d) Naand Cl

Choose the correct order:

(a) Reducing strength of the element depends
on the magnitude of the ionization energy.

{b) Mo (IV) = Mo (IIT) = Mo (II)
(Electronegativity order)
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2.20 B Periodic Properties

111.

113.

(A):

. (AN

(R):

(A

(R):

lonization energy of magnesium is more
than that of aluminium.

: In aluminium 3p-orbital is completely

filled whereas in magnesium it is not com-
plecely filled.

Fluorine is more electronegacive than chlo-
rine.

Fluorine is smaller in size than chlorine.
lonizacion energy for s-electrons is more
than the p-electrons for the same shell.

s-electrons are closer to the nucleus than
p-eluctmn:-‘. hence more tightl}f attached.

117. (A)

LI8. (A):

: Oxygen after losing one electron

: In crystals of noble gases n

stable electronic configuration.

For noble gases in the solid state
tadii are actually van der Waa

operate becween che ato
Electron gain enthal ofygen is less

than that of Auorin qter than that

of nitrogen.

{R):

[onization en follows

114. (A}
(R): Li and Mg have same aromic radius.

115. (A)

Li and Mg show diagonal relationship.

tronic configuracion like ns’ type.

(R): Both are chemically inert,

116. (A):
stable than that of O.

He and Be boch have the same outer elec-

The first ionizacion energy of N is more

P q
(A) 0 0
(B) 0 0
(C) O O &
(D) O 0 . O

121. March the following:

Column I Colum

A F (p) 5 anion

B. Ci (q) tronegative

C. Br Q electron affinicy

D1 lic lusture
%ngﬂnt liquid

Column 11

(p) Halogens
(q) Inerc gases

(r)y Alkali merals
(s) Transition mertals

D. Maximum electron
affinicy

N-0O=>FE
119. (A): Second j % thalpy will be higher
tha h@n garion enchalpy.
L

(R) lom halpy is a quancirative mea-

e tendency of an element to lose

5
lectros.
120. ?@%e gases have large positive electron

in enthalpy.

@: lectron has to enter the next higher
<§ ) principle quantum level.

123. Macch the following:

Column I Column 11

A. Nitrogen (p) Meta.

B. Oxygen (q) Eleccropositive

C. Calcium (r) Electronegarive

D. Cesium (s) High ionizarion energies

124, Match che following:

Column 1 Column 11

A F, (p) Gaseous molecules
B. O, (q) Highest bond energy
C. N, (r) Paramagnetic nature
D. dl, (s) Diamagnetic

125. Match the following:

Column I Column 11
A. Reductants (p) Calcium
B. Strongest oxidant (g} Sulphur
C. Basic oxides (r) Fluorine
D. Acidic oxides {s) Cesium
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2.24 B pericdic Properties

46,

49,

50.

31.

53.

30

30.

39.

Chlorine being the group 17 element has maxi-
mum electronegacivity. "N' has zero electron
affinity because exrra stability is associated wich
exactly halt-filled orbitals. Sulphur has more elec-
tron affinity than "0’ because the effect of small
size of O atom is more chan offset by the repul-
sion of eleccrons already present in 2p-orbiclas of
O atom,

As ionization energy decreases with the increase
it number of orbirs or down the group,

As the difference berween 1 and I, is maxi-
mum so the element (P} has three valence elec-
trons as after losing three electrons it acquires
noble gas configuration,

Since fluorine atom has a smaller size than 1odine,
it has greater electron atcracting power and so it
is a betrer oxidizing agent.

Cr:[Ad) |TATITITIT T

3d° 45!

TIVIEITIT

L1

Cr*: [Ar]

d s
(by first LP.)

This is stable electronic configuracion henc%

mation of Cr'* by second IP requires m
enthalpy. @

Here, X is Mg, Y is Al, Z is 5
[ {15 )4

15
ionic, AlLO. is amphoteric and giant
molecule.

Molar volume = 26.98 cm %
a i

2,70

. 7.6 and 6.0 ¢V. The second ionization
values of Na, Mg and Al are 47.3, 15.03
8.82 eV,

Cl+e —Cl +3.7 eV
35.5 3.7 w0 23,00 keal

D

61,

G2,

63.

As energy released for conversion of 4 g gaseous
chlorine into Cl™ 1ons

. 372 2300 , 4. 9.6 kel

35.5
The difference in aromic radii is @in Na
and K.

The fitch jonizarion energy sh en increase

(most likely 1s-orbiral)
o)) is 1s” 257 2p’.

The likely electron cont)
o outermost elec-

ivalent. By similar

@A

%

Element X can lose it
trons easily. Ir is moggt 1t

reasoning eleme
compound maj

ultiple Correct Answer Type
Questions

906.

IE, of Na is greater than Mg because second elec-
ron is to be removed from stable noble gas con-
figuracion in case of sodium.

Comprehension-3

105,

106.

107.

108.

As (a) is boron and (b) is aluminium and both
these elements are present in 1A group.

As atomic radii is directly proportional to num-
ber of orbits and inner shell electrons while
inversely proportional to number of valence elec-
crons. Hence, the correcr order of size 1s

E=B=C>=Dz>A

B < C <« A =«

or
P B
-74 -83
A <« C <
or

P
1011

E < 1>

Ca

Al
=50

E <

Cl
349 kJ mol™

B <« D

Al
577

Ca
590

B
801

cl
1255 kJ mol™'
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PREPARATION AND
PROPERTIES OF
NONMETALS

R
Sk

Chapter Contents @ |

Q
rous, oxygen, sulphur and

J, phosphorous and sulphur |

Isolation/preparation and properties of boron, silicon, nitroge

BORON Q% Preparation of B0 ;
% » (a) From Borax: First of all, finely powdered borax is

Occurrence
converted into B,O, by heating it with conc. HCI
(o or H 80, as follows:

. Na,B,O. + 2HCl —» 2NaCl + H,B,O.
Terraboric acid

boric acid. Some of the important gi
are as follows:
Na,B.O, +H,SO, —» Na SO, +HB,O,
. Borox — Na,B,0_.10H,0 % =2 B S

Boron is not present in free state in nature. |
bined state, it is present in the form of

1
: i — B
2. Colemanite — CaB,H, .5 HEBOFIO0—ra1B0,
3. K ice (R . }_ O Ortho boric acid
" ernice ASOrice &
0“ S 2 A
: 2ZHBO, —= B O, +3H O
4. Hﬂmcltc—EMg,rﬂﬂk} 5y gy 2
5. Boric acid — H}E1 @ | or
6. EnmnatrﬂcalcirqDT_NaB{]:,EH (o] Na [B O,(OH),].8H O L% H,BO, B 0,
_ Orthoboric acid
: b) From Colemanite: The powdered form of cole-
Extractic Boron ( po
manite is fused with sodium carbonate and che
1. FromBagwr Colemanirce fused mass is treated with hot water in which cal-

Boron cambre extracted from borax or colemanite cium carbonate is insoluble and hence gets pre-
Ores In two steps: cipitated. The filerate solution having borax and
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Preparation and Properties of NonMetals m 35

11. Formacion of Binary Compounds with Metals

Both can react with many meeals forming binary
compounds called borides and silicides respectively.
For example,

2B + 3Mg —> Mg B,
Magnesiom boride

A
(In absence of air)

Si + 2Mg

» Mg 5i
Magnesium silicide

Some of these borides and silicides on hydro-=
lysis results boranes and silanes, respectively.

SILICON

Silicon is the second most abundant element (28 per-
cent by weight) in earth cruse, It is widely present as
silica (5:10.),

Three crystalline modifications of $i0), are quartz,
cristobalite and tridymite of which first two are impor-
tant. Quartz is used as a piezoelectric material.

Silica occurs as silicates mainly because silica has
a great affinity for oxygen. For example, aluminium
silicare {Rock clay} (most widely distriburted).

Preparation

1. From Silica

Here silica is reduced by coke inan ele@t

to get silicon.

310, + 2C —— 5i + 2C0

Si+ C— 5iC
25iC + S0, > 38i +
Cry
2. Silica can also be iptn silicon by magne-
sium powder.
O
5i0, + 3Mg -—N 2MgQO
rphous form
3. From Silicéy T& loride

Physiochemical Properties

It is a very hard solid element which has -
tropic forms i.e.,

(a) Amorphous: It is dark brown poy
reactive form.

1.

{b) Crystalline: It is yellow I:E..“i&‘;‘ solid, iso

seructural to diamond and &,
2. Reaction with Metals
It combines with me silicides.

For example,

. Solubiliey @ §
It disselyesy a regia and alkalies. It gives a
silicare o with alkali.
For e le%
H + H,0 —» Na SiO, + 2H,0
4, h
0

i +2H,0 —» Si0, + 2H,

2Mg + Si

eam
mpases steam as follows:

iy

@ Ignition

& Amorphous silicon can burn with O, and F,.
5i+ 0, — 5i0,

Si + 2F, ——» SiF,

Uses
. Silicon chips doped with P, As, Al or Ga ro

enhance the semiconductor properties are used for
computing devices.

It is used in the manufacture of many alloys wich
high strengch, hardness, resistant power against
acids like ferrosilicon, manganese silicon, bronze
etc. Ferro-silicon is used to prepare acid resistant
steel,

NITROGEN (N,)

It was discovered by Daniel Rucherford who called ic
foul air or mephitic air (killer of life). Lavoisier estab-
lished its elemental nature and called it Azote (means
withour life). The name nitrogen was derived from

It is purified by zone refining process.

nitre in which nitrogen element is present.
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Preparation and Properties of NonMetals B 3.15

CHLORINE
It was discovered by Scheele and named by Davy.

Occurrence

It occurs in combined state mainly in nature in the
form of following chloride ores:

Sea warter: [NaCl]

Carnalite: MgCl KCL.6H,O

Horn Silver: AgCl

Sylvine: KCI

Chlorapatite: 5{:35(13'{3 o, CaCl

Preparation
1. By the Oxidation of Hydrochloric Acid

Hydrochloric acid can be oxidized into chlorine
by using any of these oxidants MnO,, KMnO,,
K Cr0,0, Pl:l_'D PbO,, etc.

- gy 34

HCI + oxidizing agent ——= Cl_ 1
For example,

K Cr,0, + 14HCl —» 2KCl + 2CiCl + 7

2KMnO, + 16HCI —» 2KCl + 2

Pb.O, + 8HCl —» 2PbCL, +} :

NaClO + 2HCl —» NaCl * M0 + Cl,

2. Prom Metal Chlorides
W hen any metal chlonde

MCl + MnO,

For nf::vzan‘n]:-IE,Q
2NaCl + n%ﬁ\ﬂrm* ——» 2NaHSO,

\ xidarion of HCI using MnO2:; When concen-
ey} HCI 15 heared with Mnﬂz in a round bottom

sk, chlorine is formed.

MnO, + 4HCl —» MnCl, + CL + 2H O

~

(11) By the oxidation of HCIl using KMnQ : When cold

and concencrated HCl is creared wich n0O,,
chlorine is formed.
2KMnO, + 16HC] ——» 2KC(l

g;@ +5C1,
first passed

In both chese methods
through water and the
H 50, o remove HCI \Ras™ud water vapours,

respectively. Here, ch eollected by upward
displacemnent of ai%

FtC]z + Clz
2AuCl + 2C,

SupY  concentrated

H35 K

Pr + 2C1,

438 K

2AuCI,
%Q 2Au + 3Cl,

3 tyh's Method
chlorine can be obtained by the oxidation of
| by air in presence of catalyst cupric chloride

@t 400-450°C.
D)

CuCl
4HCI + E’l:, % Cl? + EH_,EI

g:1

Here, the catalytic action of cupric chloride can
be explained by the mechanism given as under,

2CuCl, HIBLEmP . oy 1 4+,

2Cu Cl, + O, (air) — 2C0, OCl,
Copper oxychlonde

Cu,0Cl, + 2HCl —» 2CuCl, + H O

Here, chlorine is associated with HCI, air
(O,, N,} and steam. From it HCI] and water can
be removed by passing it through washing tower
and drying rower, respectively. Now chlorine has
impurities of O, and N.. Cl, 1s made moisture free
by conc. H 80 .

By the Electrolysis of Brine Solution
Cl, is also prepared by the electrolysis of brine
(aq NaCl) ar anode E:l-].r using Nelson, Castner-Kelner

or salvey cell ecc.
NaCl === Na" + CI

HO===H"+0H"
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Preparation and Properties of NonMetals B 3,19

4. Omdizing and Bleaching Agent
Br, acts as an oxidizing agent and a bleaching agent
as it generares nascent oxygen as follows:

Br,+H O —» HBr + HOBr —* » HBr + [O)
It can oxidize Kl into wodine.

2KI + Br, —» 2KBr + 1,
It can oxidize sulphites into sulphares

Na, 8O, + Br, + HO —» Na SO, + 2HBr
[t can oxidize thiosulphate into sulphate.

NaSO +Br, + HO——>NasSO +8
+ 2HBr

[t can oxidize arsenites into arsenares.
Na AsQ, + Br, + HO = Na AsO_+ 2HBr
It can oxidize hydrogen sulphide into sulphur.
HS+Br, —» 2HBr + 5§
It can oxidize 50, into H 50 .

SG: + Brz + EHEE} —» 2HBr + H 50, §<
5. With Ammonia \
Bromine reaces with ammonia as follows: %
I'«IH_1 +3Br, —» NBr} + SHBr @
Excess %
8NH, + 3Br, —» 6NH Br + ;@
Excess
f. Wicth Mercuric Oxide %

D

It reacts wich mercuric a ' € mercury oxy-
bromide, However, if G‘Jﬁ) vapours are passed
S i

5 formed.

C,H, + Br, ——-» C_H Br + HBr

Uses

1. It is used to prepare tetra echyl lead ('TEL)

antiknocking substance. i

W, € H, Br+HB

CH, +Br,—
4E2HﬁEr + 4MNa — Pb —»{ Elg@
aBr + 3Pb
. AgBr s used in photogra Q
The major use of brﬂmigj' the manufacture of
I‘% as an addirive to

ethylene bromide w

means violer). It 1s the rarest halogen wich

ic lusrure,

cocurrence

It 15 present in combined state in the form of salrs Like
wdides, 1odares erc.

Main Source
The main sources of 1odine are

(i} Kelp (ash of sea weeds like Laminaria) | % metal iodide
(i) Caliche or Crude chile salt petre: NalO, (0.2 %)

Preparation

1. From Kelp

On commercial scale iodine is prepared from kelp
which are the ashes of sea weeds like laminaria.
Kelp has many salts of Na and K like chlorides,
carbonares, sulphares and iodides. Here, iodides
are in solution. When chis solucion (mother Higuor)
is heated with concentraced sulphuric acid in pres-
ence of MnO, in iron retorts, 1 is formed which is

sublimated in pure form,

2Nal + 3H SO, + MnO, > 2NaHSO,
+MnSO +2HO+1 1
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30.

37

M.

39.

40,

41,

42,

43,

4

5

{c) A solution of KHFI in KF

(dy A molten mixrure of Ca (PO,),.CaF, and
crvolite

Boro and silicon resemble 1n all respects except

(a) boch form halides which are Lewis acids.

(b) their chlorides hydrolyze to their respective acids.

{c) both form acidic oxides.

(d) cheir hydrates are stable.

Fluorine shows only one oxidation state (—1) because

it has

{a) asmall covalenr radius

(b) a low bond energy

(c) a high electronegativity

{(d) no d-orbital available for bonding

Which of the following properties is nor exibiced

by nitrogen?

{a}) Supporter of life

(b) Catenation

{c) Low boiling point

(d} Hydrogen bonding

Which of the following halogens is extracred

from sea-weeds?

@ 1, b) Cl, N
(c) F, (d) Br, \
Na,5,0, 1s reduced by [, ro: %
(a) Na SO, (b) NaHSO, @

() Na S (d) Na$.0 %
Fluorine reacts with HJS to prod %

{a) §and HF () SF, &

(c) SF, (

Which of the following h nd energy?

(a) H, )

(ch O,

The element evaly,

tion with con&

{a) S
{c} Sn %7
yasen oxidizing agent when it reacts
(b} O,
; (d) FeSO,

A-l [} x "
ﬂst reactive and least reactive forms of

phphorous are respectively:
(a) White and black phosphorous
(b) White and red phosphorous

(

46.

47.

48.

3l.

= i

33.

54.

(c) Red and white phosphorous
(d) Scarlet and red phosphorous

Which of the following noble gases is
polarized?

£ L

(b} Rad
(d)

The electrolysis of brine pro
fa) NaOH and NaEI'D}

(b) MaCl and NaClO
(c) Only Cl,
(d) Cl, and NaQ

Diamond is

{a} Xenon
ic) Helium

lectrons are bonded to
oms by covalent bonds.

It

(b) Radon
{d) Xenon

The high oxidizing power of fluorine is due to

() low heat of dissociation and high heat of
hydration.

(b) high hear of dissociation and high heat of
hydration. '

() high electron affinity.

(d} high heat of dissociation and low hear of
hydration.

Fluorine reacts with aqueous KCIO, to produce
{a) KCI (b) K{:lﬂq

{c) KCIO (d) KCIO,

Deep-sea divers breathe using a mixture of

{a) D.e and He (b} Dz and H;:

{c) O and Ar () 0O, and Kr

Which one of the following pairs is obtained on
hearing ammonium dichromate?

(a) N, and H,O (b) NO and NO,
() N Oand HO (d) NO, and H,O

In the manufacture of bromine from sea water,
the mother liquor containing bromides is treated
with

{b) 1odine

(d) carbon dioxide

(a} chlorine
(c) subphur dioxide



ﬁ‘
You havemﬂﬁﬁmﬁftﬁggﬁle forviewing or reached your viewing limit for this
A\ 0

biook,



ﬁ‘
You havemﬂﬁﬁmﬁftﬁggﬁle forviewing or reached your viewing limit for this
A\ 0

biook,



ﬁ‘
You havemﬂﬁﬁmﬁftﬁggﬁle forviewing or reached your viewing limit for this
A\ 0

biook,



Preparation and Properties of NonMetals B 3.33

(c) 30 pentagons and 20 hexagons. 97. Very pure silicon is an insularor, bur becomes a
(d) 24 pentagons and 36 hexagons. p-type or an n-rype semiconductor when do
with a

92. In which of the following reactions is Cl, (gas)

produced? {a) Group 12 and a group 16 element, @
I vel
(a) KCl+ Br,—> respectively @

by G 4 and 6 el :
(b) NaCl + K Cr,O, + conc. HSO, — » (b) Group 4 and group 6 element

respectively
(c) NaOCl+NH, — e e ——— NY
(d) Ca(OCI)C1 + H,O0 —> B m@
93. Helium is suirable for low temperature gas cher- {d) Group 13 and a group 15 i
mometry because of its respectively

(a) High boiling point and high polarizabilicy. 8 Chlosi L, | | g g
(b) Low boiling point and near-ideal behaviour. 28 S L s R N et e i

; . HCl in air in the ? =4f ) CuCl, catalyst at
(c) High transition temperature. 450°C. The pr v as the

(d) Real behaviour. @ Neimnﬁ@
94. Phosphorous is obtained by the reducrion of (b) Deacon proc
phosphate rock using (c) Solva
(a) Al at high remperature. (d) Chigfi s
(b) Coke and silica at high temperature, %
99. osphorous reacts with calcium to

(c) Silica at high temperature.

(d) Fe,0, and coke at high temperature. r ertain compound which, on hydrolysis,
i ces
95. Very pure silicon is prepared by PO ®) PO
(a) Heating SiO, with KE @ O O
PH d) PH
(b) The electrolysis of SiO, in SiF . 7 ¢} PH, (d) PH,

(
(c) Reducing pure silicon tetrachloride with Q@D Cl, reacts with dilute NaOH and concentrared
)

magnesium. NaOH to, respectively produce
€y Decomposing. K1 SE. % (a) NaClO, and NaCIO
96. NaHSO, reacts with F, to produce maj % (b) NaClO and NaClO,
(a) Na 50, (b) Na$,0 & (c) NaCl and NaClO,

(c) Na,5,0, (d) NHH:E (d) NaClO and NaClO,

101. Which of thgfONowing halogens does not turn 103, Electrolysis of aqueous solution of Brine
starch iodi lue? (NaCl) gives
(@) I (b} F, (@) O, (b) NaOH
(c) (d) Br, (c) H, (d) Cl,
102. lod s with hypo to give 104. Cl, reacts wich hot aqueous NaOH ro give
(a) Na, (b) Nal (a) NaClO (b) NaClO,
(c) Nalﬁﬂﬁ (d) Na, 5.0, (c) NaCl (d) ]'."*»hl.'l'_:llflll5
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Preparation and Properties of NonMetals B 3,37

(B}

148.

(R):

149, (A):

(R):

150. (A)

{A):

There is a repulsion operating between
the nonbonding 2p electrons on the
bonded F-atoms.

In presence of moisture, Cl, can act as an

oxidant and bleaching agent.

Chlorine reacts with moisture to give
HCI and HCIO. HCIO being less stable

decomposes to give nascent oxygen.

Deep sea divers use heliumoxygen mixture
for respiration.
Helium is inert in nacure.

Iodine is liberated when KI is added to a solu-
tion of Cu®* ions but li'_:l2 1s not liberated when

K.Cl is added to a solution of Ci** ions.

(B): I” ions are strong reducing agent

B 5

(A

whereas as Cl™ 1ons does not ace as
reducing agent,

Bond strengths in cthe nitrogen, oxygen
and fluorine molecules follow the order
N, >0,>=F.;

(A)
(B)
(C)
(12

o I - o B o s

. Y- monoclinic

Q (p) Crystalline form yellow
crystals

(q) Fibrous or rubber like

(r) Puckered S, rings (crown
configuration)

(s} 5, rings, chair confor-
martion, unstable

(R)

152, (A

(R):
(A)
{R.):

153.

154, (A)

{(R):

135.

The electronegativicy increases in the
order N<O<E

Fluorine acts as a stronger oxidizing
than oxygen.
Fluorine is more electronegative((h

Inodine is less soluble in {eker.

In §, molecule, S i
rwo S atoms. %
Each S atom A: olecules is sp® hybrid-

) pairs of electrons

d, havifiz e te
i

oxidation state of +1 and 43

2% | -
in_the @pﬂunds ICl and ICI,, respec-
Q

coming below the halogens F, Cl
Br in the halogen group of elements

degree of electropositive nature.

@" the periodic table shows a higher

157. Macch the following:

Column | Column 1l

A. Boron {p) Amphorteric oxide
B. Carbon (q) Acidic oxide

C. Silicon (r) Catenation

D. Phosphorous (s) Allotropy

158. Macch the following;

Column | Column I

sl o (p) Metallic lusture

B. Cl, (q) Most electronegarive
C.. B, (r) Highest bond energy
.1, (s} Reddish liquid
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3.46 B Preparation and Properties of NonMetals

Two adjacent layers are bonded by p electron
Interactions.

On the other hand, Si does not form graphite
like structure because

(i) The size of Si atom is larger chan that of
carbon. The overlap of two 3p orbitals

Questions For Self Assessment

13, Given reasons for the fﬂllﬂwing:

(1) Carbons acts as an abrasive and also as a
lubricant.

[T 1981]

(i1} Sulphur melts to a clear mobile liquid ar
119°C, but on further heating above 160°C,
it becomes viscous.

[T 1981]

(i11) Graphirte is used as a solid lubricant.

[T 198
14.

Give reasons for the f'ulluwing:

(i) Fluorine cannor be prepared from
by chemical oxidation.

(i1) Valency of oxygen is gemi'r&g‘%

sulphur shows valency

resules in poor overlap and hence a weaker
bond

(i1) The catenation tendency to
structure by Si atom is ve
Si—Si bond energy is lower
energy.

iofi€nergy of F, is less than

(11T 1992]

15. % reasons why elemental nitrogen
ists as a diatomic molecule whereas

@ elemental phosphorous as a tetraatomic
(11T 2000]

(if) The O-0O bond energy is less than the 5-§
bond energy. Explain.

molecule,

{1) Write the two resonance structures of ozone
which satisfy the octet rule.

(i1) O, is inerc room temperature. Why?

(iii) Red phosphorus is denser and chemically

less reactive than white phosphorus. Why?
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4.4 M Compounds of Lighter Metals—|

Na, O +HSO ———» NaSO+HQO,

Na 0, +2H SO, % » 2NaSO, + 2HO+0,

. As a Powerful Oxidizing Agent

Being a strong oxidizing agent it oxidizes chromic
compounds into chromares and sulphides into sul-
phates erc.

3Na,0, +3H.,0, » GNaOH + 3[0]
2CHOH), + 4NsOH 3[0] — > 2Na GO, + SH.0
2CefOH), + 3Na, 0, » 2Na CrO,

+ 2NaOH + 2H O

» (CH.CO), O, + 2NaCl
Benzoy] F-EF;JIJJI:'

2C,H COCI+ Na 0,
Benzoyl chlonde o

6. Action of CO and CO,

It reaces with carbon monoxide and carbon dioxade

to form sodium carbonare as follows:

Na, O +CO-—— » Na CO, <
ZNa,0, + 2CO, —— 2ZNa CO, + O, @
o

div-

Uses

As it readily combines with CO an
used for the purification of air in s
ing bells and other confined sm%

[t 15 used as an oxidizing agen

. Tt is used in the pr
_,._,

C;-)n- | peroxide, sodium

R ehis thethod a suspension of lime [CaO + Ca(OH}) ]
is rreated wich sodium carbonare to obtain NaOH as

tollows:

Na,CO, + Ca(OH), ——» 2NaOH + CaCO,
{ag. ) tig).)

out and evaporated to dryness to o rystalline
form. This NaOH is not pure and hsuagjpuricies like

CaCO, Na CO_, Ca(OH}, erc; >

Lowig’s Method @
Here a mixture of %
is heated in a rev .(_ nace upto redness to get
sodium ferrite w \.’ ¢ of all cooled and hydro-
lyzed by h

VN
s ‘ N
v Q}i solution and in soluble
ferric oxide.
upto d c%%

nare and ferric oxide

tion is filtered and evaporaced

the flacks of NaOH.
Fussion
%@' Fi:‘h,f_:ll -_m"’ EHQFED:
H_ )
e} —;———-:r 2 NaOH + Ft_,D;

>
L both Gossage and Lowigs method, the ininal
2 aterial is sodium carbonare,

Modern Method or By Electrolysis of
Brine Solution (aq. NaCl)

For the elecrrolysis of aqueous NaCl electrolytic cells

like Nelson, Castner—Kelner, Salvay cells are used.
Here NaOH, Cl,, H, are formed.

Reactions

NaCl «—» Na* + Cl

H.O <> H"+0OH
At Anode

201 =— Cl, + 2¢
At Cathode

2Na* +2e" ——» 2Na

2Na+ 2H.OH ——» 2NaOH + H,T

As here chlorine can react with NaOH solurion even
in cold hence it is necessary that it must be kepr away
from NaOH by using a porous diaphragm or by using a
mercury cathode so that this reaction can be checked.

2NaOH + Cl, — —» NaClO + NaCl + HO
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48 m Compounds of Lighter Metals-|

. Heating Effect

On hearing it changes into anhydrous sodium car-
bonate as follows:

HEJCDﬁ. }.DH:G T]‘IJ‘GF NHELD}

Strong

. With Acids

It is easily decomposed by acids as follows:
Na,CO, + HCl —— NaHCO, + NaCl
NaHCO, + HCl —» NaCl+ HO+CO, |

. With CO,

When CO, is passed through the concentrared
solution of sodium carbonare, sodium bicarbonarce

gets precipitated.

. With Silica @%i
When it is treated with silica it gives
cate as follows: %

» Na S0, @

Sodium silicare is known ater glass or
soluble glass as it dissolyes

Na,CO, + H O + CO, —» 2NaHCO,

Na,CO, + SiO, -

. With Sulphur an ur dioxide

sodium carbonate is
created wich de and sulphur, sodium

thiosulphate 15

ts of NonAlkali Metals

with salts of nonalkali mertals to form
le normal or basic carbonares as follows:

(a) With Lead Acetate: When it is treated with lead

3(CH,COO0)Pb + 3Na,CO, + HO —»

EPECDFE{'DH]E + CDJ + 6C
Basic lead carbonate

3 a

(b) Reaction with Copper Sulp

treated with copper sulphate it s Pasic copper

carbonate as follows:

NG

2CuSO, + 2Na,CO, + Cu(OH),
. +CO, + Na,SO,

copper carbonare

: When it is treated wich

"“J %) basic zinc carbonate as

5&@&@ +4H O ——» [3Zn{OH),
2ZnCO .H O + 3CO, + 5Na SO,
(@ ; Basic zinc carbonate
nates of some metals like Fe, Al, Sn undergo
@ : b- rolysis at once into hydroxides as follows:
9 Fe (SO ), + 3Na,CO, —» FEEECUﬂi + 3Na,50,
D>

e
Fe,(CO,), + 3H,0 —» 2Fe(OH), + 3CO,
Uses

. It is used for softening hard water, refining of pet-

rol and in the manufacture of glass, borax etc.

. Na,CO, + K,CO, is a fusion mixture hence it is
used in guantitative and qualitative analysis.

. It is used for washing purpose in laundry.
4. It is used in paper, texcile and paine industries.

5. Na,CO, gives pink colour with HPH, yellow
colour with MeOH or methyl red and blue colour

with red litmus.

Sodium Bicarbonate or Baking Soda
(NaHCO))

Preparation

It is prepared by passing carbon dioxide through a
sarurared solution of sodium carbonate as follows:

acetate it gives basic lead carbonate as follows:

Na,CO, + CO, + H,0 —» 2NaHCO,
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4.12 B Compounds of Lighter Metals-I

2. Irs mixture with Na CO, can be used as a fusion
mixture in laboratory.

Potassium Bicarbonates (KHCO,)

Preparation

It is prepared by passing €O, through cold sarurared
solution of K, CO.

K,CO,+HO +CO, — » 2KHCO,

Physiochemical Properties

1. Irisin the form of white powder,
2. Chemically, it resembles NaHCO, except that it
is more soluble in water.

Uses

It is used in making powder and medicines,

Potassium Chloride (KCl)

carnalice (KC1L.MgCl, 6H O).

Occurrence: It occurs as sylvine (KCl) and a<

SO

Preparation

From Sylvine (KCI)

It is a mixture of KCl and NaCl., Whe
hot saturared solurion of che mixed

cooled, KCI separates our and Na@Q\s e
the solution.

From Carnalite (K 6H,0)

It is always found mix aCl and MgSO,. To
remove NaCl and ore 15 grounded and
extracted wich a ucion of MgCl . Carnalice

dissolves while g50, remain undissolved.

These are filte the solution which contains
only carnalite\sc ized so that cubic cryseals of KCI
separate ou hind MgCl_ in the solution.

& colourless crystalline solid having cubic
Is.

2. lts melting point and boiling point are 768°C
and 1411°C, respectively.

3. Itisextremely soluble in warer and closely resem-
bles NaCl in most of its properties, exc '
solubility increases rapidly with the

and is more readily fusible. @

sium and ics

1S
CLre

Uses

1. Itis used in the manufacr
compounds.

zer (K-type fertil-

2. It is used as a porass)
j ium (as K O) ro rhe

Iser), since it sup
soil.

Potassiu
Prepar‘i(r\\%%

o—enferric wodide and porassium car-
e rreared as follows, potassium iodide is

» 8KI + 4C0,
+ Fe(OH) . 2Fe(OH),
ppE-
From here the precipizate can be easily fil-
tered off and che solution on crystallization gives
the crystals of KI.

2. When KOH ar KECDS are treated wich HI, Kl 15
formed as follows:

KOH + Hl ——» KI + H O
K,CO, + ZHl —» 2KI+ CO, + HO

4. When iodine is heated with hot and conc. solu-
rion of KOH, Kl and I{ICI,P solution is formed
which is evaporated to dryness and the obrained

solid residue is ignited with powdered charcoal to
obtained KI as follows:

31, + 6KOH ——» SKI + KIO, + 3H,0
KIO, + 3C ——» KI + 3CO

Physiochemical Properties

1. It is a white crystalline solid which is highly sol-
uble in water and alcohol.

2. It dissolves free iodine and forms KI, .

Kl + [J N KIJP
Unseabile
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416 m Compounds of Lighter Metals-|

4. It is used for filing rubber.

5. When it is mixed wich asbesros it can be used as
an insulator for steam pipes and boilers.

Magnesium Hydroxide Mg(OH),

Mg(OH), occurs in nature as brucite.

Preparation
From MgO

It is prepared by dissolving MgO into warer as
follows:

1.

MgO + H,O ——» Mg(OH),
By Treating Magnesium Salt with Alkali

MgCl, + Ca(OH), » Mg(OH)_ + CaCl,

MgCl, + 2NaOH » Mg{OH}, + 2NaCl

Physiochemical Properties

It is a white powder and partially soluble in wacer.

(

M %t§
Ie dissolves in ammonium chlonde solucion %
ing a complex on. It partly explains wh
sium does not precipitare wirth the h of

Al, Cr and Fe in IlIrd group of quali ysis.

It is a basic oxide and ftorms salcs wich acids.

On heating, Mg(OH), decomposes to form

L e ot AL

Mg(OH), + 2NH,Cl —» Mpe +

O

on used in medi-
Ik of Magnesia’.

1 OH
=

1. Mg(OH), is an aqueou
cines as an antacid,

Magnesium ¢ te (MgCO,)
, occurs in olomite, MgCO,.CaCO, and
as magnesite

yting an aqueous solution of
sium salt with NaHCO,

MgSO, + 2NaHCO, —» MgCO, + Na SO,

,,,,,

2. By passing CO, through suspension
of MgO in water

MgO + H,0 + 2CO, — > Mg(HC

Mg(HCO,), + MgO —» 2MgC8
From Magnesium Sul t%

Sodium Carbonate

¢ the reaction of
te of basic magne-
ba is obtained firse
and CO, is passed into
arbonate (fluid magne-
iling gives magnesinm

It cannot be directly o
these two as a white

%Q Mg(OH), + 2Na SO, + €O,
@ gOH), +3CO, +HO ——»
@ ZMg(HCO,),

,—» MgCO_ +CO_+HO

iochemical Properties
1.

2. On suspension in water and by passing CO, it
forms Mg(HCQ,),.

MgCO, + HO + CO, ——» Mg(HCO,),
Magnesium bicarbonare

It 15 a white solid powder which is insoluble in water.

. With Acids
It dissolves in acids giving salts as follows:
MgCO, + H,S0, — MgSO, + H,0+CO,
MgCO, + 2HCl —— MgCl, + H, O + CO,

. Heating Effect
MgCO, —2-» MgO + CO,

Uses

1. (MgCO.), [Mg(OH},].3H,0 (magnesium alba) is

used in tooth powder as an antacid and laxative,

It 15 also used in the manufaceuring of glass,

+HO+CO,

ceramics etc.
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4.20 B Compounds of Lighter Metals-i

On hearing with chlorine, slaked hime gives
bleaching powder.

SN . BPOWE <~ 5 5 1

Ca(OH),
) e Blm::hin'g powder

When it is heated with chlorine upto redness
or with NH Cl, calcium chloride is formed,

Cl, red b
Ca(OH),— " » CaCl,

NH Cl
Ca(OH), ————» €aCl,+ NH,

Uses
1.

It is used in softening of warter, purfication of
coal gas, sugar etc.

2. It is used in the manufacturing of bleaching pow-
der, sodium carbonarte etc.
3. It is also used in making of mortar and plasrer

used as building materials.

Calcium Oxide or Marble or Lime

Stone (CaCO)) @
In nature 1t occurs as lime stone, ice land spar, @
and shells of sea animals.

Laboratory Method @

In laboratory it is prepared b}'g%% CO, through

Preparation

lime warer or by adding § onate solution
into calcium chloride as fol

Uses

. It is used in the preparation of ce
soda (NaHCO, by Solvay method

. Marble in used as a building
. Precipitated chalk is us
paints, medicines and tpath

N)

sulphate is

F'rep ;
In | vt 15 prepared by the reaction of calcium
carbehate_apnd

|; calcium chloride with dilure acids as

I £ CO, + H SO, —» CaSO, + H,0+CO, T
ND) CaCl, + HSO, —» CaSO, + 2HCI
2 CaCl, + Na 8O, —» CaSO, + 2NaCl

Physiochemical Properties

l. Ir is a whire crystalline solid which is parcially

soluble 1n warer and its dissolucion in warter is
exothermic,

. It also dissolves in dilute acids, ammonium sul-
phate etc.

. Heating Effect: On heating, gypsum gives plaster
of paris (Calcium sulphate hemihydrate). Plaster
of Paris when mixed with water, gives a hard mass
with light expansion. Gypsum on hearing ar 200°C
gives anhydrous calcium sulphate known as dead
burne plaster.

120°C

2CaS0, 2H,0 >

-
sercing {AH = —Ve)

(CaSO), HO + 3H O
Plaster of Paris
i

l 2000

2CaS0, + H.O

CaCO, + 2HCI

> CaCl, + HO + €O, 1

Dead burnt plase
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4.24 B Compounds of Lighter Metals-|

3. In alum crystals, 6 water molecules are held by
monovalent ion, & water molecules are held by
trivalent ion, 12 water molecules are held in the
crystal strucrure,

4. Aqueous solurions of alum are acidic due to cat-
ionic hydrolysis of trivalent cation.

5. Feature alum or Hair-salt ﬁ135D4.18H2{] 15 a

native form of aluminium sulphate.

6. On heating an alum at high temperature the
alum swells up into a porous mass which is
called burnt alum.

7. Alums act as coagulanes as they are effective in
precipitating colloids.

8. Alums have germicide properties.

Potash Alum K SO_.Al, (SO),.24 H,O

Preparation

1. From Bauxite or Aluminium Sulphate

When bauxite is boiled with sulphuric acid
solution of aluminium sulphate is obtained. I

it K50, is added in a calculared amount fgl <

lowed b}r concentration and cooling to geesth

crystals of alum. Gi
ﬂlzﬂa + 3H25f_}_1 e ﬂlziﬁﬂ_i}} + 3(—@

ALSO), + K 8O, + 24H,0 —

1{;0@. 24H O

Porash

X

solution, the resultant solution on cooling gives
the crystals of alum,

K,SO,. AL(SO,), 4ANOH), + GH,

Alum stone

K SO, + AL (SO,), + 2411%@ K SO,
@ (S0,), .24H0

1

2. Tt is sol I:-i ot 5
acidic ic hydrolysis of Al (SO,),. The
ag has K*, A" and 50 7 .

3. Heating ct: On heating it swells up due to
el@@%m of warer molecules as follows:

:;2 L.M? (30,), .ltinD

473 K

I‘:ESGq
Q) AL(SO)), + 24H.0O
K.SO, ALSO), 2 5 K 50, +ALO,
+350,

Uses of Alums

1. As mordent in dyeing.
As a syptic to stop bleeding.

. In ranning of leather.

L

In purification of water (negative impurities in
warer).

5. Itis used in sizing of cheap quality paper.
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4.28 B Compounds of Lighter Metals-|

42. The hydration energy of Mg ions is higher

than thar of
{a) Al (b} Be™t
(c) Na* (d) MNone of these

Plaster of Paris hardens by

(a) changing inte Ca0

(b} giving out water

(¢} utilizing water

(d) giving oft CO,

An FeCl, solution reacts with sodium hydroxide
to produce

(a) Fe O, - (b) Fe,O.nH O

(c) Fe O, and FeO  (d) FeO and FeCl,
Which of the following set of raw mareriais are
used in the manufacturing of Na,CO, by Solvay
pIOCess?

{a} CaCl, NH,, CO,
(b} NaOH, NH?-' O,
{c} NaCl, NH,, CO,
(d) CalOH}),, NH,, CO,

d4.

45.

46.
in NaOH solucion?

{a} Pb(OH),, Sn(OH),
{b) AI{E'H:IB, FE{CIH:li
(c) Zn{OH),, Cu(OH),
{d} Cr(OH),, Sn(OH),

A burning strip of mag
INTO a jar concaininga g
walls of the containe

47. 15 introduced

a5, T sometime, the
ared with carbon, The

gas in the containen)
@ HO %} o,

wing pairs, both species on
dergo any chemical change?

48.

. On reaction with B&{GH]E gives

a) BaCl O,
(b) Ba(ClO,), + Ba(ClO,),
(c) BalCl,O}), + Ba(ClOQ,),

In which of these pairs both species are %@

(d) Ba(ClO,),+ Ba(ClO)),

50. Halides of alkaline earth metais fo drates
such as MgCl .6H O, CaCl .6H, I2H O

i
51.

@%@? A

54.

35.

56.

37,

and 5rC1.2H O. This show des of

group 2 elemenrs;

(a) can absorb moisture foryai
(b) acras dehydr&ring%is@
(¢) are hydroscopic @ £
(d) all of the a
Which of the f is correct?
O to carbon.

PR process of sodium extrac-

insoluble in  sodium

(@) Fe(OH),
(c) Cr(OH),

(b} AOH) A
{d} Both (a) and (c)

The metal (M) is prepared by the electrolysis of
fused chloride. It reacts with hydrogen to form a

colourless solid from which hydrogen is released
on rreatment with water. The metal (M) 1s

(a) Ca (b)y Al
{c) Zn {d) Cu

The magnetic moment of KO, at room temper-
ature is

{a) 1.435BM (d) 2.64BM
() 2.41 BM (dy 1.73BM

When washing soda is heared

{a) CO, is released

(b) Warter vapour is released

(c) CO, is released

(d) CO + CO, is released

Sodium peroxo borate, Na [B (O) (OH) ] 6H O
is a constituent of

{a) Bleaching powder

(b) Rocket propellants

(c) Washing powder

(d) Baking powder

Solvay process converts which of the following
into soda ash?
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4.34 B Compounds of Lighter Metals-|

I11. Nitrogen dioxide can be obrained from (a) All form ionic hydrides (MH).

(a) NaNO, (b) Cu(NO ), (b) All form (MNH ) amide.

(c) AgNO, (d) Hg(NO), (© All form nicrides. ®
112. Aluminium becomes passive in (d) All form superoxides (MO,). @

{a) HCIO ; (b) Conc. HCI 120. Which among the Fﬂllﬂwing CL@ § are not

(c) Conc. HNO,  (d) H,CrO, paramagnetic? N
113. Select the correct statement(s), (@) KO, T@

(c) KO
(a) Be dissolves in alkali forming [Be(OH) ] :

121. Which of the folloy
(by BeF, forms complex ion with NaF in when a mixrure of

which Be goes wicth cation. warmed with
(c) BeCDi 15 kept 1n the atmosphere of (:DE (a) The vapoms assed into NaOH solu-
since, it 15 least chermally seable. tio ' H solution of Na,CrO .
(¢ BeF, forms complex ion with NaF in () vapour is evolved.
which Be goes wich anion. (<) mﬁﬂ oo et )
11 nich of the following oxides isfare amphoteric? yl chloride is formed.
Na,O () GO 122 of which of the following elements can
wy ALO, (d) SnO,

115. Alkali merals are characterized as

) {b) Li
3@ (c) Mg (d) Rhb

@i Which of the following carbonates can evolve

(a) Good conductors of heat and electricity.
(b) High reducing nature.

§
(c) High melting poine, Q

(d) Solubility in iquid ammonia.

CO, on heating?
(a) Na,CO, (b) Rb,CO,
116. Which is true abour beryllium? (e} Li,CO, (d) MgCO,
")
1 .

124. Sodium sulphate is soluble in warer whereas

(a) Be(OH), is basic in nature on
) barium sulphate is sparingly soluble because

(b) Beryllium halides are electro
(¢} Aqueous solurion of BeCl ' {a) the hydrarion energy of sodium sulphare is
(5 ¥ Poirns vaeual cachs more than its lactice energy.

11‘?- ThE Flili.l." uf fﬂmpﬂu il Cannoc EIII.EI (h} thE ]attice ?nerﬂ nf ‘.bﬂ-tium EUIPhatE is
eperhier i anucoanl wa mire ttlmn its hydration energy. |
(c) che lartice energy has no role to play in
(a) NaH,PO, and ! solubility.
(b} Na CO, an ; (d) the hydration energy of sodium sulphate is
{c) HaﬂHé g less than its laceice energy.
(d) NaH aOH 125. Which of the following oxides have rock salt
; % structure with coordination number 6: 67
i (@ MgO (b) CaO
{c) 5rO (d) BO,

126. Incorrect match isfare

(a) Soda ash: Halﬁﬂ'j
(b} Pearl ash: CuCD}

119. Select the correct statements about alkali (c) Bone ash: R;EDa

metals. (d) Baking soda: NaHCO,




ﬁ‘
You havemﬂﬁﬁmﬁftﬁggﬁle forviewing or reached your viewing limit for this
A\ 0

biook,



ﬁ‘
You havemﬂﬁﬁmﬁftﬁggﬁle forviewing or reached your viewing limit for this
A\ 0

biook,



ﬁ‘
You havemﬂﬁﬁmﬁftﬁggﬁle forviewing or reached your viewing limit for this
A\ 0

biook,



4.38 B Compounds of Lighter Metals—|

(R): The alkali metals have low electronegativ- 167. (A): BeCl, fumes in moist air.
ity, their hydrides conducr elecericity when
fused and liberate hydrogen at the anode.

{R): Eu:-l:l3 reacts with moisture to form

168. (A): Magnesium metal burns in/ ~
a white ash and chis ash sipes sppell of
ammonia in contact wicth ws

163. (A): Sodium reacts with oxygen to form Na, O,
whereas potassium reacts with oxygen to

torm KO,.
(R): Potassium is more reactive than sodium. (R Th? Hﬂ.l R ma%@mm:ﬁ e
which is hydrolyzed warer and ammo-
164. (A): Crystals of NaHCO, and KHCO, show nia is evolved.

hydrogen bonds of different kinds. 169, (A): Magnesium ixa

(R): InNaHCO,, the bicarbonate ions are linked sis of fused ) ovMgCl,, NaCl and
in an infinite chain while in KHCO,, a
dimeric chain is formed.

(R):
165. (A} MgO is used for lining of steel making 170. (A):
furnace.
(R): It ils a ar:ldl_::_ﬂux and helps in removing (R%ﬁ e G W mnmoiasive ol
basic impuriries. :
% species of the type
166. (A): When hot and concentrated NaOH reacts i . |
with chlorine, NaCl and NaClO are formed. @ MR ) - boatkall 3

[HIT 2007)

(R): It is a case of disproportion or autoredox Q@

reacrion. %@

3 5 E \! 172. March the following:
n o o % o Column | Column Il
(B) o o @ o A. Efflorescent (p} NaOH
(©) o o %’ o B. Deliquescent (q) KOH
(D) o Q<\ o o C. Fusion mixture (r) Nalﬂﬂi and l{?_ﬂﬂj
. D. Washing soda  (s) Na,CO,.10H,O
btk Matelie 6@5: 173. Match che following:
Column Il Column | Column |
cement  (p) MgCl, A. Beryl (p) KCL MgCl, 6H O
(q) MgO B. Carnalite (q) MgEDF
A sale of carnalite (r) NaAlSi O, C. Asbestos (r) 3Be0.Al 0, .65i0,
D. Glauber’s salt (s) Na,50,.10H,0 D. Magnesite (s) Ca Mg Si O, (OH),
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4.42 B Compounds of Lighter Metals-

Matrix-Match Type Questions

171. (a)-(g), (b)(r), (c)-(p), (d)-(s)
172. (a)(q), (b)(p), (c)-(r}, (d)-(s)
173. (a)-(r), (b)-(p), (c)-(s), (d)-(g)
174. (a)-(q), (b)-(r), (c)-(p), (d)-(s)
175. (a)-(s), (b)-(r), (c)-(q), (d)-(p)

176.- (a)-(q), (r), (b)-(q), (r), (c)-(qg}, (s), (d)-(p), (g)

HINTS AND EXPLA

Straight Objective Type Questions

1. Glauber's salt is HaEEG T IDHID.

2. MgCO, and CaCO, are water insoluble.
dissolves in water adding Ca* ions wh

3.  Due to efflorescence (to give out
Na,CO,.10H,0.

4. Fluorspar is CaF,. It does n
ium. Feldspar is KAILS;

5. Calcium is obtained &
mass consisting 6
at abour 700°C j
graphite whic

elggrrolyric cell made of
ode and a water cooled

cathode uf?rx
CaClz + 2CI-
At an 2 - Clz + 2e”

e’Ca* + 2e » Ca

ists as a dimmer (ALCL ). It is a strong
acid as Al has an incomplete octet and has
ndency to gain electrons. AlCl, undergoes
drolysis easily and forms an acidic solution.

AICL + 3H O —— AOH), + 3HCI

Q

7

)’

177. (a)-(q), (b)-(r), (c)-(s), (d)-(p)
178. (a)-(s), (b)-(g), (c)-(r), (d)-(p)
179. (a)(q), (b)-(p), (c-) (s}, (d)~(r)

180. (a)-(s), (b)-(q), (r}, (c)-(r), {d}-fp@
%@
The IIT-JEE Cnrner@

181. (c) 182. (a)

=
A\

185. (a)

S
Q‘m 1::11:T AlCI, sublimes at 100°C under vaccum.

Be and Mg atoms are smaller. The electrons in
these atoms, are more strongly bound and hence
these are not excited by the energy of flame to
higher energy states, The chlorides of these ele-
ments therefore, do not give any colour in flame.

10. 4KO, +2C0, —> 2K,CO, + 30,
11. 2NaOH + CO, — Na ,CO,
(Solid)
12. NaO,+HSO,— NaSO, +H.O0,
(209 ice cold)

13. KHC H O, is potassium hydrogen tartarace and
15 used to transform baking soda into baking
powder.

17. The free ammoniated electrons make the solu-

vion of Na in liquid NH, a very powerful reduc-
ing agent. The ammonical solution of an alkali
metal i1s rather favoured as a reducing agent
than its aqueous solution because in agueous
solution, the alkali metal being highly electro-
positive evolves hydrogen from water (thus H O
acts as an oxidizing agent) while its solution in
ammonia is quite stable, provided no cacalyst
(transition metal) is present.



ﬁ‘
You havemﬂﬁﬁmﬁftﬁggﬁle forviewing or reached your viewing limit for this
A\ 0

biook,



ﬁ‘
You havemﬂﬁﬁmﬁftﬁggﬁle forviewing or reached your viewing limit for this
A\ 0

biook,



ﬁ‘
You havemﬂﬁﬁmﬁftﬁggﬁle forviewing or reached your viewing limit for this
A\ 0

biook,



4.46 B Compounds of Lighter Metals-|

Comprehension-5

145. 3Ca+N, —» Ca N,

(Al (B, Calooum oende
(AN onic compound)

EaiN_,+ EH_,D —= 3Ca(OH), + INH,
(C v/
Calcwm hydroxide

146, As calcium can form complexes only with strong
complexing agents like EDTA.,

Comprehension-6

147, (X) is NaHCO, (molecular we. = 84)
148. 2NaHCO, B Na,CO (s) + CO(g) + H Ofg)

(X (Y LA (B
2x 84 = 168g 106 44 g 18 g
=168g 106g 44 18g
CO, +Ca(OH), — > CaCO, L +HO

Lime warer White ppr.

H.O (g) 15 condensed to liquid warer.

149, Na CO, + BaCl, ~—» HaCD} + MNaCl
Yl (Z) @
BaCO, + 2HCl ——» BaCl, + H%z
(&)

150. Sodium metal can by electrolysis of
fused salt,

%
&

153. As the size of wireases, the tendency to
rupture t decreases and hence acidic
nature dec Y basic nature increases.

decreases down the group i.e.,

positive field around it which cannot prevent

165.
167.
169.

As it is a basic flux hence remaoves acidic impurities.

BeCl, + 2H,0 ——» Be(OH), + 2
NaCl and CaCl, are added o provs
ity to the elecerolyee and also ¢
temperature of anhydrous MgCQL.

170. Blue colour is due to solv

The IIT-JEE Coéaer
181. CsBr, conraingd %{Br ~+ Br ) ions.

182. Highly p %
uid a% ) ,

ateg ele This solurion 1s conducting due

to % oniated cation and ammoniated

elgotron,

a +y) NH, — > [Na(NH ]

+[e(NH,)y |

awm__, % » 2NaNO, + O,

Q . Polyphosphates are used as warer softener because
>

these form soluble complexes with cationic spe-
cies (Ca™ and Mg*) present in hard warter, The
complex calcium and magnesium ions do not
form any precipitate with soap and hence warer
readily produce lather with soap solution,
2at? + Na:[NaqlfPD}}ﬂ] —» Nal[{:ﬂJ{Pﬂa}ﬁJ
+ 4Na*
2Mg™ + Na [Na (PO,),] — Na [Mg (PO ) ]

Na [Mg (PO, ] + 4Na"
Sl'.l]l,li:ll.! t.'nl;'i[!l-l-l.‘!

. Test of Mg™ ion
Mg* + NH OH + Na HPO, ———»
Mg(NH,)PO,

It is a case of disproportion reaction in which
white phosphorus on reaction with NaQH
gives PH_ and sodium hydrogen phosphirte as
follows:

P, +3NaOH + 3H 0 -

186.

» 3NaH PO + PH,

187. Here Both Nazﬂ and Halﬂl are formed.

Aar

L
s R Nn_lﬂ — Ha_rﬂ__

2Ma

the conversion of peroxide ion (0,”) to superox-
ide ion (Q),"

2
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Compounds of Lighter Metals—| B 4,51

25,

26.

Write balanced equation for the reacrions
between (a) Na O, and wacer (b) KO, and water
(c) Na O and CO,

An unknown solid mixture contains one or
rwo of the following: CaCO,, BaCl,, AgNO
Na 50, Zn50, and NaOH. The mixture is
completely soluble 1n warer and the solution

gives pink colour with phenolphrhalein. When
dilute hydrochloric acid is gradually
this solurion, a precipitate 15 producd
dissalves with further addition of théaS

15 present in solid maxture? GiysPQua
explain the appearance of the pr@

dissolunion.
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5.4 B Compounds of p-block Elements-i

Fig. 5.4 St of Boric acid

Uses

. It is used as a ancisepric and a eye lorion
{boric lotion).

It is also used as a food preservative.

- H,BO, decreases thermal expansion of glass.

. It is used in the manufacture of enamels and

glazes for pottery.

B B

Borax orTincal (Na,B,O..10H,
It is called sodium rerraborare decahydrare.

It is also called rincal or suhaga as ti @rly
45% borax. :
1. From Colemanite: %ﬁd from pow-

dered ore of colemanice ) by boiling it

ed by fileration as

Na B0, + 2NaBO,
+ 2CaCO,

sodium carbonate gives borax as follows:

S
A

iH,BO, + Na €O, —» Na,B O, + 6H0

Physiochemical Properties

1.
(1) Prismatic
(Na.B O

2774

It exists in three forms:

Borax 1.e.,
10H O} It can be
oordinate

remperacure, It is less sol
highly soluble in hot warter
Octabedral Borax
(Na,B,O_5H.O): It

rained by crystal-

Grlass {Nai.‘B*DT]:
borax above s melr-

On hydrolysis it gives basic ragque-

I‘%‘
% (4 TH,0 —2 > 2Na* + 2 OH-

Q +4H BO,
@ m:ing Effect of Borax: Borax on heating
p swells up as warer molecules are eliminated.
Q When it is furcher heated at a high temperature a
S glassy transparent solid mass is obrained.

A
e

Na,B,O,10H,0 — s

Prismaric Borax

Na B,O.
Anhydrous
borax

—'ﬁ",

Na B0, —-B

ENHBD] + H-I'EI'}
Sodium metaborate
{Gilassy mass)

B,O, (acidic, glass like) is used in borax bead test for
detecring the presence of basic radicals like
[CO*, o™ G Nit? | Fe?)
Blue *. brown
Green yellow

B.O, + Pr-wire + Metal peroxide ——» Metaborates
Coloured
Bead

CuS0, + B,O,—— CuO.B,O, + SO,
Copper metaborare
5. With Ethyl Alcohol and conc. H 5O
When it is heared with echyl alcohol and conc.
H,SO, volarile vapours of triethyl borace are pro-
duced which burn with a green edged flame (test
of borate ions).

+ CO

2
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3.8 B Compounds of p-block Elements-|

3. Acidic Nature: It is an acidic oxide as it forms

carbonic acid on dissolving in water and can form
salts with bases as follows:

CO,+HO—> HECD_,‘
2NaOH + CO, —> I"-Isl.‘,i‘;:i:}'l1| + HO
["-Jat:".I:'I:l'1| + C{}?_ + Hz'l.'J > EHaHCDﬁ

. Action on Lime Warter: CO, turns limewarer
into milky in soluble calcium carbonate.

Ca(OH), +CO, —» CaCO | + H.O
Milky '

This milkiness disappears when more CO, is
passed as soluble calcium bicarbonate is formed.

CaCD} + HJG + C'D}_ ————— &{HCGslz
Soluble

Ca(HCO,), —» CaCO, + CO, + H,0

. Formation of Carbonates: It reacts
some basic oxides like Na, O, KO o

their carbonates.

K,0 + CO, —» K,CO,

Narﬂ + CD‘E e I"«Ia:'tll‘l'ii

ged into car-
s in presence of

»(CH O

Mm%

x + Gxﬂz

i cold drinks and aerated warcer.

is used as fire extinguisher

&,

SN

3. 0, + 5-10% CO, is carbogen which is used for
arcificial respiration in case of CO poisoning and

It 15 used in the manufacture of sodium
by solvay method.

Dry fire extinguisher is 510, +Na

%@ (S0,)..
S

~ @@‘. ie moment. Here

s than C=0 bond) as it

Foamite fire extinguisher is

Structure

It is a linear molecule

C-0O bond length is

rm some ocher oxides like C.O,,
Rich are less stable. Some graphirte
P_D and CED?I are also formed which are

@ le.
on Suboxide (C,0.)
(O=C=C=C=0)

oy

>

It is obtained by the dehydration of malonic acid.

HEDDH

2.,
COOH

CH

A, POy
0=C=C=C=0+2H,0

Some of the chemical reaccions of Csﬂz are
as follows:

OO0OH
E}DE == EHED E— EHI"\
COOH
Malonic acid

KCDC I

2N
COCI

Malonyl chloride

C,0,+2HCl —— CH

_CONH,

™~
CONH,

C,0, + 2NH; —» CH,

pneumonia patients.

Malonyl amide
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5.16 ® Compounds of p-biock Elements-|

i

HgCl,

2NH,OH —~2» Hg (NHXCl + HO « NH.Cl

Mercuric aminochloride
i White ppt.)

2NH OH Herth,

Hg + Hg(NH,)Cl + NH.Cl + H.O
Mercury mercurc amino
chlonde (Black ppe.)

4NH,OH 98945 €y (NH,), SO, + 4H,0
Tetraamine copper sulphare

(Deep blue colour)

ANH,OH 2L 5 70 (NH ), €L, + 4H O
4NH OH 295 70 (NH,), SO, + 4HO

‘Tetraamine zinc sulphate
{warer soluble compound)

With Nesseler's Reagent: Here a red brown
precipitate of mallon's base of lodide is formed
when ammonia is created with alkaline solution of
K Hgl (Nesseler’s reagent) as follows:

2K Hgl, + NH, + 3KOH —»

(

2. By the action of mineral acids on nitrites:
NaNO, « HCl ——» NaCl + HN
EKNUE + H50, — K80, +

3. By the oxidation of ammonj

NH,‘ - EH_,GI —3»H 5+

2

Physiochemical P

1. Irhasaslightly b ur in solution which is
believed to be exphydride N.O,.

2. Irisaweak =4.5 = 10y and reacts with
alkalies to
NaOH ——» NaNO, + HO

3. Deco ion; It is very unstable and under-

0, 2 » HNO, + HO + 2NO

Brown

s aurgoxidation even on standing. On boiling
%’ poses rapidly giving acid.

oy

fumes

@ Oxidizing Property: It aces as an oxidizing

H N.HgO.Hgl | + 7KI + 2H,
Beromen et 2 ﬂgtl‘l[.
R % HS + 2HNO, = $ + 2NO + 2H,0
1. Ir is used in the preparation of nitr %d SO, + 2ZHNO, ~——» H 50, + 2ZNO
other nitrogen compounds. @
S . . KI + 2HNO, —» 2KOH + 2NO + I,
2. It is widely used in the prepa nitrog- % :
enous fertilizers e.g., urea, a i nitrate, 2FeSO, + H 50, + 2HNO, - —h-Fezl'Sﬂi}_,l
ammonium phosphare, am wmstiphate €. + 2NO + 2H.O
. It is used for making agrifié@}silkand as a cleans- :
3. Ieisueed for making “1 A SR LS SnCl, + 2HCl + 2HNO, —» SaCl, + 2NO
ing agent for removing Rreasedd) dry cleaning, ] 4 4 i
o+
4. It is used in the prey <% ot sodium bicarbon- :
ate by Solvay’s prock§ 5. Reducing Property: It acts as a reducing agent
5. as a refrigerant in ice cowards strong oxidizing agent.

S
S

Barium Nitrate: By adding calculated
of ice, cold sulphuric acid to a well cooled
Nyrion of barium nitrace solution, nitrous acid is
ormed as follows:

Ste)als

N

Ba(NO,), + H,SO, —» BaSO, + 2HNO,

2KMnO, + 3H,80, + SHNO, —» K S0,
+ 2MnSO, + 3H,0 + SHNO,

[‘:!CIEG, + r-’iHESD'{ + EHN'U: — K:_'SG-}
+ EI:{ED*}{' . 4H:D + SHN{‘}:

Er_, + HEE'I + 1—H"~Jﬂl'2 ——— HND,J + 2HBr

6. With Ammonia: [t reaces wich ammonia gives
nitmgen aned wacer,

NH, + HNO, — »[NHNO,]-—» N, + 2HO
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3.20 B Compounds of p-block Elements—|

(ii1) In Case of Tin
Dilute nitric acid and rtin give tin nitrare and

AMMmMONILm nicrace

4Sn + LOHNO, —» 4Sn(NO,), + NH NO,
{dil.} + 5]“]_,{:'

Hot and concentrated nitric acid and rtin give

meta stannic acid and nitrogen dioxide,

Sn + 4HNO, » H SnO, + 4NO, + H O

(hot and conc.) Metastannic acid

(iv) In Case of Lead

Dilure nitric acid and lead give iead nitrare and
nitric oxide.

3Pb + S8HNO, —» 3PHNO,), + 2NQ + 4H.0
(dil.)

Concentrated nitric acid and lead give lead nitrace
and nicrogen dioxide.

Pb + 4HNO, —» Pb(NO,), + 2NO, + 2H,0

(oo}

s Oxidation of Metals below Hydrogen

in Electrochemical Series: As rhese metals
are not only less electropositive bur also less reac

tive than hydrogen hence cannot displace na.sce‘%
2

hydrogen from nieric acid. Such metals can
dize into their oxides by mirric acid. Thesg
dissolve in nitric acid to form nitrates ag

HNO, — Reduction product +

Metal + [O] —— Metal oxide

Metal oxide + HNO, —— M + HO
(i) In Case of Copper b

Cold and very dilute npn nd copper give
copper nitrate and ni B

4Cu + 10HNO, 0),+SHO + NO

{cold und%\
Cold an% itric acid and copper give
a 1

COpper nirgae tric oxide.

3CulNO,), + 4H.0 + 2NO

oncentrated nitric acid and copper give
Initrate and nitrogen dioxide.

Cu + 4HNO,

(hor and conc.)

> Cu(NO)), + 2ZHO + 2NO,

SCu + 12HNO, —» SCu(NO,), + 6H,0 + N
{cold and dil.}

- (11) In Case of Silver

Dhluce nitric acid and silver give itrage
and nitric oxide.
3Ag + AHNO, ——-» 3Ag + NO+2HO

(il )

lver give silver

Mercurous
migrae

ﬁuﬁé@} > 3Hg,NO,), + 2NO + 4H,0

re¢ntrated nitric acid and mercury give mercu-
ate and nitrogen dioxide.

%@{g + 4HNO, —» Hg(NO,), + 2NO, + 2H,0

S e

Mercuric nicrate

s In case of Noble Metals: Nobles metals like
Au, Pr, Rh, Ir erc., are not effected by nitric acid
bur in agua regia these merals dissolve as follows:

Guold dissolves in aqua regia to give chloro auric
acid and nicrosyl chloride as follows:

2Au + 3HNO, + 11HCl ——» 2HAuCI,
+ 3NOCI + 6H O

Chlero auric acid

{Hydrogen retrachloro aurate)
Platinum dissolves in aqua regia to give chloro pla-
tinic acid and nitrosyl chloride as follows:

Pt + 2HNO, + 8HCl —» H, PcCl, +

2NOCI + 4 HO
Chloraplatinic acid
= In Case of Mg and Mn: Both these metals on
reaction with dilute nicric acid form cheir nitrates
and liberate hydrogen as follows:
Mg + ZHNO, —» Mg (NO,), + H,
{dil.}

Mn + 2HNO, —» Mn (NO,), + H, 1
idil.}
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524 8 Compounds of p-block Elements-|

O

T

Phosphorous Acid (H,PO,)
Preparation
l.

It is prepared by the action of water upon phaos-
phorous oxide, or by the acnion of water on
phosphorous trichloride.

PO, + 6H,0 ——» 4H PO,

PCl + 3H, O — H PO, + 3HCI
. It can be prepared by the hydrolysis of PCL, by

oxalic acid.

PCI, + 3H,C0,—» H PO, + 3CO + 3CO,

Physiochemical Properties
1.

It 15 a white deliquescent crystal with

peint of 73.6°C and highly soluble in @
It is a dibasic acid which onizes as *&)

HPO, ——>HPO, +H @

H, PO ~——» HPO® + %

As it is a weak dibasic e it forms two
series of salrs, e.g, % drogen phosphirte

2

NaH PO, and dis hydrogen phosphite,
Na HPO..

ecomposes on heating at
Nric acid and phosphine.

2AgNO, + HPO, + HO—>

form a white precipitate

It reacts with HgCl, ro

of Hg Cl, which subsequently turns bl to

separation of metallic mercury,

2HgClL, + HPO, + HO—>H @2 Cl
@ + H.PO,

Hg Cl, + HPO, + HO Hg | + 2HC

+ H]PD"
m It reduces copper sulp HPPEer.
H_PO, + CuSO, + H,PO, + H SO,
+Cu |

.+ 3H0 —» 3H PO,

% + 6HC! + 2Au |
m It re@@Oces s@lphur dioxide into sulphur.
.+ 2H,PO, —» ZH PO, + § |

rpluces PCLJ Taies] FC]R‘

(O

PO, + 3PCl, ——» PCI_ + 3POCI, + 3HCI

Q It decolourizes the solution of iodine and potas-

> sisum permanganate by reducing them as follows:

I+ HO + HPO,—» HPO, + 2HI

2ZKMnO, + 3H,50, + 5H PO, =K 50, +
ZMn30, + 3HO + 'f:II-I;:':":::I'~1

Structure
Here, phosphorous atom is sp* hybridized.
0
HO — P — OH
H

Orthophosphoric Acid (H,PO,)

Preparation

l. It can be conveniently prepared by dissolving

PO, in water and the solution is boiled to form
thick syrup.

2Ag | + ZHNO, + H PO,

PO, + 3HO ——2H PO,
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Compounds of p-block Elements-| B 5.29

17.

18,

19.

20.

21.

22,

23,

25.

(a) 2,2 (by 1,8
(cy 1,2 {d) 1,4

The equivalent mass of phosphoric acid (H PO )
in the reaction,

NaOH + HjF".':'.'I » I"'wlaH_j:'[:l‘i # HJCI 1S
(a) 98 (b) B9
(c)} 49 (d) 58

Correct order of botling points of hydrides of
nitrogen family is

(a) NH, < PH, < AsH, < SbH,

(b) PH, < AsH_ < NH, < SbH,

(¢) NH, < SbH, < PH, < AsH,

(d) PH, <« NH, < 8bH, < AsH,

Ammonium compound which on heating does
not give NH_ is
(a) (NH )50,
ey NH NO,

(b) (NH,),CO,
(d) NHCI

Which of the ollowing oxides of nitrogen is a

coloured gas? <
(a) N,O by NO N
(© N.O, () NO. N

The number of P-0O-P bridges in the s
of phosphorous pentoxide and phos
oxide are, respectively

@ 5.5 (b) 5.6 %

{c) 6,5 {d) 6,06
ncentraced

Addition of concentrare
H}_E'«':ﬂ'Ji gives

@ SO, )
(c) NO/ B
H. PO, 1s rhegm torfmula of an acid of phos-

phorous. Its n bisicity are, respectively

(a} Hypop acid and two

(b) PH,
(d) SbH,

lonmizacion of boric acid in agueous medium

gives, which one of the following ?

26.

27.

28.

29,

30.

31.

32.

33.

(a) [BO]" (b) [B(OH) )
© [BOH)O] () [B{DH]O_,I@
Which of the following halide of .:,- d

as refrigerant?

(a) CCI,
(¢) CHCL

In [B,O{OH),]" anioa

B—(-B bridges? Q

@) 2 % ‘

(©) 4 3

Which rf@n et explosive?

{a} NCI (by PCI,

{c) As {d) All of these

T W& of nitrogen, NO and Hﬁ: react

at 253K and form a compound of

(a} rriangular planar
(b) pyramidal
(¢) rerrahedral

{d) square planar

Concentrated HNCI} reacts  with  iodine
t0 give:

{a) HI (bhy HOI

(c) HOIO, (d) HOIO,

The reaction between NH " and N, O gives

(a) NO (b)) N ;Gq

(c) N}' (d) NH,NH,

The lightening bolrs in rhe armosphere cause
the formarion of

(a) NO
(c) NH,OH

(b) NH,

(d) NH,OH

Which of the following statement is correce?
(a) NO is acidic colourless and gaseous oxide,
(b) N,O is angular in shape.

(c) NO, is angular in shape with a sweet smell.

(d) NO, reacts with NaOH to give a mixture
of two salts.
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Compounds of p-block Elements-| W 5.33

75.

76.

T

78.

83.

{a) Both are triatomic and colourless.
(b) Both are triatomic and diamagnetic.
(¢) Both are odourless.

(d) None of these,

For P, + Clz (excess) — (A) EE*{E} + (C)

Any alkene can react with (C) to give a compound
whicl'{t;an perform Wurtz reaction. Here (B) is

(a) HCI (b) H,PO,
(c) H,PO, (d) H PO,

Consider the following statements tor diborane.
I Boron is approximately sp* hybridized,

[1 B-H-B angle 1s 180",
[I1 There are two terminal B—-H bonds for each
boron atom.

IV There are only 12 bonding electrons available.

{a) 1, 2 and 3 are correct
(b) 2, 3 and 4 are correct

(¢) 1, 3 and 4 are correct
(d) 1, 2 and 4 are correct

The lightening bolts in the armosphere cause

e

the formarion of

(a) Passing NH..

(b) Passing air through warm acid.
(c) Adding Mg powder.

(d) Boiling the acid.

PO, is heated with water to give
(a) Orthophosphoric acid

(b) Orthophosphorous acid
(c) Hypophosphorous acid

(d) Hypophorphoric aci -‘Q
A certain sale (X) giy (f‘l‘ D

80. Ving tests:

lts to give glassy

parate out. Identify (X)?
(b) Na B O

P R

{d } EEJBI’JD1 i

81. Amin following substituted silanes the

teff will give rise to cross-linked silicone
r on hydrolysis is
@yR Si (b) RSiCl,
@c R SiCl, (d) RSiC
L

Phosphorous on reaction with conc. HNO,

gives an acid (A) which can also be formed by

() NH, ®) NO @ he action of dil. H 8O dered phosph
- H the action of dil. H,50, on powdered phospho-
(e NHLO ) NHL @ rite rock. The acid (A) is
The yellow colour of conc. HNO % (a) H PO, (b} H PO,
removed by & (c) H.PO, (d) HPO,
M rrect Answer Type Questions

<

Nitrogen (I) ox(de uced by

tion of ammonium nitrare,

: %tiun of N.O,.

(a) Boric acid is a protonic acid

(b) Beryllium exhibits coordination number of six.

(More Than One Choice)

(c) Chlorides of bath beryllium and aluminium
have bridged chloride structures in solid phase.

(d) B,H,.2NH, is known as Inorganic Benzene.

Select the correct statements about diborane
(a) H_ ....B....H_ bond angle is 122",

85.

(by All hydrogens in EJHﬁ lie in the same plane.
(c) B,H_ has three centered bond.

(d) Each boron atom lies in sp® hybrid state,
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Compounds of p-block Elements—-| W 5,37

(b) Berween MH]I and PHj, PHs 15 a betrer elec-
tron donor because the lone pair of electrons
occupies sp’ orbiral and is more directional.

(c) Berween NH, and FH,,NH, isa better elec-
tron donor because the lone pair of electrons
occupies sp’ orbital and is less directional.

{d) Berween NH, and PH,,PH, isa betrer
electron donor because the lone pair of

In che following question two statements {Assertion)

A and Reason (R) are given. Mark
(a) If A and R both are correct and R is the correct

explanation of A.

(b)Y If A and R both are correct bur R is nor the cor-

rect explanation of A.
(c) A is true bur R 1s false.
(d) A is false but R is true.

120. (A). CF, and NF, cannot be hydrolyzed.

(R): Carbon and nitrogen both do not
vacant d-orbital.

AlF_ is an ionic compound wh 15
covalent compound.

BF, is a weaker Lewis
The planar BF,

[0 @ greater exten , by B-X

%I for refrigeracion.

121. (A):

(R):
(A
{R):

122,

n-bonding.
123, (A)
(R):

(A

124,

(R): @ solvent substances as NaNO,

d Nﬂj' ions are regarded as bases.

tial of the iron couple, thus aiding the oxi-

electrons occupies spherical ‘s’ orbiral and
is less directional.

119, White phosphorus on reaction wic

gives PH, as one of the products. T@
(b} Disproportirnal reaction @

(a) Dimerization reaction

{c) Condensarion reaction

RO
)
X

126. (A): onger acid than HNO.,.

(R);,dn HQ , there are two nitrogen and oxy-
nds whereas in HNO, there is only
such bond.

(d) Precipiration reactio

A

small piece of Zn meral dissolves in
dilute HNO, bur no is hydrogen evolved.

HNO, is oxidizing acid and this oxidizes
the evolved H?_ INto Water.

12@.
}113. (A):

Silicones are hydrophobic in narure.

(R): 5i—0O-5i linkages are moisture sensitive,

129. (A): On cooling, the brown colour of nitrogen
dioxide disappears.

(B): On cooling, NO, undergoes dimerization
resulting in the pairing of the odd electron
in NO.,.

130. (a): Both H PO, and H PO, possess the same
number of hydrogen atoms, yet H PO,
behaves as a tribasic acid while H PO,
behave as a dibasic acid.

(R In H PO, there are three hydrogen atoms
linked to phosphorous through oxygen
atorns whereas in H PO, there are only two
such hydrogen atoms,

131. (A} PF, and IF, have similar shapes.

(R): PF, has rwo rypes of P-F bond lengths.

132. (A): Boric acid behaves as a weak monobasic

acid.

(R): Boric acid contains hydrogen bonds in

darion of a ferrous salr.

15 SCruccure.
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Compounds of p-block Elements—| W 5,43

32, N; N G:— Lightemng spark > INO

36. M35N3{5}+6H3EH|} —h-.%Mg(DH]: + ENHi(g)

1 mal 2 mal

38.
39.

Nitrogen has no d-orbirals in its valence shell.
SO, is highly soluble in warter and therefore can-
not be collected over water.

40. NO is the most thermally stable oxide of nitrogen.

2NO 2L LN 4O,

SO0=000C

2N,0 200-900C,, 7N + O,

= NO + 0O

FT DEMPerature
N:Cl_,_ CMpers _ :

2N O, 5 4NO, + O,

41. All alkali metal nitrates (except LINO,) on heat-

ing does not give NO, gas.

2KNO, —2 > 2KNO, + O,

43,

Graphite show moderate conductivity due to the

presence of unpaired or free fourch valence elec-

tron on each carbon atom. %
FH, + H

Brainteasers Objective Type @nns
55. HNO, + 2H SO, + H O — é%g -

(A

49.
50,

F"l':l‘l - E":il"Iflf_'l‘—hrI—I*F"wf.,_,]"_I + 3HCI
FHiI + Na(OH ——» Nal +

HCOONa
(B)

K,S0O, + MaSO, + 8H 0 + 10CO,

63. & >N, +2H0

2

2N:1N_1 fa 3 2Na + 3N}_
Sodium azide
A

09,

The basic characrer in the increasin 15

Due to greater Elfctmnegativity (4.0, F the
lone pair of electrons on N towards it -
ing in the decrease in basic Characttr@
NF, < NCI, =« NBr, < NI,

e strefgest reduc-

73. Hland HBr (in thar order) h
ing hydracids and hence the SH SO, HC
15 quite stable and hence i @} by strong oxi-

15 not a reducing
the electron which

dizing agene like
agent. In the smallg
15t be removed d

\"ﬁ;
B F\Yay

nucheus and the git difficult to be removed.
Therefore, H oducing agent,

75. 2P + 5C \\
EFCI,@ » 2H PO, + 10HCI

(B) (C)

Q<
80 %{@mti@ it swells up to give a glassy mass so

} borax. It is further confirmed as with H S0,

wwes white crystals of borie acid (weak acid),
B0, 10HO -2 »NaBO + 10HO
i aBO, ~——2—» 2NaBO, + BO,

?2 Cilassy mass

NaBO. + HSO, +SHO ——»
Na SO, + 4H,BO,

Weak acid
s1.
Cl OH
*_ H,0 !
R—S§i—(Cl —=— R=—5—0OH
| |
Cl OH
1 |
et o i e
| |
S O O —
Condensation | I

L

Polymerizarion

|
—8i — —8i—
I I
—»4H PO_+ 20NO, + 4H 0
Al

—»4H PO, + 1080, + 4H O

82. P, + 20HNO, -

P, + 10H SO,

(NH).Cr O, —2 >N, +Cr0, +4H,0

Phrﬁphnric Cich
(A
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The Pearson Guide to Inorganic Chemistry for the IIT JEE cffers a systematic approach that leads
students gradually from introductory concepts to advanced applications. The integrated coverage
of each concept is recapitulated as needed for a thoraugn coverage of the subject as per the design
and format of the IIT JEE. The wide variety of exercises, based on both concepts and applications,
encourage the students to analytically handle -rotlems with confidence, speed and precision.

FEATURES
m Conforms to the latest pattern and syl!abus of the IIT JEE
a Each chapter has been designec: to ease comprehension of complex concepts

m 2000 Carefully selected and graded M{Qs to build confidence and develop speed and
accuracy.
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