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GHAPTER ONE

ELEMENTARY PROBLEMS BASED ON
DEFINITION OF MOLE: THE MOLE CONCEPT _

The mole concept is an essential tool for the study of the fund_amentais of
chemical calculations. This concept is simple but its application in problems
requires a thorough practice.

The Mole
The 14th General Conference on Weights and Measures (1971) adopted the mole
(mol) as the basic SI unit of the amount of a substance.

There are many ways of measuring the amount of a substance, weight
and volume being the most common. But the basic unit of chemistry is the
- atom or a molecule and to measure the number of atoms or molecules is,
therefore, of foremost importance.

Mole in Latin means heap or mass or pile. A mole of atoms is a collection
of atoms whose total weight is the number of grams equal to the atomic
weight. As equal numbers of moles of different elements contain equal
numbers of atoms, it is convenient to express amounts of the elements in
terms of moles. Just as a dozen means twelve objects, a score means t‘WEt‘}ty
objects, chemists have defined a mole as a ‘definite number’ of particles, viz.,
atoms, molecules, ions or electrons, etc. This ‘definite number’ is called the
Avogadro constant, equal to 6022 x 107, in honour of Amedeo Avogadro.
However, for many years scientists have made use of the concept of a mole
without knowing the value of the Avogadro constant. Thus, a mole of
hyd atoms or a mole of hydrogen molecules or a mole of hydrogen ions
or a mole of electrons means the Avogadro constant of hydrogen atoms,
hydrogen molecules, hydrogen ions or electrons respectively.

The value of the Avogadro constant depends on the atomic-weight scale.
At present the mole is defined as the amount of a substance containing as

many atoms, molecules, ions, electrons or other elementary entities as there
are carbon atoms in exactly 12 g of 2 The value of the Avogadro constant
was changed by a very small amount in 1961 when the basis of the
atomic-weight scale was changed from the naturally occurring mixture of
oxygen isotopes at 16 amu to '“C, which put oxygen at 159994 amu.

It is quite interesting and surprising to know that the mole is such a big
number that it will take 10'® years to count just one mole at the rate of one
count pm‘semnd, and the world population would be only of the order of
10" mole in chemical terminology.
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Elementary Problems Based on Definition of Mole: The Mole Concept 15

w 569
oo X184 =——
288 304 x 184
w= 53905 g

Ex. 38 0.75 mole of S”If‘f ‘A and 2 moles of gaseous O, are heated in a sealed
wessel, completely using up the reactants and producing only one compound. It
is found that when the temperature is reduced to the initial temperature, the
contents of the vessel exhibit a pressure equal to half the original pressure. What
conclusions can be drawn from these data about the product of the reaction?

Solution : First Method : As both A, and O, are consumed
molesof A, (.75
moles of O, - 2.0

(moles of A)/4 _ 0.75

(moles of 0)/2 ~ 2.0

molesof A 3

moles of O ™ 4
Thus, the empirical formula of the product is A,O,. Further, as 2 moles
of O, give 1 mole of A0, (for gases, pressure = mole at constant
temperature and volume), A;O, is also the molecular formula of the product.
Second Method : Ay(s) + Oy(g) — A,0(g)

0.75 mole 2.0 moles 1.0 mole

Applying POAC for A atoms,
4 x moles of A;=xxmoles of A,O,
4x075=xx1; x=3
Applying POAC for O atoms,
2 x moles of O, =y X moles of A,O,
2x2=yx1; y=4.
In the following chapters, we shall apply the principle of atom conservation
(POAC) along with the said rules in tackling the various problems encountered in
chemical practice.

PROBLEMS
(Answers bracketed with questions)
1. Find the number of atoms in 48 g of ozone at NTP. (1-8066 x 10™)
2. What is the ratio of the volumes occupied by 1 mole of O, and 1 mole of Dalin
identical conditions? (1:1)
3. Calculate the mass of 5 moles of CaCO, in grams. (500 g)

4. The vapour density of a gas is 11-2. Calculate the volume occupied by 112 g of
e T
[Hint: Mol. wt. =2x VD ] (112 litres)
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A mical Calculations

Modern Approach to Che
0, 10H0- (1-56 % 10
mla [Jf 1 % | {:LI.SDi
0.6022 % 107

of NaC
100

(01 mole,

con le
5. Calculate the number of oxygen atoms i 0-2 mo

'c-clil‘l'l'-"‘:I i
6. Calculate the number of moles of iy Cc-m it
Ak TS A1 =
solution. Also, find the number of SOy 107 ¢ ¥C atoms- (12X 6:022 X 10%)
t in 12 g 2 a1
7. Find the total number of nucleons presert - tal mas® plieutrons i 7 mg
the 107 hydrogen atom)

and (ii)
8. Find (i) the total number of “E““_O“lfu;utrﬂn _ mass of (24088 % 102, 0,004 g)
of “C. (Assume that the mass of 3

: NTP m® = 10° litres)

i i 'Eneutrﬂnﬁl 7 i

[Hint: 1 *C atom contains l i T ( )
in 44

9. How many moles aré thiere 1

oS 250 g of water. Calculate the
in

i is dissolv e

10.3 g of a salt of molecular wmght 30 is 2

‘ | | ‘ 'd. ?4.' cIm 'ﬂf
lality of the solution | b

molality by 525 8 of nitrogen o

jed
11. Calculate the volume occupie

pressure. d g of I'*-':.

. 3 NH, an
ontained in 18 0f %5 (28 : 17)

Jecules ©
12. Find the ratio of the number of mo

re of air if the volume content

ined in one lit
CO, are contained in © o

13. How many molecules of >
is 003 % at NTP: ‘ ‘
o 1 kg of O, the sameé ? What is the
f which contains equal number of
(no, 1 : 16)

of molecules in 1 kg of H, and

T d O, , the mixture O

ratio of weights of H, a1
molecules of each gas?
i le of a compound was found to
density at NTP of a gaseous samp
" :El ?ﬁeags;llied What ‘::Y the weight of 1 mole of the gaseous sample? (399g)

16. If the concentration of a solution is 2 M calculate the number of millimoles present

in 2 litres of the solution.

[Hint: Follow Rule 5.] (4000)

17. How many moles of oxygen are contained in one litre of air if its volume content
is 21% at NTP? (0-0093)

18. How many atoms do mercury vapour molecules consist of if the density of mercury
vapour relative fo air is 6:92? (Hg =200). The average mass of air is 29 g/ mole.

(One)
19. Caleulate the total number of atoms in 05 mole of K, Cr, O,.

[Hint: Follow Example 19] (331 x10%)

20. What is-the volume of 6 g of hydrogen at 1 atm and 0°C? (67-2 litres)

21. What is the density of oxygen gas at NTP?

[Hint: See Example 14] (1429 g/V

22. Calculate the total number of electrons Present in 18 mL of water. -
An evaluation version of novaPDF was used to create this PDF file. (lﬂ X 6'(]22 x 1{] ‘]
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3. Calculate the number of electrons, protons and neutrons in 1 mole of 62 b\%‘
» 10

(10 % 6.022 x 10°, 8x 6022 x 107, 8 x 6:022
24, Find the mass of the nitro

gen contained in 1 kg of (i) KNO,, (i) NH,NO,, and
(iii) (NHJ), HPO, [() 1385 g (ii) 350 g and (iii) 212 g]

95. Find the mass of each element in 7.84 g of FeSO, . (NH,), 50, . 6H,0. What will
be the volume of O, at NTP in this sample? (3:136 litres)

26. The density of solid AgCl is 556 g/cc. The solid is made up of a cubic array of

alternate Ag’f and Cl ~ ions at a spacing of 2.773 A between centres. From these
data calculate the Avogadro constant. (604 > 1029

97. Three atoms of magnesium combine with 2 atoms of nitrogen. What will be the

weight of magnesium which combines with 1-86 g of nitrogen?
[Hint: Use Rule 6]

(486 g)
28. 600 mL of a nuxture of O, and O, weighs 1 g at NTP. Galculate the volume of
ozone in the mixture. . o )

29. The vapour density (hydrogen = 1) of a mixture consisting of NO, aﬂ‘_i NO, is
38.3 at 267°C. Calculate the number of moles of NO, in 100 g of the mixture.
[Hint: Wt. of NO,=xg.

wt. in g 100
=4 = =2x 383,
= obs. mol. wt. (wt./mole) =T S =TT 00—«
[Eg E 92 (0-437 mole)

t
30. A nugget of gold and quartz weighs 100 g. Sp. gr. _-:.-rf gold, qum:tz and the r;:lgge
! are 19-3,2-6 and 64 respectively. Calculate the weight of gold in the nugget.
i = +1mi= IDE}: x = wt. of gold] (686 €)
i1 = i < ith adius of
31. The nucleus of an atom of X is supposed to be a sphere with a r
. 5x 10" cm. Find the density of the matter in

i X is 19. ;
et mass of 1 mole (1€ at. wt) ]

[Hint: PRy s vol. of 1 mole

32. Copper forms two oxides. For

the first OX o
:fafl't:ﬁet:cif:snzf copper in the first and second 0X1
[Hint: Assume that the oxides are Cu;

33. 105 mL of pure water (4°C) iﬁ-‘Ea e
density 09 g/mL. If this solution
volume.

total mass_ _

105 150)+45 O,
[int: Density =par volume

t in a stainless steel ball bearing having a radius

2 ' ¥ ight and
34. How many iron a;t't:n':lz":""&4 P'_I? The stainless steel contains 85:6% Fe by :;1152 :0: -
£ 01 inch (1 inch = 2:54 cm”’

I [

|
Wit

i
btz

[

Based on Definition of Mole: The Mole Cone. o

the atomic nucleus if the atomic

(6-02x 10" g/mL)

he same amount of copper, twice as lTI].TCh :xyg:a_r;
-t:i than to form the second one. What is the ralt
ide

0. and Cu,0, and apply Rule 6]  (2:1)
I v

ted with NH; gas, producing a solution f}f
o 0% of NH, by weight, calculate its

(166:67 mL)
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Modermn Appmach to Chemical Calculations Eler
t be measured out to ; fail
35. How many litres of liquid CCl, (d=15 g/cc) mus {?.::L];m &
1%10® CCl, molecules? o 49, Radiu
4 in a ball mill to give a starchlike molecy, a-part
36. A sample of potato starch was Eff'“r‘;dud analysed 0-086 % phosphorus. [f each After
of lower mulm]a;d weigh:;taﬁﬂoﬁe Rk phmphorus, what is :\-:* mnt;ggu]ar Calcu
i assumed to co 3610
ﬁz:;::lzflfhe material? e onrai A an.m}
¢ this sentence has a mass of .ﬂhm“ on b fE : - AASSuming
37. The dot at the _Eml'_.iff} :;:; on, calculate the approximate number of atoms 'D: Carbap, 1. The «
that the black stulf 15 : tf{j Ean 1x10°%g) (5% 10" atoms) (a) 2
needed to make such a dot. : ! : © K
8. To what volume must 50 mL of 3-50 M H,S0; be diluted in order to make 2 )y e
38. low 2.
H,50,? (87:5 mL,) nitrc
=t $.S,S, S, and S (it
. i nditions as 9y, 2 2y = AN .
hur molecules exist under varnous co 5. The
o :ll-rm mass of one mole of each of these molecules the same? this
i he n:qber of molecules in one mole of each of these molecules the same? @)
Eh; :: tthl:: :;:,s of sulphur in one mole of each of these “’1‘3’['3;3“]1*35 the 5131“(1?
£ ; ach of these molecules the Der
Iphur in one mole of eac o 4
(d) Is the number of atoms of sulp 6 e N 5
same?
40, Two minerals that contain Cu are CuFeS, and Cu,5. What mass of Cu,S would 5. 56
contain the same mass of Cu as is contained in 125 1b of CuFeS,;? (542 Iby (@)
41. What is the maximum number of moles of CO, that could be obtained from the 6. 22
carbon in 4 moles of Ru,(CO,);? {12 mol) ap
42. What mass of NaCl would contain the same total number of ions as 245 g of (a)
MgCl,? (225 ¢) 7. W
43. An unknown sample weighing 1.5 g was found to contain only Mn and S. The (a
sample was completely reacted with oxygen and it produced 1.22 ¢ of Mn (Il) (©
oxide and 1.38 g of SO,. What is the simplest formula for this compound? (Mns) e
44. The two sources of Zn, that is, ZnSO, and Zn(CH,COO), - 2H,0, can be purchased (2
at the same price per kilogram of compound. Which is the most economical source 0. F
of Zn and by how much? (ZnSQ,, 35.9%) ¥ {'
45. How many moles of H,O form when 25.0 mL of 0.10 M HNO, solution i
completely neutralised by NaOH? (2:5 % 107> mole) 10. T
: : ' 0
46. Which woul-j be larger: an atomic mass unit based on the current standard or or€
based on the mass of a Be-9 atom set at exactly 9 amu? (latter] Tz
A% ;I:he enzyme carbonic anhydrase catalyses the hydration of CO,. This reaction (
vzzt‘;‘mﬂzo-* HzC'D_-;, is involved in the transfer of CO, from tissues to the lungs 117
mﬂ_ﬂ odstream. One enzyme molecule hydrates 10° molecules of CO; P ‘
: Shta LA kg of CO, are hydrated in one hour in one litre b 12 -
: (0.1584 kg) |
| ~ompound, KBrO, , where x is unknown, is analysed and found 1
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Elementary Problems Based on Definition of Mole: The Mole Concept

contain 52.92% Br. What is the value of x? @)

49. Radiu@ disintegrates at an average rate of 2.24 x 10" a-particles per minute. Each
a-particle takes UP two electrons from the air and becomes a neutral helium atom.
After 420 days, helium gas collected was 0.5 mL, measured at 27°C and 750 mmHg.
Calculate the Avogadro constant. (6.7 x10%)

Objective Problems

1. The density of chlorine relative to air is
(a) 2-44 (b) 3
(c) found only experimentally (d) 4
2. A gaseous oxide contains 30-4 % of nitrogen, one molecule of which contains one

nitrogen atom. The density of the oxide relative to oxygen is
(a) 0-94 (b) 1-44 (c) 1-50 {d) 3-0

3. The mass of an oxygen atom is half that of a sulphur atom. Can we decide on
this basis that the density of sulphur vapour relative to oxygen is 22

(a) Yes (b) No
4. Density of air is 0-001293 g/cc. Its vapour density is
(a) 0-001293 (b) 1-293 (c) 14-48 (d) cannot be calculated

5. 5:6 litres of oxygen at NTP is equivalent to

1
(a) 1 mole (b) -;— mole (<) % mole (d) 5 mole

6. 224 litres of water vapour at NTP, when condensed to water, occupies an

approximate volume of
{aI;PIE litres (b) 1 litre (c) 1 mL (d) 18 mL

7. Which of the following has the highest mass?
(b) 5 mole of CH,

(a) 1 g-atom of C
(d) 3.011 x 10™ atoms of oxygen

(c) 10 mL of water

i lume of
8. 6:022 x 10? molecules of N, at NTP will occupy a Vo
(a) 22-4 litres (b) 2-24 litres (c) 6:02 litres (d) 6-02 mL
9. How many grams are contained in 1 gram-atom of Na? % %
(a)13 g (b) 23 g (c)1g (d) 25 8

10. The weight of 350 mL of a diatomic gas at 0°C and 2 atm pressure B hg Thewt

of one atom is =
(@) o ®) 3
- ¢ (d) 32 N (M is the Av. const,)

()16 N ‘

e i : : i f oxygen is
11. Th ber of atoms present 11! 16 g o : ‘
| ::;:;Tc 10" '(b}Psm x 107 (c) 301% 10" (d) 6:02x 10%
ﬂimﬂé'afaeumpnund contains 1 mole of Cand 2 m

::}e;ght of the -mmpog;f;‘f () 32 (d) 44

An evaluation version of novaPDFE was used to create this PDF file.
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Chemical Calculations
Approach to
Moderm

¢°C and 700 mm pressure is 760 cc. The number of Molecy,
: £y

The volume of & S&S ate 15
L FI]'ESEH! in ﬂ:ﬁ '\I’ﬂlu?;} ﬁ{}ﬂ 3z 1.[]23' {(‘] 188 w ]DH {d} 18-8 % -“}u
(a) 18810 A ic element X, contains Ml“"d 40 ‘rf'“'-'ll’-‘ﬁ of electrons ang ety
14. 1 mole of dmmn}sumpi’-' formula of the e Emrn&nt is s
respectively: {1 b (€) 53X (d) X
@) 3% a volume of
at NTP occupy ;
15. 2 moles 1?1'-' H amms{b} 44.8 litres (c) 2 litres (d) 22:4 litres
(a) 11:2 litres

1) is
16. No. of electrons in 1.8 mL of HO (M1

(a) 6:02 % 107 (b) 3011 X 10 (c) 0:6022 x 10% (d) 60-22 x 102
a) 6 : :
17. Molecular weight of a gas, 11-2 litres of which at NTP weighs 14 g, is
; 14
(a) 14 (b) 28 (©) 535 (d) 14x 112

18. The weight of 1 mole of a gas of density 0-1784 g/L at NTP is

(a) 01784 g (b)1g c)4g (d) cannot be Calculay
19. Number of HCl molecules present in 10 mL of 0-1 M1 HCl solution is

(@ 602x10° (b)) 6022x10% () 6:022x10° (d) 6:022 x 107

20, Number of atoms in 12 g of L ol
(a) 6 (b) 12 (c) 6:022 x 107 (d) 12 x 6022 x 107

21. 5 moles of a gas in a closed vessel was heated from 300 K to 600 K. The pressur
of the gas doubled. The number of moles of the gas will be

(a) 5 (b) 25 (0) 10 (d) 20
22. Which of the following contains the greatest number of oxygen atoms?
(algof O (b) 1 gof O,
(91lgof O, (d) all have the same number of atoms
23. If the atomic weight of carbon were set at 24 amu, the value of the Avogadn
St would b

(a) 6022x10°  (b) 12044x10° () 3011x10°  (d) none of these

ﬂﬁﬂgﬂf 0, contain 6:022 x 107 molecules at NTP then 32 g of S, under the same
i () 602x10°S  (b) 3011x10°S  (c) 12044 x10%S  (d) 1x10°S

25 How many moles of electrons weigh one kilogram?

s - 1 1 6.022 1 10
' (11T 2002
Answers
H""'?‘?". 8b, 9-b, 10-a, 11-d, 12-d, 13-a, 14-b, 15-d, 164 i
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CHAPTER TWO
‘. PROBLEMS BASED ON
. QUATIONS: STOICHIOMETRY

ord ‘stoichiometry’ j T
The W e a“;“”f}" 15 dErfva.l from the Greek words stoicheion, which
g h & n[ metremn, which means to measure. The numerals used to
];.;.iar;ce a Er emica ti.quuahun an? known as stoichiometric coefficients. These
AUIRDELS ahE EEEbEln 1al for solving problems based on chemical equations.
Hence Bl ProvICs are also called stoichiometric calculations. The mole
method is very useful in such calculations,

For stoichiometric calculations, the mole relationships between different
reactants and products are required, as from them, the mass-mass,
mass—volume and volume—volume relationships between different reactants
and products can be obtained.

For a given balanced equation say,

2KCIO; = 2KCl + 30,
we can get such relationships directly from the stoichiometric coefficients,

e.g.
3 xmoles of KCIQ, = 2 x moles of O,

2 x moles of KCIO; = 2 x moles of KCI

and, 3 x moles of KCl = 2 x moles of O,
For balanced chemical equations, one can also apply the Factor-Label

Method (Ex. 38 and 39).
The above equations can also be obtained from an unbalanced equation say

KCIO, = KCl + O,
rent atoms as explained in Chapter 1.
od used for solving problems based on l:.hemical
lli-equivalenl} method. This method is based
unts of reactants and products involved
alents (or milli-equivalents) of each

by applying POAC for diffe
Another important meth
equations is the equivalent (or mi
on the fact that for the different amou
in the reaction, the number of equiV
reactant and each product are equal.

: ction,
For the rea VO it Fe,0s = FeQ + V,05

i : = : fFED=eq*an205
eq. of VO = eq. of Fe,0; eq;-*e‘ of FeO = m.e. of V;0s.

S 'qf- = OL::;?;; of chemical equations is not re:}uired. This
meﬂ::dmmem:ndy t:;plied in volumetric stoichiometric calculations.
method is gener

-1
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on Equations: Stoichiometry 45
|
: PROBLEMS
**' (Answers bracketed with questions)
1. Calculate orally
(i) How many moles of CaCO, shall be produced from 5 moles of Ca atoms?
(i) How many moles of BaSO, shall be formed from 5 moles of BaCl,?
(iii) How many moles of Na,O shall be produced from 5 moles of Na atoms?
i) 5 (i) 5 (i) 2:5]
j 2. What weight of oxygen will react with 40 g of Ca?

(16 g)
3. Calculate, without balancing the following equation, the volume of chlorine at NTP
produced from 50 g of sodium chloride.

NaCl+MnO, + H,SO, — NaHS0, + MnSO, +Cl, + H,0 (9575 litres)

4, Two tonnes of an iron ore containing 94% of Fe,0, produces iron in pure state
Calculate the weight of iron.

(1315 kg)

5. Calculate the volume of acetylene at NTP produced by 100 g of CaC, with water.
(35 litres)

& How many litres of detonating gas will be produced at NTP in the decomposition
of 0-1 mole of water by an electric current? (3-36 litres)

7. Find the mass of Cu(NO,), - 3H,0 produced by dissolving 10 g of copper in nitric
acid and then evaporating the solution. (38 &)
8.490g of KClO,, on heating, shows a weight loss of 0384 g. What per cent of the
original KCIO, has decomposed? (20%)

9, When the mixture of MgCO; and CaCO; was heated for a long time, the weight
: decreased by 50%. Calculate the percentage composition of the mixture.

(MgCO;: 71.59%; CaCO;: 28.41%)
10. How many moles of Zn(FeS5,), can be made from 2 g of Zn, 3 g of Fe and 4 g

of §? (0-0269 mole)
11 Calt.:ulate the weight of VO, produced from 2 g of VO and 575 g of Fe,O,
VO + FCZOH — FeD+ Vjﬂs. [2_13 g}

£ o Egs t-!
[Hint: Fe,0, is the limiting reagen
"< ? P itine e allowed to react completely to fﬂm;& a
12 Equal W:;gll:s 0 mﬂ:‘E ang ercuric iodide leaving none of the reactants. Calculate

the ratio by weight of Hegl, and Hgl, formed (05321 1)

ires 54 mLof 0-1 N
i 2 : O and Fe,(SO,); - 9H,0 requures
5 sslﬁbln g(;f : ﬁfblrtrfeu:f:c:s%e Zf:idaﬁan. Calculate the number of mﬂlefﬂf‘;;}ﬁ'd;?:;;
Wy soluaty
ferric sulphate in the mixture:

> ed to the
Ll ) " .orb water vapour and be convert
> dmmm hyﬂﬁﬁ.‘:wgmmhawsulﬂtit; ‘:;rzzﬂ::nuld the mass of a 1-g sample of the
- _'_"_.l_ '.l - - y

: : i ficient water vapour to be
e 7 ease if exposed to suf

0 eyl ? mﬂ Nazwd llﬂea (1-2? g]
converted fo the decahydrate?

An eivaluation version of novaPDFE was used to create this PDF file.
Purchase a license to generate PDF files without this notice.



http://www.novapdf.com/

46
Modern Approach to Chemical Calculations

15. A Partially drieq

; aY sample contai 5% of silica and Tn‘l“ of water. The . d
clay contained 1%, of Wai?r‘ F;:?T:S fme[:\tagf of silica in the origina) :[?::;1 .
2,
'[‘%?.3-1.
fa) Thﬂ ]
16.1 ¢ of ool . ort material, with excess f
Eola sample containing NaCl, NaBr and an in¢ heating thi ; HENGL (2) k
Produces 0-526 g of precipitate of AgCl and Aghr. Bﬂf 7 igit tﬁ l;’_!rmPitatu in (
a current of chlorine, AgBr converted o Agcl;i mcih;;l:;ﬁf A€ then weigheg o)
: L ¥ ;
0426 g Find the percentage of NaCl and N (NaCl: 4:25%; Nabr: 239, I
. d with a soluti s 25. 25t
17. 390 g of a mixture of Al and ALO,, when T!EHC{': l siti 1‘-;11 & b?d“'m 4-7]
' h i ced 840 mL of a gas at NTP. Find the composition of the mixtyy
| ydroxide, produ (Al: 17.39,
26. AT
[Hint: Only Al produces Hy] O ari i 3 of
- t in commercial NaQOH, 2 g 0 the latter was dissolyeg the
18. Tc- det::::.-;:.; :::fa?l C:;Z—‘Eﬂ; of an AgNO, solution was added to this solutig,, -
in wate KEES . 5 mass was 0287 g. Find tl 27- £
The precipitate formed was washed and dried. Its mass was AR [{;llrlr;as% =
of NaCl in the initial sample. B
) e = Fe KMnO, containing 15-8 g of KMnO, ; )3
 One litre of an acidified solution of f L L s
™ fecolourised by passing sufficient amount of SOy If SO, is produced by roasting
of iron pyrites (FeS,), what will be the amount of pyrites required to produce the C
necessary amount of SO,? (15¢g) 28. =
20. When a mixture of NaBr and NaCl is repeatedly digested with sulphuric acid, all F
the halogens are expelled and Na,SO, is formed quantitatively. With a particular
mixture. it was found that the weight of Na,SO, obtained was precisely the same 29. V
as the weight of NaBr-NaCl mixture taken. Calculate the ratio of the weights of
NaCl and NaBr in the mixture. (1454 : 1) -
21. 254 g of iodine and 142 g of chlorine are made to react completely to yield a '
mixture of ICl and ICl,. Calculate the number of moles of ICl and ICl, formed.
(0-1 mole, 0-1 mole)
22. An alloy of aluminium and copper was treated with aqueous HCl. The aluminium 31
dissolved according to the reaction: :
+ 3 3
Al+3H'" = Al™' 4+ = K,
but the copper remained as pure metal. A 0-350-g sample of the alloy gave 415«
:’;{'IE ﬂT:asi;'m: at 273 K and 1 atm pressure. What is the weight percentage of 32
n alloy (95-3%)
23. 1 g of dry green algae absorbs 47x10™® mole of CO r hour by 2
photosynthesis. If the fixed carbon atg i L !
b (CH, B0 o atm_ns were all stored after photosynthesis &
. h; s "lfm w long would it take for the algae to double their ow!
welg ing photosynthesis takes place at a constant rate? (7:88 hours) 3

[Hint: WE. of (C,H,,0,),=2~1=1 8- Apply POAC for C in

0, > (CH,0y),
moles of CO,

rate of absorption of CO.
An evaluation version of novaPDF was used to create this PDF file.
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Probl
€ms Based on Equations: Stoichiometry &

24. Crude calcium carbide is made in an

CaO+ ac
The product contains 85% of ¢

(a) How much CaO is to be ag

electric furnace by the following reaction:
= CaC, +CO

aC, and 15% of unreacted CaQ).

(i) Broduced? ded to the furnace charge for each 1000 kg of CaC,
How much Ca0 is to be adde '
®) product? added to the furnace charge for each 1000 kg of crude

[(a) 10515 kg; (b) 8937 kg]

en treated with an excess of H,SO,, produced
the percentage of BaO present in the mixture.
(60%)

25, 2-5 g of a mixture of BaO and Ca0 wh
4.713 g of the mixed sulphates, Find

26. A mixture of Nal and NaCl, when heated with

: H,S0,, produced the same weight
of 5od_1um sulphate as that of the original mixture. Calculate percentage of Nal in
the mixture.

(28-85%)
27. 746 g of KCl was heated with excess of MnO, and H.SO,. The gas so produced
was then pas.sed thrﬂugh a solution of KI. Calculate the weight of iodine.

KI

Hint K€l —— Cl, — I,; (moles of Cl,=moles of I,)
H,S0,

(127 g)

28, Carnalite is a double chloride of potassium and magnesium containing 38-86% of
water. 0-458 g of it gave 071 g of AgCl and 04666 g of it gave 027 g MgP.0;.
Find the pe:cenfage of KCl in the carnalite. (26:46%)

I of hvdrogen at NTP is needed to reduce 125 g of MoOQ, to the metal?
29. What volume ydrog )

in li i P 60 mm of pressure when
. much (in litres) will be produced at 0°C and 7 ) mum :
& [1-:]“; of :}xatﬁ:a;-:id was heated with concentrated sulphuric acid? (497 litres)

[Hint: (COOH), —— CO+CO,+HO. Apply POAC for C atoms.]

g [ P illﬁ r : f I’E Cy‘ hﬂ l'.i"l'l..l.{:h
E

i f2gof P
32. What weights of P,O; and P,0,, will be produced by the :Dmbus?:;gz 2 ng g;
in 2 g of oxygen leaving no P, and O,

ns, 2CoF,+F, = 2CoF;
— (CF,),t 21 HE + 4n CoF,
ed to produce 1 kg of (CF)n- (152 kg)

33, From the following reactio
(CH,), + 4n CoF;

calc uch F, will be consum :
el j KHCO K,CO; and KCl was heated, producing
EL

34 A mixture containing KCIOy =% 5 0 nying equations:

. - ! l'ld O accor i-ng
Cﬁw O, a 2;1&03(3 i 2K Cl(s) + 30,

2KHCOL(s) = KO * H,0(g) + 2C048)
KO\~ K00+ CO®

An evaluation version of novaPDFE was used to create this PDF file.
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. 0 e eaction, [f
Tl-f*‘ KCl does not react under the conditions Of "‘3 ;ﬂ g of O 0 g ok
mixture produces 1.80 g of HO, 1320 g of CO, an Ki-_[cu 1 Eﬂ- ;': :h:ﬂ Wag T':.:.
composition of the original mixture? I{KCIOi‘: 102 & ST ]3-.&&

Objective Problems |
A+bB = € +dD, which statement ¢ Wron

n r
itres ve Cand D :

(a) a litres of A combine with b litres of i:« lt}otgr eCuad

(b) @ moles of A combine with b moles 0 2 angd <

' ith b g of B to gIve |
ﬁ}ﬂ : Giﬂil:l’:n;": -::;lr:'ihhinf with b molecules of B to give C and D
a mo X

)y = ALO;(S) shows that

1. In a gaseous reaction of the type:

2. The equation 2A1()+30x(8 :
(a) 2 moles of Al react with % moles of O, to pmduce 5 moles of ALO,

(b) 2 g of Al react with % g of O, to produce one mole of ALO,

(0) 2 g of Al react with % litre of O, to produce 1 mole of ALO,

(d) 2 moles of Al react with g moles of O, to produce 1 mole of ALO,

3. If 5 litres of H,0, produce 50 litres of O, at NTP, H,O, is

(a) 50V’ (b) “10V* (e) 5V (d) 250V
4. 2.76 g of silver carbonate on being strongly heated yields a residue weighing
(a)216g (b) 248 g (c)232 g (d) 2:64 g

5. Assuming that petrol is octane (C;H,,) and has density 0-8 g/mL, 1-425 litres of
petrol on complete combustion will consume

(a) 50 moles of O, (b) 100 moles of O,
(c) 125 moles of O, (d) 200 moles of O,

6. 12 g of Mg will react completely with an acid to give
() 1moleof O, (b)3moleofH, (c)1moleof H, (d)2 moles of H,

7. 10 mL of gaseous hydrocarbon on combustion gives 40 mL of CO,(g) and 50 mL
of H,O (vap.). The hydrocarbon is

(@) CH, (b) GH,y (c) C,H, (d) C,H,
8. .For complete oxidation of 4 litres of CO at NTP, the required volume of O, at NT¥
15
(a) 4 litres (b) 8 litres (©) 2 litres (d) 1 litre
g- ThE ini 1 1 L S |
i ng‘;;m“m quantity in grams of H,S needed to precipitate 635 g of Cu’ W
| e em
0-5 mole of BaCl, is mixed with 0. : : of
mole of Ba, (PO, i 2 form:: gnle of Na,PO,, the maximum numbe’
(a) 07 wad
() () 05 (c) 0:30 (d) 01
An evaluation version of novaPDF was used to create this PDF file.

Purchase a license to generate PDF files without this notice.

11-

12-

&

For th
@2
(8"
A i
r.gai‘_"ti.l
2.0 m
oright
(a) 4

(@3

1-C; -


http://www.novapdf.com/

Problems Based on Equations: Stoichiometry 49

1q ]
%, 11. For the reaction A +2B — C, 5 moles of A and 8 moles of B will produce
ht (a} 5 moles of C (b) 4 moles of C

1 {c} 8 moles of C (d) 13 moles of C

12. A mixture of N, and H, is caused to react in a closed container to form NH{} The
reaction ceases before either reactant has been totally consumed. At this slagE;
2.0 moles each of N,, H, and NH, are present. The moles of N, and H, presen

originally were respectively,
(a) 4 and 4 moles (b) 3 and 5 moles
(c) 3 and 4 moles (d) 4 and 5 moles

Answers
1-c, 2-d, 3-b, 4-a, 5-¢, 6-b, 7-d, 8, 9-c, 10-d, 11-b, 12-b.

3 Qaa

-

L i il - e L
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CHAPTER THREE

EUDIOMETRY OR GAS ANALYSIS

—

. . of tube known ..
: - in a special type © N as
i Gaseous reactions are carried out duated in millimetres for 5

5 "rU‘Eu )

udiometer tube. The tube 1S Bra® ; i L

|L eudio . oases taken in the eudiometer tube are expog, g
measurement. The reacting g

=2 S tricity through the platinum termj, :
! S?ﬂl‘kﬁr Ptfd:lu"lf Eeﬁﬂi:}fmﬁ: p};ﬂducts of a gaseous explosion ;:t
Ei:::::ﬁ:ej b; absu"rbing them in suitable reagents, €.g., CO@ and SO, g,
absorbed in KOH solution, O, is absorbed 1n a s::)lutlnn of alkaline Pyrogally
and CO is absorbed in a solution of gmmomacal cuprous chlmnd?_ Singe
H,O vapour produced during the reaction change-.s to liquid on cooling, t,
volume of water is neglected, but while applying POAC, moles of Hy

produced cannot be neglected. :

Eudiometry is mainly based on Avogadro’s law, which states that equal
volumes of all gases under similar conditions of temperature and pressur
contain equal number of molecules. Two gases having equal number
molecules, also have equal number of moles. The mole concept may b
applied in solving the problems of this chapter, keeping in mind that in:
gaseous reaction the relative volumes (measured under identical conditions)
of each reactant and product represent their relative numbers of moles.

Ag) + Blgl = Clg + D
a volumes b volumes ¢ volumes d volumes
a moles b moles ¢ moles d moles

!11 the following problems we shall again see that the balancing of gaseots
. Teactions are not required if solved by the POAC method.

EXAMPLES

Ex. 1. What volume of ox : ; __
=k y €n ﬂ.”." b{? : :;f‘lLlf
of 182 litres of propane ﬂfN’l‘P? required for the complete combi

Solution : GH;+0, — CO, + H,0
Applying POAC for C atoms, we have
@ulea-of C in CH = moles of C u: CO,
Simﬂaa::l:.l&s afCSH3=1xmnlesnf COs. i
Y PPlying POAC for H and O
8 X moles of G Hy =2 x moles of

An evaluation version of novaPDFE was used to create this PDF file.
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66 Maodemn .r‘tPPIr.m.n'h to Chemic?
i L
Hence, volume of NO = 4;‘? 44y mL = 16 ml:
and  volume of N.O=¢(

‘o hreated with Cong
i acid vith cong
e acid and oxalt its freatment with KOH

Ex. 22. A mixture of _{urnrn.!_-_f:ﬂm.{.h.ff ;m.rf_ or
H,SO, . The g F roiles ased BY one-sixti:

" IS I:fir,l:r'j ¥
the volume of fe | ixtire

£hi
Hrap

C{;.-';:'uffii!.‘ the molar ratiq H-'.

gina ace as follows:
two acids in the origie ¢ the acids takes pla
1 i
. ompositio cO
Solution : THE :f;; > P H.O i a moles B ecom
. R
H{E {say) a mnlles a vol. } }{.mt.un
g mo es P, a vol.
CO;

HCO0

) b moles P moles | _gor deﬂ:mpﬂsitinn
b moles (54

b vol. b vol.

E} i ﬂbﬂ.‘!['bed }'r
}{2 15

as ven,
Thiiz/ 226 volume of CO; M o

1
total volume of (CO+ co, a+b+b 6

£=4. \

b
or
The molar ratio of HCOOH and H;G,04 = 421,

PROBLEMS

(Answers bracketed with questions)

1. Calculate the volume of CO, produced by the combustion of 40 mL of ace
the presence of excess of oxygen.

tone i
(120 mi)
sulphur dioxide t

(500 mL
3. What volume of CO, is obtained in the combustion of 2 litres of butane?

2. What volume of air will be required to oxidise 210 mL of
sulphur trioxide, if the air contains 21% of oxygen?

An evaluation version of novaPDFE was used to create this PDF file.
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Eudiometry or Gas Analysis 67

' 7. When 0-02 litre of a mixture of hydrogen and oxygen was exploded, 0.003 litre
of oxygen remained. Calculate the initial composition of the mixture in per cent
pUS "hf,% | by volume. (O, : 44.0%; H, : 56%)

r'?fth h 8. 12 mL of a gaseous hydrocarbon was exploded with 50 mL of oxygen. The volume
o, measured after explosion was 32 mL. After treatment with KOH the volume
diminished to 8 mL. Determine the formula of the hydrocarbon. (CH))

9, 15 mL of a gaseous hydrocarbon was required for complete combustion in 357 mL
of air (21% of oxygen by volume) and the gaseous products occupied 327 mL
(all volumes being measured at NTP). What is the formula of the hydrocarbon?

“pn% (C,Hy)

10. 0-90 g of a solid organic compound (molecular weight = 90) containing C, H and
O was heated with oxygen corresponding to a volume of 224 mL at STP. After the
combustion the total volume of the gases was 560 mL at STP. On treatment with
KOH the volume decreased to 112 ml. Determine the molecular formula of the
compound. (CH,0)

]'th'm

11. The explosion of a mixture consisting of one volume of a gas being studied and
one volume of H, yielded one volume of water vapour and one volume of N, the

volumes being measured under identical conditions. Find the formula of the gas
being studied. (N,O)

12. 5 mL of a gas containing C and H was mixed with an excess of oxygen (30 mL)
and the mixture exploded by means of an electric spark. After the explosion the
volume of the mixed gases remaining was 25 mL. On adding a concentrated
solution of KOH, the volume further diminished to 15 mL, the residual gas being

pure oxygen. All volumes have been reduced to NTP. Calculate the molecular
formula of the hydrocarbon gas. (CH)

13. 40 mL of ammonia gas taken in an eudiometer tube was subjected to sparks till
the volume did not change any further. The volume was found to increase by 40
mL. 40 mL of oxygen was then mixed and the mixture was further exploded. The
gases remained were 30 mL. Deduce the formula of ammonia. (NH,)

neil 14. 20 mL of a gas containing H and S was heated with tin. When the reaction was
over, there was no change in volume. The residual gas was hydrogen. If the
molecular weight of the gas is 34, calculate the molecular formula. (H.S)

e

L
=

15. When a certain quantity of oxygen was ozonised in a suitable apparatus, the
volume decreased by 4 mL. On addition of turpentine the volume further
decreased by 8 mL. All volumes were measured at the same temperature and
pressure. From these data, establish the formula of ozone. 0,

16, 1 litre of a sample of ozonised oxygen weighs 1:5 g at 0°C and one atm pressure.
100 mL of this sample reduced to 90 mL when treated with turpentine under the
same conditions. Find the molecular weight of ozone. (48)

17':2301111. of sulphur vapour at NTP weighs 32 g. Determine the molecular formula
of the sulphur vapour. (Sq)
Iﬂ.llth of oxygen and 1 litre of hydrogen are taken in a vessel of 2-litre capacity
~ ENTP, The gases are made to combine by applying electric sparks. Assume that

I:' An evaluation version of novaPDF was used to create this PDF file.
' Purchase a license to generate PDF files without this notice.

S R SR B =5



http://www.novapdf.com/

Modem Approach to Chemical Calculations

: formed? v,
. 15 of water are ed? Wi...
Water is formed quantitatively. How many 8% 1at

3 : ight? If the =5

d in what Welg ¢ Vesgq) .

the other component present in the vessel a;,_, inside the vessel in mm fJEjEfTI 5

now heated to 100°C, what will be the PR lopg o 0,5 07143 5; 77 8
with 30 mL of oxve

CD was Exp}ﬂded ¢ -'th ‘."hf'n. he

19. 20 mL of a mixture of G, A%~ " 34 mi. On treatiomt WL KOH, 5 1y

4 ’ I E 1 . 2y

gases Cfiae b s o had a volu ‘ton of the mixture

mpos ) . _
of oxygen remained. Calculate the comp (CH,: 6 mL; CO: 14 ml

and NO over heated copper, 2 il

» 2] f N'l '
< mixture of ¥z of each in the mixture.

: gseou £
L e mLﬁ :fflculate the percentags

i M. 60%:; NO - 4w
of the gas remain . (N5 10; NO . 40 |

1
21. 40 mL of a mixture of h}!dﬂJ[.::Eﬁ, CH,
On cooling, the §ases occupi

pain o ; :
reduced by 3 Tiji-n?-Ea?n . Detamine the composition of the mixture.
further decreased L)

(H, : 12-50%; CH, : 7-30%; N, : 80
3

i f 1 metre’ of a gas having tp,

. +o noeded for the combustion O _ :
R !_-'olumﬂ o TT l; :-:: percentage yolume : 50% of H,, 35% of Cl 1;_ « 8% of CO)
follm«;mg :{usz 51; of noncombustible admixture? The air -:m::tsamsbzwﬁ (by
e T cubic metre)
volume) of oxygen- )

i f O.. The volume

: d H, was exploded with 31 mL of O, > Volume

23 S?t mT&':E Ei I;::jt;:‘::sggi Whliﬁh reduced to 12 mL when shaken with KOH
;l:ir:;: the Pei:&]'ltﬂgﬁ of CO and H, in the mixture. (CO = 44-7% ; H, =553%)

i ' t a total pressure of 6

i f CH, and occupied a certain volume a
e :1;“ L';'lt-ul:emsa:;np]e was bfris.l:[ ztn CO, and H,0 and the CO, alone was collected and
its pressure was found to be 69 mm in the same volume and at the same
temperature as the original mixture. What fraction of the mixture was methane

(050 |

25. A mixture of 20 mL of CO, CH, and N, was burnt in an excess of oxygen, maulrilng
in reduction of 13 mL of volume. The residual gas was treated with KOH solution

when there was a further reduction of 14 mL in volume. Calculate the volumes
of CO and CH, in the given mixture.

26. A mixture of oxygen and hydrogen is analysed by passing it over hot copper mfjd‘-‘
and through a drying tube. Hydrogen reduces the CuO according to the equatiot
CuO+H, — Cu+H,0; oxygen then oxidises the copper formed:

Cu + %01 - Cu0

100 cm’ of the mixture measured at 25°C and 750 mm yields 845 cm” of dry 0¥y
measured at 25°C and 750 mm after passing over CuO and a drying agent. W2
is the mole per cent of H, in the mixture? (103%

[Hint CuO+H, — Cu+H,0;Cu+30, - CuO
X X x ;?2
If x is moles of H, or vol. of H, in the mixture 1m—[:+£]=34'5-]
? 2
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27. When a mixture consisting of 10 moles of SO, and 15 moles of O, was passed

over a f:atfalyst, 8 moles of SO, was formed. How many moles of SO, and O, did
not enter into the reaction? [ SO, : 2 moles ]

0, 11 moles

28. When 100 mL of an 0,-0, mixture was passed through turpentine, there was

reducti-i:m of volume by 20 mL. If 100 mL of such a mixture is heated, what will
be the increase in volume? (10 mL)

[Hint: O, is absorbed by turpentine.]

29. One volume of a compound of carbon, hydrogen and oxygen was exploded with
2:5 volumes of oxygen. The resultant mixture contained 2 volumes of water vapour
and 2 volumes of carbon dioxide. All volumes were measured in identical
conditions. Determine the formula of the compound. (CH,0)

30. 522 x 10 * mole of a gas containing H,, O,and N, exerted a pressure of 67-4 mm
in a certain standard volume. The gas was passed over a hot platinum filament
which combined H, and O, into H,O which was frozen out. When the gas was
returned to the same volume, the pressure was 14-3 mm. Extra oxygen was added
to increase the pressure to 44-3 mm. The combustion was repeated, after which

the pressure read 32:9 mm. What was the mole fraction of H,, O, and N, in the
gas sample? (0-638, 0-262, 0-1)

[Hint: 2 volumes of H, combine with 1 vol. of O,. In the first combustion H, is in
“excess, while in the second one, 0, is in excess.]

aaa
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CHAPTER FOUR

AToMIGWEIGHTS | At
_——_____-___ _---"
ight of th -
: =3 rage welght of the ato 5
The atomic weight of an element is defined as the avi xagctly s wﬁﬁ: | js 1
| of the element relative to a carbon atom tfaﬁ::n:se.g., the atomic wcightgr_s; %
i| in grams is, in fact, the weight of one mole _ﬂ. ht of 1 mole of oxygen atomg sﬂ[ﬂﬁ
. oxygen is 16 and so 16 grams 15 the weilg
Mathematically, .
i weight of atoms in gram® | Si
i i = ms
atomic weight number ?if 11:1::3{? ;fca::ass unit (amu). Atomic mass ynj |
: icht is measure 24 .
Atomic Wl;.’lgh is me ¢ the °C isotope (1 amu = 1-66 X 107 g). One
is defined as 53 of the mass O .
amu is also called one dalton. e :
be applied in solving the
here how the mole method can |
h}::; ;hoﬂl:tﬁerrdc weight by on different methods, viz,, fmn".l Dulong and
Ig;?it’s law, vapour density of chloride of the elements, law of isomorphism,
Cannizzaro’s method, etc. Ex.
EXAMPLES
Sol
Ex. 1. A sample of pure Ca metal weighing 1-35 grams was quantitatively converted
to 1-88 grams of pure CaO. What is the atomic weight of Ca? (O = 16)
Solution : From the formula of CaO,
|
' we know, moles of Ca = moles of O J
weight of Ca weight of O
atomic wt. of Ca ~ atomic wt. of O (Rule 2, Chapter 1
1:35 _188-1.35 Fro
at. whtofiCa . 16 E

Atomic weight of Ca = 40.75,

Ex. 2. A compound contains 28% of ni .
- itro a STt
3 atoms of the metal combine f nitrogen and 72% of a metal by weig

H-’f”’.'. 1 . H 1
of the kel (N o 14) 2 atoms of nitrogen. Find the atomic weight

Solution : The formula of the compound is M,N, (M
y - 2
mer.:rles of M =3 xmoles of N. hapter 1)
Now if the weight of the compound is 1 gram T

then weight of M = (.72 & and weight of N =028 g l

An evaluation version of novaPDFE was used to create this PDF file.
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Atomic Weight o

Comparing these values with the moles of X, Y and Z calculated above,
we find that moles of X and Y are in excess and therefore, moles of X
and Y associated with 0-03 mole of Z are 0-01 and 0-02 mole respectively.
Nﬂ“’r

wt. of Z + wt. of Y + wt. of Z = wt. of XY.Z,

or 0-01x60+002xat. wt. of Y+0-03x80=44 (Rule 2, Chapter 1)
- at. wt. of Y=70 amu.

PROBLEMS
(Answers bracketed with questions)

1. 1-5276 grams of C~dCi1 was found to contain 09367 gram of Cd. Calculate the
atomic weight of Cd. (112:4 amu)

2. In air, element X is oxidised to compound XO, . If 1.0 gram of X reacts with
0:696 g of oxygen, what is the atomic weight of X? (46 amu)

3. When BaBr, is heated in a stream of chlorine, it is completely converted to BaCl,.

From 1:50 g of BaBr,, just 1.05 g of BaCl, is obtained. Calculate the atomic weight
of Ba from this data. (137:5)

4. Naturally occurring boron consists of two isotopes whose atomic weights are
1001 and 11.01. The atomic weight of natural boron is 10-81. Calculate the
percentage of each isotope in natural boron. (20%; 80%)

5. In an experiment pure carbon monoxide was passed over red hot copper oxide.
€O, , so produced, weighed 088 g and the weight of copper oxide was reduced
by 03232 g. Calculate the atomic weight of carbon. (12:0)

itati ive 24438 g of KCl and
6. 4.008 ¢ of pure KCIO, was quantitatively decomposed to give &
ij?geﬁ Kgl was dissi)lved in water and treated with AgNO, solution. The result
was a precipitate of AgCl weighing 4687 g. Under further treatment, AgCl was
found to contain 3:531 g of Ag. What are the atomic weights of Ag, Cl and K
i (108.0, 35-5, 39:0)
relative to O = 167

7. From the following data calculate the atomic weight of carbon.
Compound Vapour density % of C

CcO 14 42-8
15-8
cs, 38
CH, 14 8¢
CH, 22 81-4
C‘H‘ 39 92:3 (12-0)
ur density of a volatile chloride of a metal is 74-6. If the specific heat of

. s : d the formula
=3 e atomic weight of the metal an
he metal is 055, calculate the exact (7:2, MCl,)
An evaluation version of novaPDFE was used to create this PDF file.
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g. A +
S?TPP!E of a metal chloride weighing 022 g required 0-51 g of AgNg
Precipitate the chloride completely. The specific heat of the metal is (g,
the molecular §

% “Ing
ormula of the chioride if the metal is M. Eﬁ-‘l!?:]_.lj.

10. A hydrated sulphate of a metal contained 81% of the metal and 4325, of 1,
B L]

by weight. Assuming the specific heat of the metal to be Dz[f[, determin, the
formula of the hydrated sulphate. 250,18 H.0)

3o

11. 0:096 g of stannic chloride gave 2584 mL of i.ts vapour at 120°C and 359 ey
pressure. If the chloride contains 546% of chlorine and tin has the valency equa|

to 4, what will be the atomic weight of tin? (118)

12. A metal forms three volatile chlorides containing 23:6%, 38-2% and 483y,
chlorine respectively. The vapour densities of the chlnn.des H=1) ..
746,929 and 1106 respectively. The specific heatlof the n:aetal is 0-055. Fing the
exact atomic weight of the metal and formulae of its chlorides.

(114:9; MCl; MCl,; M,

13. Cu.S and Ag,S are isomorphous. The percentages of sulphur in these compounds
are 20-14% and 12.94% respectively. If the atomic weight of Cu is 63-5, calculate

the atomic weight of Ag. (1079

14. The natural titanium oxide, known as rutile and containing 39-95% of oXygen, is
isomorphous with 5n0O,, known as cassiterite. Calculate the atomic weight of
titanium. (48:1)

15. TI'!e atomic weight of sulphur was determined by decomposing 6-2984 g of Na,C0,
with H,50, and weighing the resultant Na,SO, formed. The weight was found to

be 8-4380 g. ?‘aldng the atomic weights of C, O and Na as 12:011, 15999 and
22:990 respectively, calculate the atomic weight of sulphur. (32:019)

16. 12:5843 grams of a sample of ZrBr, was dissol ]
all of the combined bromine Wa; ved and after several chemical steps,

precipitated as AgBr. St
AgBr was found to be 13216 g = B b content of B

: Calculate the atomi : :
experiment. (Ag =107-868, Br = 79.904) s ‘“fc weight of Zr frmz;ltl;;

17. In a chemical determination of the atomic weight of vanadium, 2:8934 g of pure
of reactions as a result of which all the chlorin®
converted to AgCl which weighed 71801
anadium. (Ag=107.868, Cl=35453) (509

Qo
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CHAPTER FIVE
MOLECULAR WEIGHT

—
—

Molecular weight of a compound is defined as the weight of a molecule of

[l S TPoRTd relative to-a eathon atom, the atomic weight of which is

supposed to be exactly 12. The molecular weight when expressed in grams
is called gram molecular weight. The molecular weight in grams is, in fact, the

weight of 1 mole of molecules, e.g, molecular weight of O, is 32 and 32 g is the
weight of 1 mole of oxygen molecules. Mathematically,

weight of molecules in grams
number of moles of molecules

Molecular weight is measured in atomic mass unit (amu). Atomic mass
unit is defined as 1/12 of the mass of the "C isotope (1 amu =166 x 10 ) )
There are various methods to determine the molecular weight of
compounds viz., vapour-density method (e.g. Regnault’s method, Victor
Meyer's method, Dumas method and Hofmann  method),
depression-in-freezing-point method, elevation-in-boiling-point method,
gravimetric method, (silver-salt method of organic acids and platinichloride
method for organic bases), volumetric method, etc. The problems {m-n‘mlecu?ar
weight based on depression-in-freezing-point and elevatian—in‘bmhng.—pormt
methods shall be discussed in Chapter 13 (Dilute Solution and Colligative
Propertries).

The mole method is found to be very useful in tackling the problems on
molecular weight based on the aforesaid methods.

EXAMPLES

molecular weight =

¢ same volume as 84 g of nitrogen under similar

> cupies th !
Ex. 1. %gg nf g}{:ﬁ;:;mfe and pressure. Find the molecular weight of the gas.
mnd:

(N=14)

: i H Ccﬂld.u IE tﬂ A ﬂgﬂdm 5 P P i Eq : g SE5

umbers lecules or moles.
“ number ?f 1ﬂovnl::;:n::nles of N, = number of moles of the gas

84 96 [say M=mol. wt of the gaS}
l (Rule 1, Chapter 1)

e Ml i —
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as |
Ex. : : A 3 :
18, When 296 g of mercuric chloride is mpgris.fff in a 1-litre bulp 4 X 6- of 2 SLL;J'::
\the pressure is 458 mm. What is the molecular weight and moleculay f”*'rram' m.;]ecu
= .ﬂ
of mercuric chioride vapour? (Hg =200-6) . 02704 Eu':
- A ic chloride. g ap?t
Solution : Let M be the molecular weight of mercul"lg.ge. fube waﬁf.
No. of moles of the mercuric chloride Vapout= 8. '3‘“g.cr':lrrE'CE;L
gilver:

Again from the gas equation pV' = nRT, g, 0304 & C’f
()

O

o el S S lﬂ-ﬂrﬁég la

no. of moles =n= RT ~ 0-0821 » 680 mﬂie':u
- - = . hlo
458 et _ 0.0821 lit. atm K™ ' mo]~! fIhe £

where p =7g5 atm, V= 1 litre, R b  weight ¢
T=680K. 5 12. A soluti
_4_5_ w] 40 mL 2

296 760
Hence M 00821 %680 13. 0:366 8
M =274. the mol

Since HgCl, has a molecular weight of (200-6 + 2 X 35-5) = 271-6 which j; |
nearly equal to the calculated value of 274, HgCl, is the molecular formul; |
for mercuric chloride. |

PROBLEMS |

(Answers bracketed with questions) |

1. What is the volume of 6 g of hydrogen at 1.5 atm and 273°C? (89-6 litres) |

2. A certain gas occupies 0-418 litre at 27°C and 740 mm of Hg. (i) What is its volume I|
at STP? (i) If the same gas weighs 3-00 g, what is its molecular weight? |

(0:3704 litre. 1814)

3. 336 cc of phosphorus vapour weighs 0.0625 g at 546°C and 76 cmHg pressute |
Mtat is the malﬁ_‘“h" weight of phosphorous? How many atoms are there in 0
molecule of phosphorus vapour? (15,4 §

4. The mass of a sulphur atom is double that of an ide o0
1€ ma : oxygen atom. Can we decide

this basis that the dEIEltj" of sulphur vapour rﬂl&ﬁvegf:ax}rgen is two? {Nﬂ]

5. .In.a vi;fqa- Meyer determination, 0.0926 g of a liquid gave 28:9 mL of gas collected

Dv?r Taa;ﬁami measul'ttd at 16°C and 7536 mm pressure. Calculate moleculd!
weight and vapour density of the substance. (Aq. tension at 16°C = 136 M%)

| | 78, %
[Hint: Find weight- of 22400 mL (NTP) of the gasl
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6. A Dumas bulb of capacity 200 mL weighs 22567 g at 120°C. Fj]

of a substance at 120°C and 755 mmH ressure, i i
re; it ;
molecular weight of the substance. 4 Sl

led with vapour
8617 g. Find the

(47-8)
tube generated 110 ml,
pressure. The height of mercury inside the
the molecular weight of the substance. (122-6)

8. 0-607 g of the silver salt of 3 triba
silver. Calculate the molecular w

7. 02704 g of a substance when introduced into a Hofmann
of vapours at 99-6°C and 747 mmHg
tube was 285-2 mm. Calculate

sic acid on combustion deposited 0-37 g of pure
eight of the acid. (210-16)

| 9. 0304 g of a silver salt of a dibasic acid |
its molecular weight.

e - -

eft 0216 g of silver on ignition. Calculate

(90)
| 10. 0-66 g of P]aﬁfﬁd'ilﬂride of a monoacid base left 0-150 g of platinum. Calculate its
| molecular weight. (Pt = 195) (221)

| 11. The chloroplatinate of a diacid base contains 39% platinum. What is the molecular
weight of the base? (Pt=195) (90)

. 12. A solution containing 3-00 g of a monobasic organic acid was just neutralised by
r 40 mL of 0-5 N NaOH solution. Calculate the molecular weight of the acid. (150)

13. 0-366 g of an organic base required 15 mL of l'_;l. HCI for exact neutralisation. If

the molecular weight of the base is 122, find its acidity. (1)

aag

et
e
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CHAPTER SIX

U
cHEMICAL FQUIVALEE

Significance of Equivalent WEifih;* od as the amount of it which Com;,
" ce iS efnn umb Ne

AI} equivalent of a Subﬁtznatgms or replaces the 5am€f: {1 s u;r l{) : hj_"df';
with 1 mole of hydroge tion, The weight in grams O - SHVAeNt is ol
atoms in a chemical reactiot: le, in the compounds Hg; i

: i _ For examp .
T h;flrlligz::;mes with one mole of Br, %2 mole of g,
and NH,; one mo Eti'JEI}’» Hence the equivalent weights in grams of Br ¢
15 mole of N resfpfl; Jin 15 mole of O, /3 mole of N respectjy,
18

ole of Br, : . .
;Lnnd Eeirltzfd‘:e] mole each of Br, O and N contains their 1 equivaley-
equ?valents and 3 equivalents respectively.

Thus: eq. wt. of Br =1X 799 =799

1
eq. wt. of O =§K16—3'0

eq. wt. of N=%x14=4—67

(Atomic weights of Br, O and N are 79-9, 16 and 14 respectively.)

To determine the equivalent weight of an element, it is not necesst
proceed from its hydrogen compound only. Equivalent weight of an el

.~ can be calculated using the composition of the compound of the given oy
with any other element, whose equivalent weight is known by the knov*
of th.e Law of Equivalence. The law states that one equivalent of ar elﬂt-f
;ffrmbmes with uﬁne equivalent of the other. Accordingly, the equivalent \:
; Wﬂteran EIEE;!::H? Iihe weight of its mole combining with one equf‘

- It can be further illustrated by the following exanp b

v

The equivalent weight of Al in AL, can be calculated if it i kj:x&’

1 mole of O i : i :
Wil 5 mﬂlesc?::f“gm 2 €quivalents of it. From the composition Dfo o
combine with 2 moleg of Al or 6 equivalents of (A

writh a .
An evaluation version of novaPDFE was used to create this PDF file. lE 0
D combines with 14 mo
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100 Modern Approach to Chen
hy
of 8% 7.
g " of BaS
: t. of MnSO;=— 5 1 3.25 B :
Sooeq. w 2 chm:ndf
Hence the answer is (D). . f—'ﬂm:
f res
PROBLEMS . nd ™ |
(Answers bracketed with questions) ¢ weigl
i O - ; ‘{!F
Fe forms two chlorides, FeCl, and FeCl,. Does Fe have the same value of “Quivy),, & iﬂn'ﬁnluu
L weight in its compounds? y . . [;u;',;li , oW man)
The equivalent weight of a metal is 12. What is the equivalent Weight of i OXids l % Hﬁlﬂa Ko
i
o and 3-17 g of a halogen combine separately with the sa,,. St 18- M 207
B8 ]FEEHWMt is the equivalent weight of the halogen? “"':"- ON
e hich contains 65-2% and the oth al iﬂiﬂh
. : of which contai tie 0D e other, 757,
4. Arsenic forms two ?md&ﬁ, one i1 f acionic i both cages - 0 One gram
. Eq:‘;: L. ufghvdrﬂgﬂn at NTP to be ;. U5, 249 o How mar
i i m ) - 2 Teduced 4, yAr
5 180 gofa metal mtﬁldl-’ ot i e e ekl 0 ik tis t
metal. Find the equivalent weights of the oxide a PR (242, 169 20- ﬂht?'le fol
¥ i i ht is 231 diﬁ lﬂ. . H
: tof a metal whose u-quwalent weig _ places 0.7 e 5
S ];dcemﬁag.:z :z:;:ed at NTP from an acid. Calculate the weight of the mety) e (Hint: 7.
(175 s ON C
7. 944 g of a metal oxide is formed by the combination of 5 & of the metal. Calaupy, 21, Write th
the equivalent weight of the metal. o :
8. 14.7 g of sulphuric acid was needed to dissolve 168 g of a rlnetal. Calculate .
equivalent weight of the metal and the volume of hydrogen liberated at Nrp, |
(56, 3-26 litres) |
9, The salt Na,HPO, is formed when orthophosphoric acid is reacted with an allal; |
Find the equivalent weight of orthophosphoric acid. ) |
10. 0501 g of silver was dissolved in nitric acid and HCl was added to this solution, |
so formed weighed 0:6655 g. If the equivalent weight of chlorine is 335, | 22. Find t
what will be the equivalent weight of silver? (108)
11. 5 g of zinc displaced 4-846 g of copper from a copper sulphate solution. If zinc
has an equivalent weight of 325, find the equivalent weight of copper. (319
12. (i) What is the weight of sodium bromate and molarity of solution necessary 23. Cales
prepare 85-5 mL of 0672 N solution when the half-cell reaction is . (@) P
BrO; +6H" +6e — Br ™ +3H,07 ®)5
(ii) What would be the weight as well as molarity if the cell reaction is e
2BrO; +12H" + 10e — Br, + 6H,0? (IIT 1957 - How

g
[(i) 1-4479 g, 0-112 M (ii) 17236 & 0134}
e nitfe®

13. 13 of a metal when dissolved in nitric acid converted to its ru'traF& Th i
was then precipitated to 266 g of the metal chloride. Find the equwaleﬂt{‘l‘ﬂm s

e

of the metal.
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(175 B
- metal. Caloy,, |
(¥
al. Calculate e
rated at NTP.
(56, 33 Itheur;I

24. How many equivalents per

—— e
Chemical Equivalence 101

14. 2 g of anhydrous BaCl,,
2:25 g of BaSO,. Find the

Present in a solution, was quantitatively converted to
equivalent weight of Ba. (64-5)

15. The chloride of a metal ‘M’ contains 47.239, of the metal. 1 g of this metal displaced

from ﬂ’(ﬂmpﬁu.rld 0-88 g of another metal 'N'. Find the equivalent weight of ‘M’
and "N’ respectively.

(3177 ; 27-96)
16. What we_ight of CuSO, - 5H,0 must be taken to make 0-5 litre of 0:01 M Cu (1)
ion solution? (1248 )

17. How many litres of 50, taken at NTP hav- to be passed through a solution of
HCIO, to reduce 169 g of it to HCI?

(13-44 litres)
18. How many grams of H;S will react with 632 g of KMnO, to produce K50, and
MnO;? (0511 g)

[Hint: ON change for Mn, + 7 to + 4 and for 5, - 2 to + 6]
19. One gram of the acid C.H, O, requires 0-768 g of KOH for complete neutralisation.
How many neutralisable hydrogen atoms are in this molecule? (2)

20. What is the weight of 1 gram-equivalent of the oxidising and the reducing agent
in the following reaction?
5Zn + V,0; = 5Zn0 +2V (V =5094, Zn = 65:38 and O = 16)

[Hint Zn is reducing agent and its ON change = 2; V,0, is oxidising agent and
its ON change = 10] (32:69 g, 182 g)
21. Write the following oxidising agents in the increasing order of equivalent weight:
KMnO, — Mn**
K.Cr,0, = Cr"
KMnO, — MnO,
KIO, = 1
KCIO;, — ClI°

(KClO,, KMnO,, KIO;, K.Cr,0;, KMnO,)

22. Find the equivalent weight of H;PO, in each of the following reactions:

H,PO, + OH™ — HPO, +HO
H,PO, + 20H™ — HPO;” +2H,0

H,PO, +30H — POy +3H0 (98, 49, 32:67)
23, Calculate the equivalent weight of S0, in the following reactions:
(a) S0, +2H,S=35+2H,0 G

ililssnﬁmn‘uﬂpsmoﬁmmﬁm,so‘
mole of H,S are there in its oxidation to SO,?

aaa
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CHAPTER SEVEN gqtﬁfalel:;;
5 e
VOLUMETRIC CALCULATIDNL o up;::lﬁ .
CETEe __-_::_::'Q eq ui"a]
.ve analysis in chemistry is primarily carried out by ‘nithe difte
:::h S{t;:nizrtiazmﬁ et analysis arfd gravimemc dm];alysis. In the ﬁ: :'1 :?thg' tW:n;
R o demical species 1o DCAIS b el g pe the ?dﬁl
volume, whereas in the second method it 1S dEtEtmmEfj Y taking the Wui:éh: wo act
In ;he volumetric analysis, the process @ det@‘;im“a“:’“ o %trength of Fl.ll'the
solution by another solution of known 5I:rEﬂgth LSS YOIELC condigin, ¢ milliedt
is known as titration. Titrations are of v.arm'.:ts tj{PEﬁ, wz:[: acid and basg 0
titration, oxidation—reduction titration, iodine Htr atm:‘;, ﬂtt(l: the f“mlﬁmeme. qitration
basis of all titrations is the law of Equi‘fﬂ!ﬂ““ Whl':hti:ia Esv mth::t the eng Poin when @ T
of a titration the volumes of the two titrants reac ave the same NUmpe, | Jetect
of equivalents or milliequivalents. ':i}trated W
The strength of a solution in volumetric analysis 1S generally exprec,
in terms of normality, i.e., number of equivalents per I_J,l:re but since the VOlum takes Pla‘
in the volumetric analysis is generally taken in millilitres (mL), the normgy,
is expressed by milliequivalents per millilitre.

illi ts (m.e.) e
lehequivalen' : ( . " equiring
From the definition of normality we know, detect th

: number of equivalents HCl
normality of a solution = et e Tt ot
- number of equivalents = normality x volume in litres. the bure
: . orange,

If the volume is taken in mL, : i
number of milliequivalents (m.e.) = normality X vol. in mL. dFlE::

-l number of milliequivalents = number of equivalents

= 1000

m.e o
Tl —— = equivalents And fc
e 1000 =
R : : - “+ o is fhe same as the nunb |

1 AR For a given solution, number of equivalents per litre is the sa
~ of milliequivalents per mL. If
S is follc
Milliequivalents and Chemical Reactions = E

s important at this stage to mention that for any given reaction, ¢ E
A A+2B=2C +3D, o '

F ool : hE mﬂlar [ﬂu : ;
etric coefficients of A, B, C and D represent S pmduﬁ Ang |
D, ie, 1 mole of A combines with 2 moles O ° ¥ :
‘and 3 moles of D. But these coefficients do n° :
St ;

= il "b“__

et o et .

- i 1nn
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Modem Approach to Chemical Calculations

-T.:*[r, y:z and z=9.

Ex. 73. 10 mL of tap water containing Ca®" and Mg i H-m b e Heg,
was properly buffered and the indicator murexide added. The sample g, '

i = dil i *.!
and heated to 60°C. Titration with 0.01 M EDTA solution changed the ;, .. "'

diggy
. 4 ll G
colour at 7.50 mL. This complexed Ca™ oniy. PR o
A second 10-mL sample was made basic afr:i' Eno T indicator d
Titration with 0.01 M EDTA solution changed the indicator colour af 13.0; mf‘
Under these conditions both Ca® and Mg®* are complexed.
If the 10 mL of water sample were o be evaporated to dryness, why; ., i
hf

of CaCO; + MgCO; would be formed?

Solution : All EDTA complexes are formed on a one-to-one b,
dipositive ions.

Mole of Ca?" + Mg?* = mole of CaCO; + mole of MgCO,

oIS Wity

0,01 % 13.02 2
e s e =13 %10
1000
Mole of Ca®* = mole of CaCO,
0.01 x7.50 g
=———=750x10".
1000

- mole of MgCO,;=13x107-7.50x 107 =55 %107

weight of CaCO; + MgCO, =7.50 x 107° % 100 +5.5x 107 84
=121x102g.
{CHCDG = 1{]{), I'\-"IE‘;C{:,]';I = 34}

PROBLEMS

(Answers bracketed with questions)
1. Calculate the strength in g/L of 3 N HCl and Lj—l—l:.‘:":(?q solutions. (1095, 24

2. How many mL of 1 M sulphuric acid is required to neutralise 10 mL of 1}
sodium hydroxide solution? (5 m)

3. Zlil;'es-'af.anunonia-at 13°C and 0:90 atmospheric pressure is neutralised by 13 Ff‘L
of H,SQ, solution. Find the normality of the acid. (057N

4. What weight of CuSO, - 5H,0 must be taken to make 05 ltre of 0:01 M P

5 (a) Calculate the molarity of hydrogen chloride in a solution when 0365 ¢ *

) ‘has been dissolved in 100 mL of the solution.
R A N s 11
~ (b)3 g of a salt of molecular weight 30 is dissolved in 250 g of water. "¢ e d

'“'." An evaluation version of novaPDFE was used to create this PDF file.
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Volumetric Calculations

6. Derive a formula for the volume of water, V,, which must be added tq V, mL of
concentrated solution of molarity M, to give a solution of molarity M, =

7. Find the equivalent weight of H,PO, in the reaction
[Ca(OH), + H,PO, = CaHFPO, + 2H,0]
8. A 250-mL sample of 020 M hydrochloric acid is to be

approximate amount of the concentrated
should be used?

(49)

made by diluting the
reagent 11-7 M. What volume of the latter

(427 mL)

9, How i mL of each of two hydrochloric acids of strengths 12 N and 3 N are
to be mixed to make one litre of 6 N solution? (33333 mL, 666:67 mL)

ave to be mixed to prepare
the change in the volume in mixing.

(375 mL, 125 mL)
11. 1 litre of a solution contains 18:9 g of HNO, and 1 litre of another solution contains

3:2 g. of NaE?H. In what volume ratio must these solutions be mixed to obtain a
solution having a neutral reaction? (1:3-75)

12. 10 mL of sulphuric acid solution (sp. gr. = 1.84) contains 98% by weight of pure
acid. Calculate the volume of 2.5 N NaOH solution required to just neutralise the

acid. (147-2 mL)
13. What is the molarity and molality of a 13% solution (by weight) of H,SO, solution?

Its density is 1090 g/mL. To what volume should 100 mL of this acid be diluted
in order to prepare 1-5 N solution? (1-45 M, 152 m, 1933 mL)

o
L 10. What volumes of 2 M and 6 M solutions of HCl h
500 mL of a 3 M solution? Disregard

14. How many mL of concentrated sulphuric acid of sp. gr. 1-84 containing 98%
H,SO, solution by weight is required to prepare 20[! mL of 0-5 N solution?

(2:71 mL)
15.26 mL of a 1 N Na,CO, solution is neutralised by the acids A and B in different

experiments. The volumes of the acids A and B required were 10 mL and 40 mL
respectively. How many volumes of A and B are to be mixed in order to prepare
1 litre of normal acid solution? (1794, 820-6)

- 16.25 mL of a solution of Fe® " ions was titrated with a solution of the oxidising agent

Cr,02". 3245 mL of 00153 M K,Cr,0, solution was required. What is the molarity
of the Fe®* solution? - (01192 M)

i?.'-.';ﬂpm: heating a litre of a E.]-HCI solution, 2-675 g of hydrogen chloride is lost and
e - the volume of the sqlutmn shrinks to 750 mL. Calculate (i) the normality of the

muuam solution (ii) the number of milliequivalents of HCl in 100 mL of the
]@i@nﬂmuum -~ (0569 N, 50)

\ Zn + CuS0, = Cu + ZnS0, goes completely to the right. In one
perime; ‘of metallic zinc was added to 200 mL of copper sulphate solution,

An evaluation versibn of novaPDF was used to create this PDF file.
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ot all the zine hag
I'I L l':!:""-ir_-.!..

Af =
e all CCpper is precipitated it was found that : %
action was 9.810 o -~ -

After filtration the total solid at the end of the re

i) th : : . larity Of COpPper sulpha. . 2k
e weight of copper deposited and (i)} molarits Pl ‘Phate -

original solution, (Cu =635, Zn =654) 358 05

as treated with an excess of ferr Sulph.
dissolved. The solution after the ad e
of 0:1 N EKMRO, for

19. 0-108 g of finely-divided copper W
solution until copper was completely
acid required 33.7 mL

excess dilute sulphuric i SO v b vt 1
oxidation. Find the equation which represents the reaction betw {{;{1 :,..;Lj_._“: e #nh-"
! . W =03G B a
» te solution. s ) PFoop,
and ferric sulphate so [Cu+ Fe; (SO = CuS0, « op - A %
| ey 118
20. A commercial sample (2013 g) of NaOH containing -?"'M.EL Oy as an 5"‘51"-"-::,- the
dissolved to give 250 mL of solution. A 10 mL F”rl'_““ ‘“_’ the solution ry the
2{:: ml of 0-1 N HS0O, solution for complete neutralisation. Calculate the Percenty.. 4{!
by weight of Na,CO, in the sample. (229 2% ﬂ'l.ﬂ
21. (i) A solution of a mixture of KCl and KOH ‘-'-'.*15 neutralised with 120 m[, of 123 cof
HCI. Calculate the amount of KOH in the mixture.

(ii) After titration, the resultant solution was made acidic with HNO, . Then gy, 30 1
of AgNO, solution was added to precipitate the AgCl which weighed 37 ; . i aF
drying. Calculate percentage of KOH in the original mixture. (0806 g, 457+, W
22. 10:03 g of vinegar was diluted to 100 mL and a 25 mL sample was titrated 1y ﬁ

the 0:0176 M Ba(OH), solution. 34:30 mL was required tor equivalence, Wha it
the percent of acetic acid in the vinegar? . (290 % 41, A
23, Zinc can be determined volumetrically by the precipitation reachon v
. = = ! !
37Zn"" + 2[4K’, Fe(CN);" | — K,ZnJFe(CN),), + 6K ;
A sample of zinc ore weighing 1-5432 g was prepared for reaction and required 1

34.68 mL of 0-1043 M K,Fe{CN), for titration. What is the percentage of zinc
the ore? (23 %)

24. 55 g of a mixutre of FeS50;:7H,0 and Fe,(50,);-9H,0O requires 54 mL of
0-1 N KMnO, solution for complete oxidation. Calculate the number of mele of
hydrated ferric sulphate in the mixture, (00077 mole}

25. A chemist is preparing to analyse samples that will contain no more than 05 g o

uranium. His procedure calls for preparing the uranium as U*" ion and oxidising
it by MnQ, in acid solution.

SU'T + 2MnO; + 6H,O — 5U0%" + 2Mn®* + 4H,O"

If he wants to react the total U** sample with a maximum of 50 mL of KMn0,
solution, what concentration should he choose? (00165M

26. For the standardisation of a Ba(OH ), solution, 0-2 g of potassium acid phzha‘.:‘
(W of one mole =2042 g) was weighed which was then titrated with Bmﬂ'r:.
solution. The titration indicated equivalence at 27.80 mL of Ba(OH ), solutio? L
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is:the molarity of the base? The equation for reaction is
ZKHC,H,0, + Ba(OH), — 2H, O + 2K* & 2C
L]

- A sample of magnesium metal ini ;
27 ot 1255'\11 containing some magnesium oxide as impurity was

L of 01 N H;S0,. The
and 1 atm was 1201 mL. +- The volume of hydrogen evolved at 273°C

The resulting i {

' g solution was found to be 002 N with

e iﬁéigﬁim}ht“ () the weight of the sample dissolved and (ii) the
: Ol Mmagnesi i .

i;lr:eme of the solution. gnesium in the sample. Neglect any change in the

(01235 g; 95-95%)

treated with 75 mL of H,S0, (sp. gr.

After the metal is completely dissolved,

ate the molarity of free sulphuric acid in

(0177 M)

29, 400 g of mixture of NaCl and Na,CO, was dissolved in water and the volume

made up to 250 mL; 25 mL of this solution required 50 mL of N/10 HCI for
complete neutralisation. Calculate percentage composition of

iT+ Batt

(0- 0176 M)

98, A piece of aluminium weighing 27g is
118 containing 24.7% H.SO, by weight).
the solution is diluted to 400 mL. Calcyl
the resulting solution.

the original mixture.
(33-75% ; 66-25%:)

30. 100 g of a mixture consisting of equal number of moles of carbonates of the two
univalent metals, required 44-4 mL of 0-5 N HCI for complete reaction. If the atomic
weight of one of the metals is 7, find the atomic weight of the other metal. What will
be the total amount of sulphate formed on gravimetric conversion of 1 g of the mixture
of sulphates? (231; 14g)

31. A mixture containing only Na,CO, and K,CO, weighing 1:22 g was dissolved in
water to form 100 mL of a solution. 20 mL of this solution required 40 mL of
(-1 N HCI for neutralisation. Calculate the weight of Na,CO; in the mixture. If
another 20 mL portion of the solution is heated with excess of BaCl,, what will
be the weight of the precipitate obtained? (053 g; 03946 g)

| 32 100 g of a moist sample of a mixture of KCl and KCIO; was dissolved in water
~ and made up to 250 mL. 25 mL of this solution was treated with SO, to reduce

~ the chlorate to chloride and excess SO, was removed by boiling. The total chloride
‘was precipitated as silver chloride. The weight of the precipitate was (:1435 g. In

- another experiment, 25 mL of the original solution was heated with 30 mL of

" 02 N solution of ferrous sulphate and unreacted ferrous sulphate required 375 mL
* of 008 N solution of an oxidising agent for complete oxidation. Calculate the molar
" ratio. of chlorate fo chloride in the given mixture. Fe®’ reacts with ClOg
 cconing o the reaction

L CIO; + 6Fe?* + 6H' — Cl” + 6Fe’" +3H,0

g (05x 107> mole ; 0:5x 10"* mole)

was boiled with 200 mL of N/10 oxalic acid and

ered and the residue washed. The filtrate

sample of pyrolusite
L s

(84:58%)
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34.25 mL of a 0:107 M H,PO, was titrated with a 0-115 M sﬂluﬁ?n r:.:f a NaOH solugey
0 the end point identified by the colour change of the H'-i_il-:atnr, bromocs
green. This required 23-1 mL. The titration was repeated using Phennlphth“tﬁn
indicator. This time 25 mL of 0:107 M H,PO, required 468 mL of the U'HS]-.,[
NaOH. What is the coefficient n in the equation, )23

H.,PO, + nOH™ —» nHO + [Ha- m PO, for each reaction? i |

.xH.O was dissolved in 250 rn.-L- of its solution, 20 -

solution containing 3-53 g of %y, =

35. 98 g of FeSO, (NH,), SO
of this solution required 20 mL of KMnO,

KMnO, dissolved per litre. Calculate x. o

36. 10 mL of H,O, weighs 10205 g. The solution was diluted to 250 mL, 25 py
2

- b required 35-8 mL of a decinormal solution of KMnO, - Calculate the Weight
thh mq:; H.O, in 100 mL and also the volume strength of the solution,
in grams Mz (6-086 g 20 1y
<cess of KI in presence of dilute sulphuric 364

s f H,0, was treated with e
37. 50 mL of H,0; mL of 01 N hypo solution. Caleculate

aL_-. so liberated was r;lrated with 20
strength of H,O, in grams per litre. 06
| ailable chlorine in a sample of 3-546 g of bleaching
- pow i i -d i 25 mL of this solution, on

- pow vhich was dissolved in 100 mL of water; 1
::;:"mm KI and dilute acid, required 20 mL of 0-125 N sodium thiosulphate
Eum | - (1001%)
'39. (a) A zinc rod wﬂgiung ﬁ-m.g-was kept .
a certain time molarity of Cu’® in solution was 0-8 M. What was the molarity
of fhésg]phafeim (S{.)f_' )? What was the weight of the zinc rod after cleaning!

. ®) If the above expéﬁ:ﬁén_tf was done with a copper rod of weight 25 g m;i W
" AL of 2M zinc sulphate (ZnSO) solution, what would be the molady
© za®" at the end of the same interval? ((a) 1M, 23:6926 g () 2V
40, 25 mL of a mixed solution of Na,CO; and NaHCO, required 12 mL of wmﬁ
\ hEl'lOlphthaiemﬁ an indicator. But 25 mL of the same, W e
ethyl orange required 30 mL of N/20 HCL Calculate |
in grams per litre. (25448 10088
ﬁaﬁﬁg and NaOH required 17:5 mL. of Nﬂﬂi::
thal ein as indicator. But when meﬂlj'lﬂﬂﬁ:“ﬁﬂiﬁﬂ
served on the further addition of 25 m -
| NaOH in the solution. (00264387
o witt
dissolved in water and ti’-Eﬂ. 'ffe‘:led :
+in the formation of 047 g of il*C

amCalculatEthe percentage of av

in 100 mL of 1 M CuSO, solution. After

&
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le of hyd .
it SEsat sulphate {N:‘HiSQJ was dissolved in 100 mL of water.

0 mL of this solution was . :
! Was reacted with excess of ferric chloride solution and

warmed o i."l.‘-'m]:.‘-ll'_*t«t'," the r'eaction -
required 20 mL of M/50 Pﬂtassiun; Ferrous ion formed was estimated and it

T ; - ) i
of hydragene sulphate in one litre o Permanganate solution. Estimate the amount

f the solubion,
Reactions: (IIT 19588)
e i
4Fe +N1HI — N:*‘H"‘E* 4l
MI‘LE};+5FE+++EH* — Mnttoepatee
+ 5Fe +4H.0
: (65 gA)

[Hinl: Eq. wt. of N,H, = ﬂ(%ﬂ ]

44. 5 g of bleaching powder was suspended in water and

litre. 20 meIL ‘_:'f l thfs suspension when acidified with acetic acid and treated with
e ution, liberated I, which required 20 mL of a N/10 hypo solution
for titration. Calculate the percentage of available :

[Hint: See Example 58.]

volume made up to half a

chlorine in bleaching powder.

45. A 10-g mixture of Cu,S and CuS was treated with 200 mL of 075 M MnO, in acid
solution producing SQ,, Cu’® and Mn?", The S0, was boiled off and the excess

MnO, was titrated with 175 mL of 1 M Fe?* solution. Calculate the percentage of
CuS in the original mixture. (57-4%)

FE o 8

[Hint Cu: 5 _}2{:],12* -+ SDI; Eq' wt. ﬂf C'qu: m-DI. wi. ]
+
= | |

46. A 0-518-g sa;mple of limestone is dissolved and then Ca is precipitated as
CaC 0, . After filtering and washing the precipitate, it requires 40 mL of 0:25 N
KMnO, solution acidified with H,SO, to titrate it. What is the percentage of CaO
in limestone?

MnO; + CaC,0, + H,SO, — CaSO, +Mn*"+CO,+H,0 (541%)

47, 20 mL of M/60 solution of KBrO, was added to a certain volume of SeO? solution,
Br, evolved was removed by boiling and the excess of KBrO, was back titrated

‘with'5.1 mL of _2,_]"';,_ solution of NaAsQ,. Calculate the weight of SeQ); in the solution.
(0.084 g)

[Hint -SeO;+BI(E+Wﬁ-_S¢Of+Efz+HzG

4 +5 + f
BrO; + AsO; + H,0— Br + AsO] +H
S e S

48. Concentrated HCI solution is 37.0% HCI and has a density of 1.19 g/mL. A dilute
_ HCI‘lii ot ed by diluting 450 mL of this concentrated HCI solution
”'iiimw?a'lteer' Then 10 mL of this dilute HCI solution reacts with an

- -‘ -. E i
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49. 09546 g of a Rochelle salt, NaKC,H,0, - 4H,0, on ignition, gave Nakcq
Was treated with 41.72 mL of 0.1307 N H,SO,. The unreacted H 50 u.il: :
neutralised by 191 mL of 0.1297 N NaOH. Find the percentage Purity -11.;
Rochelle salt in the sample.

50, A mixture of KMnO, and K,Cr,0, weighing 0.24 B on being treated with kg
acid solution liberates just sufficient I, to react w:ti*t 60 mL of 0.1 N, -l
solution. Calculate percentage of Cr and Mn in the mixture. (20.83%, 14 179

7y

[Hint KMnO, »Mn" and KCrO,- 2Ce]
7 +2

51, Federal regulations set an upper limit of 50 parts per million (ppm) of Ny ;- i
air in a work environment (that is, 50 mL NH, per 10° mL of air). The de <
NH,(g) at room temperature is 0.771 g/L. Air from a manufacturing o
was drawn through a solution containing 100 mL of 0.0105 M HCL. The N

with HCl as follows:
NH,(aq) + HCl(aq) = NHCl(aq) :

After drawing air through the acid solution for 10 minutes at a rate of 1() litres /
the acid was titrated. The remaining acid required 13.1 mL of 0.0588 M N0y o
reach the equivalence point.
(a) How many grams of NH, were drawn into the acid solution?
tb]Hnw many ppm of NH, were in the air?
() ]sthm manufacturer in compliance with regulations?

. [(2) 0.00475 g (b) 61.6 ppm (¢) Ny

r'l.Si t}l ‘:IE
Peratigy,
H1 IEa,m

Objective Problems

1. Normality of a solution is defined as
(a) number of eq./litre of solution  (b) number of eq./litre of solvent

ch)humher afmﬂlefkgnfsulvent (d) number of mole/kg of solution
2. In the 25,

o
pof s
s

it 3_-:; actior *'Flz =] 540:* + 217, the eq. wt. of Na,5,0, is equal to its
 @molwt  (®)molwt/2 (2% mol wt (d)mol wt/6
3 ion VO +Fe,0; — FeO +V,0;, the eq. wt. of V,0 is equal toits
L= P wt./8  (c) mol. wt./6 (d) none of these
Cl — NaHCO, + NaCl , the eq. wt. of Na,CO; is
| (c) 106 (d) 53
i — 217 +8,0 is equal to its
- (c) mol. wt./4 (d) none of these

An evaluation version of novaPDF was used to create t
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S, w“iw A
o, ";\':‘\1': :
B TGty 0 R RS A
| e ""’
: '. the eq. wt. of K‘“HG‘ s =3 ZK’ZMI'IGI + HzD +0, ,\“\"‘,
, c) 316 S _;'.x‘ , :
8 g;!: tg .:ff ﬂl:z aﬂ;l requires 20 my, of o4 N (d) 79 o
acid is : 0H for complete neutralisat e
(a) 45 (b) 53 A s SR el Pt v
PO, is a tribasi (d) &3
A ::DH solution ﬁ:}giﬂ“"d One of its salt is Nayg PO, . What vol
) 100 mL b e g of NaHzm to cony A umer“f -
(a (b) 200 mL. By [djﬂal;; into Na,PO,?
. mL
. 10, 2 : c?f a base whose €q. Wit is 40 reacts with 3 at :
acid is B Of an acid. The eq. wt. of the
| (a) 40 (b) 60
1 - (c) 10

(d) 80

11. In a reaction 4 moles of electrons are tranbfcrred to one mole of HNO, when acted

as an oxidant. The possible reduction product
(a) (1/2) mole of N, {(b) (1 .«’2} mole of N,O
(¢) 1 mole of NO, (d) 1 mole of NH,

12. Normality of 1% H,SO, solution is nearly

(a) 2-2 (b) 01 (c) 02 (d) 1

13. What volume of 0-1N HNO, solution can be prepared from 63 g of HNO,?
(a) 1 litre (b) 2 litres (€) 05 litre (d) 5 Kitres

" 14. The volume of water to be added to 200 mL of seminormal HCI solution to make

it decinormal is
(a) 200 mL (b) 400 mL {c) 600 mL (d) 800 mL

15. 02 g of a sample of H,0, required 10 mL of N KMnO, in a titration in the presence
of H,SO, . FPurity of H,O, is
(a) 25% : (b) 85% (c) 65% (d) 95%

. i d
16, 100 mL of 0-5 N NaOH solution is added to 10 mL of 3 N H,SQ, solution an

ture is
?:;I::l‘dt: Sl sg;:ﬁcnah‘ﬁe 3 (c) neutral (d) none of these
lity?
17. Which of the following has the highest E:-:;r;n:l ity 0, (@)1MHNO,

1MH,PDJ
hMH,SO. (b) e SR

reacts
e L) by wt. is
'ﬂ%%mmmfgﬂ%ﬂzfgm“‘ e o
. _ (b) v .’ 100 mL of water, 20 mL of which required
xH,U is
i 15 /
iy v HO, 8 /
r of m(:;l;;f; il (c) 6086 (d) 6085 /
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. (2} 1.7 )-86 (d) 6086
SiE sk i by 9917 mL
},50, (36 N) is diluted Dy of Water, 4
i Sam-PlE ?f:he :ms:Jltirlg solution is
a;%p;:j_ﬁmite nmmalzlg ;2 (c) 01 (d) 03
{ - o o sﬂ_’ut E?-VE 0- 1435 g of AgCl when treated with excess .
& lgﬂgND,mL n‘[’lm normality of the resulting solution is @0
01 (b) 3 (Gres
::] LofaO1N sbluhunﬂfﬁgmoamadded gostdmbiofa b 1N KCl solugiey,
l b o8 e ixture is
: te in the resulting mi
'L":. ;;neﬂ:nncmtmnnn ai;;;:g.:ﬁ ;;l (© 001 N @ 02N
- Aed. v
25, The ratio of amounts of H:S “ﬂ: .:I;ﬂgompmm B o o100 )
2 g 1 u - ¥
. f:jllhi ﬁgNDd and EbE;Elzmi.. of [c; s () tinite
26. If 05 mole of BaCl, is mixed with 02 mole of NagPO,, the maximum number o
mole of Ba, (POy); that can be formed 1s e
@07 ®) 05 (©) 030
- r 27 ﬂ.d&gbfanaudﬂfmufecﬂhrw&gllt 90 was neutralised by 20 mL of 05 N causy;,
=~ i Pa(as.h the acid is
‘ "'I"“ 3 bamw{ﬁ 2 ¢ ©3 (d) 4

__lu

: e of 18 me 1;.- HISE}‘ has been diluted to 100 litres. The normality of the

s {b} 018N (c) 1800 N (d) 036N

mdmhﬁor for detection of end point in titration of a weak acid and 2
e (3 to 4) (b) methyl red (4 to 6)

1B (Gt (d) phenolphthalein (8 to 9.6)

(1IT 1985)

{C) 341 (d) 80
‘will be needed to react completely with %

(d) 1 (T ﬁ:
e e;itareadWlth“ne i
@1 it ¥
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CHAPTER EIGHT

ELECTROLYSIS AND ELECTROLYTIC
CONDUCTANCE

The electrical and chemical concepts are interdependent. A flow of electrigy,
through a substance may produce a chemical reaction, and also, a chemicy]
reaction may cause a flow of electricity through some external circuit. The
former involves the study of electrolysis and conductance, while the | latter,
the measurement of electromotive force. In this chapter we shall dea) with

the phenomena of electrolysis and conductance.

ELECTROLYSIS

Faraday’s Laws
The quantitative relationship between the amount of electricity passed
through a cell and the amount of substances discharged at the electrodes was
systematised by Michael Faraday in the form of the following laws:

First law: The amount of substance discharged (deposited or dissolved) at an
electrode is proportional to the quantity of the electricity passing through the

electrolyte.
Mathematically:
. w=4dg :
v w::j_f (q:Lf) i“
' w=zlt

where w is the wmght of the substance discharged at an electrode in gr;;ﬂll
' .!!L ii’ is the charge in coulombs, £ is the time of flow of electricity in sec"” k:

L :ﬁﬂi‘ie current in amperes and z is a constant known as the Eltctmdzef:;
the subs
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Electrolysis and Electrolytic Conductance e
bs gince X is very small,
I('['la K' = {},&irz =005 x I:DG] 83)2

=1.76 x 10> mole/litre.

1
L gx. 45. Thf-‘ specific conductance of a saturated solytion of AgCl at 25°C after
subtracting the specific conductance of conductivity of water is 228 x 10" * mho

-1 Find the solubility product "
E:: agcl = 1383 mho C:I}p o AgClat 25°C.
) solution : For equilibrium,
8 AgCl = Ag'+C1-
Ko = [AgT][C17]
ifite sulibilify ot AeClin water is, say, x moles/litre or x eq./L,
Ko=x:x=x%

. volume containing i eq. of AgCl = 1()11:}[}

il

]

Aapci =sp. cond. x V

=228 x10 %x 1000
X

Since AgCl is Spfgérégly soluble in water, Apgc) = A%y =1383.

5 228x107°x = =1383

x=1644x107° eq./litre or mole/litre.
Kop=x"=(1-644 %1077
=270 %10~ " (mole/litre)".

PROBLEMS
(Answers bracketed with questions)

M ten AICL is electrolysed with a current of 05 amp to produce 27-0 g Al

4 AHIQW.-manjr_ g eq. of Al were produced? (ii) How many gram-atoms of Al were
Ebﬂumd? (iii) How many atoms of Al were produced? (iv) How many eh_ectmns

mmqmm-; (v) What is the no. of faradays of electricity consumed? (vi) How

long did the electro lysis take place? (vii) How many litres of Cl, at NTP were

W? A ()3g eq ()1 (iii) Av. constant (iv) 3 x Av.mnstant\
e ”l{v} 3 F (vi) 160 h 50min (vii) 336 litres

enih s of an aqieous Cr(S0); solution using a current of 2 amp, the

s by 8 g. How long was electrolysis conducted?
' cathode is increased by 8 § (619 h)

Purchase a license to generate PDF files without this notice.



http://www.novapdf.com/

o Modern Approach to Chemical Calculations

d A spoon used as a cathode is dipped in AgNO, solution and a current of 02 apy
15 passed for one hour. Calculate v P
(a) how much silver plating has occurrecs 5
S o g i m:;:- 1::1111‘;;: F;:Iated u-ncler similar cong;

C t of copper wou hong?
i) what amount of copes (0-805 g, 4.5 x 107, 0.3
i f AgNO, soluti EJ
-0 through a solution of A 3 solution deposit g,

44 stea:.i].r i e ber of coulombs. What volume of hyqg SUE
of Ag in 1 h. Calculate the num 3 3 ydrogen 4
27°C and 750 mm pressure would the same current liberate in one hoyp

(4467 coulombs, 577,

fertili lant in Punjab, hydrogen is produced by the elecirj, ..

5. :ftv.i;faﬁihydr;ﬁ; E used for the production ?f ammonia and nitric ﬂ;;i?sls

oxidation of ammonia). If the average production of ammonium nitraye is
5000 kg/day, estimate the daily consumption of electricity per day.

6. In an electrolysis experiment, current was passed for 5 hours through two cells
connected in series. The first cell contains a solution of gold and second containg
CuSO, solution. 985 g of gold was deposited in the first cell. If the oxidation
number of gold is +3, find the amount of Cu deposited on the cathode of the
second cell. Also calculate the magnitude of the current in ampere. (I F = 9¢50
coulomb) (Au =197, Zn = 65-4) (4765 g, 0-8037 amp)

7. A constant current flowed for 2 hours through a potassium icdide solution
oxidising the iodide ion to iodine (2" — I, +2e").
At the end of the experiment, the iodine was titrated with 21-75 mL of 0:0831 M
sodium thiosulphate solution

(L +25,0F = 20" +S,027).
What was the average rate of current flow in amperes? (0-0242 amp)

8. During the electrolysis of CrCl, , chlorine gas is evolved at the anode and chromium
. is deposited at the cathode. How many grams of Cr and how many litres of
chlorine (at NTP) are produced, when a current of 6 amperes is passed for one

hour? (3-88 g, 2507 litres)

9. A current passes through two cells containing respectively—(i) CuSO, solution
between Cu electrode and (ii) AgNO, solution between Pt electrodes. Calcula®
the loss or gain in weight of the different electrodes in the time in which 40 ¢
oxygen at NTP collects in the second cell.
(Ag=108; Cu=63-5)

First cell 102288 Cu deposited at cathode.
0228 g Cu dissolved out from anode.

0778 g of A ited at cathode.
Second cell |- /78 of Ag deposited at
{Wt. of anode does not change -

: _ ?
10. WhﬂtWEightOfWHErWﬂledmpm_edbyamtnf 1003"“?”“11;((35!
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Produced during the electrolysis of water

oduced at NTP? hours? What volumes of dry gases are
H,-0245g,0,-194g

H,-272 L,0,-136L }

gnder a 1-30 amp of current for 5

: Ell other. In a particular experiment

: collected together and the total volume
measured 16-8 mL at NTP. H

\ the experiment? W many coulombs were passed through the cell in

. : (965 coulombs)

= ;grmlsnﬁ&;hﬁdm“m on a metallic vessel of surface area 800 cm® by passing a
t of 0-2 amp for three hours Calculate th . .

- e 1 > the thickness of sil ited,

given its density is 10-47 g/cc. of silver deposited

| | (2-88 %10 * cm)
14. 50 mL of hydrogen gas was collected over at 23°C, 740 mmHg barometric pressure.
N H, was produced by the electrolysis of water, The voltage was constant at 21 volts,

the current averaged 0-50 amp for 12 minutes and 20 seconds. Calculate Avogadro
constant. (585 % 107)

: . 15. A current of 0-5 amp is sent through a solution of CuS0, for 20 minutes using Pt
electrodes.

(a) Calculate the weight of Cu deposited.

{b) Find out the total number of copper atoms deposited.

(Cu=6357, Av. constant = 6-022 x 107, 1 F = 96500 coulombs ) (0-1976 g; 1-87 x 10%)

e

16. What current is required to pass 1 mole of electrons per hour through an electrolytic
bath? How many grams of Al and Cd will be liberated by 1 mole of electrons?

(268 amp, Al-899g Cd-562g)

17. How many hours are required for a current of 3 amp to decompose electrolytically

18 g of water? (18 hours)

18.50 mL of a 0.1 M CuSO, solution is electrolysed for 12 minutes,at a current of
¢ 006amp. If Cu is produced at one electrode and O, at the other, what will be the
" PH of the final solution? For HSO; =H'+S0} ", Kgjss =13x 1077, (2:95)
' the electrolytic production of NaClO, from NaClO, as per reactions:
8 ClO; +H,0 — ClO; +2H" +2¢~
| Hn'l'rmany mﬁﬂmwwouldbemqtﬁmdmﬁndunelmmm
?

: volume of H, at STP would be liberated at the cathode in the time that
o form 12-25g of NaClO,? (2F, 2:24 litres)

-~ = - - s B an b ansb
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190, m Appmar:h to Chemical Calculations

Maode

(i) Calculate the quantities of substances deposited at the cathodes of el
i

cells. (Ag = 108, Cu = 63-5)

(i) In cell “A’; 2H,O — O, (g)+4H" + 4 4 S
Ag te = Ag at cathog I|
In cell ‘B'; Cu— Cu'+2e i il
Cu**+2e —» Cu at Ealm;
(ii) Ag=21-6g; Cu=635¢g e !

illili : sulphate is electrolysed for 3p ’
21. One hundred millilitres of 0-8 M copper su g
by passing a current of 5 amp. Calculate the amount of copper sulphate i, E'.rart:,

in the solution. 53 3

idi ically to anthraquinone. What we;
22. Anthracene can be oxidised anodical ¥ E'Ehl: of
anthraquinone can be produced by the passage of a current of 1 amp for &0 Minute
if the current efficiency is 100%? (1293 g

[Hint: C"Hm+30 = E11H302+1-[20

mol. wt. I

Eq. wt. of C,;H:O;=—

23. To reduce nitrobenzene to aniline, 20 g of CHNO, , 30 cc .Df b

of water, 11 g of HCI and 1 g of SnCl, - 2H;0 were placed in the cathode space

current at a rate of 26-5 amp-hour through the lead cathode
of aniline was produced. Determine the current yield.

(84:35%)

After passing
electrolytic cell, 1276 g

[Hint: See Example 13]

24. 02964 g of Cu was deposited on passage of a current of 0-5 amp for 30 min through
a solution of copper sulphate. Calculate the atomic weight of Cu. (6356)

' i lectrically refined by depositing
. Most of the copper used to make wire has been e : |
2 it copper l?s-‘al?;; solution (divalent) on to a cathode. What is the cost of electrica

quired i f electricity is Rs. 0-25 per kWh and
xrgc}erilmqoperatezﬂ afgﬂ?lf E:El}::r gl’lt:e;::rgchemical tyequivalem Ef copper
[Hint: No. of eq. in 1 kg of Cu % 0:25 /no. of eq. of Cu deposited by 1 KWh =
cost in rupees.]
26. How long should a current of 0-5 amp bepa_ssed through 50 mL -
splution in order to make its pH 12, assuming no volume change’

e : & .[mu‘ff
£ Sl . : to be 82x 10" litres
27. Lake Cayuga has a volume of water & ehd lectricity at the ™€

station not so far above Cayuga's waters produces eH e ke
1-5 x;{;l:ol coulombﬁme ] a]:; second at an appropriate voltage. 10 (19 millor }-ear-‘ﬁ
to electrolyse i
R i eedOl
28. A 200-watt, 110-volt incandescent lamp is connected in senﬁ_:;tmt weight
" cell of negligible resistance containing a solution of ﬂlt';: Ch:f;n{ for 30 nﬁﬁ
: sosited from the solut ing the ¢ (105
o zinc will be deposited from the solution on pass

ir . (Zn=635; 1 faraday = 96500 coulombs)
Al
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Eiectrulysis and Ell?cl'm]}itig Conductance 191

29. 40 mL of 0-125 M of NiSO, solution is electrolysed by a current of 0:05 amp for

40 minutes. (i) Write the equation for the reactions occurring at each electrode. (ii)
How many coulombs of e!ec!-ricity passed through the solution? (iii) How many
] grams of the product deposited on the cathode? (iv) How long will the same
: current have to pass through the solution to remove completely the metal ions
from the solution? (v) At the end of electrolysis how many grams of the product
would appear at the anode? [120, 0.037 g, 19300 s, 0-08 g]

. 30. An electric current is passed through a solution of (i) silver nitrate, (ii) solution of
10 g of copper sulphate (CuSO, - 5H,0) crystais in 500 mL of water, platinum
glectrodes being used in each case. After 30 minutes it was found that 1-307 g of
gilver has been depﬂs‘ited. What was the concentration of copper, expressed as
grams of copper per litre in the copper sulphate solution after electrolysis?

(4:32 g ditre)

31. In a fuel cell hydrogen and oxygen react to produce electricity. In the process
hydrogen gas is oxidised at the anode and oxygen at the cathode. If 672 litres of
H, at STP react in 15 minutes, what is the average current produced? If the entire
current is used for electrodeposition of copper from Cu (1) solution, how many
grams of copper will be deposited?

Anode reaction: H, +20H ™ — 2H,0 +2e”
Cathode reaction: O, +2H,O +4e — 40H™ (T 1988) (64334 amp, 1905 g)

[Hint Eq. of hydrogen = no. of faradays of electricity = eq. of Cu deposited]

32. 3 amp of current was passed through an aqueous solution of an unknown salt of

Pd for 1 hour. 2977 g of Pd"" was deposited at the cathode. Find n.
(Pd =106-4) (4)

33. A total of 69500 C of electricity was required to reduce 37.7 g of M™ to the metal.
What is M? (M = 157)

34, A solution containing Cu(l), Ni and Zn cyanide complexes was electrolysed and
‘2 deposit of 0.175 g was obtained. The deposit contained 72.8% Cu, 43% Ni and
229% Zn. No other element was released. Calculate the number of coulombs

FPGBMCI through the solution. (3359 C)
' ﬁfiﬂlﬂﬂate the minimum number of kWh of electricity required to prodx_me 1.0 kg
of Mg from electrolysis of molten MgCl, if the applied emf is 50 V.
- (LkWh=36x10°)) (11.0 KWh)
%n’atm of ALO, dissolved in a molten fluoride bath is electrolysed using a

W { : ) : i ? The oxygen
L ‘of 120 A. What is the rate of production of Al in g/hour VE
ﬁf;'iili:‘-pom&' b0 ot A ctrode reacts with the carbon to form CO,. What

€O, is produced per hour? (0-403, 0-4924 g /h)
G o |-1-:l| etance ‘of an N/10 KCl solution at 18°C s
culate the cell constant. (0728 cm ™))

B D A L o o a v 22 4249 wahn metre | was plai:&d in a mnductivit)r
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e Modemn Appmach to Chemical Calculations

. to be 1705 =
cell with parallel electrodes, the resistance Was found to 5 ohm, The

distance betw

: = tre. Calculate the een the
of the electrodes is 1-86x 10"~ sq m¢ (425% 1p-2
electrodes in metres.

Arpy
b
I-'I'u:tr%]
y. were found to be 45 ang 100

: . lectrolytes, X and Y, were _ oh
39. The m_r:nsmnce; of tw;:v;wlum};.s of both the solutions we:e ttiaken in u-"_, same

e e vlumes o s suions e o

in two di en

pxiure: hQ
same CE“ Whﬂt Wi" 'b(‘: EhE mﬂduﬂmﬂm nf thf.'.' il
r

0.
[Hint: See Example 34] (0016 )

1 ini 0-624 of TusS0. .5
40. The resistance of an aqueous solution containing : gmn e *SHO e
: 00 cm’ of the solution in a conductance cell of_ ce cons Per metre
;20 ohms at 298 K. Calculate the molar conductivity.

(CuSO,- 5HO= 249-5) (1182 mho ey
jon is fi in a 25-cm-long capillary
i fﬂdﬂ!MKClSﬂluhﬂn:shﬂedma g pillary tupe
& tfn‘amusr:::::?uf cm. The solution was found to have a specific conductanc
imn

f 0-0027 mho em . What will be the current in amp when a potential of 2 i
&) . : ; -
is applied across the capillary tube? (678 10" amyy

ium butyrate, sodium chloride
d2iventhe .qufimlm‘ cinzgum‘:ﬂf:dc:n? at ?53';: respectively. Cﬂltufta't:?hi
43 :q :i;:.ate solution of KCl was placed between two platinum electrodes “i' COlARE)
¢ : tential of 6 volts was appiied. How far would the K~ ion move
w i EZPS'::C? Ionic conductance of K* ion at infinite dilution at 25°C i
o ol eBa

For 0:0128 N solution of acetic acid at 25°C, equivalent conductance of the solution
i ml 4 mho em’ eq” ' and A, =391 mho cm’ eq . Calculate dissodiation constant
is : s
(K,) of acetic acid. (16x107)

: ific ¢ f a saturated solution of AgCl in wate B

The specific conductance at 25°C o
45. 1.826 % 10 *mhoem . If A°agCl is equal to 138-26 mho cm’, find out the m;_\lb;h:
of AgCl in water in grams per litre. (189107 g/l

- 1, Calcul®
46. Specific conductance of pure water at 25°C is 058 x 107’ mho ::m .(a
ionic product of water (Ky) if ionic conductances of H* and OH : o
| : = L] =14 2
dilution are 350 and 198 mho cm? respectively at 25°C.  (1x107") (m©

Objective Problems

jectd™?
1. The number of electrons involved in the reaction when one faraday of €

is passed through an electrolyte is
(a) 12x10° _ (o) 9520
(9 6x107 Gkt o Cuf?
5 Number of electrons involved in the electrodeposition of 635 8

|-+ | An evaluation viersionidf nbvaPDF was used to create this PDF file.
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E!Ectmlysis and Electrolytic Conductance 193

solution of CuS0O, is

- (a) 6:022 10; (b) 3-011 x 107
: (c) 12:044 x 1 (d) 6022 x 107
. 3. Faraday’s laws of electrolysis are related to the

] (a) atomic number of the cation
L' (b) atomic number of the anion

(c) equivalent weight of the electrolyte
(d) speed of the cation
1 4. The electric charge for electrodeposition of 1 eq. of a substance is

(a) one ampere per second (b) 96500 coulombs per second
() one ampere for one hour (d) charge on one mole of electrons

(IIT 1985)

5.1 coulomb of electricity produces m kg of a substance X. Electrochemical equivalent

of X is
_' . (a) m (b) m x 10° (c) mx10~* (d) all wrong
EJ : 6. Electrochemical equivalent of a substance is -0006735: its eq. wt. is
i (a) 65 (b) 67-35
- (c) 130 (d) cannot be calculated

7. When electricity is passed through a solution of AICl,, 135 g of Al is deposited.
The number of faradays must be

(@ 10 (b) 15 (c) 05 (d) 20

‘8. 317 g of a substance was deposited by the flow of 0-1 mole of electrons. The
equivalent weight of the substance is
(a) 317 (b) 0317 (c) 317 (d) 317

9. A current of 0-5 ampere when passed through AgNO, solution for 193 seconds
deposited 0-108 g of Ag. The equivalent weight of Ag is
(a) 108 (b) 108 (c) 54 (d) 1
10. In the electrolysis of an aqueous solution of a salt, the pH in the space near one
of the electrodes increased. A solution of which of the following salts was
- (a) CuNO,), (b) CuCl, (c) KCl
11 In the electrolysis of CuCl, solution (aq) with Cu electrodes, the weight of cathode
- Increased by 32 g. In the anode,
3) 0:05 mole of Cu®* will go into the solution
- (b) 560 mL of O, will be liberated
-mL of Cl, will be liberated

X

1r :tod:splaceﬂ-lgnflri,mlﬂmds
(b) 1988 amp (c) 198 amp (d) 965 amp

electron is 16 10" coulomb. How many electrons per second

ss section of a Cu wire carrying 107" amp?
(b) 1800 (c) 1200 (d) 600

Ty
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14.
9&?{*’-" coulombs deposit 1079 g of Ag from its solution. If e=1:6x10p"*
Calculate the number of electrons per mole of electrons

(a) 96500 ® 16x10°°  (©602x10° @ 6nxips
15. A current of 2 amp passing for 5 hours through a molten tin salt deposits 25
g

of tin. The oxidation state of the tin in the salt is
(a) +4 (b) +3 (c) +2 (d) +1

16. The cost at 5 paise/kWh of operating an electric motor for 8 hours which takes
15 amp at 110 V is

(a) Rs 66 (b) 66 paise
(c) 37 paise (d) Rs 660
[Hint: W=LV]

17. One faraday of current was passed through the electrolytic cells placed iy Series

fi . + e 4+ ® -, - 1}, The amounts of
containing solutions of Ag’, Ni" " and Cr~ respectively. | of Ag (at
wt. = 108), Ni (at. wt.=59) and Cr (at. wt. = 52) deposited will be

Ag Ni Cr
(a) 108 g 295 g 174 g
(b) 108 g 590 g 520 g
(©) 108 g 1080 g 1080 g
(d) 108 g 1175 g 1660 g

18. The time required to remove electrolytically n:}e—fnurth of Ag from 02 litre of
01 M AgNO, solution by a current of 0-1 amp 35 .
(a) 320 min (b) 160 min (c) 80 min (d) 40 min

19. In the electrolysis of H,50,, 9-72 litres and 2-35 litres of H, and 'L'.j_l2 were liberated,
Number of equivalent of persulphuric acid (H,5,0,) produced is

(a) 0-448 (b) 0-224 {c) 0-868 (d) 042
[Hirt: Reactions are 2H,;SO, — H.5,0,+ H,
2H,0 — 2H,+0, ]

20, In the electrolysis of H,0,11:2 litres of H, was liberated at cathode at NTP. How
much O, will be liberated at anode under the same conditions? A
(a) 11:2 litres (b) 224 litres (c)32¢g (d) 5-6 litres
21. A galvanic cell was operated under almost ideally reversible condiﬁﬂ:s at
- df-_l_ﬂ-'t-"”amp. How long would it take to deliver 1 mole of electrons!

a cument

(a) 9-65x 1075 ‘ (b) 96,5005
(c) 965x10™ s (d) none of these 3
22. The time required for a current of 3 amp to decompose electrolytically
i ) 36 hours (d) 18 seconds
. (3 18hours ) 36 hout (©) 9 hours .
RS- (a) 18 hours (b) 36 hour: o

“stant current of 1.50 amp is passed through an Ele:ctmh'ticthude are VS
" colution of AgNO; and a silver anode and a platinum
RN o g s N o ation of the ﬂgNO:. solution may be

i‘ ]
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Electrolysig
and .

g I (a) equal to 0.10 M
(c) greater than 0.10 M (b) less than 0.10 M

|

24. Which of the following proce :
lég (a) Fused salt electr 1E 'P 'S Used in the extracti
Olysis ® 10N metallurg}r of Mg?
(c) Aqueous solution electrolysis ) Self-reduction

(d) Thermite reducti
I . : on (IIT 2
| 25 In which of the f““f“""“g aqueous solutions, H. ang . . 002)
and anode rES}:techvEI}' on ElEEhDI_T,rsis using :w i ; are not liberated at cathode
(a) HSO, solution o e Ectl:ﬁdES-?
(c) Na,SO, solution a0H solution

(d) AgNO, soluti
[Hint: Read text for preferentia] discharge of icm: ) 54

26. The aqueous solutions of the followi
w
t case, the pH of the solution does m:-t1

——

Ng substances were electrolysed. In which

change if i
r o (b) CuSo, G g;a:: lmert electmgie}s [2:;0 used.
27. Electrolytic conduction is due to the movement of :
r (a) molecules (b) atoms (c) i
. ons (d) electrons

28. Which of the following equations is correct?
(@) Cond. = sp. cond. x cell constant
(b) Eq. cond. = sp. cond. x cell constant

(c) Cond. = eq. cond. x cell constant
(d) Cell constant = sp. cond./cond.

29. Which of the following solutions of KCl has the lowest

| conductance? value of specific

(a) 1 M (b) 01 M (c) 001 M (d) 0-001 M
30. Which of the following solutions of KCI has the lowest value of equivalent
) conductance?
f (a) 1 M (b) 01 M (c) 001 M (d) 0001 M

j 3L Under which of the following conditions, conductance, sp. conductance and eq.
conductance are all equal?

| (8) 1000 ce of the solution contains 1 eq. of the electrolyte

| (b) 100 cc of the solution contains 1 eq. of the electrolyte

" (¢) 10 cc of the solution contains 1 eq. of the electrolyte

lL (d) 1 cc of the solution contains 1 eq. of the electrolyte

32 Which of the following is the unit of eq. conductance?
(2) mho (b) mho cm” () mhoem™  (d) mhocm 2

3.1 i:', in the equation A =sp. cond. X V, is the volume in cc containing 1 eq. of the
€lectrolyte; I for a 1N solution will be

10
i a(&l-iﬂﬂ' (b) 100 cc (c) 1000 cc (d) 10,000 cc

(b) 209 () 391 (d) 908
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196 Modern Approach to Chemical Calculations

Answers

1-c, 2-¢, 3-c, 4-d, 5-b, 6-a, 7-b, 8-d, 9-b, 10-c, 11-a, 12-d, 13-d, 14-c, 15, 165 .

(RYE
18-c, 19-a, 20-d, 21-a, 22-a, 23-a, 24-a, 25-d, 26-d, 27-c, 28-d, 29-d, 30-a, 314 32_:_
33'd, 34-a. (L

aaa
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CHAPTER NINE

ESTIMATION OF ELEMENTS IN

ORGANIC COMPOUNDS
_-._,_...---"'_—.-""-'--_—_-_-_-__
on of elements in organic compounds, the atoms of the element
timated, present in the organic compound are quantitatively converted
fobe ompound and then the number of moles of atoms of the element
o anuﬂlel'[:l und is calculated by the mole method, e.g., C and H in the
i ﬂﬁ*t = Pﬂund are converted to CO, and H,O respectively. The moles of
urgamc m;ﬂnthe moles of H in H,O are calculated which give the moles of
= C?-; resent in the organic compound. The same method is applied to
g;r;:ﬁmaﬁiﬁn of other elements, the moles of which are calculated as given

below:
C —

In the E-_;ﬁmﬂ.ti.

SRR S CO,; moles of Cin CO,=1 »x moles of CO,
(>» 1 mole of CO, contains 1 mole of C)
—» H,0; moles of H in H,O=2X moles of HO
(- 1 mole of H,O contains 2 moles of H)
f X in AgX=1xmoles of AgX

Halogen (X) — AgX ; moles o
(Carius method)

(> 1 mole of AgX contains 1 mole of X)
S — —» BaSO,;
B moles of S inBaSO,=1 s moles of BaSO,
(*- 1 mole of BaSO, contains 1 mole of 5)
Mg,P,0;; moles of P in Mg,P0;

=2 % Hlﬂieﬁ Uf Mgzpiof
f Mg,P,0; contains 2 moles of P)

(= 1 mole 0
N, gas at NTFP;

2 % volume (NTP)
" moles of N =2 x moles of Ny= 2400
contains 2 moles of N)

b b 19?

7} L
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202 Mod

f Mg,P,0
Solution : Moles of P in Mg, P07 = 2 x moles © Bl oy

0-444
_9x——=0004 g.
=2 222 &

=(-124 8
0-124
percentage of 8= 0248

Wﬂ'ight ﬂf P= ﬂﬂﬂ‘i KS] g

% 100 = 50%.

PROBLEMS
(Answers bracketed with questions)

combustion gave 054 g of water and 0-88 g of carbon

1. 03gofa compound on d hydrogen in the compound
et .1 the tages of carbon and hydrog pound.
dioxide. Find the percentages (80%, 207%)

2. 02475g of an organic compound on combustion gave 04950 g of CO, and
02025 g of H,0. Calculate the percentage of oxygen in the compound. (34379,

3. 02060 g of a substance gave 188 mL of moist nitrogen at 17°C and 756 mm
pressure. If the vapour tension at 17°C is 145 mm, find the percentage of nitrogen
in the compound. (10-56%)

4. An organic compound of molecular formula C;H,N was analysed for nitrogen by
Dumas method. Find the volume (in mL) of nitrogen evolved at NTP from 2 g of
the substance. (393 mL)

5. 0788 g of a substance after digestion with H,50, was distilled with an excess of
NaOH. The liberated NH, was absorbed in 100 mL of N H;SO, solution. The
remaining acid required 73-7 mL of N NaOH solution for neutralization. Find the
percentage of nitrogen in the compound. (46:7%)

6. Find the percentage of nitrogen in an organic compound analysed by Kijeldahl
method. 1-61 g of the compound produced NH, which was absorbed in 250 mL

of %H,SD, solution. The remaining acid was then diluted to one litre, 25 mL
of which required 25-5 mL of N/10 NaOH for exact neutralization. (20%)

7. An organic compound contains C, H, N and O. 0-135g of this compound on
combustion produced 0198 g of CO, and 0-108 g of H,0 while the same amount
gave 16:8 mL of nitrogen at 0°C and 76 cm of pressure. Calculate the percentage
of oxygen in the compound. (3544%)

8. 0:1890 g of an organic compound gave 0-2870 g of silver chloride by Carius method-
Find the percentage of chlorine in the compound. (37:57%)

" 9, 0123 g of an organic compound produced 0:099 g of CO, and 0.0507 g of HO:
0185 g of the same compound produced 0:319 g of AgBr. Find the p.ercentag;%}
carbon, hydrogen and bromine in the compound. (21.96%, 4-48%, 73

| An evaluation version of novaPDFE was used to create this PDF file.
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Estimation of Elements in Organic Compounds

10. 0:2595 g of an organic compound yielded quantitatively 035 g of BaSO4.
Find
Pemmtage ofglﬂphur in the compound. (Ba = 1373, §=32, O=1¢) [_13;};
11158 of an organic compound in a quantitative determination of phosphorus gay
2.509{1 g of MgP,0,. Calculate the percentage of phosphorus inga&;

(46-71%)

Qaag
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i*., CHAPTER TEN £ 153
rl EMPIRICAL, MOLECULAR AND 10"
; STRUCTURAL FORMULAE solt
|I!* %
| The utility of the mole concept is further illustrated by the problem of
1 determining the empirical and molecular formulae of the COMpound
r Empirical formula represents the simplest set of whole “_“mb‘-’*'ﬁ eXpressing 7
' I{ the relative numbers of atoms in the cnmpml_ﬂd and anything fhat can be sajg :
: about relative numbers of atoms may be said about the relative numbers
moles of atoms, A calculation of the relative numbers of moles of each elemeng o
1 in the compound will, therefore, lead us to the empirical formula of th, _
compound. The empirical formula implies nothing about how many moles f X 3.
i { atoms are actually in one mole of the compound. In fact, the molecular formyl, ~ hy
-l expresses the actual numbers of moles of atoms of each element present in one mole . =
] of the compound. Eol"ﬂ
1 The molecular formula weight is the whole number multiple of the
empirical formula weight for a given compound.

Molecular formula weight (
Empirical formula weight =y)

Thus if X represents the empirical formula of a compound, its molecular
formula will be represented as (X),,.

EXAMPLES

Ex. 1. Find the empirical formula of chromium oxide containing 68-4% of chromium.
(Cr=52, 0=16)
Solution : Let the weight of chromium oxide be 100 g.
. weight of chromium =684 g
and weight of oxygen=31-6g,
68-4

moles of dlron'lium=-§.= 132

316 i (Ean2)
and moles of oxygen=-—-= 198,
Relative numbers of moles of Cr and O atoms
moles of Cr 1-32 132 2x66 2
“molesof O 193 198 3x66 3 (0¥ inspection only).
The empirical formula is Cr, O;.

204
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Calculation of empirical formula weight and molecular formula of the
] acid (Ck:
0-39

Moles of C = T 0-0088.

Wt. of C=0-0088 x 12=0-1064 g,
2 x 0-08
18
Wt. of H=0-0088 x 1 = 0-0088 £
wt. of O =[0-4 - (0-1064 + 0-0088)] = 0-2848.
0-2848

Moles of O = T = (0-0178.

Moles of H=

=0-0088.

s.molesof C: H: O =00088:0-0088:00178=1:1:2.
*. empirical formula is CHO, (45).
As the mol. wt. is 90, molecular formula is (COOH ),.

As the acid (C) is now known, the reaction sequence may be represented
as

NaOH +CO (gas) —» HCOONa — (COOH),
(®) 2 ©
HCOOH
(A)

PROBLEMS

(Answers bracketed with questions)

1. A sulphide of Fe contains 46-5% of Fe by weight. Find the empirical fmmuifu of
~ the sulphide. (FeS,)

2. 1-60 g of an oxide of iron, on heating in a stream of hydrogen gas, completely
converted to 1-12 g of iron. Find the empirical formula of the oxide. (Fe,05)

L One

3. Carbon combines with hydrogen to form three compounds, A, B and C. The

i 3% and 7-7% respectively. Find
percentages of hydrogen in A, B and C are 25%, 14-3% an
the empi%ical fﬂryrlnula of the compound. (CH,, CH,, CH)

. £ ] ins three elements in the
4. A con d of carbon, hydrogen and nitrogen contains t 1
T mn;%guseight ratio nff 9}; 1 : 3. Calculate its empirical formula. If its molecular

weight is 108, what is its molecular formula? (C.HN, CHMN)

5. A hydrated salt of iron sulphate weighing 2 g, contains 09065 g of water of

crystallisation. Find the formula of the hydrated salt. (FeSO, - 7TH,0)
6 Anm compound yielded C= 64-4%, H = 55% and Fe =29:9%. What is the simple
" formula o (CutFe)
formula of the compound?
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7. 1.763 g of hydrated BaCl, was heated to dryness. The anhydrous salt

o .-
was 1.505 g. What is the formula of the hydrate? Main 4

(Bamz ' l}ilgj
8. A boron-hydrogen compound weighing 0-0553 g created a pressure of 0655
in a bulb of 40.7 mL volume at 100°C. Analysis showed it to be 85.7% boro, ;.-
is its molecular formula? - Why,

By
9. A mixture of one volume of gas and two volumes of oxygen, on explosion, fin

volumes of CO, and one volume of N, under the identical conditions of temper twg
and pressure. Find the formula of the gas. ( Cah*?
2y

10. 9 volumes of a gaseous mixture CDI'I.SiEﬁI‘I.E of a £aseous organic compound A ang

just sufficient amount of oxygen required for complete combustion yielded
burning 4 volumes of CO,, 6 volumes of water vapour and 2 volumes of N on
volumes measured at the same temperature and pressure. If the mmpﬂundy haaisl
only C, H and N,

(1) how many volumes of oxygen are required for complete combustion?

{l.i) Whﬂt is “'I'E‘ I'I‘I,O!ECUIEII‘ fom'lula DF I'.hE mmpol.md A? [? vol. (‘_‘ H N}J
' ral
[Hil'lf.' See EK&II'IPIE 13]

11. A sample of gaseous hydrocarbon occupying 1-12 litres at NTP when completel
ot s juced 2:2 g of CO, and 18 g of H,O. Calculate the weight of the

compound and the volume of the oxygen at NTP required for its burning. Find
the molecular formula of the compound. (0-8 g, 2-24 litres, CH))

12. 021 g of an organic compound containing C, H, O and N gave upon combustion
0462 g of CO, and 0-1215 g of H,O. The ammonia produced on distillation of
0-104 g of this compound with NaOH, required 15 mL of N0 H,50, for
neutralisation. Find the empirical formula of the compound. (C;HNO)

13. An organic compound on qualitative analysis was found to contain C, H, N and
O. 1.0g of it on oxidation with CuO and oxygen gave 1239 g of CO, and
0-1269 g of H,0. 2 g of the sample was digested with concentrated sulphuric acid
and the residue was distilled after the addition of excess solution of sodium
hydroxide. The ammonia evolved was absorbed in 50 mL of 1-0 N sulphuric acid.
The resulting solution was diluted to 500 mL in a measuring flask. 25 mL of this

solution required 21-8 mL of 0-05 N NaOH for complete neutralisation. Calculate
the empirical formula of the compound. (CHNO))

14. 0-2614 g of an organic compound gave upon combustion 02324 g of CO; and
00950 g of H,O. 01195 g of this compound gave 0-3470 g of AgCl. If the vapor
density of the substance is 495, calculate its molecular formula. (C,HCY

15 Adhﬂanhydmﬁaddpmtlpmmhmﬁmﬁ-lﬁgg{cozm_g.mé:j
H,0O. 0.5 g of the salt of this acid when ignited, converted to 0-335 g of pure silver. ]
the molecular formula of the dibasic acid. - ((COOH):

16. A monoacid organic base gave the following results on analysis:
/1 010 o of the base gave 02882 g of CO, and 00756 g of H,0.
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(i) 020 B of the base produced 21-8 mL of N, at 15°C and 760 mm pressure.
i) 0-40 g of the platinichloride left 0-125 g of Pt.
galculate the molecular formula of the base. (CHN)
37, An organic compound  containing C, H, O and $ gave the following data on
analysis:
{a) The combustion of 0:1668 g of the compound resulted in the formation of
04540 g and 00663 g of CO, and H,O respectively.
(b) 0-1254 g of the compound on heating with HNO, and BaCl, yielded 0-1292 g
of BasOy, .
Calculate the empirical formula of the organic compound. (C,H?O)

Fesd =85 552 £F

18. An organic compound containing 92.3% of C, 7-7% of H had the molecular weish't
26, When treated with bromine, it gave a product containing 92-5% of_ hrnmmi
but when treated with HBr, it gave a product containing §5-1% of bromine. Wh;
s the structural formula of the organic compound? (CH=CH)

19, An organic aromatic compound (X) containing 52-2% of C, 3.7% nf H an 44-:.1“5;
of chlorine on oxidation with alkaline KMnO, gave a monobasic aﬂha (¥), i
sodium salt of which on distillation with soda lime gave benzene. tDIE&JH}
structural formula of (X} and (Y)? (CHLCH - Cl,, CH.C

i f bromine giving a

le of hydrocarbon (A) reacts with one mole 0 : :
::?I;l:amm;;mpﬂun}crl, C.H,Br, . Substance (A) on treatment with -:old,ldﬂute al?cahne
KMnQO, solution forms a compound CH,,0,. On ozonolysis, (A) gives equimolar

quanﬁ;ies of propancne and ethanal. Deduce the structural formula of (A).
CH, CH:.]
=C
[CH3> c-c<y

and an aldehyde. The aldehyde is
ted with bromine in presence of

-
o

= & §F =

is yields acetone
21. An alkene (A), on ozonolysis yie :

i idi id (B). When (B} is trea : .
mﬂ? Oﬂdlﬁe: h? :::lr; ?:::m;ﬂzmd (C) which on hydrolysis gives a l:;ydmxy acid
Phﬁ%:r:zd cay:alsu be obtained from acetone by the reaction with hdg,rd;gen
cy:nide followed by hydrolysis. Identify the compounds (A), (B), (C) and (D).

T o B S

SHs S
},c:m-l . CH (CH3) G
CH4 COOH
CH3
CH OH
HC Br 3
i-q. c et :;c i
2 CH COOH
BH; COOH 3

t
i T taining 91:3% of C and 877% of H, on treatmen
omatic hydrocarbon (A) <" B0 70 mpounds (B), (C) and (D), each having
it Eﬂa - dation with permanganate, all the three gave a monobasic
mdﬁ$ (B) on distillation with soda lime gave benzene while those
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from (C) and (D) gave monochlorobenzene on the same treatment, *"’iﬁﬁign fﬁrrr,u
to (A), (B), (C) and (D). (A) CH, - CH, (B) C,p

LCE
(C) CH(CH,)CI (ortho) (D) fpar.ﬁj a

23, 015 g of an organic compound (A) gave 033 g of CO, and 018 g of HO. -
molecular weight of (A) is 60. Ih: fcampounc {}.k} on dehydration Eave
hydrocarbon (B) containing 85.7% of C. (B), on SI}CCESSIW:'E' trfratment with hy drig.d-:
acid and silver hydroxide gave a product (C), isomeric with (A). Find Slmctun—;

formulae of (A), (B) and (C). (A) CH, CH, CH, oy
(B) CH,! CH= CI-:Z
(C) CH, CH (OH) CH}

24. Compound (A) with molecular weight 108, contained 88-89% C and 11-11% . It

gave a white precipitate with ammoniacal silver nitrate. Cm.nplete hFdrﬂgEnaﬁm
atom of (A) gave another compound (B) with molecular welght 112. Oxidation 7
(A) gave an acid with equivalent weight 128. Decarboxylation of this acid S

cyclohexane. Give structures of (A) and (B). [Ct.HIl C=CH, CH, CH,~CH
(A) (B)

25. A compound (X) containing only C, H and O is unreactive towards sodium, [
does not add bromine. It does not react with Schiff reagent. On refluxing with an
excess of hydriodic acid, (X) yields only one organic product (Y). On hydrolysis,
(Y) yields a new compound (Z) which can be converted to (Y) by reaction with

~ red phosphorous and iodine. The compound (Z), on oxidation with KMnO, gives
a carboxylic acid. The equivalent weight of this acid is 60. What are the compounds
(X), (Y) and (2). Write chemical equation leading to the conversion of (X) to (Y).

czl-[Sc)CgHs r C1H51 ’ CEHEDH

26. 448 mL of a hydrocarbon (A) having C (87-80%), H (12-19%) weigh 1.64 g at NTP.
Dn hydrogenation it gives 2 methyl pentane. Treatment of (A) with acidic HgSO,
gives a new compound (B) of molecular weight C,;H,,0. Compound (A) does not
react with ammoniacal AgNO,. What is the structure of (A)?

[CHJ—?H -CEC—CH_-,]
CH,

27. 0:369 g of a bromo derivative of a hydrocarbon (A) when vaporised occupied
672 mL at NTP. (A), on reaction with aqueous NaOH, gives (B). (B), when passed
over alumina at 250°C, gives a neutral compound (C) while at 300°C, it gives 2

: . , 1t GIVES
hydrocarbon (D). (D), when heated with HBr gives an isomer of (A). When (D) i
treated with concentrated HSO, and the product is diluted with water and
distilled, (E) is obtained. Identify (A) to (E).

(A)CH.- CH,CH,Br (B) CH, - CH,CH,0H
g%*ﬂ-cam (D) CH, - CH=CH;

Fs Cl-lg
v ey CH..>CI{_DH
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28. When (090 f i
g of an organic compound (_j'J‘|_]m.:,2 (A) was treated with Na, 224 mL

of H, were evolved at NTP, com
(B) and (C) by crystallisation, of P:\-G::ﬁ 1) coud b PEDAtaled: Dty kb ImctoRs

: : fraction (B : : :
isomers, (D) and (E). Write down th (B) could be resolved into optical
proper reasoning. € structural formulae for (C), (D) and (E) with

i O EES

ItfHJl CH, CH, |
H~':|?~DH lI—é—-IDH DI-I—(::—H
H—f!:-DH mi—rlz-H H-l:E:-DH

CH, ui_‘H_1 étt.

e (D) ®)

29. An organic compound (A) has 766% C and 638
gives characteristic colour with aqueous FeCl, solution. (A i
and NaOH at 140°C under pressure, gives (5) ) renteciod mibico,

: : which, on being acidified gives (C)
(C) reacts with acetyl chloride to give (D) which is 1I- B 13 e
(&), ®) (©) and (D). a well-known painkiller. Identify

% H. Its vapour density is 47. It

OH COONa COOH COOH
O 0" O™ g
(a) (8) (C) (D)

30. An unknown compound of C, H and O contains 69.77% C and 11:63% H and has
a molecular weight of 86. It does not reduce Fehling’s solution but forms a
bisulphite addition compound and gives a positive iodoform test. What are the

ible structures?
e H o S
> cn>
[Hint: See Example 25] ;
31. An organic compound (mol. wt. = 44) (X) contains 54-54% of C and 9:09% of H.

With PCL, (X) gives a compound of molecular weight 99. On oxidation it gives
an acid of molecular weight 60. What is (X)? (CH,CHO)

32. A ketone (A) which undergoes haloform reaction gives compound (B) on reduction.
(B) on heating with H,8O, gives compound (C), which forms monozonide (D).
(D) on hydrolysis in the presence of Zn dust gives only acetaldehyde. Identify

(A), (B) and (C). (A) CHCOCH,CH; (B) CH;?HCHZCHE

(C) CH,CH=CH,CH, OH
33. An organic compound (A) having molecular weight, 58, contained 62:06% of C
and 10-35% of H and rest, oxygen. (A), on reduction gave (B) which gave iodoform
test. {B), on dehydratio.n,. gave an unsaturated hydrocarbon (C) having molecular

t 42. Find (A), d ()
weigh (A) iB}ﬂ“r (CH, - CO - CH,; CH,CH(OH)CH,; CH, - CH = CH,)
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: .25 %) and H (566 %). (X) on re.

- contains C (79 s ea

34. An aromatic compourd {T) roduct (¥) containing C (77:78 %) and H (741, .
with alb_:alt, gave a neutra nfatic organic acid (Z) which on dx:ahrﬂatmn With Sod;

;.he sndmmb:j;:: T;i; structural formulae to (X), (Y) and (Z).

ime gave -

(CHCHO, CHCH.OH, C . cogyy

tnlunt

. 5o - f H and 11-4% of
2 tained 58:5% of C, 4-1% o sof N, (
35. An aromatic ‘mmfunlﬁe(ﬁt;‘s: of HNO, on a compound (Y). (X), on l'i.?du{“tiﬁ.'i};}
may be obtained by ric base (2). Give structural formulae of (X), (Y) ang (2). i

. 4 a .
gives a monoacid org (CHNO,, C.H,, Cﬁl'lsNHi]

: 01° 5:25%) and N (23-74%). (x

e (X) contains C (6101%), H (1 ), on

e ahphr:fitmeﬂﬁgﬂve an alcohol (Y) having C(60%) ar:'d H (13-33%). (Y), o
e Ful Sxidation gave (2) of vapour density 29. (2) gave fodoform test. Assign
structural formulae to (X), (Y) and (Z)-

C CH
[CCEJ}CH_NHE; o gion CH::}CDl
3

. i = = 666% and N = 1867
organic compound (A) contains C = 32%, H 6 ' = 1867%. On
37. gm it givﬁpz primary amine (B) which gives ethyl alcohol with nitrous acid.
(B) gives an offensive odour on warming with CHCl; and KOH and gives
mpgunﬂ (C) which on reduction forms ethyl methyl amine. Assign the structures

‘ of (A), (B) and (C). (A) C, H,NO,
(B) C, Hy NH,
(C) C,H.NC
(Hint: See Example 28)

38. Compound (A) gives positive Lucas test in 5 minutes. When 6 g of (A) is treated
with Na metal, 1120 mL of H, is evolved at STP. Assuming (A) to contain one
atom of oxygen per molecule, write the structural formula of (A).

' [CH, - CH(OH) - CH]

39. An organic compound (A) of molecular weight 140-5 has 68-32% C, 64% H and
2526% Cl. Hydrolysis of (A) with dilute acid gives compound (B), CH,0.
Compound (B) can be oxidised under mild condition to compound (C), CH.0.

Compound (C) forms a phenyl hydrazone (D) with PRNHNH, and gives a positive
iodoform test. Give the structures of compounds (A) to (D).

(&) cH, cH-clcH, ®) CH :
e > CH-OH

(C) CH; e (D) C;H.-C=N-NH-CH;
I

oL CH, !

40. 10 g of a mixture of hexane and ethanol are reacted with Na to give 200 mL of

h}'dl‘ﬂg&l‘l at 27°C and 760 I‘I'I.I]'I.I'lg pressure. What is the percentage of Ethﬂl'lﬂl in

(7-475%)
[Hint 2C, H; OH +2Na — 2C,H,ONa + H,]
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41. A mixture of 0:535 g of ethanol and acetaldehyde when heated with Feh'lingr's
solution gave 1:2 g of a red precipitate. What is the percentage of acetaldehyde in
the mixture? (Cu = 63-5) (34-50%)
[Hint: Acetaldehyde reduces Fehling's solution to red cuprous

oxide (Cu,0) and CH,CHO + [O] — CH,COOH ]

42. An organic compound, (A) containing C, H, N and O, on am—]}.i:,ﬁ gives 493?;
carbon, 9:59% hydrogen and 19-18% nitrogen. (A) on bﬂﬂl.l.“lg with Naﬂl—_ldgsgavm
NH, and a salt which on acidification gives a monobasic nitrogen-free a::.;l - :
silver salt of (B) contains 59-67% silver. Deduce the structures of (A) (B). s

(LT 1988) [(A) CH.CONH, (B) C,H.COOH]

- = d

43. A certain compound was known to have a formula which would be er;p;i;rl;:c
: as [PAC,H,N;| (C10,), . Analysis showed that the compound n:lmtam s
and ST%% H. When converted to the corresponding  thiocyanate,

1 d 594% H. Find x, y and .
[PAC,H N.] (SCN), , the analysis was 40-412% C an o e o

aad
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CHAPTER ELEVEN

ATOMIC STRUCTURE AND RADIOACTIVITy
%

ATOMIC STRUCTURE

An atom consists of an extremely small and dense nucleus and an extranucleg,
space. The nucleus contains positively charged protons and neutral Neutrong
and these particles are collectively called nucleons. In the extranuclear EPHE;;
negatively charged electrons revolve around the nucleus. As the magnitudé
of the charge of an electron is the same as that of a proton, the numbe, of
electrons is equal to that of protons in an atom, the atom being neutra].

The number of protons present in the nucleus of an atom is termed as the
atomic number of the element (Z). The sum of the number of protons ang
neutrons is called the mass number (A). The term ‘nuclide’ refers to a nucleys
having a specific atomic number and specific mass number.

Since each proton and each neutron has a mass approximately equal to
1 (amu) on the atomic weight scale, the atomic weight of an element is
approximately equal to the mass number. The electron has a negligible mass
compared to the proton and neutron. The mass of an electron on the atomic

weight scale is approximately equal to 1/1837 amu (1 amu =1-66 x 10" g or
166 x 10~ % kg).

To calculate the radius (r) and energy (E) of a permissible orbit for one-electron species
like H, He', Li*", etc, Bohr derived equations based on the following postulates.

Bohr’s Postulates

1. The electrons revolve around the nucleus in certain orbits without losing
energy because the energy in a fraction of a quantum can neither be lost
nor gained.

2. Energy is absorbed or emitted only when an electron in an atom jumps
from one orbit to another.

3. The electron is restricted to those orbits in which its angular momentum
is an integral multiple of h/2n,
h
Angular momentum = moyr=n x -2-1—1: where n is an integer.
The following equations were derived:
" h*
[ pi— _._ = (‘i}
A mZe?
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Nz .. (Eqn. 31)
Mow,
M= ﬂj?i 2 - 1;]1-293;5 - 9927 x 10 d”
eoAn L egan
A, = ”{‘;i = 252 _ 01900 a.
Thus, -

N(Th) _ 01900-9927x10%* _
N (Ra) 9.927 %107 ’

Ex. 70. Consider
— —(x
DApo s o Wp, _  Zepy,

= Rm) =55 s. Determine the N (Ra)/N (Rn) ratio once
where f% (Ra) = 364 yT, ﬂi( i) =55 s. Determine

: . i =
secular equilibrium m wihich i% (parent) >> !% (daughter) or A {parent) <

(daughter) has been established.

Solution : We have,

My % .. (Eqn. 32)
N
Now,
06932 06932 _ 500510° &

N (Ra) _ 1_2_5513'_1 — 5727.
N(Rn) 220x10°

PROBLEMS

(Answers bracketed with questions)
first and the tenth orbits in the

dii of the 54
1 Uﬁ“ﬁm Hheosys calailts it tr1=ﬂ~53x1ﬂ-am rm=ﬁ=533<1n cm)
- -'H ' "I am+
tmm: See examples 1 and 2]
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2. Calculate the velocities of the electron in the first and the tenth orbijis of i,
hydrogen atom. (v; =219 %17 cmp)

3. Calculate the energy in calories required to produce, from neutral He atoms, mole
of (a) He ' ions (b) ‘He " " ions using Bohr's equations. [(b) 182100, cal]

4. Calculate the energy in eV required to ionise 1 mole of hydrogen.
[Hint: See Ex. 8] (8189 x o™ eV

5. Calculate the frequency of the spectral line when an electron from the fifth gy,

=1
jumps to the second orbit in a hydrogen atom. (R = 109737.cm ) - (6.91 ¢y

6. Find (i) the total number of neutrons (ii) the total mass of neutrons in 7 mg of ¢
(Assume the mass of a neutron = mass of a hydrogen atom)
7 Calculate the wave number and frequency of radiation having wavelength 5800 A
| (172400 cm ™', 5172 x 10" cycles s~ )
8. What total amount of energy in calories would be required to shift all the electrons from
the first Bohr orbit to the sixth Bohr orbit in 1 mole of hydrogen?
Through what distance would each electron have to move?

What frequency of radiation would be emitted if the electrons returned to their

initial state? (304800 calories) e.r
9, The ionisation energy of hydrogen atom is 136 eV. What will be the ionisation is line
energy of He™ and Li** ions? (544 eV, 1224 V) [h.::ﬁ-ﬁ'j
10. Calculate the frequency, energy and wavelength of the radiation corresponding to

the spectral line of lowest frequency in Lyman series in the spectra of hydrogen
atom. Also, calculate the energy for the corresponding line in the spectra of Li*’

(Ryy=1:09678x 10" m ™", ¢=3x%10°mpk, h=6625%x10""]-s)
(2176107, 1.958x 107" ])

11. Considering the shape of a Ca nucleus like a sphere, calculate the density of the
nucleus of Ca of mass number 40. (18x10% g cm’)

12. For He" and Li*", the energies are related to the quantum number, n, through an
expression
Z’B

E;=-
i ";,r

where Z is the atomic number of species and B = 2179 x 107" |.
(a) What is the energy of the lowest level (n=1) of a He' ion?

(a}s.ﬂexm‘“!‘

(b) What is the energy of the level n =3 of a Li** ion?
(b) 2179% 107"

13.‘Ihelir|ezt434nminmeBahnerserieiafﬂmh?dmgmsmmﬁwndsI::
: a transition of an electron from the n'' to second Bohr orbit. What is ﬂ,e{:a.E
of n?
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Atomic Sl‘mﬂh.l'l'e ancl E'adim’;'ﬁ'p"lt.}'

- 1 1
[Hinl: v=32881x%10" s [?: & ”2]]

in molar energy in j .
14, What change in m rgy in joule would be associa od Withar

5“11“5 rise to radiation at 1 H=? {f—; = 6626 % 10~ atomic transition

— & 15} {3-99;.;"]"'“]_1_“01-[}
[Hint: 1 Hz =s , AE=Nhv and v=1)

15. Calculate the uncertainty in the position of 4 particle w

. he .
momentum is zero. n the uncertainty in the

(=)

L e g e
il 15 metre.

P}S'hﬂn ’1-“1' {5125}: "J—]-'l m..':i-_!}

17, Calculate the uncertainty in velocity of an electron when the uncertainty in position

is 0-1 nm. (5786 % 10° ms™")

18, For the gaseous reacl‘.'mn.K 10 l':_+ +F , AH was calculated to be 19 kcal under

itions where the cations and anions were prevented by electrostatic separation

from combining with each other. The ionisation potential of K is 43 eV. Find

electron affinity of F. (347 eV)
[Hint: See Ex. 27]

he prominent yellow line in the spectrum of sodium vapour lamp has a
19 m of 590 nm. What minimum accelerating potential is needed to excite
:ﬁ lmem an electron tube containing sodium vapour.

(1= 663%10"*] -5, c=3x10°m/s)

(211 V)
he

A

nd 1eV =energy of 1 electron being accelerated by 1 volt.]

: h_:]..e"fs'l*ﬁmx lﬂ_lq]: E=

f the energy difference between the ground state of an atom and its excited st
R : th of the photon required to pr
: Mx’ll; il = e vRveee i (45%107" m)

i red with an
21. A body weighing 3-0% 10° kg is moving and its speed can be measu

0025 mile per hour and its position with an accuracy of + 001 mile.
@OC C ﬂf 0 e k
w uncertainty principle valid? .1 difference of 1000 V. What is the
22. An electron is accelerated by applymgm it? l;ev =16x10" erg:

| ; Broglie’s wavelength ass.nciatedq;’l : (3:87 %107 em)

(h=667x107 ergs,m,=91%10"® Lo i o

ol with a velocity of 50 k pef

- B G" is very low hence ﬂlﬂ

t weighing 1:0 10° kg is MOV
ve a wave motion?

5{3_‘[1,{13 ],'d \*311}2'5 Df

-thin 0-005 nm? (Use b (not pussib'lﬂ

le to locate the electron W
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[Hint: Ap would be nearly as large as the velocity of light.]

25. Assume that 1077 J of light energy is needed by the interior of the

hul’h ar
] i = a4l gy
S€e an object. How many photons of green light (A=495 nm) 4y, m-a-;:’” :
i ini 0
Benerate this minimum EI'";"IE}’? ‘irzr‘n;_.
26. How are a s prbital and a 2s orbital in an atom ﬁlim.ilar? How dg s 3|
How are 3 2p, orbital and a 2p, orbital in an atom similar? How dg thn_-}; d’_t'._:-;r-.
* - lic v
fl’L‘dd by
27. What is the maximum number of electrons in an atom in which the jag e .
filled, has the following quantum numbers? Ctron
(a) n=3 (b) n=3, and I=1 (¢)n=3,1=1and m=-1
1
Ehinsa/I=1, = Land 8= (@) 30, (6) 18 () 16 () 1,
13}
28. Which of the following equations describe(s) particle-like behavigy,» Wi
; ich

describe(s) wavelike behaviour? Do any involve both types of behaviouy
Z ?

na : }

@C=yx @ E=mé @©y=— @DE=h (e)r=—

o

[Wavelike: (a) & (d), particle-like: (b) & (c), Bot (@
# L e ”
29. The quantum numbers listed below are for four different electrons in th

: : ‘ i
atom. Arrange them in order of increasing energy. Indicate whether any h-.-ut]‘-a;.f
the same energy. - e

1
(@) n=4,1=0,m=0and s=+3

2
(b)n=3,1=2,m=+1 and s=+

(c)n=31=2m=-2and s=-

ST e ST

(d)n=3,I=1,m=+1 and s=-

((d) < (@) < (b) = (d))

30. When compounds of barium are heated in a flam
55-1. nm is emitted. How much energy is lost when o
emit one photon of this wavelength?

e, green light of wavelength
ne mole of barium atoms each
(216 k])
31. What is ﬂ:een:rg}r in] evulved when 1 mole of He<4 nuclei is produced from protons
and neutrons? How many litres of C,H((g) at 25°C and 725 mmHg are needed to
evolve th'; same quantity of energy when C,H, is bumnt in 0,7 (neutron = 100887 amu
proton = 1.00728 amu, He = 4-0015 amu, AH »(GH,) = -1427-81 kJ/mol)
(2732 %107, 49x 101

32. A 10-mg sample of Te-99 has an activity of 1.7 x 10°° curie decaying by f-emissic?
Calculate the decay constant. £ (101 s

33. Tritium, ;H is a radioactive nucleus of hydrogen. It is used in luminous W
dials. Tritium decays by B-emission with t,=12.3 years. What is the aau:t'i'-‘iffr'i_ﬂl
curie of a sample containing 25ug of tritium? The atomic mass of tritu™ *
3-02 amu. (00240
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29
predict the type of radicactive q :
n% 4. : elifes ©cay process that is likely for each of the following
" & @%U ®B (5
11;' ((a) e (b) B* or K-capture (c) f emission)

etbt'k (208, 82)

% (321 h)

A i
tomie Stm-:ture and R.adiuactivity

0% of : _
RIS SARPC SR AR 112 devaye tn 157 b wiat is fhe TalElife SF ik isotope?

3 s w & s
I%.J 36. "‘f%’l'h disintegrates to y'0 by emitting six o- and four p-particles. Find x and y.

37, The uranium (mass no. 238 and at. no. 92)

emits an a-particle, the product has
the mass no. and at. no.:

[
"’1133 () 226 and 92 (b) 234 and 90 (c) 238 and 90 (d) 236 and 90 [b]
i 38. To which series will the following elements belong?
it} 27y . Bk 2
ikl “gEs, CAm {dn+1, 4n+2, 4n +3)
i 39. A sample of carbon from an ancient frame gives 7 counts of ''C per minute per
Wy gram of carbon. If freshly cut wood gives 153 counts of "‘C per minute per gram,
) what is the age of the frame? (Half-life period of "C = 5770 years)
2 [Hint: N°=153, N=7 | (6520 years)
P

40. Calculate the number of atoms disintegrating per minute in a mass of 0.001g of
radium which is an o-emitter with a half-life period of 1620 years. (216 % 10°)

41. In a sample of pitchblende the atomic ratio is 2pp : 29U =0-23: 1. Calculate the
age of the mineral, if half-life of uranium is taken as 45%10° years. All lead

]
originated from uranium. (1-34 x 10" years)

42. A sample of radon emitted initially 7 x 10" a-particles per second. After some ti:::-:,
the emission rate became 2-1x 10", If t for radon is 3-8 days, find the age of the

ponding to 37 % 10" disintegration

L . ition COTTES
| 45, The rate of radioactive decompositi 2épa, whose t1=1620 yr, will be
2

per second is called a curie. What weight of

iati -3
required to yield 1 millicurie of radiation? (1%107°g)
atoms which will give 370 x10/

(02234 mg) t
S

sample. (6-6 days)
43. 2R has a half-life period of 383 days. What fraction of the sample will Tﬂria;
undecomposed at the end of 10 days? !
44. The number of o-particles emitted per second by 1 g of radium is 3608 x10".
) Calculate decay constant and .’r_zl.. {1&5:{ R 1}
I 513x10" s .
—

veig of ! = T
46. Calculate the weight of ‘C[i'% 5720 y]
disintegrations per second (dps).
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47. Calculate the number of disintegrations which 1 g of mRﬂ[‘;zlmu yr

Woulg e
undergo per second. What quantity of N 4 {f% =15 huurﬁ] would undergg the l M
a

no. of disintegrations per second. (3:658 x 10" dps, 137 » 10- ?g} ‘.‘:1“
48. A piece of wood was found to have "'C/ e ratio 0-7 times that in a living plar, i Y
Calculate the period (in years) when the plant died. : e
i for C" =57 (2964 |

T »
49. 100 gram-atom of an a-active radioisotope is disintegrating in a sealed contajpg, L
In one hour, the He gas collected at STP is 11-2 litres. Calculate the half-life U'w_- . Wh
isotope supposing each nucleus yielding one He atom. (1349 b LP}
50, The disintegration rate for a sample containing ;J- Co as the only radioactive nuclida (b].
is found to be 240 atoms/minute. f% of Co is 5-2 years. Find thl:. number of atoms t':}
of Co in the sample. How long must this radioactive sample be maintained before (d]
the rate falls to 100 disintegrations/minute. (9-6x10°, 6.6 Veas) Bi
51. Sample containing 1ER&, which decays by a-particle emission, is observed 1, 5. Fo

7 = Sty
disintegrate at the following rate expressed as counts per minute (cpm). Calculate (a
half-life of this nuclide. =0, 1000 cpm; t=1 h, 992 cpm; =10 h, 924 cpm; - ?-n
t = 100 h, 452 cpm; £ =250 h, 138 cpm. (363 days i_m
52. The thorium radioactive decay series produces one atom of “*Pb as the finl 5 (a
disintegration product of an atom of 2Th. f1 of *Th is1-39 x 10" years. A certain *r{rﬁm

2 - """:."'".-.. &
8" J.ﬂ

rock is found to have a mass ratio of “*Pb and “*Th as 14 : 1. Determine the age
of the rock. (2:97 % 10° years)

53. The ratio of the number of atoms of two radioactive elements A and B, in
equilibrium with each other, is 3.1 10" : 1. If 1 of element B is 6:45 yrs, calculate
2

that of element A. (2 %10
54. Which nucleus has higher binding energy per nucleon : 3Ni (57941 amu) or

gMn (54939 amu)? Mass of neutron is 1-00867 amu and that of proton i
1-00728 amu. _ (Ni)

55. For ;U the binding energy per nucleon is 7:576 MeV. What is the atomic weight of
this isotope? Use the mass of neutron and proton from Ex. 60.

[Hint: See Ex. 60] (23993 amy)

Objective Problems
1. The frequency of a green light is 6 x 10" Hz. Its wavelength is
(2) 500 nm (b) 5 nm
~ (¢) 5000 nm (d) none of these
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Atomic Structure and Radioactivity 293
"y [Hi“t;1mn=1l]""m}
" 2 41;‘_'; E‘Hﬂ dfftiszei:g}r of a photon of 2000 A wavelength radiation to that of
radi 3
i
g (a) 1/4 (b) 4 (c) 1/2 (d) 2
la;-{ 3. The valucs of ‘charge on the ol droplets experimentally observed were
~16x107", -24x10"" and -4x10™" coulomb. The value of the
5] electronic charge, indicated by these results is
()-16x10°" (1) -24x10"" ()-4x10""  (@)-08x107"
E [Hint: Find the highest common factor.|
} ) 4. Which of the following statements is/are correct?
ide (a) A photon is a positively charged nuclear particle.
Dfn; (b) A photon is a particle of light energy.
fore (¢) A photon is a quantum of light.
ary) (d) A photon is a bundle of energy of definite magnitudes but not necessarily
light energy.
i 5. For which of the following species, Bohr theory does not apply?r”
2 (@) H © H' (©) He' (@ Li
' is i 3rd
E; 6. The radius of the first Bohr orbit of hydrogen atom is r. The radius of the
orbit would be o o @ e
2 il i bit of hydrogen is v. The velocity of
tain 7. The electronic velocity in the fourth Bohr 0 t of hydrog
the electron in the first orbit would be @) o/16
- (a) 40 (b) 160 () v/4 g
s 1l Q
G 8, The ionisation potential of hydrogen atom 1S 136 EV.i:'he energy req
i remove an electron in the n =2 state & hydmsﬁ‘? 5 (d) 34 eV.
a5 (a) 272 eV (b) 136 eV (c) 68 € )
g 9. The energy of the second Bohr orbit in the hydrogen atom is — 341 eV. The encrgy
. The ene :
of the second Bohr orbit of He " ion would bem V (d) - 6-82
of (a) - 085 eV (b) - 13-64 eV (c)-1/e
B rhits is
L 10. The ratio of the radii oftheﬁrastthlﬂ’- B;?Iﬁ;:g @) 1:8:27
NI : £ .33 b)1:2: : :
| g of the difference in energy between the first and second Bohr orbits to
tio 2 =
e = E;mm the second and third Bﬂhf{;di‘;;qﬁ (d) 27/5
1/3
(a) 1/2 (b)
nﬂ} " - i 'lblﬂ?
- hich value of m is not poss d) -1
e T ©=2 &
a &
& e = I=1,15
H‘E;Eﬁ : () 4s (© 4
: : 3 ingzless?
wich of the following orbitals is meaning d) 3d
14 ::;“éh o (b) 24 () 78 ¢

i —
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15. Which of the follo

4f orbital Wing sets of quantum numbers is possible for an electrop, i, -

@) n=4,1=2 -2 ¢=41 (b) rl=4=’=4f’"=+4’s=+%

(d) u——~4,f=3,m=.1,,5=+%

o ]
o ||

(c) H=4,]1=3 m=+1,5=-

16. The maximum number of electrons in an atom with quantum Numbers,
n=3,1=2is

(a) 2 (b) 6 (c) 10 (d) 30
17. The number of orbitals in n=23 are
(a) 1 (b) 4 (c) 9 (d) 16

18. If the nitrogen atom had electronic configuration ls?,‘ it wm;id have energy lower
than that of the normal ground state configuration 1s°, 25°2p°, because the electrons
would be closer to the nucleus. Yet, 1s’ is not observed because it violates
(a) Heisenberg uncertainty principle
(b) Hund Rule
(c) Pauli exclusion principle
(d) Bohr postulate of stationary orbits (IIT 2002)

19, Rutherford’s experiment, which establishes the nuclear model of the atom, used 3
beam of
(a) B-particles, which impinged on a metal foil and got absorbed
(b) y-rays, which impinged on a metal foil and ejected electrons

(c) helium atoms, which impinged on a metal foil and got scattered
(d) helium nuclei, which impinged on a metal foil and got scattered  (IIT 2002)

20. Total number of nodal planes are same in
(a) 3s, 4d (b) 4s, 3p (c) S5s, 4d (d) 4s, 4p

21. The number of waves made by an electron moving in an orbit having maximum
quantum number (m) +3 is
(a) 3 (b) 4 (c) 5 (d) 6
[Hint: /=3 and n=4]

22. The electronic transition from =2 to n=1 will produce shortest wavelength in
(a) Li*' (b) He' (c) H (d) H'

23. The first emission line of Balmer series in He'-spectrum has the wave no. in
cm equal to (R-Rydberg constant)

3R 20R
@5 ®) 3¢ (c) % (d) %.

24. If the radius of first Bohr orbit is r, the wavelength of an electron in the third orbit
of a hydrogen atom is equal to

(a) 6nr (b) 2nr (c) 9nr (d) 3r
25, If the shortest A of hydrogen atom in Lyman series is x, the longest A in Bl
series of He' is
Ny S5x bx 9x
(a) 1 (b) 9 (c) 5 (d) 3
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26. Consider a la ]
TEe number of hydrogen atoms with electrons randomly distributed &a

inthen=1,2,3 and 4 orbits i i
St s Electr;"iu;:l;nany different wavelengths of light are emitted

i into lower energy orbits.
(a) (b) 3 c) 6 (d) 9

27. How many times lay er is a h
: ! T
Calisiag Hgam ydrogen atom than the radius of an H atom in its

of 106? m with an electron characterised by a quantum number

(a) 106 (b) 212

(c) 11236 {d) none of these

8. “’l}u':h is larger, = He' ion with an electron in an orbit with n=3 or an Li*" ion
with an electron in an orbit with =57

(a) He' (b) Li** (c) both equal -
29. Which of the following sets of quantum numbers is permissible for an electron in
an atom?
1 o
{a)n=1,|'=1,m={},s=+5 (b}rl=3.f=1,m=—2.5=-% ")
{n:}ll=2.-f=14m=ﬂ':5=+% (dn=21=0,m=0,5=1

30. Number of stable isotopes is least when the number of neutrons and that of protons
in the isotopes are respectively
(2) odd and odd (b) even and odd
(c) odd and even (d) even and even -

31. A radioactive nuclide generally disintegrates by a-emission when its N/P ratio is
(a) less than 1 (b) equal to one  (c) equal to 12 (d) greater than 1-5

32. ;X atom is isotone to 7Y atom. The value of x is ok
(a) 8 (b) 16 {c) 9 (d)

1 = e substance will
33, If 5 g of a radioactive substance has a f% = 14h, 20 g of the sam

have a t1 equal to
2

(a) 56 h b)35h (c) 14 h
re il—l and 'l:,n respectively. Are the

(d) 28 h

34. The designations of a proton and neutron a
two particles of equal mass?
{a) Yes, both proton and neu

actual
MNo, mass numbers reflect
ﬁs&eﬁ of proton and neutron are 100

35. The nuclides ¥Ar and :1 are (¢) isotones (d) none of these

tron have the same mass, i.e., 1 amu.
masses only to the nearest amu. The precise
72765 and 1008665 amu.

Which following nucli isobars? ‘
o (a) nscoafﬂt:lwﬁsc fh]'m ::‘:c (c) BAr and $IK (d) none of these
a n =

37. ':‘c; what stable mmﬁ; v & (c) 25Pb (d) "gFb
s, a ! 'ﬂ'[
[Hint: (B belongs to (4n + 1) series]
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38. The halt.i; ! |
undec:}lf:;fe of a radioactive isotope is 1-5 hours. The mass of it

(a) 32 B

f : Ihﬂt mmaim
atter 6 hours is (if the initial mass of the isotope was 32 g)

(b) 16 g (c) 48 d2g
. The l‘ﬂ.diﬂa{'tivil—y due to C-14 isotope ('!. = 6000 :,rrj of a sample of wood from ap,
2

a;:;ient tomb was found to be nearly half that of fresh wood; the tomb is, therefor,
about :

(a) 3000 years old (b) 6000 years old
() 9000 years old (d) 12000 years old

40. The half-life period of a radioactive nuclide is 3 hours. In 9 hours its activity wij|
be reduced by a factor of
(a) 1/9 (b) 1/8 (c) 1/27 (d) 1/6

[Hint: Cal. N/N°]
41. If 3/4 quantity of a radioactive element disintegrates in two hours, its halfjifs

would be
(a) 1 hour (b) 45 m (c) 30 m (d) 15 m

42. A sample of rock from moon contains equal number of atoms of uranium ang
lead (.h for U=4~5xlﬂ°:,rears]. The age of the rock would be

3
(a) 45 10° years (b) 9% 10" years
(¢) 135 x 10’ years (d) 2:25 % 10° years

43. A radioactive isotope having a half-life of 3 days was received after 12 days. It

was found that there were 3 g of the isotope in the container. The initial weight

@@2g (b) 24 g (©)36g (d) 48 g
44, If N' is the initial number of nuclei, number of nuclei remaining undecayed at the
end of n™ half-life is
@2"N () 2'N' () n™* N’ (d) m* N’
45. A radioactive substance is decaying with £ = 30 days. On being separated into
. e A B - & z
1w frac one of the fractions, immediately after separation, decays with
%m=3d3}"5' The other fraction, immediately after separation, would show
(a) Aonetartt activity . (b) increasing activity
(c) decay with f, , = 30 days (d) decay with t, , =28 days
ﬁA r&dm&cﬁvesubstame 'h_ﬂsl'i constant activity of 2000 di:.;'tntegratinnsf minute-
The material is separated into two fractions, one of which has an initial activity
of 1000 disintegrations per minute while the other fraction decays with fi = 23

(@) 1500 T T e e
47. Thearb:;al angular momentum of an electron in 25 orbital is
(a) *EE (b) zero {:}-2% d) V2 rz%
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48. For a d-electron, the orbital angular momentum is

(a) V6 # (b) V2 &

(c) (d) 274
Hint L=VI(+DA;1=0,1,2 ... ;4= pi ;
[ ( . - # is called Dirac hj (IIT 1997)
49. Al is a stable isotope. Al is expected to disintegrate by
(a) c-emission (b) f-emission
(¢) positron emission (d) proton emission (1T 1996)

50. Which of the following relates to light both as wave motion as well as particle?
(a) Diffraction and interference (b) Photoelectric effect

(©) E = mc (d) E = hv

Answers

1-a, 2-d, 3-d, 4-b,c, 5-b, 6-b, 7-a, 8-d, 9-b, 10-¢, 11-d, 12-a 13-d, 14-b, 15?
16-d, 17-c, 18-c, 19-d, 20-d, 21-b, 22-a, 23-b, 24-a, 25-d, 26-C, 27-c, 28-b,
29-¢, 30-a, 31-d, 32-b, 33-c, 34-b, 35-c, 36-b, 37-b, 38-d, 39-b, 40-b, 41-a,
42-a, 43-d, 44-a, 45-b, 46-d, 47-b, 48-a, 49-b, 50-d.

i |m
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]'1 _ CHAPTER TWELVE
] i ' PROPERTIES OF GASES

j
H The Ideal Gas Laws

1. Avogadro’s Law
One mole of any substance contains the Avogadro constant (6022 10%) ¢

molecules. It was Avogadro who discovered the law of nature for Bases. Thi,

The volumes of the same number of moles of all gases measured at €onstany

temp¢[ature and pressure are the same. That is, at the same tE]hPEI-'ﬂ.lurll‘ and Pressure

f
| rl !
i law is known as Avogadro’s la-wr, which states:

equal volumes of all gases contain equal number of moles or molecules.

Mathematically, at constant temperature and pressure:

Volume = Number of moles

Volume = K x number of moles
Thus, for the same value of number of moles at constant temperature

and pressure the proportionality constant, K will be a universal constant for

all gases. When temperature and pressure are taken as 0°C and 1 atm

respectively, K for 1 mole of the gas then represents the standard molar

volume which is equal to 224 litres per mole or 22-4 x 10~ * metre® mole™ " (SI).

2. Boyle’s Law
For a gas at constant temperature the pressure is inversely proportional to the volume,

provided number of moles (n) of the gas does not change during the experiment.

ol
Py pV = constant . 1)

PiVi=p.V5 (T and n are constant)
Boyle’s law can be expressed graphically in various ways:

298
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= 5 5'314)(][]_2&}(1.33){ ID-E.\X,E?B 1/2
16 % (0:36 x 107%)* 22/7 _‘_“'—~]
=1926x107° Pas.

PROBLEMS

(Answers bracketed with questions)

1. 1 g of helium gas is confined in a two-litre flask under a pressure of 205 ay,
What is its temperature? 00 K;
2. The density of He is 0-1784 !':gg.';,.fmjl at STP. If a given mass of He at s51p g alloweq
to expand to 1.5 times its initial volume by changing the temperature and preggy,
compute its resultant density. (0-1189 kg_h_L;

[Hint 1 kg/m’ =1 g/L. Density is reduced by 1-5 times]

3. The density of an ideal gas A is 143 g/L at 5TP. Determine the density of 4 4

17°C and 700 torr (mm). (124 g1,

4. A container has 32 g of a certain gas at NTP. What would be the mass of the same
gas contained in the same vessel at 200°C and 16 atm pressure. (29534 g)

[Hint: Mol. wt. {M}:%x 22.4; V=vol. inlit. Apply pV=%RT;
w=wt. of the gas in g at 473 Kand 16 atm] |

5. Calculate the volume occupied by 5 g of acetylene gas at 50°C and 740 mm
pressure. (ITT 1991) (5:2375 litres)

6. A bottle is heated with its mouth open from 15°C to 100°C. What fraction of air
originally contained in the vessel is expelled? (23.5%)

7. An underwater bubble with a radius of 0-5 cm at the bottom of a tank, where the
temperature is 5°C and the pressure is 3 atm., rises to the surface where the

temperature is 25°C and pressure is 1 atm. What will be the radius of the bubble
when it reaches the surface? (0-74 cm)

8. A good vacuumi produced in common laboratory apparatus corresponds 1o

10" ° mm pressure at 25°C. Calculate number of molecules per cc at this pressure
and temperature. ; (32 %109

9. A sample of nitrogen gas is bubbled through liquid water at 25°C and then
collected in a volume of 750 cc. The total pressure of the gas which is saturated
with water vapour, is found to be 740 mm at 25°C. The vapour pressure of waier
at this temperature is 24 mm. How many moies of nitrogen are in the ﬂmpﬂia; }

t f

10, A flask of volume 1 litre contains vapour of CH,OH at a pressure of 1 atm and

959C. The flask was then evacuated till the final pressure dropped to 107" mnj;
Find the number of molecules of methyl alcohol left in the flask. 32x10

17

18
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] the number of :
7 gstimate r of molecules left in a volume of the size of a pinhead about

Ut o give a vacuum of 10* mmHg at 25°C.
(324 x 107)

[ | cubic mm when the air is pumped o

A 500-cc bulb weighs 38-734 grams when oy
with air at 1 atm pressure and 24°C. A
at this pressure, calculate effective

‘acuated and 39-3135 grams when filled
ssuming that air behaves as an ideal gas
mass of 1 mole of air. (282 g)
13. A dl_asifcatcr of internal volume of 1 litre and containing nitrogen at 1 atm pressure
. is partially evacuated to a final pressure of 7.6

m. _ : mm of Hg while the temperature 3

K] remains constant. What is the volume of the gas at this stage? {100 litre ) ..‘f

. 14. A l‘lh"l;‘ of air weighs 1.293 grams at NTP. At what temperature will a litre of air =

= weigh 1 gram, the pressure being 72 cm? (613%) g

» : : ';.

y 15. The vapour of a hydrocarbon is 2-47 times heavier than that of oxygen. What is r
its molecular weight? 7904 :

i 16. A gas cylinder contains 370 g of O, at 30 atm and 25°C. What mass of O, would ;

.'I escape if first the cylinder were heated to 75°C and then the valve were held open '
until the gas pressure was 1 atm, the temperature being maintzined at 75°C?

. (359 g)

[Hint: First calculate the volume of the cylinder and then wt. of O, present at
1 atm and 75°C using pV =nRT]

17. A gaseous compound is composed of 857% by weight of C and 143% by weight
of H. Its density is 2:28 g/L at 300 K and 1 atm pressure. Calculate the molecular
formula of the compound. (C,Hg)

18. A balloon filled with helium rises to a certain height at which it gets fully inﬂate:ci
to a volume of 1x10° litres. If at this altitude temperature and atmospheric

pressure is 268 K and 2x 10~ atm respectively, what weight of helium will be
required to fully inflate the balloon? (36:36 2)

19. Find the total pressure exerted by 16 g of methane and 22 g of CO, cﬂnt;l;r;ed ir;
' (:9236 atm
a four-litre flask at 27°C. {

1 ‘ is 0-0005970 g/cc.
tm pressure the density of water vapour is 0-00
il E:; :f:litt: ;ni: :mlafvnlume and how does this compare with ideal gas value?

; ressibility factor 2’7 gt
by:¥ihatis MI;GEEE] = 3[};3 lit, and V (ideal) = 30-621 litres; Z = 0:986]

2 L | compartments and they are filled
A .. divided by a thin partition into equa 2y
= 31:'};:; :::;? nuﬁfﬁer of h}]?dmgen and heavy hydrogen molecules respectively

; is the pressure
: t entmlﬂnnfﬂg,wh?'.:w_
If the pressure in the h)’d:"ﬂwe;a:ﬂﬁa ;emme pressure if the partition is removed?
in the other compartment: (1 em of Hg; 1emof Hg) .

: ol
pwo-litre flask at 27°C. Calculate partia
alaru.‘- the composition of the mixture in mole
(0-44 atm.; 0-82 atm; 53-3%; 46-7°%)

22. 1 g of N, and 1 g of O, are put in
. prﬁﬁm‘ﬁ of each gas, the total pressure

percentage:
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33. The rate of diffusion of a sample of ozonised oxygen is 0-98 times mo

34, The pressure in a vessel that contained pure oxygen dropped from

346

Modem Approach to Chemical Calculations

23. Into a gas bulb of 2:83 litres, are introduced 0-174 g of H, and 1-365 ¢ 5

can be assumed to behave ideally. The temperature is 0°C. What are y,
pressures of H, and N, and what is the total gas pressure? What ar,

fractions of each gas? What are pressure fractions?

z Whigh,
© Partiy)

the my,
(PH/p = nH,/n = g o

639,
24. 100 em’ of NH, diffuses through a fine hole in 32-5 seconds. How much tim, .
60 cc of N, take to diffuse under the same conditions? o |

25. A gas ‘X’ diffuses five times as rapidly as another gas "Y". Calculate the ratio g
molecular weights of ‘X" and Y". (123

26. The rate {:-t-' diffusion of methane at a given temperature is twice that of 3 oy
The molecular weight of X is -
(A) 64 (B) 32 (IIT 1990) (4

'27. A mixture containing 1-12 litres of H, and! 1-12 litres of D, at NTP is taken inside
a bulb connected to another bulb by a stopcock with a small opening, The secong
bulb is fully evacuated, the stopcock opened for a certain time and then clogeq
The first bulb is now found to contains 005 g H,. Determine the Percentagy
composition by weight of the gases in the second bulb. (416; 5833

[Hint: H=1,D =2, Apply Eqn. 9]

(€ 4 (D) 8

28. A mixture consisting of 80 mole per cent hydrogen and 20 mole per cent deuteriu |

at 25°C and a total pressure of 1 atm is permitted to effuse through a small orific
,;;f area 020 mm”. Calculate cﬂmpcsiti:'}n of the initial gas that passes through,

(5-65:1)
[Hint mole % = vol. %.]

29. A straight glass tube has two inlets ‘X" and Y” at the two ends. The length of the
tube is 200 cm. HCl gas through inlet X and NH, gas through inlet ¥ are allowed
to enter the tube at the same time. White fumes first appear at a point P inside
the tube. Find the distance of P from X. (81:1 cm)

30. A mixture of hydrogen and oxygen in 3 : 1 volume ratio is allowed to diffuse

through a porous partition. What should be the composition of the initial gas
diffusing out of the vessel? (12:1)

31. The time required by a certain volume of oxygen to diffuse through a small hol¢

is 3600 seconds. Calculate the time required by the same volume of chlorine ¥
diffuse through the same hole. (53605)

re than (¥

of pure oxygen. Find the percentage (by volume) of ozone in the ozonises b

form.

into vacut”

' i i ; : 11 hole
mm in 47 minutes as the oxygen leaked through a sma
m the same vessel was filled with another gas, the pressure dr?i:llij g2
_. m mm to 1500 mm in 74 minutes. What is the molecular weight © |

2000 mm o

d fro?

32. Calculate the relative rates of diffusion of 235 UF, and 238 UF, in the gasee® |

I;.q|

37. The
the

38. A

39, At

40. Al

41. C
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thy vessel of volume
| 35. A ume 100 mL s
1t h The gases diffuse in 86 < “ontains 10% of oxygen and 90% of an unknown gas,
ty *econds through a smal '
g ander the same con ATHoRS i i; small hole of the vessel. If pure oxygen,
"53.3? the unknown gas, + ZHUSES n 75 seconds, find the molecular weight of
(43-2)
’ . A balloon havi .
:‘u] | = A Pr&ur‘;“ﬁ i'h"“iml}* of 10000 metre® is filled with helium at 20°C and
3 | il Ht-whati; _allmn. s loaded with 80% of the load that it can lift at
| . eight will the balloon ?
- 5 e come to rest? Assume that the volume
; } | ol l 8 15 constant, the EII.I'I'IGS'PhE!"E is iS{'llh!;‘rm.ﬂl, ZWC, the molecular weight
of air 15 25:0 and the ground level Pressure is 1 atm. The mass of the balloon is
x| 13x10"g.
o | [Hint: Use Eqn. 11.]
J | .
de | 37. The densily of h}rdmgen at 0°C and 760 mmig pressure is 0-00009 g/cc. What is
= the rms speed of hydrogen molecules? {1838 x 107 em/s)
. 38. A one-litre gas bulb contains 103 x 10° H, molecules. If the pressure exerted by
!gae . these molecules is 760 mmHg, what must be average squared molecular speed?
] |

(9-43 x 10" em /s)

| 39. At what temperature the rms speed of hydrogen is equal to escape velocity from
m | the surface of the earth?

[Hil‘lt: F.-SEEI.PE vel. = ‘qugﬁ: R = earth’s radius = 6:37 10° cm.] (100-2 K)
] | 40. At what temperature, hydrogen at 1 atm pressure has the same rms speed as that
of oxygen at NTP? (~256°C)
- 41, Compute rms speed of (i) O, at 15°C and 77 cm pressure, (i) NH; molecules at
| J NTP, and (iii) average speed of CH, at 500°C. ,
5 2 (473 10° cm/s, 68x10*cm/s, 109x10"cm/s)

i sp==E E is the kinetic ene
42. Show that the ideal gas law can be written as p=3 E, where E is rgy

per unit volume.

d the most probable speed of CO molecules be twice

43. At what temperature woul (819°C)
that at 0°C? s He
44, At what temperature would N, molecules have the same average SFE"-":;m &
w :
atoms at 300 K?

dro constant of gaseous molecules at 0°C.

45. Calculate the kinetic energ) O vogs (3-4 % 10" erg)

gas at 97°C in different units.

Je of CO 3
per mole 2 i 3742 joules, 894 calories)

@74x10" e

i lfg,r’d.eg at a constant
of molecular weight 40 has a gRer the atomicity of the gas?

What is the C, value for it and what I T5 55 b 0 onoatomiic)

46, Calculate the average kinetic energy

A7SA gp5
. yolume

- 4
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15 Modern Approach to Chemical Calculations

48. At uz?’{‘ andll atm, SO, partially dissociates into 50, and 0, g
equilibrium mixture weighs 094 g under the above condil .
pressures of the constituent gases

[Hint: See Example 53]

ne litre

: ; of th..
1ons. Caleulate the i

in the mixture, Partig)

(0-5986, 02676, 0-133g altm)
= 5 H i J
49. The degree of dissociation of N,O, according to the equation N,O, = 250

: at 7qy
and atmospheric pressure is 65-6%. Calculate the apparent molecylar \.':g' o
N;O, under the above conditions, L{g;l' of
. }Sﬁ'j
1
[Hink: N.O, = 2NO, ; approx. mol. wt. = L -? +:6{21} ]
l-x 2x i

30. 1 mole of a gas is changed from its initial state (15 lit; 2 atm) to fi
10 atm) reversibly. If this change can be represented by a straight lin
calculate maximum temperature, the gas attained.

nal state (4 Jj;
e in p-V curye

(698 K)
: .. p=2 V=15
Hint: Eqn. for the line is £——=-———2. 3
{ R SO AN 502 4_15¢ Upt8V=140
For (pV)max, 11F="'—i;2=?1 and 8V = %-—:ﬂ
71 71
4 a1 1l =g Yenoapply

PVmax=n R Ty - ]

51. Calculate the volume occupied by 7 g of N, under a pressure of 100 atm at 27°C
(@=139 atm lit' mole %, &=0-391 lit mole ') (588 ml)

52. The van der Waals constant b for a gas is 42x 10" lit mole™". How close the
nuclei of the two molecules come together ? (32x 10" em)

53. Find the temperature at which 3 moles of SO, will occupy a volume of 10 litres
at a pressure of 15 atms,

(a=671 atm lit* mole %),

(b= 0-0564 lit mole ™) (351°C)
54. A 2:55 g sample of NH,NO, is heated in a test tube.
NH,NOy(s) - Nyfg) + 2H,0(g)
What volume of N, will be collected in the flask when the water and 5
temperature is 26°C and barometric pressure is 745 mmHg? (1013 L)

55. How is the rms speed of N; molecules in a gas sample changed by
(a) an increase in temperature?
(b) an increase in volume of sample?
(¢) mixing with an Ar sample at the same temperature? S
[{a) increases (b) no effect (c) no e

1er] l:
56. Nickel carbonyl, Ni(CO),, is one of the most toxic substances known. The P ;

maximum allowable concentration in laboratory air during an 8-hr work ¢
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art in 10°. Assume 24°C
fn a laboratory that is uuamzi,1 v preséute what mass of Ni(CO), is allowable
Mon area, with a ceiling height of 2.7 m?(3.53 x m"'gj

le of
57 *:‘:mlf;ife E?iil;;a molar volume of 101 L at a pressure of 745 mmHg and a
empe C. Is the gas behaving ideally? (No)

58. Cyanogen is 462% C and 53.8%

N by mass. At a temperatu f 25°C and a

ressure of 750 : perature of 25°C and :
Ef ek mmHg, 1.0 g of cyanogen gas occupies 0-476 L. Find the &‘Eﬁ 2
ol

59. Two containers of the same volume, one

gasining the gastB, h_aw-' the same number of molecules of each gas. The mass
of Fhe molecule A is twice the mass of the molecule B. The rms speed of A is also
twice that of B. Calculate the pressure ratio of the gases A and B. (8:1)

60. Calculate the percentage of free volume available in 1 mole gaseous water at 1 atm
pressure and 373 K. (99.94%)

containing the gas A and the other

Objective Problems

1. Which of the following curves does not represent Boyle's law?

(a) (b)
p log p
(V] logV
© @
5 p
]
£
v

i to 300K at a
2. The temperature of 20 litres of nitrogen was increased from 100K to

- will be :
constant pressure. Change 1 yalume (c) 40 litres (d) 20 litres

ks (b) 60 litres

e ht:ﬁ f a given mass of a gas at constant temperature becomes three
3. If the volume O ag .

FT; the pressure '-{-fb-;lp'}'; © 9 (dp

a) 2 .

. d temperature is
is reduced to half an

f a given mass of a gas
4, If the pressure ©

il be
doubled simulancously, the VOITE e i s pefore

(a) same as before (d) ﬂn&fﬁuﬂh as before

ill the
oy occupies a volume of 2 litres: At what temp::::“fe &

g of a gas at NIF occup and amount of the §as mmamlﬂg ?46"'::

volume be dnub@-?ﬁfﬁx () ~273°C {
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350 h’fﬁdl:m ,ﬂppr:mch to C"Iﬂl\icﬂl Calculations

6. If 1 litre of N, at 27°C and 760 mm contains N molecules, .-I litres of O, tinder the
same conditions of temperature and pressure, shall contain

. N = T ]
(a) N molecules {b) 2N molecuies (<) e molecules (d) 4N molecules

7. Under identical conditions of temperature the density of 4 g5 X is three times
that of gas Y while molecular mass of gas Y is twice that of X. The ratio of Pressure.

of X and Y will be
(@) 6 (b) 1/6 (c) 2/3 (d) 3/2

8. The molecules of a gas A travel four times faster than the molecules of gas i
the same temperature. The ratio of molecular weights (M,/M,) will be

(a) 1/16 (b) 4 (c) 1/4 {d) 16
9. The volume occupied by 224 g of a gas (vap. density = 11-2) at NTP is
(a) 224 litres (b) 11-2 litres (c) 44-8 litres (d) 1 litres

10. 32 g of oxygen and 3 g of hydrogen are mixed and kept in a vessel of 760 mp,
pressure and 0°C. The total volume occupied by the mixture will be nearly
(a) 22-4 litres (b) 33:6 litres {c) 56 litres (d) 448 litres

11. A pre-weighed vessel was filled with oxygen at NIP and weighed. It was then
evacuated, filled with S0, at the same temperature and pressure and again
weighed. The weight of oxygen will be

(a) the same as that of S0, (b) 1/2 that of SO,
(c) twice that of SO, (d) 1/4 that of SO,

12. A closed vessel contains equal number of nitrogen and oxygen molecules at a
pressure of p mm. If nitrogen is removed from the system then the pressure will

be
(a) p (b) 2p (c) p/2 (@ p*

13. Two gases A and B, having the mole ratio of 3 : 5 in
of 8 atm. If A is removed, what would be
remaining constant?

{a) 1 atm (b) 2 atm {c) 4 atm (d) 5 atm

14. Equal weight of methane and oxygen are mixed i
; ! . In an empty container at 25°C.
The fraction of the total pressure exerted by oxygen is 4 t

(@) 1/3 (7 N (c) 2/3 o1, 273

a container, exert a pressure
the pressure due to B only, temperature

15. In two separate bulbs containing ideal gases A and B IESPECti\’Elj', the density of

gas A is twice that of gas B while molecular weigh .
* t of gas A as B
at the same temperature, pressure ratio P, /P, wgiil B is half that of gas B

(a) 1/4 (b) 1/2 (c) 4 (d 1
| lﬁ.lfllilmdap&Aat'mmmandﬂ-SIim f L
'. | :_2-]jr;=e bulb, the resulting pressure is & 558,380 mim are taken in 2
J (a) 1500 mm (b) 1000 mm (c) 2000 mm (d) 500 mm

17. If the ratio of the rates of diffusion of the two gases A and B is 4 - 1. the ratio of
: their densities is b
i : (@1:16 (b)1:4 (c)1:8 (d1:2

- b
:*L' An evaluation version of novaPDFE was used to create this PDF file.
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e the atomic weights of C, N and O are 10 14
18- {gﬂﬂ“""ﬁ pﬂi[‘ of Bases, the pair that will d“ﬁl‘v:: i
() carbon dioxide and nitrous oxide
I:b‘j Ca_rbﬁﬂ diﬂli.d'i.‘ and n:ﬂﬂ}gern Perﬂlide
| (c carbon dioxide and carbon monoxide
(d) nitrous oxide and nitrogen peroxide

and 16 Yespectively, among the

|
I Properties of Gases =
| the same rate is

| {9, Two grams of h}’dt_‘ﬂgen diffuse from a container in 10 minutes. How many grams ; %.
of oxygen would diffuse through the same container in the same time under similar - g
ﬁmdiﬁi}ﬂﬁ? "{P
=
| ()05 8 b ag (©) 68 @) 8g s
| o0, Four rubber tubes are respectively filled with H, O, N, and He. The tube which g

will be required to be reinflated first is
! (a) Hyfilled tube  (b) O filled tube (c) N -filled tube  (d) He-filled tube

21, Equal weights of methane and hydrogen are mixed in an empty container at 25°C.
' The fraction of the total pressure exerted by hydrogen is

| (a) 1/2 {b) 8/9 (c) 1/9 (d) 16/17
| 92, The specific gravity of CCl, vapour at 0°C and 76 cmHg in grams/litre is
| (a) 112 (b) 77

| (c) 6-88 (d) cannot be calculated

| 23, The rms speed of gas molecules at a ]
1 % 10* cm/s. If both temperature and pressure are raised three times, the rms s
of the gas will be
(a) 9% 10" em/s

{c) ¥3 x 10" em/s

temperature 27 K and pressure 1-5 bar is
peed

(b) 3% 10" cm/s
(d) 1 %10 ecm/s

i icular
24. The ratio of rms velocity to average velocity of gas molecules at a particu

srature is )
E;“ftursaﬁurf (b) 1 : 1:086 (c) 2 : 1086 (d) 1:086 : 2
25. The average velocity of an ideal gas molecule at 27°C is 0-3m/s. The average
g-a 3
velocity at 927°C will be , % AT
(a) 06 m/s (b) 0-3 m/s (c) 09 m/s o

2. Kinetic energy per mole of an idedl gas[h} inversely proportional to temperature

(a) is proportional 0 temPEIR By i g at 0°C

is independent of temperature
: F'_] 15 wure of a sample of a gas is raised from 127°C to 527°C. The average
27. The temperature
kinetic energy of the gas (b) is doubled
Bl ’f:;cmge (d) cannot be calculated
e is x joule at _123°C. Another sample of

- - of O :
28. The kinetic FQHSF_--""f N mﬂwjﬂ iﬂalﬁ_ The latter sample contains
giatz?‘c has aﬂfkmehf i energy ¢ (o) 2N molecules of O,
(a) N molecules of Os (d) none of these

() N/2 molecules of Oy
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i t hﬂ'i?mh alom is two times heavier than a hydrogen molecule at 298 K, th,
netic energy of helium is
(a) two times that of hydrogen molecules
(b) same as that of hy-::imgen molecules
(€) four times that of hydrogen molecules
(d) half that of hydrogen molecules

a‘\-'l_"' rﬂh'!tu

30. The kinetic energy of any gas molecule at 0°C is
| (a) 566 x107°"] () 3408 ] (¢) 2 cal (d) 0

31. The ratio of the average molecular kinetic energy of UF, to that of H,, both 4 300

K, is
(a)1:1 (b) 7 :2 (c) 176 : 1 (d)2:7

32. At what temperature will hydrogen molecules have the same kinetic eNergy ac
nitrogen molecules have at 35°C? 3

@ [zaxsa]oc {m[z ><35].;.C © [uzﬁ],{ fa) asec

2 28 35

33. A monpatomic gas, a diatomic gas and a triatomic gas are mixed, taking one male
of each. C /C, for the mixture is
(a) 140 (b) 1-428 (c) 1.67 (d) 1-33

34. When 1 mole of a monoatomic ideal gas is heated to raise its temperature through
1°C, the fraction of the heat energy supplied which increases the kinetic energy
of the gas is '
(a) 2/5 (b) 3/5 (c) 3/7 (d) 5/7

35. The values of van der Waals constant ‘a” for the gases O, , N,, NH; and CH, are

1-36, 1-39, 4-17 and 2253 L? atm mole 2 respectively. The gas which can most
easily be liquefied is
(@) O, (b) N, (c) NH, (d) CH; (T 1989)

36. One mole of an ideal monoatomic gas is mixed with 1 mole of an ideal diatomic
gas. The molar specific heat of the mixture at constant volume is
(a) 3 cal (b) 4 cal (c) 8 cal (d) 5 cal

37. According to kinetic theory of gases, for a diatomic molecule,

(a) the pressure exerted by the gas is proportional to the mean velocity of
the molecule

(b) the pressure exerted by the gas is proportional to the root mean square
velocity of the molecule

(c) the root mean square velocity of the molecule is inversely proportional
to the temperature

(d) the mean translational kinetic energy of the molecule is proportional to

the absolute temperature (T 1991
38. The ratio between the rms velocity of H, at 50 K and that of O, at 800 K is "
(a) 4 (b) 2 (c) 1 (d) 1/4 (T 1
39. The compressibility factor for an ideal gas is o
(a) 1.5 (b) 1.0 (c) 2.0 (d) (T

40. X I
for
con

(a)
(c)

41. On
It i

(a)

47.
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40, X mL of H, gas effuses throy
for the effusion of the sam
conditions is

ds : He
(a) 10 f-'fc““; . He (b) 20 seconds : O,
(¢€) 25 seconds : CO (d) 55 seconds : CO, (IIT 1996)

gEon. e s of de‘ (g) at 300 K is kept in a closed contai . 2 .phere.
It is heated to 600 K when 20% container under one atmosphere

by mass of N.O, (g) d to NO, (g). The
resultant pressure is A (g) decomposes to ; (8)
(a) 1-2 atm (b) 2-4 atm

eﬂh T hole in a container in 5 seconds. The time taken
KoHime of thye gas specified below under identical

(c) 2 atm (d) 1 atm (IIT 1996)

42. A column of air 1 m" in cross section extending through the atmosphere has a

piAss of mughly 10,000 kg. The atmospheric pressure at the surface of the earth
is

(@) 1x10° N (b)1x10°k Pa () 1x10°k Pa  (d) 1 atmosphere

43, If the product of the gas constant R i.e., -0821 lit atm/K/mole and NTP temperature

in kelvin equals 224, the compressibility factor of the gas at 1 atmospheric pressure
is

i (a) > 1 by <1 (© =1 (d) =0

1 i i lated to zero pressure
44. The graph of the quantity d/p against pressure is extrapo : _ e
to -::ubgtaiﬁ a limiting value. If this limiting d/p value for a certain nonideal gas 1s
ill be
be 2-86 ¢/L-atm at 0°C, the molar mass of the gas wi
‘ i:;'gd-aﬁm : (b) 64-06 (c) 224 {d) none of these

45. The rms speed of N, molecules in a gas sample can be changed by
(a) an increase in volume of sample
(b) mixing with Ar sample _
(c) an increase in pressure on the gas
(d) an increase in temperature

that is 760 mm high
?:}?gﬂ mm (b) 559 mm (c) 74480 mm

the lines
: . .« plotted versus temperature,
h in which vo'luﬂ;ﬂthlﬁe Is}ame \deal gas ot different pressures

(d) 10336 mm

following grap
47. 1; t;‘_; nd C represent the same mass 0

Py, Py and ps respectively:

Blp,)

// Clp4)
!
/
/

@i’_————_‘-—_—

Temp. (K)—
; ‘The correct relationship of prees > : () ps> P2 P (d) pr>P2<Ps

Volumea —»

Alp,)
.".l"
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354 Modern Approach to Chemical Calculations

8- A SO-L reaction vessel contain hydrogen at a partial pressure of 0:388 atm angd
OXYgen gas ata partial pressure of 0-302 atm. The limiting reactant in the f“!'h'm"mg
reaction:

2H, + 0,=2H,0

is
(@) H, ®) O, (c) None (d) both

49. When a gas is passed through a small hole at a temperature greater than its critical
temperature, Joule-Thomson effect will show _

(a) cooling of the gas (b) "':'3"““"5_“‘ ”“’dgjf :

(¢} no change in temperature (d) first cooling an AL A e LIng

1 | ¥
50. Which of the following statements 1S Wrong: _ ,
(a) Critical temperature is the highest temperature at which condensation of a
as is possible. : - S |

(b) gI‘C‘:iti-:al pressure is the highest pressure at which a liquid will boil when
heated. " A

(c) Boyle temperature is the temperature at which the second virial coefficient is
m‘ i . g "

{d) Inversion temperature is the temperature above which the gas becomes cooler
during Joule-Thomson expansion.

51. Which of the following choice (s) is (are) correct for a gas?
(2) Pigeat = Preal (®) Vigear > Vil
(€) Pitest < Peeat (d) Viseas < Vel

52. Which of the following volume (V) - temperature (T) plots represents the behaviour
of one mole of an ideal gas at one atmospheric pressure?

4 V(L) &
S (38.8L, 373 K)

(286 L, 373 K) r
(a) e (b) |

7 A |
(22.4 L. {20.4/: !I
22 273 K)

i w

V(L) & \
Vvt (30.6 L, 373K) ) .

@
- (22 4{ 2 373 K)
273 K) :

(224 L,
273 K)

gt K
T(K) )
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Properties of Gases

Answers

'I'dr 2-¢, 3-b, 4-c, 5-b, 6-d, 7-a 8-a, 9
i - 342, 10, 11-b, 12- ¢, 13-d, 14-a, 15+
16-d, 17-a, 18-a, 19-d, 20-3, 21.b, 22., 33 24-a, 25-a, zaa.:f :?-t:: 1::

29-b, 30-a, 31-a, 32-d, 33-b, 34.1, 35.. 3
: ; » 93°C, 36-b, 37-d, 38-c, 39-b, 40-b, 41-
42-b, 43-c, 44-b, 45-d, 46-d, 47-c, 48-a, 49-b, qutﬂ 51-:& s 513 b, 41-b,

QQa
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CHAPTER THIRTEEN

DILUTE SOLUTION AND COLLIGATIVE
PROPERTIES

A seolution is a homogeneous mixture of chemical species. The sclutions are
of several types but we shall discuss here mainly the solutions containing a
solid solute and a liquid solvent. The distinction between a solute and i
solvent is an arbitrnr:,r one. However, the constituent present in the greater
amount is generally known as the solvent, while those present in relatively
smaller amounts are called the solutes.

Concentration Units

The concentrations of solutions may be expressed in the following common
sets of units.

1. Molarity: The molarity of a solution is the number of moles of solute
present in one litre of the solution. It is expressed by ‘M".

2. Demal unit: The concentrations are also expressed in Demal units. One
demal unit represents one mole of solute present in one litre of the solution
at 0°C. It is expressed by ‘D,

3. Molality: The molality is defined as the number of moles of the solute
present in 1000 g of the solvent. It is symbolised by ‘m’.

4. Normality: The normality is the number of equivalents of solute
present in one litre of the solution. It is expressed by ‘N,

5. Formality: The formality is the number of gram-formula weights of
the solute per litre of the solution. It is expressed by F’.

6. Mole fraction: The ratio of the number of moles of the solute to the
total number of moles of the solution is known as mole fraction of the solute.
Similarly, the ratio of the number of moles of the solvent to the total number
of moles of the solution is called mole fraction of the solvent.

If x; and x, represent the mole fraction of the solute and the solvent
respectively, we have, _
4 n
n+n, 1y + 1,

I]=

where n; and n, are the number of moles of the solute and the solvent
respectively present in a solution.

7. Percentage: The concentration in percentage is generally expressed in
three ways:

(i) weight of solute in grams per 100 mL of solution

356
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Modern Approach to Chemical Calculations

the rate constant k" gives another m"'ﬁ'tant

the multiplicati i
ion of n with |
k rate constant, though not ﬂt:cnrdu-qg to iy

k, which may also be called
definition.] ,
Let us now calculate x to get the value of X from Equation (1),

When 0525 mole of a solute is added, polymerisation Stops and x mq),

of A remain, Just before the addition of the solute,

moles of solvent A=X%

moles of solvent B= 12

o 0
- - +
vapour pressure of the mixture of solvents = X,Pa~ 2pPg

T 1
It’ﬂ=;..f+12""{3‘3'[]4-.-:—lLlZ}){Ei':M:I = (2)
| Vapour pressure of the solution, p= 400 i (3)

(after the addition of 0-525 mole of a solute).
Applying Raoult’s law,

0
L%E — mole fraction of the solute

P
0:525
=055+ (x+12) -4

Solving equations (2), (3) and (4), we get

x=2-84.
Substituting x=2-84, { =100 m and a=10 in Equation (1)

2-303 10 S

k= log 5y = 12107 min”™.

100

PROBLEMS
(Answers bracketed with questions)

i 1. Calculate mole fractions of urea and water if 2:0 g of urea is dissolved in 314 g

] of aqueous solution. (002, 0%8)

| 2. Under what condition will the molality of a solute not be equal to its molarity?
il [Hint: Consider density of the solvent]

i 3, A sugar syrup of weight 2142 g contains 342 g of sugar (CH,0y)- C

[ (i) molal concentration, and (ii) mole fraction of sugar in the syrup.
| (IIT 1988) (0556 m, 0:00%)

density
(0:06™)

alculate

4. Calculate mole fraction of solute in an aqueous 4 m solution assuming the
of the solution as 1.0 g/mL.
[Hint: See Example 6]

5. Nitric acid (70%) has a specific gravity of 1-42. Find the normality and mﬂ‘ﬁ‘:‘i‘;
of the acid. (158N, 158

An evaluation version of novaPDFE was used to create this PDF file.
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" Find the mola

';Hi““ See B

7 Calculate mo

by weight of

g. The molarity
weight of tf

and M.

g. When 400
is the per

10. In what m
solution ©

11. One litre |
is the pet

12. Determin
25% and

13. Calculat
1-31 g/m

14. The pre
2% belc

15. What i
1-68 g

16. The va
at 100

17. At 20
is dis
Wha!

18. 05 g
CCl,
pres

19. Wh
den
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Dilute Solution and Colligative Properties o

of NaCl is dissolved in 10 g of a solution, the density of which is 107 g/cc.

(Hint: See Example 6]

. Calculate mole fraction, molarity and molality of C,H,OH solution which is 50%
" py weight of GHLOH in H,O and has a density of 9144 g per cc.

(0281, 993 M, 21-7 m)

The molarity and molality of a solution are M and m respectively. If the molecular
weight of the solute is M’, calculate the density of the solution in terms of M, m

. o)

8.

m 1000
g. When 400 g of a 20% solution was cooled, 50 g of the solute precipitated. What
i is the per cent concentration of the remaining solution? (8-6%)
10. In what mass of water must 25 g of CuSO, - 5H,0 be dissolved to obtain an 8%
solution of CuSO,? (174775 g)
1, One litre of water was added to 500 mL of 32% HNO, of density 120 g/mlL. What
: is the per cent concentration of HNQ, in the solution obtained? (12:8%)

12. Determine the per cent concentration of a solution obtained by mixing 300 g of a
25% and 400 g of a 40% solution. (33-6%)
13. Calculate the per cent concentration of a 928 N NaOH solution of density
-3%

131 g/mL. (28-3%)

14. The pressure of the water vapour of a solution containing a nonvolatile solute is

ine the molality of the solution.
2% below that of the vapour of pure water. Determine the m ty R

solution containing 156 g of water and

15. What is the vapour pressure at 100°C of a e
168 g of sucrose (C;;Hx0p,)? ‘
. n of cane sugar (mol. wt. 342) is 756 mm

e Vi ressure of an aqueous solutio ‘
T “P‘:'“ Iflsw s of sugar are present per 1000 g of water? (9994 g)
When 61 g of a substance

is 442 mm of Hg
ur pressure of ether 15 S e S

(115-4)

17. ¢ °C the vapo
s dis i 1. wt. 74),
is dissolved in 50 g of ether (mo

£ ic the molecular weight of the substance? | 20

a non le ﬂfﬁﬁ of pure CCl, is 143 mm, what would be the vapour

&f&: mluﬁﬁn? (Density of CCl, solution is 1:58 g/cc). (141:93 mm)

ﬂ i .

ater is 1g/cc? =

- :avingnﬁﬂefrachon of cane sugar =01 5

having molal concen tration =17 | SR
et s mwweightaﬂiqmd){{mo.w.- 0) has 4

e oon pressure of pure liquid "X

it  c0°C. Calculate the vapour
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392 Modern Approach to Chemical Calculations

21. At 25°C, benzene and toluene have densities 0-879 and 0-867 g/cc respectivel.
Assuming that benzene-toluene solutions are ideal, establish the equation fo, “i'('
density of the solution.

=55 (0879 V+ 0867 (100 - V)
where V is the volume per cent of benzene.
22. Ethanol and methanol form a solution that is very nearly ideal. The vapour pressyr,
of ethanol is 445 mm and that of methanol is 887 mm at 20°C.

{a) Calculate the mole fraction of methanol and ethanol in a solution obtained by
mixing 60 g of ethanol with 40 g of methanol.

(b) Calculate the partial pressure and the total vapour pressure of this solution
and the mole fraction of ethanol in the vapour. [(a) 049, 051 (b) 22.7, 43.5, 0:34)

23. The vapour pressure of pure benzene is 22 mm and that of pure toluene is 75 mm
at 20°C. What is the composition of the soiution of these two components that has
a vapour pressure of 50 mm at this temperature? What is the composition of
vapour in equilibrium with this solution?

[Hinkt: Use equations 3 and 5| (0-47 : 0-53 : 0-20 : 0-80)

24 A solution containing ethyl alcohol and propyl alcohol has a vapour pressure of
290 mm at 30°C. Find the vapour pressure of pure ethyl alcohol if its mole fraction
in the solution is 0:65. The vapour pressure of propyl alcohol is 210 mm at the
same temperature, (333:12 mm)

25. What are partial and total vapour pressures at 25°C above the solution having
equal numbers of molecules of benzene and toluene? The vapour pressures of
benzene and toluene at this temperature are 95-1 and 284 mmHg respectively.
What is the composition of the vapour in equilibrium with benzene-toluene

solution? 47-6, 14-2, 61-8 mmHg
0-77 and (:23

[Hint: Mole fraction of each is 0-5.]

26. Benzene and toluene form nearly ideal solutions. If at 27°C the vapour pressures
of pure toluene and pure benzene are 32.06 mm and 10301 mm respectively,

(a) calculate the vapour pressure of a solution containing 0-60 mole fraction of
toluene

(b) calculate the mole of fraction of toluene in vapour for this composition of the
liquid [(a) 60-4¢ mm (b) 0-318]

27. At 50°C the vapour pressures of pure water and ethyl alcohol are, respectively
92.5 mm and 2199 mm of Hg. If 6 g of nonvolatile solute of mol. wt. 120 is
dissolved in 150 g of each of these solvents, what will be the relative vapour
pressure lowerings in the two solvents? (0-006, 0-015)

28. Calculate the molecular weight of a substance, 10 g of which in 1 litre of solution
exerts an osmotic.pressure of 81 mmHg at 27 K. (207:99)

29, The water vapour pressure at 293 K is 2338 Pa and the vapour pressure _ﬂff :12
aqueous solution is 9295.8 Pa. Determine its osmotic pressure at 313K if t

5{:-] ul
5(:\11

30. whi
wel
(R

31. 10
an

35.
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Dilute Solution and Colligative Properties 960

solution density at this temperature is 1010 kg/m’. The molecular weight of the
splute is 60.

(2:56 % 10° Pa)
50, What is the osmotic [;ressure of a solution of 4.48 g of a substance of molecular
weight 286 in 100 cm” water at 298 K?

R = 821 em’ atm/deg/mole) (3-83 atm)
51,101 of a volatile liquid occupies a volume of 4 litres when vaporised at 100°C

and 70 cm pressure. What would be the osmotic pressure of a 2% (grams per

100 cc) solution of this substance at 0°C? (5-34 atm)

32. The average osmotic pressure of human blood is 7.7 atm at 40°C.
(a) What should be the total concentration of various solutes in the blood?

(b) Assuming this concentration to be essentially the same as the molality, find

the freezing point of blood. [K; (H,0) =1.86] (0-29 mole/litre, -0-539°C)

33, A solution containing 10-2 g of glycerene per litre is found to be isotonic with a
29 solution of glucose. Calculate the molecular weight of glycerene (mol. wt. of
glucose = 180). (91-8)

24, The osmotic pressure of an aqueous solution containing 45 g of sucrose (343) per
litre of solution is 2:97 atm at 0°C. Find the value of the gas constant and compare
the result with the accepted value. (0-0826 lit . atm/K/mole)

35. What is the freezing point of a solution containing 6:84 g of sucrose per 500 g of

i 074°C
water? Kj" for water is 186°C-m . (-0-074°C)
: in order to
36. What weight of glycerol would have to be added to 1000 g of water in “;495 )
fb;ver'its freezing point by 10°C7 Ky=186. :
Lins i 60-00) and 5% by weight o
e ) 10% by weight of urea ( :
s Aﬂghm : uaoéﬁu:z;:}:m be its freezing point? Ky for water is 186 (-4254°C)
L C,H. 1,(OH);, and methyl alcohol, CHLOH, - are sold at the'same P>
C s

: .o an antifreeze solution for the
.~ which would be cheaper for preparing e

£ if a solution containing 25 g of ethylene glycol
much ice will separ?te ©* © L pc? K (HO)=186.  25058)
OH).] in 100 g of water 13 sl
- ions by volume of water (d=18/cc) andﬂhﬂﬂ;:iif:g
roximate P";Pomtbe mixed to ensure protection of an autom e
1-12 g/cc) mus :
solution containing 02 & ©
o of 24 mm at osmOHC EWTOS T e
B e censity of the SIHILE

mxmnn (Hg) ) (24 % 107)
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42. 0-1 ¢ of an unknown substance was dissolved in 5 g of camphor and it was found 5
that the melting point of camphor was depressed by 5-3°C. If K;is 397, find the
weight of 1 mole of the solute. (150)

43. 1.23 g of a substance dissolved in 10 g of water raised the boiling point of water
to 100-39°C. Calculate the molecular weight of the substance. (K, =0-52°C m™ ')

(164)

44. Two elements ‘A" and ‘B’ form compounds having formulae AB, and AB,. When

dissolved in 20 g of benzene, 1 £ of AB, lowers the freezing point by 2-3°C whereas
1 g of AB, lowers the freezing point by 1-3°C. Calculate the atomic weights of A

and B. (K; for benzene =5:1°Cm™ ") (2557, 42-65)

45. When 45 g of glucose was dissolved in 500 g of water, the solution has a freezing
point of =0-93°C.

(a) What is the molecular weight of glucose?

(b) If the simplest formula is CH,O, what is its molecular formula? (180; CH,,0)
46. Calculate K, of water when 1 mole of the solute is dissolved in 1000 g of water,

The latent heat of vaporisation of water is 5399 calories per gram. (0-514)

47. Molal elevation constant of chloroform is 3-88. 0-3 g of camphor added to 252 g
of chloroform raised the boiling point of the solvent by 0.299°C. Calculate the
[ molecular weight of camphor. (154)

| 48. Calculate the molal depression constant of water. Latent heat of fusion of ice at
i 0° is 80 calories per gram. (1-84%)

! 49. K,, for CCl, is 5-02. The boiling point of pure CCl, is 76-8°C. Calculate the boiling
' point of a 1 molal solution of naphthalene (C,;H,) in CCl, . (81-8°C)

| f 50. Calculate the K for chloroform from the following data:
| 1'l (a) Boiling point of pure CHCI, =61-3°C.

| f (b) The solution containing 502 g of naphthalene (C,;H,) in 18 g of CHC], boils

I at 69-5°C. (3_5;{: m- 1}

51. A solution containing 123 g of Ca(NQO,), in 10 g of water boils at 100.975°C.
Calculate the degree of ionisation of the nitrate (K, =0-52). (75%)

52. A 0-5% aqueous solution of KCl was found to freeze at 272.76 K. Calculate the
van't Hoff factor and the degree of dissociation of KCl at this concentration.

( Ky (H,0) =186°C i’ b (1:92,092)

| 53. When 60-26 g of VCl, was added to 1000 g of solvent CCl,, the freezing point of
CCl, was depressed by 5-415°C. Kf for CCl, is 29-9. Compare the number of moles
of particles with the number predicted by the formula. Calculate the number of
dimers, V,Cl present.

[Hint: 2VCl, — V,Cly [

—
e —

V,Cl,; = 0-134 mole
VCl, =0-0473 mole
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54 At 25°C, 2 Sl s_u:ﬂutinn i {COOH s 1-35% dissociated. Calculate the freezing”
.t and osmotic pressure of the solution, Compare your results with those

expected under conditions of no dissociation, K for water =1-86°Cm .
(Hint : See Example 48] (-0-19°C, 2:47 atm)

The vapour pressure of a 001 m solution of a weak base BOH in water at 20°C is
17536 mm. Calculate K, for the base. Aq. tension at 20°C = 17:54 mm.

{9'? k.4 1“ ‘"‘} - 1
Lot ;
i obs. lowering in v.p. =p ~Pobs. _ 17:540 — 17536 | %‘;
[Hint : =721 Jowering in v.p. o 001 3
Pﬂ g 175 K -
N 1000118 S3
: 001 A
Then apply i=1+xand K, = = ] &
56, In an Ostwald-Walker experiment, dry air was first blown through a solution {x\\:
containing a certain amount of solute (M =278) in 150 g of water, and thef\ also
ﬂwugh pure water. The loss in mass of water was found to be 0.0827 g while the :‘:M
mass of water absorbed in sulphuric acid was 3317 g. Calculate the amount of S
the solute. {ﬂ:5? g) \
1 57, Pheromones are compounds secreted by the females of many insect species to —

attract males. One of these compounds contains 80-78% C, 1356% H, andESE-l&?Ezu
. : i in 8 f benzene freezes at - :
son of 1-0 g of this substance in 850 cc o
E'h‘:t ﬂu::“mﬂlmﬂﬁr weight and molecular formula of the compound? 5
l:f_-'p". of C,H, =55C, K(CHy = 5.12°C/m) (282, C;;Hd
at 25°C is 23-62 mm Hg. What will be the

- * ; ressure I:I-f ure water :
e WP::SHP:E of a sohﬂion of 15 g of urea in 50 g of water? (2341 pomkie)
vapour

Objective Problems

. le of a solute in
1 A maolal solution is one that contains oneé mo : t
1. A molal solution 15 : (b) one litre of solvﬂ'[ (AIT 1986)
(2) 1000 g of the solven (d) 224 litres of solution

(01 one litre of solution .
 Vapou lvent is 17:5 mm

&?w S > ‘H'L sonf the solvent is

= (c) 1748

£) while that of its dilute solution is
(d) 105

2
h of ing Is ot 2 mmgaﬁ{f) Depression in £p-
fPBus presm= (d) Osmotic pressure e
. on is in equilibrium with its vapour, PplanTate &
s el ml;:rlufnﬁoﬁ and in the vapour Phases ==
e B nature of the two

same depending UPot gridtie
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5. Th i
€ ﬂﬁl‘}lt‘l;lrc Pressure of a solution is given by the relation
A Ly cT Ke
[]P e {b}pzhﬁ— [c}l_p':? Ed}g:RT
(¢ is the concentration in moles/litre)
6- The osmotic pressure of a solution at 0°C is 4 atm. What will be its Osmotic presgyy,
at 546 K under similar conditions?
(a) 4 atm (b) 2 atm (c) 8 atm (d) 1 atm
7. Which of the following aqueous solutions has osmotic pressure nearest to that of
4i 0
an equimolar solution of K, [Fe(CN),]?
(a) Na,S0, (b) BaCl, (c) AL(SO,); (d) C;;H,,0,,
8. 0-1 M solution of urea, at a given temperature, is isotonic with
{a) 0-1 M NaCl solution (b) 0-1 M glucose solution
(c) 002 M KCl solution (d) 01 M BaCl, solution
9. Which one of the following pairs of solution can we expect to be isotonic at th
same lemperature? E

(a) 0-1 M urea and 0-1 M NaCl

(b) 0-1 M urea and 02 M M Cl
(€) 01 M NaCl and 01 M Na,50, i

(d) 0-1 M Ca(NO,), and 01 M Na,S0,
10. Which statement is incorrect about osmotic

temperature (7)? pressure (p), volume (V) and
() pe< I/V if T is constant :
(c) pe= V if T is constant () p=<Tif V is constant

(d) pV is constant if T is constant
11. Equal volume of 01 M urea

: and 0-1 M glucose are mj i
(a) h::-wer osmotic pressure ) e ﬂsm::]id. The mix
(c) higher osmotic pressure ) roe ot B pressure

ture will have

1
| The factor m‘}fﬁf represents

(@) molarit Y (b) formalil}r

(¢) normality
13. The £p. of 1% solution of Ca

(d) molality
(NO,), i -
(a) below 0°C ®) 0° 3); in water will be

e

| (c) 1°C d
14. Which has the highest f.p. at 1 atm? .
(a) 0-1 M NaCl solution
(b) 0-1 M Bai i
(c) 0-1 M sugar solution o

(d) 0-1M FeCl, solution

(a) K;S0, A :;u;:ﬂ = te b 0
(c) Urea (d) Glucose
16. An aqueous solution contains 5% and 10% of urea and glucose res ‘?H‘ 5
wt.). If K for water is 1.86, the f.p. of the solution js «Pﬁhvﬂy e
(a) 303K (b) 3-03°C () -3:03°C (d) ~30;. K
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17. When 1 mole of a solute is dissolved in T |
found to be 1005°C. K, for HO is S Ing point of solution was
(a) 05 (b) 100 (©) 1005 e
18. An aqueous solution of NaCl sha) boil at

100°C (b) below 1
(a) WI00°C  (q) above 100°C  (d) 99:9°C

19. Which solution will have the highest bp.?
(a) 1% solution of CH,.0,

(b) 1% solution of
(c) 1% solution of ZnSO, 0 of NaCl

(d} 1% solution of (NH,),CO

20. Which solution will have the highest b.p.2
{a} 1 M CﬁHuD& W]utiﬂ'n

(c) 1 M BaCl, solution

(b) 1 M NaCl solution
(d)1 M (NH_-!:IECD solution

21. The temperature at which the vapour pressure of a liquid equals external pressure

is called N
(a) f.p. (b) b.p. (c) m.p. {d) critical temp. ;-K .
T

22. The ratio of the value of any colligative property for KCl solution to that for sugar i
solution is nearly \
(a) 10 (b) 05 (c) 2:0 (d) 25 b

23. For an aqueous solution of NaCl, the observed molecular weight of NaCl will be
(a) less than 58:5 (b) more than 585 (c) 585 {d) 58-5°

24, The weight of water in 1 litre of 2 M NaCl solution of density 1-117 g/mL is

(@117 g (b) 1000 g (€) 117 g (d) 883 g

25 Glucose is added to 1 litre of water to such an extent that AT/ K; becomes equal

10 1/1000. The wt. of glucose added is
2) 180 g (b) 18 g ()18 g

of the following colligative properties is associated with the conc

) 018 g

entration

ing of vap. pressure (b) Osmotic pressure

(d) Elevation in b.p.

is adopted to determine osmotic

4 s method
TR \ (b) Beckmann's met
© oo (d) Differential method

ity of solute
3 the largest total molality
solutes will produce

er?
(b) 2:0 mole KCl

(d) 30 mole of sugar

f the following
on addition to 1 kg of wat
~_ 0N 0).
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Answers
<, 5-d, 6, 7, 8-b, 9-d, 10-c, 11-b, 12-d, 13-3, 14-c, 15-3, 16, 17,
h_'e-_ .,m mmmmzﬁbz?‘-ﬂ.m

An evaluation version of novaPDFE was used to create this PDF file.
Purchase a license to generate PDF files without this notice.



http://www.novapdf.com/

17,

II -‘" ﬁE -

CHAPTER FOURTEEN
CHEMICAL THERMODYNAMICS

,,.-"'"'#‘__,..-——'_-_-_

The ""ari""‘fs laws of ﬂ"erm“d;'f'“amifﬁ are based on human experience about
e behaviour of macroscopic systems (assemblage of a large number of
molecules). Thermodynamics is concerned with the equilibrium states of the
systems- An equilibr AU state is one in which the macroscopic properties of
the system. such as its temperature, density and chemical composition, are
well defined and do not change with time. Thus, the subject of
thermodynamics does not concern itself with the time element in any
yransformation and, therefore, has no valid application in the study of reaction
Kinetics.
The First Law of Thermodynamics
The first law of thermodynamics is a statement of the principle of conservation
of energy. This law may be stated in various ways as given below:
(1) Energy can neither be created nor be destroyed. It can only be
converted from one form of energy to another.
(2) Since energy and mass are interlinked by Einstein’s equation
E = mc, the total mass and energy of an isolated system remain
unchanged.
(3) The conclusion of all the statements of the first law of thermo-
dynamics is that it is impossible to construct a perpetual motion
machine, i.e., a machine that can work without consuming energy-.

Mathematical Formulation of the First Law
The amount of heat " given toa closed system is used to increase the internal
energy ‘E’ of the system and also fo produce work ‘W’ in such a way that:

Heat absorbed = increase in internal energy + work done by the system.
q=AE-W

or AE=g+W
done by the system. The first law of

W is taken negative as the work is
thermodynamics states that the change in internal energy of a system, AE,

equals g plus W. P _
- The heat absorbed by a closed system in a process in which no work is

dmumequal to the internal energy of the system.

o
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B 65'_ Compute the heat of formation of liquid methy! alcohol in kilojoules per \,
Using the following data. The heat of vaporisation of liquid methyl gjc,
= 38 kJ/mole. The heats of formation of gaseous atoms from the elemenys I..
their standard states: H, 218 kJ/mole; C, 715 k] /mole; O, 249 k] /mol,,
Average bond energies: C—H = 415 kJ/mole
C—Q =356 k]J/mole

O—H =463 kJ/mole (IIT 1995,

Solution : C + 2H, + %(}1 — CH,OH; AH=?
For reactants:
Heat of atomisation of 1 mole of C = 715 k]
Heat of atomisation of 4 moles of H = 4 x 218 K]
| Heat of atomisation of 1 mole of O = 249 K]
| For products:
Heat of formation of 3 moles of C—H bonds = -3 x 415 k]
Heat of formation of 1 mole of C—O bonds = -356 k]
Heat of formation of 1 mole of O—H bonds = —463 k]
Heat of condensation of 1 mole of CH;OH to liquid = -38 k]
On adding, we get AH of formation of CH,OH (1).

AH = -266 k] mole™.

PROBLEMS

(Anstwers bracketed with questions)

i 1. Find the work done when 1 mole of hydrogen expands isothermally from 15 to
i 50 litres against a constant pressure of 1 atm at 25°C. (=718 cal)

.' 2. 100 g of argon is allowed to expand from a pressure of 10 atm to 0-1 atm at 100°C.
il Calculate the heat which is absorbed, assuming ideal behaviour. (8580 cal)

] 3. The molar volumes of ice and water are respectively 0.0196 and 0-0180 litres per
'] mole at 273 K. If AH for the transition of ice to water is 1440 calories per mole at
I 1 atm pressure, find AE.

’ (1440 cal)
{ . 1
‘. 4. For the reaction, Cgraplﬂte"‘iﬂz (8)=CO(g) at 298 K and 1 atm, AH = - 26416 cal.
f

. If the molar volume of graphite is 0-0053 litre, calculate AE. (- 26712 cal)

| 5. One mole of an ideal gas at 300 K expands isothermally and reversibly from 5 to
i 20 litres. Calculate the work done and heat absorbed by the gas.(-832 k], 832 kI)

6. Calculate the heat of formation of ethylene from the following data at 20°C:
1
H, () +50; () » HO(); AH=- 65 kel

C.H, (g) +30,(g) — 2C0O,(g) + 2H,0(1); AH =- 340 keal (16 keal)

An evaluation version of novaPDFE was used to create this PDF file.
. Purchase a license to generate PDF files without this notice.
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lculate the heat of formation of carbao ; -
7.Ca C)+0;(R) — CO, {g;; Q?ITTH‘;){::;[HBI“ the following dat®
2CO (8) + O, (8) — 2CO, (g); AH - _ 136 keal (- 26 keal)

5. The {l;aL ::; Cﬂng?;“:l 0;4 E;hyl glcohnl 15 330 keal. If the heats of formation of
-C'D T S a'n EB'S 1
fﬂn;aﬁﬂn iAo cal respectively, calculate t?_;,;; hﬁ:c ﬂ;;
. i |
o, The heats of formation of CO, (g) and HO(l) are -
& Pﬁﬁvel}r' The heat of combustion of methyl alcohol
the heat of formation of liquid methyl alcohol.

9405 kecal and -68-32 kcal
(1) is <173-65 kcal. Calculate

(-57-04 kcal)
10. At constant volume at 27°C,

2C,H; (8) + 150, (8) — 12CO, (g) + 6H,0 (I); AE = -1600 keal
2C;H, (g) + 50, (8) — 4CO, (g) + 2H,0 (I; AE =-620 keal
Calculate the heat of polymerisation of acetylene to benzene at constant pressure.
(~131:2 keal)
11. Calculate the heat of formation of CH,COOH (1) at 25°C from the following data:
CH,COOH (1) + 20, (g) — 2CO, + 2H,0 (1); AH = -208.34 keal
C(s) +0O,(g) — CO,(g): AH =-94-05 keal

1
H, {g}+502 — H,O (1) ; AH = -68-32 kcal (21164 keal)

12. For the reaction at 25°C,
1 3
NH; () — 5 N2 (8) +5 Ha (g); AH’ =110 keal

calculate AE" of the reaction at the given temperature. (10-44 kcal)

| 13. From the following equations, calculate the standard molar heat of formation of

| 1 at 25°C.
Agcﬁg.p (s)+2HCl (g) — 2AgCl(s) + H; Ol); AH" = -77-61 keal

2Ag (s) + %Dz (g) = AgO () AH®=-731kcal

1 : = -22.06 kcal
1h, @+l - HO(g) A =2200ka

H,(g)+ -;' O(g) — H0(); AH' =-6832 keal (6320 keal)

1 ta:
14, Calculate the enthalpy of formation of HE (g) from the following data

50, (aq) + 5 0: ® — 5O |

'?:I}'t'-{'g}_#‘:}l), (aq) ,,,21-120 (I) = 2HBr (aq) + SO; (aq); M]'f

H, (@ +5 0, (@ — HOO: 4F =*63"“':l

| HBr (g) + aq — HEr (aq); AH=-20 s
I. ':"'téi't'ﬁe-.m'th&IP}' of formation of Ca(OH), (8) from

b ;H::@f‘*%@:fﬁ) - HO ) 8H=

{aq]: AH — T 63'? kﬂﬂ].
==-54 keal

(<94 keal)

683 keal

| An evaluation version of novaPDF was used to create this PDF file. h
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Qa0 (s) + H,0(l) — Ca(OH), (s); AH =153 keal
1
Ca (s) + E O, (g) — Ca0 (s); AH = -151-8 kcal

{_235'4 kcal]
16. Calculate the heat of formation of KOH from the following Jata:
1
K+H,0+aq — KOH (aq) +3 H, ; AH = 484 keal
H, + %Dz — H,0; AH =-68-44 keal
KOH + ag — KOH (aq); AH = - 1401 kcal (10246 ]'i{'a.]]

17. Calculate the heat of formation of C;H,, given that the heats of combustion
benzene, carbon and hydrogen are 754, 94 and 68 kcal respectively.  (-14 keal)

18. Calculate the enthalpy change for the reaction
Fe,0, + 3CO — 2Fe + 3CO,; from the following data:

2]"»‘.'+-g-l.:}1 — Fe,0,; AH =~ 177-1 kcal

C+%'I:}z — CO; AH =-32-8 kcal

C+0, = CO,; AH=-943 kcal (—8-4 keal)

19. The heats of formation of Na,B,O, (s) and Na,B,0,-10H,O (s) are -742 and

—1460 kcal respectively. Calculate the heat of hydration of Na,B,0, in forming
decahydrate. (=718 kcal)

20. The heats of combustion of graphite and diamond at 298 K are -393 and
=395 k]/mole respectively. The specific heats of these substances are 720 and

505] kg "K' respectively. Calculate the heat of transformation of graphite into
diamond at 273 K.

(2-0645 k] mole )
[ Hint: AH = { 393 - (395) | + (0720 - 0.505) x ,u”% X (298 = 273) ]

21. The enthalpies of neutralisation for CH,COOH with NaOH and NH,OH with HCl

are =506 and — 514 kJ eq" respectively. Calculate the enthalpy of neutralisation
of CH,COOH with NH,OH.

(-44.74 K eq.”))
22. Calculate the fuel efficiency in kJ/gram of C,H, and C «H,; - The heats of formation
of GH,, CH,,, CO, and H,0 are 523, ~1261, 3935 and 2858 k| mole”'

EEECEREY. (50:39 and 456 K g )

23, The heat of formation of Fe,0, is —821-32 k] mole " at 298 K and 1 atm and that

of ALO; is 1675:60 k] mole ' under the same condition. Calculate the heat of
reaction of reduction of 1 mole of Fe,0, with metallic aluminium.  (-854-28 kJ)

24. A gas is enclosed in a cylinder with a piston. Weights are added to the pistor
giving a total mass of 2.20 kg. As a result the gas is compressed and the weights

An evaluation version of novaPDFE was used to create this PDF file.
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are lowered 025 m. At the same 1

R me, 1.
what is the change in intermal ener 150 J of heat evolved from the system.

&Y of the system? {389 )
5. Calculate AG' for the reaction
CaF,(s) = Cati'l;aq}JrZF (aq)
Given that, AG; (CaF(s)) = ~1162 K /mole.
er (Ca*'(aq)) = =553-0 and AG] (F(aq)) = 2765 kj /mole.

Also calculate K, for this reaction at 25°C 0
(56 k], 2% 10

To what temperature must magnesium carbonate .
26. MgO an d CO, at 1 atm? Given: nate be heated to decompose it to

MgCO4(s) MgO(s) CO:g)
Mﬂ‘] =1112 —601-2 ~393:5 k]
§° 659 269 2137 J/K

(671 K)

27, Predict the direction in which AG” for the equilibrium
N,(g) + 3H,(g) = 2NH,(g); AGL,=-33-32 k]
will change with increase in temperature. Calculate AG at 500°C, assuming thal
AH and AS do not change with temperature, that is, AHy,=AH, and
ﬂsuHI:ﬁs?ﬂ.
AH=-92:38 k] and AS"=-1982])/K
(The eqn. shifts .o left with increase in temp., +60-83 kJ)

| f the water is
: is used to draw water from a well. The temperature o o
ﬂ?ﬁ“i&m :nfiugt of the atmosphere is 40°C. If the amount of water d;ﬂwn 11? 10 kg
e t supplied to the well.
from the depth of 12 m, calculate the amount of heat suppli S
r enthalpy changes, at 25°C,
=16-18 keal
=2.31 kecal _
f NO,. Is N;O, apt to be stab'e with respect
stable only at low temp.)

29, Given the following reactions with thei
M Ni[gj-rmz'(gj — 2NO,(g); AH
N,(g) +20(8) = NOJB): AH

o +e enthalpy of dimerisation 0
calculate the enthalpy (1387 ke, N,

T T | T— T

i to NO, at 25°C?
? =Y N N@ﬁl : - & by a manner SI.I.Ch lhﬁt
' IS NG ) an initial state to 2 final state by 7 3
L - 'Ebé% ystem is changed fom from the initial state to the final state were m: e by
¢ AH =g, If the same change TTOT "7 T "\ of the first path? Would 42
i path, would AH be the sam (same, most probably different)

W= 10 atm pressure at 273 K.
held by 2 Plsm::dndﬂi; gas is allowed to expand
A (4358 ], 4358 J, 0, 0)

An evaluation version of novaPDFE was used to create this PDF file.
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33. Show that the differential dV of the molar volume of an ideal gas is ap g () Free:
differential and hence V is a state function.
- Th.'_l h“:a
[Hint: V= -%T-; V=f(@ DI 43- s
: g a
34. Assume that the only change in volume is due to the I::-m-dl.{.ctmn “F hydrogen .- 170
calculate the work done in joules when 2.0 moles of Zn dissolve in h}'dmch]u,if
acid, giving H, at 35°C and 1 atm. 44, The he
Zn(s) + 2HCl(aq) — ZnCly(aq) + Hy(8) (-512x10'), and N
fN=
[Hint: W=-paV =-an, RT] <
2 . _ Caleu
35. Acetic acid forms a dimer in the gas phase 45
0 o — 0'\1
HmH_—rCH-—Ef &= CH,
2C i 2 %2l o= Ho O ,.r"
The dimer is held together by two hydrogen bonds with a total stren_ugth of 665 K
per mole of dimer. At 25°C, the equilibrium constant for the dimerisation i ot
1-3 % 10° (pressure in atm). What is AS® for the reaction? Assume that AH does no
vary with temperature. (-0-11 kJ/mol- K)
36. A Carnot engine has an efficiency of 40%. If the temperature of the reservoir is
280 K, what is the temperature of the source? (4666 K) n
37. A Carnot engine whose temperature of the source is 400 K takes 200 cal of heat 45 He
. at this temperature and rejects 150 cal of heat to the sink. Calculate the temperature
I of the sink and the efficiency of the engine. (300 K, 25%) Hi
| L : H
If 38. One mole of an ideal gas at 224 litres is expanded isothermally and reversibly at |
| | 300 K to a volume of 224 litres at a constant pressure. Calculate W, q, AH, AG B
! and AS.
J (-574 kJ, 5:74 K], 0, -5-74 kJ, +19-1]/K)
> k

39. K, of AgCl at 25°C is 1.782x 107", At 35°C, K, is 4159 x 10"°. What are AH’ and
AS’ for the reaction: AgCl(s) = Ag'(aq) + Cl'(aq)? (AH" = 64-655 k], AS" =303 ) 47. ¢
40. For the reaction
C(s) + Oy(g) — CO4(g)
AH® = -393.51 k] /mole and AS® =286 J/mole - K at 25°C. Does the reaction become
more or less favourable as the temperature increases? (more favourable) 48.
41, The AH’, AG" and AS’ values for the reaction
2H,0,(1) - 2H,00) + Oy(g)
at 25°C are -196-0 k] /mole, -233-6 k] /mole and +1256 ] /mole - K respectively. Is
there any temperature at which H,O,(I) is stable at 1 atm? Assume that AH and
AS values do not change with temperature, (theoretically at ~1586 K)

42. For each of the following processes, tell whether the entropy of the system
increases, decreases or remains constant.
(a) Melting one mole of ice to water at 0°C
(b) Freezing one mole of water to ice at 0°C
(c) Freezing one mole of water to ice at -10°C

An evaluation version of novaPDFE was used to create this PDF file. '
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: (d) Freezing one mole of “-T{?ter_ '0 ice at 0°C and then cooling it to ~10°C |
a) increases (b) decreases (c) decreases (d) decreases) ”
The heat of fﬂﬂ_‘}*‘;l':ﬂh:f ethane is 203 keal. Calculate the bond energy of C—C - &
. pond in ethane if t ats of atomisation of carbon and hydrogen are respectively ‘
! 1709 and 52:1 kcal per mole and bond wnergy of C—H bond is 99-0 kcal E
.~ (807 keal) |

g4, The heat of reaction of N, +3H, — 2NH, is ~20 keal. If the bond energies of H—H
: and N—H bonds are 104 and 93 kcal/mole respectively, calculate the bond energy
of N= N bond. (226 keal)

45, Calculate the heat of formation of acetone from the following data:
= 1
5 Ha(8) = H(g) AH=521 keal

1
ED;{E} — O (g); AH =59-16 kcal

C(s) = C(g) AH=1717 kcal

Bond energies:
& C—H =99 kcal

C=C =80 kcal
C=0=81 keal (51-86 keal)

46, Calculate the heat of formation of methyl alcohol (liquid) from the following data:
Heat of atomisation of C =1709 kel
Heatof atomisation of H =52-1 kcal
Heat of atomisation of O =596 kcal
R S 1 e — = kl:a!
:‘m .ml Eles - c H ‘99
i C—0O =84 keal

. O—H =11055 keal 1.0 keal
'ﬁ M‘ufliquefamﬂn of 1 mole of CH,OH =-84 kel Caltike)

alculate the heat of the following gaseous re;cunm
St CH, +4F, — CFy+4H

99.3; 38; 116 and 135
1 F—F; C—F and H—=F bonds are : e
‘e heat of formation Of gaseous isoprene
l the following data
; (239 keal)
=1717 keal per mole.

An evaluation version of novaPDFE was used to create this PDF file.
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45. Usi .
o :Edthe Tequired bond-energies data from the above problems, calculate the he,
ydrogenation of ethene to ethane. (=297 ke
I}

50. Calculate the heat of the following homogeneous gaseous reaction
CH,COCH, +20, — CH,COOH + CO, + H,0

from the tollowing data:
Bond energies (kJ):

C—H = 41449 C—0=967-13

C—C = 347.92 Resonance energy:

C=0 = 72432 — COOH = 11723

O=0= 49304 €O, = 13816

O—H = 462-64 (-55433 k)

51. Calculate the resonance energy of N,O from the following data:
AH}f of N;O =82 K] mole '
Bond energies of N=N, N =N ,0 = 0 and N = O bonds are 946, 418, 495
and 607 kj mole ™" respectively. (-88 kJ)

Objective Problems
1. The heat of formation of HCI (g) from the reaction
H, (g) + CL, (g) = 2HCI (g); AH =-44 keal is
(a) +44 kcal (b) 44 kcal (c) +22 kcal (d) =22 kcal

2. Given N, (g)+3H,(g)=2NH, (g); AH’=-22 kecal. The standard enthalpy of
formation of NH, gas is

_ {a) =11 kcal/mole (b) 11 kcal/mole
i {c) =22 kcal/mole (c) 22 kcal/mole
) 3. If for H, (g) =2H (g); AH = 104 kcal, heat of atomisation of hydrogen is
(a) 52 kcal (b) 104 kcal (c) 208 kcal (d) none of these

f ; 4. Heats of combustion of CH,, C,H,, C,H, are -890, -1411 and -1560 k] /mole
Ii respectively. Which has the lowest fuel value in kJ/g?

(a) CH, (b) GH, (c) CH, (d) all same
5. 21 g of Fe combines with S evolving 377 kJ. The heat of formation of FeS in
k]/mole is
(@) =377 (b) 179 (c) -100:5 (d) none of these

6. When a certain amount of ethylene was combusted, 6226 k] of heat was evolved.
If the heat of combustion of ethylene is 1411 kJ, the volume of O, (at NTP) that
entered into the reaction is
{a) 2965 mL (b) 2965 litres (c) 6226 x 224 litres  (d) 224 litres

|

m&ﬂﬁﬂ+5{

1

1
CcO @ *73

..I-h':. hE‘ﬂt L=
vﬂlumcﬁ o

1
g, | H.(8)*
C:H; EEJ

Equa]. 'ﬂﬂ
of heats |
[ﬂ'} 5.3?1'; |

9. The heal
nearly
(a) —27-
(c) —137

lu' ThE' ten
base is
(a) 5°
11. The he:
F_a} H*
(b) H
(c) 2H.
(d) Ck

12. In wi
CONCe!
{a) 20
{c) 25

13. The
neutr

HCN
(a) -
1&. The |
The
(a) 2
)3
15. In v
fa) !

(c) |

16. In 1
(a)
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1
7[H: @3 ®=HO@); A= o4,

1
CO®)+5 92 (8)=CO; (@); AH = 33,

The heat evolved in the combygy; .
yolumes of H, and CO) is 10N of 112 litras of Water gas (mixture of equal
| (a) 2418 KJ (b) 283 kj © 1312 4
, ] (d) 1586 kJ
8. HI{SJ“‘EDI (8) = H,O (g); AH =-241.8 ] ]

1 |
GH, (8) +25 0, (8) =2CO, () + H,0 (8); AH = 1300 k]|

Equal volumes of C,H, and H, are combusted under

of heats evolved in the two cases is identical conditions, The ratio

(a) 537/1 ,{b] 1/5:37 () 1/1 {d) none of these
9, The heat of neutralisation of a strong dibasic acid in dilute solution by NaOH is
nearly '
(a) 274 keal/eq (b) 13.7 keal/mole
(c) 137 keal/eq (d) -13.7 kcal/mole

10. The temperature of 5 mL of a strong acid increases by 5° when 5 mL of a strong
base is added to it. If 10 mL of each is mixed, the temperature should increase by
(a) 5° (®) 10° (c) 15° (d) cannot be known

' 11. The heat of neutralisation of a strong acid by a strong base is equal to AH of:
(a H"+OH =H,0

(b) HO+H"=H, 07
(c) 2H, + O,=2H,0
(d) CH,COOH + NaOH = CH;COONa + H,0
12 In which case of mixing of a strong acid andr a bise, each being of 1 N
concentration, the increase in temperatu;:}iiﬂﬂw;gggclzss; S e
(a) 20 mL aci 30 mL alkali _ _
[I ::; ?5} ::t ::g 2:“.3 25 mL alkali (d) 35 mL acid and 15 mL a:ka; o
. ‘. ~559 kj/mole. If t gat o
n of HCl by NaOH 1le' Gl n e s

. 13. The heat of neutralisatio :
B . O by NaOH is -127 K/m®
|
' (a) -438 k (b) 438 K : 620 keal /mole.
lti!:e i ] tion energy of CH, and Gl 21 respectively 360 and
The bond energy of c—Cis (b) 180 km“rm?le
gﬁﬁﬁmo!le (d) 80 keal/mole
mole 5
b decrease:
1 ‘which of the following cases does En;;‘]};;:'};?ﬁmion of a gas

;_ 'meﬂ dmngmg to liquid (d) pgl}rmefiﬁ!lﬂﬂ
e @ry:shls dissolve - L AS pmitive?
\ of the following reactions 13 ©) 30; ® = 20, (8)
- ) (l) = HO )
An evaluation veiréir.o.n of novaPDF was used to create this PDF file.
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© HO (1) - H,O (g) (d) N, (g) + 3H: (8) — 2NH, (5

17. In the process of ice melting at =15°C

(a) AG <0 (b) AG >0

In a reaction, AH and AS both are more than zero. In which of the followin,
8¢

(c) AG=0D
18.

(a) AH > T AS (c) AH=T AS

i r e W eLld
19. In which case is a reaction possible at any temperature:
(a) AH<0, AS>0 (b) AH <0, AS<0
() AH>0, AS>0 (d) in none of the cases

20, In which case is a reaction impossible at any temp-.*r.vitur{-?
(a) AH>0, AS>0 (b) AH=0, AS <0
(c) AH<0, A5<0 (d) in all cases

21. The difference between the heats of reaction at constant pressure apg COnss
volume for the reaction ‘ fay
2CH, (N +150,(g) = 12C0, (g) + 6H,O (1) at 25° C in k] is

(b) TAS > AH

(a) =743 (b) +3.72 (c) -3-72 (d) +743 it 199
22. Molar heat capacity of water in equilibrium with ice at constant pressure is
{a) zero (b) =
(c) 4045 k] K™ mol™ (d) 75-48 ] K’ mol™ (IIT 1597

23. Standard molar enthalpy of formation of CO, is equal to
(a) zero
(b) the standard molar enthalpy of combustion of gaseous carbon
(c) the sum of standard molar enthalpies of formation of CO and O,
(d) the standard molar enthalpy of combustion of carbon (graphite)  (IIT 199

| f I } 24. When steam condenses to water at 90°C, the entropy of the system decreases. Wha
| must be true if the second law of thermodynamics is to be satisfied?
l

(a) Entropy of the universe also decreases.
(b) Entropy of the surroundings also decreases.

(.‘:}"%‘“"PF of the sur roundings increases to the same extent to which entropy ¢
the system decreases.

éﬂw in entropy in the surroundings is greater than decrease in entropy ®

[Hint: For a spontaneous process AS, e Must be positive.]

£ £ certain reaction is spontaneous at 85'C. The reaction is endothermic by 3

Themmmum value of AS for the reaction is
.ra'} 4972 J/K (b) —4972 J/K
.. M"‘m J/K {d) cannot be calculated

i 1
3 4%5 B, > AB; AH =50 kcal,
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would the reaction be spontaneous? i

If the b

of x is
(a) 50
. One m
@
change
[a;l 40-C
(d) not
[Hint:
28. Which
(a} Pre
29. which
(a) Vo
(c) En
30. Whict
(a) en
31. Whicl
(a) W
(c) Fr
32. Whic
(a) d
33. Whic
(a) I
(€) b
34. Whi
(a) A

1-d,
18-k
33-a
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Chemical Thermeod Yyhamics

If the bond energies of A, B,

(2) 50 (b) 100 (c) 200

7 One mole of a nonideal gas undergoes a chan
o {4 atm, 5 L, 245 K) with a Ch.'!.ngt}

(d) 400

{c) Molar heat capacity :
al to zero in a cyclic process:

34. Which of the following is not equa i (% (d) aH

() AG (®) AW

Answers

7=C, 8-a, 9-c, 10-a,

= 0 b,
1d, 2-a, 3-a, 4-b, 5, & 23-d, 24-d, 25-3, 26C,

18b, 19-a, 20-b, 21-a, 22D
33-2, 34-b

oad
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I . TR i oa b -

459

and AB are Tespectively I.% and x keal, the value

ge of state (20 atm, 30 L, 95 K)

B nthalpy, AH. of the el 11: lfll.;za.::nurgy, AE=30.0 L atm. The
(a) 400 (b) 423 (c) 440
(d) not defined, because pressure is not constant T A}
[Hint: AH = AE + (p,V; - p, V)]

28, Which of the following thermodynamic variables is extensive?
(a) Pressure (b) Density (c) Temperature  (d) Mass

29, Which of the following is an intensive property?
{a) Volume (b) Internal energy
(c) Entropy (d) Mass/volume

30, Which of the following is an intensive property?
{a) emf (b) Volume (c) Mass (d) Enthalpy

31. Which of the following is not a thermodynamic state function?
{a) Work (b) Internal energy
{c) Free energy (d) Temperature

2. Whi ing is not an exact differential?

32 ::?1;‘11 of the t'nllmvfbf,dc & v {d_j = |

33 Which of the following is a state function and also an extensive property:
(a) Internal energy :::; i?::cr:ature

11-a, 12-c, 13-b, 14-d, 15d, 16, 17-b,
97-c, 28d, 29.d, 30-a, 31-a, 32-a,
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CHAPTER FIFTEEN s

CHEMICAL EQUILIBRIUM > acti
—__'—-_—-_—___._._,_::::\

e

In the study of any chemical reaction, two types of information are Oof v,
importance, viz, how far a reaction would go, and how f_ast would ¢ &
its goal. The answer to the first question forms the subject matte, 5 E,H

chapter.

Chemical Equilibrium and Equilibrium Constant

The reactions are generally reversible, that is, they can proceed both
reaction is said to have attained equilibrium when the rate of the ¢
reaction equals that of the backward reaction.

ays, 4
[}nv&r.

Let us consider a general case of a reversible reaction,
aA + bB =& mM + nN
Applying the law of mass action: whe

Rate of the forward reaction o [A]® [B]’ e
i or rate of the forward reaction =k, [A]" [B]b. Nov
' Rate of backward reaction = [M]™ [N]" the
| or rate of backward reaction =k, [M]™ [N]".
At equilibrium:
Rate of forward reaction = rate of backward reaction wh
k [A) [BY =k IM]" [N]"
| k_[MI" [N]" e
= [A}ﬁ IB}E’ QCC
rea
ol - IMP" (N
% [A" [B
= a[t | rsfll_:sgnts concentration in moles per litre. Here, all concentrati®® wh
equilibrium. k; and k, are known as the rate constants of the forW&
and backward reactions respectively
Chemical equilibrium { ' g
are mntinujl Equlhl?num is dynamic in the sense that individual mﬂ!ﬂf?‘; a
< Y I€acting, even though the overall composition of the react’ Inf
mixture does not change. The other criteri ; ST sul
other criteria of a chemical equilibrium =

= , :
When th?fe 1S no subscript on K, it is understood
the equilibrium constant is defined

An evaluation version of novaPDFE was used to create this PDF file.
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Chemim] Equi'lib rium

t
Nﬂwta:z:)usﬂil?:;ta::lrle above which the forward reacti il be
SPDH - hatis y the temperature at which the SRl
Equl[lbﬂl.lll'l, that is, when K = 1 or e reaction attains

AG"==2:303 RT log K log k=0,
=-2-303 RT log 1.0
=0,
From thermodynamics, we haye
AG" = AH’ - TAS®
0=33025-T x 102.9¢
or T=32075K.

PROBLEMS

(Answers bracketed with questions)

1. K, for the equilibrium N.O,(g) = 2NO, () at 298°C is 57%10°%, Which
species has a higher concentration at equilibrium? (N,O,).

2. The equilibrium constant of an equilibrium represented by A (g) = B(g) is 1-1.
Which of the two gases A and B has a molar concentration greater than 1 at
equilibrium? (B)

3. At a particular temperature, the equilibrium constant for
2NO, (g) = N ()
is one. The same reaction is carried out in a container of volume just half !
former. Will the value of [H,LD,‘]I[ND,f be equal to 1 if no reaction occurred? will
ﬁ;e equilibrium constant change by this change in volume? (No. No)
4. Would you expect the equilibrium constant for the reaction L(g) = 2l(g) to
| increase or decrease as temperature increases? Why? _ o bl
[Hint: The forward reaction is endothermic as energy is required to break I, into L.
in

of the

- . =015 atm at 90°C. If 0-50 atm

of NOBr, 0140 atm of NO, and 0:20 atm of Br,

Br, be consumed or formed? g

[Hint: Use eqns. 8, 9 and 10]

23 - ixku
6. The ammonia in equilibrium with a ;,;, . 3 N,-H, mix

amounts to 16%. Calculate K, and K, for

amounts to 1 U g

E N 2 + 'i‘ H: X 3 .

is false or true. If

are mixed at this temperature, will

re at 20 atm and 427°C

(349%107%; 2)
equilibrium constant
s
1A, 458 B1/K

(False)

7. State whether the following mtemﬂ:'tm constant for AB =
R ) i quilibriu
,+B, = 2ABis K, the eq

s
BRE 40
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Purchase a license to generate PDF files without this notice.



http://www.novapdf.com/

504 Modern Approach to Chemical Calculations

laced in @ 100-litre vessel hﬂ&tm
Assuming ideal behaviour, ca!m;_‘-
the reaction: -

8. One mole of N, and 3 moles of PCl; are p
227°C. The equilibrium pressure is 205 atm.
the degree of dissociation for PCls and K, for

PCl (g) = PCL (g) + ClL (g) (0-33; 0205 2ty

clude moles of N, in the tota] Moley
leg)

[Hint: While calculating partial pressure, in
at 327°C in a bulb of 1-litre capacity. Calculat, -
and HI at equilibrium. Given that the magg la-::

= H,+1, is 0:0559 at 327°C when concentray,,
(HI =679%, H,=1,= 1605,

9, Twenty grams of HI is heated
volume percentage of H;, i,

constant for the equation ZHI
are expressed in moles/ litre.

10. 25 mL of H, and 18 mL of I, vapours were heated in a sealed tube at 456°C, yey
at equilibrium 33-8 mL of HI was formed. Calculate the degree of dissociatigy, of
pure HI at 456°C. (245%)

11. Bodenstein found that at 443°C the dissociation of HI according to the equation
2 HI = H.+ 1, was 21:98% For experiments at the same temperature, starting wig,
varying an‘munts of H, and I,, the amount of HI present when equilibrium s
attained is given by the following numbers:

1, (mL) H, (mL) HI (mL)
(vap.) (vap.) (vap.)
initial initial at equib.
2:94 810 5-65
9.27 8-07 1346
33-10 7:89 15-41

Verify whether the amounts of HI obtained are according to the law of mass action.

12. HI is introduced into three identical 500-mL bulbs at 350°C. Each bulb is opened
at different time intervals and analysed for I, by titrating with 0015 M hypo

i solution.
| | (L, +2Na,S,0, — Na,S,0, +2Nal)
] | | Bubb Initial mass Time of opening Vol. of hypo
1 number of HI bulb required
i —_
[ 1 03g 2 2096 mL
2 0406 g 20 41-50 mL
3 028g 40 28.68 mL
Calculate K, for 2HI < H, +1, at 350°C. (149x10°)

[Hint: Moles of I==-;-'{moles of Na,;5,0,)

13. Five grams of PCl; (molecular wt. 2085) was completely vapourised T:;
equilibrium state at 250°C in a vessel of 1.9-litre capacity. The equilibrium it

I .
=E(molanty><vnl. in L))

An evaluation version of novaPDFE was used to create this PDF file.
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Chemical Equitibyiyym,
' 505
Cal.. . o erted a pressure of 1 atm, Ca) Fiiug
%t& :;ch Y Ciate degree of dissociation, K. and K, for the
(84-6 %, 00587, 2.
205 Aty 7 Ammonia under a pressure of 15 apm at 275 £
al mmhj jn the presence of a catalyst. Under these co:'u:ls: .'MMM: 2 EH?DC in a closed vessel
} sccording to the equation tHons NH, is partially decomposed
Ulatg 2NH
- the 3 = N+ 3H,
,n&sﬁ Ia'l\‘ The vEgEEl i.S- !iui:h thﬂt “'IE' ‘.’ﬂlume mim Eff'E‘ﬁ' :
h—'il'tim,.3 increases to 50 atm. Calculate the perc Ively constant, whereas pressure
=1 Percentage of NH, actually decomposed. Pressure
6{)5%: of NH; at 27°C or 300K = 15 atm. . i
b .
{: w}len T
o 15. ln & paseous reaction of the type A +2B = 2C+ D, the initial concentration of B
i24.5:;5:| p were equal. Calculate the equilibrium constant. )
Equahq-l 16. A mixture of SO, and O, at 1 atm in the mole ratio of 2 : 1 is passed through a
tng wig, catalyst at 1170°C at a rate sufficient for attainment of equilibrium. The existing
UM g gas, suddenly chilled and analysed, is found to contain 87% SO, by volume.
A 1
Calculate K, for the reaction: 50, +30, = 50, (57.76)
17. For the reaction:
2Fe’ " (aq) + Hg} " (aq) == 2Fe’” (aq) +2Hg™" (aq)
K.=914x 10°% at 25°C. If the initial concentrations of the ions are:
(Fe]=05M, [Hg2'1=05M, [Fe'']=003M and [Hg'']|=003M, what will be
5k the ionic concentrations at equilibrium? 7
) [ [Fe**]1=0497 M, [Hg:'|=049M ]
ﬁm | (Fe1]=327x 1072 M, [Hg!"]=327x10"M
] -
' - ish the direct
[Hint: Calculate reaction quotient and comipare with K, to establish the direction
of the reaction.]
— f :_roduced 01 mole each of NO and Br; and
18, In a 1-litre vessel at 1000 K are In
001 mole of NOBr —132x107°
= MO (@) + Bry () = ZNOD(&Y 5 alculate the partial pressure of
Determine the direction of the net reaction and caicu (Reverse, 0:30 atm)
NOBr in the vessel at equilibrium- : 400°C. 1f
=~ ] A f 0, and N; (mole ratio) i heated to 2 :
49x10 19. An air sample containing 21 : P ﬂ'l,ih:ium s 1:3%, calculate K frike
) the mole per cent of NO at equl @1x107)
N‘*O‘ = 2NO. =342 mm and

e initial pressures are Pco

mﬁh .. R - gﬂﬁ ﬂmﬂn 5 : at equﬂ!hﬂum is 440 mm.

pzfaﬁz mm and the total pressure
o TS L 40°C at 1 3t (206%)

An evaluation version of novaPDFE was used to create this PDF file.
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Modern Approach to Chemical Calculations AR €
Ifﬁ““ K,
21
If the hEat of reaction at constant volume exceeds that at constant pressyre e A Fﬂzﬂ
endothermic reaction at 25°C by 1190 cal, what is the value of the ratio -E
i At qﬂpour =
[Hint: Apply dp =g, + AnRT and K =K, (RT) 29 O lEL
We get, % = (RT)"? = (0-082 x 298) * inatm and litre units | a'es‘fe
S o yilibriy
0. B9
22. At 400°C for the gas-phase reaction: 16
2H,0 (g) +2CL, () = 4HCl () + O, (®) ;2" -
-
the K, is 0-035 when partial pressures are measured in atmospheric unjy at 1
Calcuiate K, value for it, concentration being measured in mole per litre uniy 51,10 the B¢
State the unit. (6-35 % 10~ * mole per litre) =, Prﬁﬁuﬁ"
23. One mole each of acetic acid and ethyl alcohol are mixed at 25°C. When the mixture e
attains equilibrium it is found that 12 g of water is formed. Find the value of K u—lmt :
What weight of ethyl acetate will be formed when two moles of ethyl alcohol are :
further added and the equilibrium is attained? (4, 792 ¢) 3. Equilib:

24. The equilibrium constant of the ester formation of propionic acid with ethyl alcohol
is 736 at 50°C. Calculate the weight of ethyl propionate, in grams, existing in an
equilibrium mixture when 0-5 mole of propionic acid is heated with 0-5 mole of
ethyl alcohol at 50°C. (37:29 g)

25. 0-1 mole of each of ethyl alcohol and acetic acid are allowed to react and at
equilibrium the acid was exactly neutralised by 100 mL of 0-85 N NaOH. If no
hydrolysis of ester is supposed to have undergone, find the equilibrium constant.

(0-031)

26. The K, value for the equilibrium H, (g) +L,(s) = 2HI (g) is 871 at 25°C. If the

vapour pressure of iodine is 4 x10™* atm, calculate the equilibrium constant in
terms of partial pressures at the same temperature for the reaction;
H, (g) +1,(s) = 2HI (g). (0-3484 atm)

27. In the reaction CuSO,-3H,0 = CuSO, - H,0+2H,0 (vap.), the dissociation

pressure is 7x 10" atm at 25°C and AH" = 2700 cal. What will be the dissociation
pressure at 127°C? (1-247 x 100 ? atm)

28. Under what pressure conditions will CuSO, - 5H,0 be efflorescent at 25°C? How
good a drying agent is CuSO, - 3H,0 at the same temperature? For the reaction
CuSO0, - 51'120 (s) = CUSG -3H,0 (5} + 2H20 ®
KP =1-086 x 10~ * atm® at 25°C. Vapaur pressure of water at 25°C is 23-8 mm (H)
[Efflorescence occurs when partial press. of
H,O vap. in air is less than 7-92 mm.
CuS0, - 3H,0 can reduce moisture when
partial press. of H,0 vap. in air is 792 mn

An evaluation version of novaPDFE was used to create this PDF file.
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\ [Hiﬂt: An efflorescent salt is one
"%%* K, =Pi,0=1086x10™*;

P 1-042 % 10 * atm = 7.92 mm.}

t
hat loses water to the atmosphere.

. yapour density of N,O, which dissociated according

= 2NO, (g) is 2567 at 100° to the equation
N;D'.':.g} 3 2 g-:' at 100°C and a Pressure of 1 atm. Calculate the
degree of dissociation and Kp for the reacti o

(0792, 67)
A gquilibrium constant (K,) for the reaction

2HS (g) = 2H,(g) +S, ()
;}“ | is 00118 at 1065°C and heat of dissociation

i542-4 keal. Find equilibrium constant
at 1132°C.

(0-025)

31, In the gaseous reaction 2A +B < AB,  AG’=1200 cal at 227°C. What total

3 re would be necessary to produce 60% conversion of B into ABwhen2:1
mixture is used?

[Hint : Use Equation 12} (5-02 atm)

- 32 Equilibrium constants (K,) for the reaction %H}{g} + %NI{EJ = NH, (g) are
0-0266 and 0-0129 at 350°C and 400°C respectively. Calculate the heat of formation
of gaseous ammonia. (12140 cal)
jum constant K_ for the equilibrium
' A(g) = B(g)+C(g) is 045 at 200°C.
One litre of a container contains 0-2 mole of A, 03 mole of B and 03 mulE_Of C
s dfequﬂihnum. Calculate the new equilibrium concentrations of A, B and C if the
= (a) [A] =007 M, [B] = [C] =018 M]
(b) [A]=0-52 M, [B] =[C] =048 M

048 mole of H,, 0:96 mole of H,O and

'Lﬁ.e'-_--w.-;_\ e 1 l:ﬂ'ﬂl F MB mﬂ]E ﬂf m}r
= 2"‘“;;-‘:&- I Es E ; 1 i
~ 196 mole of CO at equilibrium.

Bl i + = HID{g].].C-D (g}] J
o 'ﬁ'i% y ﬁﬂdw many grams of H, must be added to bring the

nfmmdﬁmagf hﬁ many grams of CO, must be added to bring the

el on to 0:60 M? : od to bring the CO concentration to
v many moles of H,O must be remov (a) H, - 1-2mole, 248
{b} Cq- 12 mole, 53 g 5

(c) HO -1 mole

B i f
: dissociation and density 9
degree of
_1.4x1077 atm.

An evaluation version of novaPDFE was used to create this PDF file.
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36. From the following data at 1000 K
COCL (g) = CO@@)+Ch(gs  Ki=03%
200 (9)+0, ()= 2€0, (@) Ky=224x10
Calculate equilibrium constant at 1000 K for
200CL (g) + O, (g) = 2CC (@) + 2C1, (g) (243 x 107

37. For the equilibrium CoCl, (g) = CO(R+ CL (g): Kook is 0-329. Suppose thas ¥

B i 0F COGL. & allowed 1 reach equillbrium in a one-litre container. What wij
be the value ut% + that must be used in order that half the chlorine atoms remajy,

0-658 :
as COCL? ( mole)

38. NLO, is 25% dissociated at 37°C and 1 atm pressure. Calc
: 1 atm and 37°C.

ulate (i) KI.; and (i) the

percentage dissociation at 0-
[Hint: See Example 14] (1T 1988) (0-267, 63-27%,)
39. Sulphide ion in alkaline solution reacts with solid sulphur to form polysulphide
jons having formulae 27, 87, 577, and so on. The equilibrium constant for the
formation of 2~ is 12 and for the formation of S~ is 130, both from S and S*",

- = =
Find the equilibrium constant for the formation of S;~ from S, ~ and 5. (1043

[Hint S(5)+5° =S K =[S VIS"]
25(s)+ 5% =82"; K, =[5 MI5"]

S+ =8 K,=[$'l/{$‘l=%1

40. The equilibrium constant K, at 80°C is 1:57 for the reaction,
PH,BCl,(s) == PH,(g) + BCL(g)
(a) Calculate the equilibrium pressures of PH,y(g) and BCly(g) if a sample of
PH,BCl; is placed in a closed vessel at 80°C and allowed to decompose until
equilibrium is attained.
(b) What is the minimum amount of PH,BCl; that must be placed in a 0-5-litre
vessel at 80°C if equilibrium is to be attained? (1:253 atm; 4-568 g)

41. A mixture of 3-0 moles of SO, 4-0 moles NO,, 1-0 mole of SO, and 4:0 moles of
'NO is placed in a 2:0-litre vessel.
50,(g) + NO,(g) = SO,(g) + NO(g)
/At equilibrium, the vessel is found to contain 1-0 mole of SO,.
(a) Calculate the equilibrium concentrations of SO,, NO,, SO, and NO.
(b) Calculate the value of K... (©5M, 1-0M, 1:5M, 30 M; 90

42, When 200 g of CaCO, in a 10-0-litre flask is heated to 800°C, 35% of it did not
dissociate, calculate K, for the equilibrium

CaCOy(s) = CaOfs) + COLg) (1-145 atm)

43, At 298 K, 550 g of D,O (20 g/mole, density 110 g/mL) and 4985 g of HO

{Iﬂ’gln'lule, de:mty 0-997 g/mL) are mixed. The volumes are additive. 47.0% of

An evaluation version of novaPDFE was used to create this PDF file.
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Chemical Equ.ilibrium

the H,O reacts to form HDO. Calculate Eon

t 298
H,0+D,0 S

¥ 2HDO

I o At 300 K, the equilibrium constany fo, the react; (3-18)
250,(g) + Oug) = 2503{5} ion

s 6:98% 10, Calculate AG® of e i

= -300-12 K] /mole. action and AGYSO). Given that

3G80)

(142.7 K] /mole, 371.5 k]l /mole)

the reaction

what kind of equilibrium constant can be . 1
‘ mvolving only gases? celculated from a AG? value for a reaction

(K,
I 16, Calculate K, for the reaction 2

250,(8) + O(g) == 250(p)

l if at a panicular temperature and a total pressure of 1120 atm, the

: b
mixture consists of 56-6 mole per cent SO,, 10:6 mole equilibrium

per cent O, and 32-8 mole

per cent S0,. © \
47. The standard Gibbs free energy change for the reaction :
2AB = A, +B,
ic 11-8 kJ at 230 K and 1 atm. Calculate the degree of dissociation of HI at 230 K.
{0-084)

48, Determine the equilibrium concentrations that result from the reaction of a mixture
of 0-10 mole of H, and 0-050 mole of F, in a 1-0-litre flask according to the equation

Hyg) + E(g) = 2HF(g); K=115 ([} =0052 [F,] = 0002, [HF] =0.097 M)

19, A stream of gas containing H, at an initial partial pressure of 0:20 atm is passed
through a tube in which CuQ is kept at 500 K. The reaction
CuO(s) + Hy(g) = Cu(s) + HO(g)
comes to equilibrium. For this reaction, K, =16 X 10°. What is the partial pressure

of Hyi i {4 e that the total pressure of the stream is,
of H, in the gas leaving the tube? Assum . e

50, At 973 K, K, is 1:50 for the reaction g
‘ C = 2C0O(g =
Suppose the bota]c{i; por;s(g)ure at equilibrium is 1.0 atm. What are the partia

Sup \ _()-314 atm)
ol Y s : (CO-0-686 atm, CO,0-31
presst and CO;?

pressures of CO and CO, s

| ith i ition
51 A flask contains NH,CKs) in equilibrium with its decompos!
NHCIs) = N
' Bor this reaction, AH = 176 K /mole. Flo¥
 the following disturbances:

Hy(g) + HCI®)

s the mass of NH, in the flask affected

i Jume
reciable change !n;:m volume available to the

is added decres No effect (¢) Decrease)
Decrease (d)
) Increase ()
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52. Chlorine moYecules are 1-0% dissociated at 975 K at a pressure of 1.0 44,
of the Pressure is due to Cl atoms). ¥ Y
Cly(g) = 2Cl
Calculate K, and K. (101 X107, 1.96.,
1) ‘._I

53. Show that: 2303 log K=- %‘—7{. E EI-ES_D

[Hinl: Use equations 12 and 22 (Ch. 14)]

34. Calculate the equilibrium ratio of C to A if 2:0 moles each of A and B were alluh-[.d

to come to equilibrium at 300 K
A+B = C+D; AG’=460 cal (067
!

55. Calculate AE’ for the reaction:
2A(g) + B(g) = A,B(g)
for which AS" =50 J/K, K=1-0x10"" and T =300 K

[Hint: Apply AG®=2303 RT log K, AH’ = AG’ + TAS" and then
AE’=AH’ - An_ RT] (6381

Objective Problems

1. 120 g of urea is dissolved in 5 litres. The active mass of urea is

(a) 0-08 (b) 04 (c) 120/5 (d) 5/120
2. For the equilibrium A +B = C+D, equilibrium constant may be equal to
@) [C] - [A] [A] - [B] A [C] +[D] Py el viion
[D]- (5 (C- (D] (Al + B :
3. For which of the following reactions, K,, may be equal to 05 atm?
(a) 2HI = H,+1, (b) PCl; = PCL +Cl,
(¢} N, +3H, = 2NH, (d) 2NO, = N,0,

4. Which of the following is correct?
(a) K, will always have some unit

(b) K, will always have some unit
(c) K, will never have any unit
(d) When An =0, K, =K =K, then all the three Ks have the same unit

5. K,/K, for the reaction CO+10, = CO, is
 @RT () 1/NRT (©) VRT (d) 1
6. If the initial number of moles/L of N,, H, and NH ively,
their concentrations at equilibrium wiﬁ bez s
N, + 3H, = 2NH;
@@0-x (@2-3x 2
(b) (1-x3) (2-x) 243
(@d-x (2-3 (B3 +x)
(d) (1-x) (2-3x) (3+2x)

A?] evaluation version of novaPDFE was used to create this PDF file.
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A vitre container contains 2 moles of PCL, in
7. o be 1, the d(_-sree of dissociation of PC'I,S.is

(b) -1 (c) }2-

itially. If at equilibrium, K, is found

(@) 1

E‘TI'IE vaPﬂur dm&lt}" of undﬂ'ﬂﬂmpﬂﬁed NID‘ 15 46, When ]\E‘ﬂl&d, the vapour d@l’kﬂit}'

ases to 245 due to its dissociation to NO,. Th e
NO, at the final temperature is z- Ihe percentage dissociation of

(@) 87 (b) 60 (c) 40 (d) 70
g, Jf the equilibrium constants of the following equilibrium
: S0O,+1/20; = 50, and 250, = 250,+0,
are given by K, and K, respectively, which of the following relations is correct?

(d) 50

| 12 17 1
(a) Kzs['K—I] (b) K, =[E] (c) K1=-K—l (d) K;=(K,) :
A= B K.=2
B G K.=4
! C= D K =6
K, for the reaction A == Dis
2x4 {ﬂ}qxﬁ_ (d)2x4x6
(a) 2+4+6) b) === 2

1. For the equilibrium CaCO,(s) = Ca0 (s) + CO, () which of the following
expressions is correct?

[Ca0] . [CO, ] () K plan o,
(@) K, =—[caCo, 1 P Pexo,
Peso™ Peo,
d) K,=
© K, =P, Sy

: €O, and CO
R o i 01O 08 LT 55
{3}1@ rash (b) 2 (c) 0:5
1B.K for A+B = 3Cis 20 at zs*c*l:; 25 .
lﬂiheat equilibrium e :i: contains 1, 2, 3 and 4 moles of
k! s 10:4£25°C.

litre vessel contains 1,2and 4 moles of A,

tainer

srA+B = C+ . “fion stall
R tively at 25°C, the re2 ioht to left
_ D er-y i (b) pmcﬁ-'d righ
;  @pre from left to righ (d) not occur
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16. Two samples of HI each of 5 g were taken separately in two vessels of
and 10 litres respectively at 27°C. The extent of dissociation of HI wil)
(a) more in the 5-litre vessel (b) more in the 10-litre vesse]
(€) equal in both vessels (d) nil at both

equilibrium constant will be
(a) doubled
{c) one-fourth

{b) halved
(d) the same

(a) 1/16 (b) 1/4 (c) 1/6 (d) 1/2

The weights of N, and H, at equilibrium are respectively

(a)11g Og () 1g 38
(c) 14 3g (d)11g 3g

20. For the reaction: H,(g) +1,(g) = 2HI (g). the equilibrium constant
with

(b) catalyst
(d) temperature

{a) total pressure
{c) the amount of H, and I, present

be maximum if

(a) temperature is increased and pressure is kept constant
(b) temperature is reduced and pressure is increased

(c) both temperature and pressure are increased

(d) both temperature and pressure are reduced.

vessel, the equilibrium concentration of C,H, can be increased by
(a) increasing the temperature (b) decreasing the pressure
(c) removing some H, (d) adding some C,H,

~ is appreciable. At equilibrium,

(a) K, does not change significantly with pressure

(b) @ does not change with pressure

(c) concentration of NH, does not change with pressure
(d) concentration of H, is less than that of N,

24. An example of a reversible reaction is
(a) Pb(NO,), (aq) + 2Nal (ag) = Pbl, (s) + 2NaNO, (aq)
®) AgNO, (ag) + HCl (ag) = AZCI (s) + HNO, (aq)
(c) 2Na (s) + H,O (1) = 2NaOH (aq) + H, (g)
(d) KNO, (ag) + NaOH (aq) = KOH (aq) + NaNO, (aq)

At equilibrium |

| An evaluation version of novaPDF was used to create this PDF file.
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17. For a reversible reaction if the concentrations of the reactants are doubleq

18. If one-third of HI decomposes at a particular temperature, K. for 2HI & .

19, 28 g of N, and 6 g of H, were mixed. At equilibrium 17 g NH; was prody.;

21. The oxidation of SO, by O, to S0, is an exothermic reaction. The yield of SO, wi

22, For the gas phase reaction C,H, + H, = CH, (AH =-32.7 kcal) carried out in 2

23. Pure ammonia is placed in a vessel at a temperature where its dissociation constant

be O

KI:' I:__i".i'! []F'Ets

(1T 19891

25. When NaNO, is heated in a closed vessel, O, is liberated and NaNO, is left befi"®

()
(©

29. Wi
(a)
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C ;
hemica] Equilibriym

(@) addition of NaNDz

(b) addition of NaNO, favours forward i
(c) increasing temperature favours fq i
(d) increasing pressure favours forw

W ard reaction
26. The equilibrium SO.Cl, ® + so (®)+Cl
container and an inert gas, heliuim = _?{5*
statements are correct? £l A

favours reverse reactio
i

M'ward [Eactiﬂ“

(II'T 1986)

15 attained a1 25°C in a closed
roduced. Which of the

) C S £50 following
{a) Concentrations o 2, €L, and SOy -
: (b) More Cl, is formed : 22 change
(c) Concentration of SO, is reduced
(d) More SO,CL, is formed
(IIT 1989)

27. The decomposition of N,O, into NO, is carried out at 280 K in chloroform. When

ilibrium has been establi : ; L
oW S ¢ IISh'.:d’ 0-2 mole of N,O, and 2107 mole of NO, are
present N 1tres of solution. The equilibrium’ constant for the reaction

N,O, = 2NO, is:

(a) 1x1077 (b) 2x10~°

(©1x107° (d) 2x107°

28. The equilibrium constants for the reaction Br; = 2Br at 500 K and 700 K are
1x107" and 110" ° respectively. The reaction is

(a) endothermic (b) exothermic

(c) fast (d) slow

29. Which oxide of nitrogen is most stable at 273 K2

(a) 2N,0, == 2N, +50;; K.=1x10"
(b) 2N,0 = 2N, +0;; K =1x10%
(c) 2NO = N,+0;; .t:fntxm:
(d) 2NO, = N, +20;; K.=1x10 gt )
30, If a chemical reaction is at equilibrium, which of the following is not :
b a m
(a) AG°=0 () K,=1

() K.=1 i
31, If pressure is applied to the equilibrium system of SO

An evaluatio veréioﬁ of novaPDF was used to create this PDF file.
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liquid, the melting

N e . y fie
({:;:ﬂ“nﬂmdmng:r decrease depending UPo" iy
(d) will always decrease ilibrium of fiquid = Vapour: the boiling
ot e
is applied to the e
oy il e
r (d) will rot
or decrease
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' 33. For the o 3
lib 3 K,= e > ,
.‘ quilibrium PCl, & PCL+Cl,, K Ae RV emperatyr, FeMmajpy; (c) SO
constant, £ ) Cac
(a) K, will increase w:elh the increase in volume 1 Cconsid
(b) K, will increase with the decrease in volume [ s
(c) K, will not change with the change in volume - At af
(d) K, may increase or decrease with the change in volume chang
: conste
34. When CaCO, is heated at a constant temperature in a closed container, th, b . 11 2) N
due to CO, produced will “Sre | (@ 5
(a) change with the amount of CaCO, taken | (b)
(b) change with the size of the container © K
(c) remain constant so long as temperature is constant I (d) K
(d) remain constant even if temperature is changed I 42. The '
35. For the reaction PCl(g) = PCl;(g) +Cl;(g), the forward reaction at Constay | () =
temperature is favoured by ‘ | 43. Whe
(a) introducing an inert gas at constant volume | requ
(b) introducing chlorine gas at constant volume | CaC
(c) introducing an inert gas at constant pressure y
(d) increasing the volume of the container : (a) -
(e) introducing PCl; at constant volume ' 44. The
|
36. Which of the following curves represents a very rare standard reaction 3
equilibrium? .
(a) (b) (c) '
=) = 1 7l
. ;E W % |
= c | | = 1
g Eqb 3 I - Eqb. |
I 2 | & I
L 1 (s 1 L |
Reactants Products Reactants Products Reactants Products \
only only only only only only |
Reaction coordinale —»  Reaction coordinate —s Reaction coordinate —*
' T
37. Which of the curves given in Q. 36 represents a standard reaction spontaneous in \ (c
forward direction? , R
38. Which of the curves given in Q. 36 represents a standard reaction for which | (s
AG">(? | (
|
39. Which of the curves given in Q. 36 represents a standard reaction with K=17 5. 1
40. Each of the mixtures listed below was placed in a closed container and altuwed | ,
to stand. Which of the following mixtures is not capable of attaining the '.
equilibrium: CaCO,(s) = CaO(s) + COy(g)? |
(a) Pure CaCO,
(b) CaO and a pressure of CO, greater than K,

An evaluation version of novaPDFE was used to create this PDF file.
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(c) Some CaCO; and a pressure of

CO, pre,
(d) €aCO, and CaO 2 BTeater thap K

41, Consider the following equilibrium jp, 5 closad
N: 4{5;} — ENU:{E} I:DI"IIEI]I'I.E!‘Z
fixed temperat 2
At a i EE lh:r?rllth‘- .‘-’(ﬂume of the reaction container is
chang Olowing statements holds trye : “Lr- is halved. For this
constant (X)) and degree of dissociation (an)? ® UE regarding the equilibrium
(a) Neither K, nor o changes
(b) Both K, and o change
© K. changes, but o does not change

(d) K, does not change but « changes

: (IIT 2002)
42. The value of the reaction quotient before any reaction occurs is

[ﬂ"l = {b] =1 {f} 0 (d) 1
kTt by thesnvnimum mass. of CaCO,, below which it decomposes completely,
required to establish equilibrium in a 650-litre container for the reaction:
CaCOy(s) = CaO(s) + CO,(g)? (K. =005 mole/litre)
(a) 325 g (b) 246 g (c) 409 g (d) 80 g
44. The energy profile of the reaction:

A+B=C
is shown as,

Energy —=

Reaction pathway —*

The equilibrium constant for the said equilibrium

(a) increases with the increase in tempera:t.:lr;

(b) decreases with the increase in temper =
{‘}dﬂﬁ not change with the change 1t temﬁ s
(diﬂﬂquﬂl to the rate constant of the forw

! by the use
45. NiO is to be reduced to Ni in 20 industrial process

: Ni(s) + CO:(8)
NiO(s) * CO{B) t#fm‘ the reachion

‘At 1600 K, the equili jum mnﬁb&ﬂ; s and the total pressure never

of the reaction

Yo

150 mmHg is to be employed "

: 3 ?
; P{mml-lg,wﬂl the reduction 0SCUE

. An evaluation version of novaPDF was used to create this PDF file.
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'“'m.ﬁfﬂﬁfuﬂowmg.mwesbetwemmgKmdliENHEd?

T
(b) (€) (d)
og K| / logK \ log K
=i T

Answers
5, 6-d, 7-¢, 8-, 9-a, 10-d, 11, 12-3, 13-3, 14-a, 15b, 16, 1y,

, 20-d, 21-b, 22-All correct, 23-a, 24-d, 25-c, 26-All wrong, 27, 23,
32-b, 33-c, 34, 35<, d and e, 36-b, 37-a, 38-c, 39-b, 40, 41, 2
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CHAPTER SIXTEEN
NIC EQUILIBRIUM
1 & MS SOLUTIONS

oy rl,:.r_;’_g._ j
oy

)
ol
L |
®
g
3
g
m
=
E
e
zl
=
g
S (i

constant. In ionic equilibria, for different types of reactions, K. is e d
; . : , K, is expresse
by dlfffl'E“; “'-:'tatll‘}fls' _:12" K Ky K, Ko etc. These constants will thEs have
the same PRySICEL Sigruticance as that of K... Let us now discuss different types
of ionic equilibria.

Relative Strengths of Acids and Bases

The relative strengths of acids and bases are generally determined by their
dissociation constants K, and Ky, respectively.

For an acid of the type HA

e 0 0 Initial concentrations
HA 2 H + A
c(1—x) cx cx  Concentration at equilibrium

HIAT] ex-ex o
2~ [HA] c¢1-x) 1-x
= ¢x? (if x, i.e., degree of dissociation, is very small).
Similarly, for a base of the type of BOH

c 0 0
BOH = B" + OH
c(l -x) (¢ cx

BROM) - crzor e —¢cr®  (if x is very small).
b5 Tcd-x A-%
K, and[:t?]::]e just ti.e equilibrium constants and hence d:p;nd nzlgz ;:]1
a 3 "
i tion constant of the acl a)r
temperature. The ter the value of dlSEC:ElB..
&uim is the ;:f;th of the acid and similarly, the greater the value of

dissociation constant (Kp), the moré is the strength of the base.

| : n the roles of the solvents used
~ Thestrengths of acids a;lctih baﬁviﬁfﬁzﬂept protons, the more will ’t;a
L : Ency e : ., dissociate
| kmmg tnl}gmﬁdm'd givning protons. Acids ;k:uﬂﬁih H;ft: r:* T:us; chnd
completel: ' acce :
compleely in water (solven) 35 5%, g effec, But he same sell
e e tave equl 20 SR it il and o

517
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Aqueﬁm SD"-HIum
where, PH = {pH}I 2 (pH}z = 236+ 9-?]9
2 =6:003.

2, Calculate the degree of issociati (671 % 10~*
dissociation conse:; £ - ) fation of 02 N of a2 monobasic ac ;
Tﬂnt OF acetic acid at thig fitfroih Sic ﬂfld at 25°C, The

the H concentration? € 1S 1-8x 107%. What will be
[Hint K = ——-n'hz = 18x10°° (48x107, 189107 M)

i [H] = 0-2x, x is the degree of dissociation]

3. Calculate [OH"] for a solution whose pH is 62
: ' (16 % 107* M)
4. The dissociation constant of HCN is 48x 107" What is the
H,0', OH and HCN in a solution

450 mL of water at 25°C?

concentration of
prepared by dissolving 0-16 mole of NaCN in

([OH'} = [HCN]=272x 10 M)
[Hint: Apply Equation 11(a).]

5. At what concentration of the solution will the degree of dissociation of nitrous
acid be 027 K, for HNO, is 4 x 107, (0-008 M)
6. The degree of dissociation of acetic acid in'a 0-1 N solution is 1:32 x 107" At what
concentration of nitrous acid will its degree of dissociation be the same as that of

acetic acid? (K, (HNO,) =4x10) !
7. culate the pH of the following aqueous sf:;-lutin[::
- ([5x10*M HCl Db s 7,702, 7)
A 5@%"15‘-;}.11»4 OH (iv) 107" M NaOH (689, 7,702,

i Ikaline as pure water.
Compute the pH of a solution at 95°C which is twice as a o

o 1 the blood (pH =7-36) greater than
.h_.. e

niiy W o ncentration (1-5 times)
o ST H = 7-53)? gl L.
n al fluid (p ; Lution, the concentration of which is i}ilﬂﬂ =
i _. u
e the pH of an NaOH s

OH to be compIete:
ey :-, aceﬂc add, diﬁﬁﬂcj'-ai]

me the dissociation of Na
.I ¥ ."ﬁf-fiﬂéﬂl;M solution of

the extent of 4-2%.
TS (3:38)
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- 12. Determine the pH value of a solution obtained by mixing 25 mL of 0.2 py

| : H
: and 50 mL of 0-25 N NaOH solutions. “(;1
13. Calculate how many H' ions are present in one millionth part of 1 mL of Pur
- 2 &

water. The ionic product of water is 1x10 " (mol /1) (603 mijli,

n)
14. Assuming the first step of dissociation to be complete, find the concentrationg

all species in a 0-1 M H;SO, solution. K,=12x 107"
([HS0,] = 0M, [HSO]1=009M, [H']=01y M)

of

15. Calculate the concentrations of various species in a (-1 M H,S saturated solutjg,
K,=1x10"7 and K,=1-3x10 B [HS]=01M
[S*]1=13x10"By
[HS]=1x10"*M
[H]=1x10"'M
16. A weak base BOH of concentration 0-02 mole/litre has a pH value of 1045, [
100 mL of this base is mixed with 10 mL of 0-1 M HCI, what will be the pH of
the mixture? (8-59)
17. How will the pH increase if 0-05 mole of sodium acetate is added to 1 litre of a
0-005 M acetic acid solution? K, (CH;,COOH)=18x10"". (pH increases by 221)

18. Calculate the pH of 01 M acetic acid solution if its dissociation constant is
1.8 x 107" If 1 litre of this solution is mixed with 0-05 mole of HCI, what will be

pH of the mixture? (2:87,13)

19. 2:05 g of sodium acetate was added to 100 mL of 0-1 M HCI solution. Find the
H'" ion concentration of the resulting solution. If 6 mL of 1 M HCl is further added

to it, what will be the new H' concentration? (l-i?px 1075 M. 136 x 107°M)

20. Calculate the pH of a buffer solution prepared by dissolving 30 g of Na,CO, in
300 mL of an aqueous solution containing 150 mL of 1 M HCI.

K\(H,CO,) =42 x1077; K,(HCO;) =48 x 10" (103)

21. The pH of a buffer solution containing 0-1 M CH,COOH and 0-1 M CH,COONa
is 4-74. What will be the pH if 0-05 mole of HCl is added to one litre of this buffer
solution? K, (CH,COOH)=18x10"", 427)

22. The concentration of hydrogen ion in a 02 M solution of formic acid is
64 x10™" mole per litre. To this solution sodium formate is added so as to adjust
the concentration of sodium formate to one mole per litre. What will be the pH
of this solution? The dissociation constant of formic acid is 2.4 x 10~ * and the degree

of dissociation of sodium formate is 075. (IIT 1985) (4-19)

23. When 0-20 M acetic acid is neutralised with 0-20 M NaOH in 0.50 litre of solutio *

the resulting solution is slightly alkaline. Calculate the pH of the resulting solution.

K, (CH;COOH) =18 x10"". ‘ | 9:02)

An evaluation version of novaPDF was used to create this PDF file.
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The pH of a 0-1 M solution of NH,C] ;e Sr
. 13, F

ty NH,OH. ™nd the dissociation constant of
I A buffer solution is prepared by gio . . (18x107%
: A solv
niul?% p.25 mole of fj::rrnlr: ac:cl n ‘*PPIUximam:'_‘zgﬁiﬁ ;{'}“ﬂu of sodium formate and
i%:hj the concentration of H' and OH> K, {HCDDHj : ;mL u‘f water. What will be
=18x10 s
o 26 A puffer solution was prepared by dissolvi . (IOH ] =44 x 107"
L! ﬂﬂjm:‘ﬂ fﬂl‘malE mn Em“gh watEr E’D 'ﬂs mEIE fﬂﬂ'['ri,{_‘ “Cid and B'm mﬂk}'
lill'Ij KJHCG‘DH] =1-8x10 % Mmake 1 lite of solution.
luﬁh (a) Calculate the pH of the solution,
If this solution were diluted t . :
(b) ed 1o 10 times its volume, what would be the pH?
B (3-83, 3.83)
M many gram moles of HCl wi : t
27. How Yy B will be required 2 .
M solution (containing NaCN and HCI) of 1:3-1 1:.5 u';;n‘;n:f;? one IEnre of a buffer
01 ape s
M of NaCN? Ketssociation (HON) = 4.1 x 1079 A TE kS
1988) (0-0088 mole)
ik 28. The pK, of acetyl salicylic acid (aspirin) is 3:5. The pH of gastric juice in the human
p[;lt'f stomach is about 2-3 and the pH in the small intestine is about & Aspirin will be
%) (a) un-ionised in the small intestine and in the stomach
2 of 3 (b) completely ionised in the small intestine and in the stomach
- 221) {c) ionised in the stomach and almost un-ionised in the small intestine
nt is (d) ionised in the small intestine and almost un-ionised in the stomach
(IIT 1988) (d)
ill 2
7 lz 29, Calculate the degree of hydrolysis of an N/10 KCN solution at 25°C.
£ =
o K, (HCN)=72x107""; K, =1x 107" (1:18%)
o is of CH,COOK in 0-1 M and the pH of the
dded 30. Calculate the degree of hydrolysis of CH,
: FEE —5 -
=0 solution. K,(CH,COOH) = 1-8x10 (75% 1077 ; 8:88)
0, in 31, Calculate the hydrolysis constant of NH,C; determil':E the degree of hydrolysis
P - o ion and the pH of the solution. 5
of this salt in 0-01 M fluhm P (56 x107%, 24 X107, 563)
109 K(NH,OH) =18 x 10 2
. oC is found to have an
oN | 3 4 002 M solution of CH,COONa in waw;t:.: fnmt is the hydrolytic constant
uflf & concentration of 3x107° g ionic weight F': ek e
) | ofthe salt? K, =1:01x 107", K, (CHCOO >
d ¥ e R kant of the reaction

: the hydrolysis

HCO: +HO = HCO;H*'DH‘ A HCO;H in a solution of
o O O
concentra : ‘

=R

; l{ri' Lk
f;; CONa. K, (HCOOH) < Loz 556x107")
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Sl
f0-1 M NaOH ¥ ’b:;ld
(a) 100 mL 0-1 M CH,COOH mixed with 100 mL o 3 5
(b) 100 mL of 0-1 M CH,COOH mixed with 50 mL of 0-1 M NaOH o
(c) 50 mL of 0-1 M CH,COOH mixed with 100 mL of 0:-1 M NaOH e
(K, (CH.COOH)=18x 107" K, =1x10° ) [(@) 872 (b) 475 (c) 12552 # ,qﬁzc
1. !
[Hint: (a) Calculate pH due to hydrolysis of CH COONa producec . ¢ 'ﬁj
(b) Calculate pH of the buffer solutions of CH,COOH and CH,COONa Producey t;: |
{¢) Calculate pH only due to NaOH remained.]
35 Determine the solubility of AgCl (in mole/litre) in water. ﬂ,ﬂd
p T guc
K,p (AgCl =1:8x 107 b (13 10"" mole /litrg) 901
36. What is the solubility product of Ag,CrO, if 0-0166 g of the salt dissolves in 500 m|_
of water at 18°C? [Ksp (Ag2CrOy) = 4x 1074
jiH
37. The solubility of lead sulphate in water is 1-03x 10 ". Calculate its solubility in 5 ; ﬂ‘ﬂ
centinormal solution of H;SO, - K, (PbSO,) = 1.6 % 107" @1x109 p
38. The solubility of bismuth sulphide in water at 20°C is 1-7 x 10™ * mol/L. Calculate
the value of K, A5x107) e

39, Calculate the solubility of Mg(OH), in 0-05 M NaOH.
K, (Mg(OH), ) =89x 10", (36 x10™° mole/litre)
40. Equal volumes of 002 N solutions of CaCl, and Na,50, are mixed. Will there be
a formation of CaSO, precipitate? K, (CaS0)=13x10"". (No)

41. 450 mL of 0-001 N solution of AgNO, is added to 50 mL of 0-001 N solution of
HCIL. Will there be a formation of precipitate of AgCl?

K., (AgCh=18x10"". (Yes)

42. The solubility of CaF, in water at 18°C is 2:04 x 10"* mole/litre. Calculate Ksp of
CaF, and its solubility in 0-01 molar NaF solution.

(34 x107"; 3.4 %107 mole/litre)
43, Will a precipitate of silver sulphate form if equal volumes of 1 N H,50, and
0-02 M AgNO, solutions are mixed? K, (Ag,SO)=2x10" 5 (Yes)
44. Will a precipitate of CaSO, form if .
(i) equal volumes of 0-02 M CaCl, and 0:0004 M Na,SO, solutions are mixed?
(ii) equal volumes of 0-08 M CaCl, and 0:02 M Na SO, are mixed?
K, (CaSO) =2-4x10 2 (@) No (i) Yes
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lonic Equilibriyy, i Aqueg
Us Solutiong

A solution containing 001 mpje MNitre of ¢
sdded to @ 0-01 N solution of H,50 aCL, and g.g
‘)

(@) 57594 (b) CaS0, - Ky, (S150,) = 32x 1077,

solubility product of sj) ,
i in 2:5 litres of a sanum I e LA
AgC0s Ated solution? Will be the weight of
'211.1,:&t 4. Find the solubility of CaF, in g5 M solution : (0103 g)
. 0

G : and water, H

imes is the solubility in the
than in the firsp?

second Case greater oW l'l'lﬂt't}'

=1l
K (CaFy) =4 107" (1-4 %1075, 2. 5
» 2151074 male/litre; 154 times)

43, How will the concentration of Ag* in 4 saturated soly;
Wion
such an amount of HCl is added to j; that

solution becomes equal to 0-03 mole/litre?

of AgCl diminish if
the concentration of the CI” in the
Ko (AgCl=18x 107",

| E—

1 .
| 230 of its initial value
49, How dl:JES the 'f‘.r.::lul:lullt)' of C??ED,‘. in a 0-1 M solution of (NH,L.C,0, decrease in
comparison with its solubility in water? Assume that the ionisation of
(NH,),C,0, is complete. K (CaC,0)=2x10",

1 :
[ﬁnf its solubility in water]

50. Solid AgNO, is gradually added to a solution containing Cl” and I'. If Ksp values
of AgCl and Agl are respectively 1.7x10° " and 1:5%107%, which one will
precipitate first? Also, find the relative concentration of [I" ] to [C17] just before the
precipitation of AgCl. - EIF— g m’*]

[CT]

51. Given that 2 x 10" mole each of Mn2* and Cu?* was contained in one litre G.f a
: i ; : . \ . . : Samrated with st Determine
R iy Sﬂlu::mn: ?:s ** will precipitate as sulphide.

3 u
whether or not each of these ions, Mn™ a 4 _ A
The solubility of H,S, 0-1 mole per litre, is assumed to be independen
: S Of Dtl'lﬁl‘ matena]s in IthE Sﬂlutlﬂnr

’Pd - 14 (CuS) =8x 1077

K.p (MnS) =3 %10~ Ksp ¥ ely, Also, calculate the
jtre! Eiﬂidxl for HS are 1%10° andrljl KE:’H Wfﬂ precipitate if the above
and  percentage of Cu remaining unprecipitat H*] o 107 M?
ved solution is made neutral by mf;n:r:p!tates; 397 %107 %; MnS precipitates)

( d107°M
. rated in H,5 (01 M) an

4 H must be maintained in @ solution saty

52 Wi .
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fir
2 i 01 M '
53. Should FeS precipitate from a solution that is saturated in HS ( ), 0002 3y ‘F.ﬁ' co?.;]i'
in Fe’* and at a pH=35? : L f"'{a Juti
—y -
Kq;[FEsjzﬁ-ﬂx 107%, K, (HS) =11 »*10 . (No) 4is5°
o CH.COONa, saturated in
54, A buffer solution is 025 M CH,CDUH 0-15 i'l 3 11;4 s ID._F" Hs
(0-1M) and has [Mn?*] =0015 M. K, (CHCOOH) =
- =25x107". :
K, (H5)= 11107 and Ky (Mn9) =29 5, D% |
: ipitate? , : 1%
e t should be increased in concentration and to which {B}
() Which butfer cﬂlmpoﬂﬂ" recipitation of Mn5? . Kl_uﬂ]
it value to juss St BEEE (@No (b [CHCOO | =17 27
55. When equal volumes of the following solutions are mixed, precipifation of AgC| @1’
' (Kﬂ,=1.ﬁxlﬂ_m] will occur only with A Pl
(8) 10°* M (Ag") and 107* M (C1) @3
(®) 107° M (Ag") and 10°M (C1) 4, Whe
(c) 107 M (Ag") and 107 M (CI) . '[Kb=
(@) 107 M (Ag") and 107 M (1) s e @ ¢
56. How much NH, must be added to a 0004 M Ag  solution to prevent uhf gc*j(
precipitation of AgCl when [CI] reaches 0001 M? K (AgCl) =18x107% Hi
Dissociation constant for Ag (NHy)j =60x107". (0-044 mole /litre) 5. In
57. Calculate the simultaneous solubility of CaF, and SrF,. |

K., (CaFy)=39x 107" [1-2 x m‘_i muie,ruﬂ
K., (SrFy) =29 % 107> 9 %10™* mole/litre

5& Aniline is a weak organic base in aqueous solutions. Suggest a solvent inl -.-.-hi_ch
aniline would become a strong base. (Acetic acid)

59, Distinguish between acid strength and acid concentration. (Read text)
60. Liquid NH,, like water, is an amphipretic solvent. Write the equation for the

auto-ionisation of NH, (2NH, = NH, +NH)
61. Calculate the sulphate ion concentration in 015 M H,SO,. K, =102 x 10”
(Hint: First ionisation of H,S0, is 100%) (89x107)

62. A 50.0 mL sample of a 0-01 M solution of HCOOH was titrated with 0-10 M NaOH.
Calculate the pH of the solution when 10 mL of NaOH was added. .
v

K, for HCOOH=1772x10"*
63. What is the pH of a 010 M solution of ethylenediaminetetraacetic acid (4%
K, =1x10% K, =21x10% K, =69x107 and K, =55x10™" i
=1

‘VAn evaluation version of novaPDFE was used to create this PDF file.
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lonic Equilibrium in, Aqueous S
utions

only two major contributions

it The only :
l'llrlsll“t\'«’u jonisation steps] © the concentration of H' are from the
1
> trated strong acid is added y , solid miy
nc‘E_lln ure

O, and CAlOHD; placed in one litre of yyaruy. ar o 015 ole samples of

gissolution of each hydroxide be complete? what value of pH will the

3 - {ﬁsﬁumt: neglis
=79 15 gligible vol .
K [FE[DH};:] = » 10 and K?'[C“H IHJE! =16 % 10 Urme change}

(7-86)
Objective Problems
g Dissociation constant of HO at 25°C i
= 14
(a) 1x10 (b1t 10 () 14 (d) 18x107%
s K, value for the acid HA is 1x10™%, The value of K for
A" + HO' =HA + HO is
(@) 1%107° (b) 110" (c) 1x107" (d) 1% 10°
3, pK, of a base (Kp=1x107) is
05 () -9 (=5 @9
4 What molar concentration of NH, provides a [OH] of 15x107°?
(Kp=18% lﬁ_ﬁ-}
(a) 0125 (b) (0:125+15x107)
[C]' {6125- 15x% ll}d} (d) (15 x lﬂ_!]
. ) -
[Hint NH, + H,0 < NH{+OH]
: : ; ighest?
& In which of the following cases is the acid strength hights (d) Ko=10"

(@) K= 107° (b) pK,=5 (c) pKy =10

Cl are
e . 0.1 M NaOH and 0-1 M Na ]
f o (c) same only at 25°C

(a) same (b) different e of Ky at 9C 8
e . o 1ﬂ’5 mﬂle;ﬁt]ﬁ e v w
7. At 90°C, pure water has EI;I,U ] B @107 (T 1989
(a) 107° (b) 10

acid i 4, The acid must B¢

& The pH of a 001 N monobasic 25T ) oo
(a) strong H of the solution
s F . sissolved in 10 litres Of ke (@ 1
g‘ {Igﬂmle 2Ot IE;} 2 Sl CH,COOH is
la) 12 d 01 NCHY
L o .o 01 N HClan 4 13
e o d) 698
pHofa 107" M{B??m?"-’“"m 7 {
g : (d) 7
W“M HCl iﬁ} : (c) 68
| ®

-l“:-
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acid is 2:0, the acid must be

13. If pH of a 0-01 N monobasic
(b) weak

(a) strong
14. If the temperature of water is increased from 25°C to 45°C, the pp Wit
: o
?:;E Wi {b) slightly greater than 7
(c) =7 (d) 8
15. pH of a 107> M NaCl solution (aq) a! 25°C is .
(a) 7 (b) 11 (c) 3 (d) all wrong
- 16 pH of an aq. NaCl solution at 85°C should be
' (@7 b) >7 (c) <7 (d) 0
| - — J4
, 17. The pH of 7x 10"* M CH,COOH is (K, =1 x 10 )
il (a) 81 (b) 7-9 (c) 7:1 (d) 6-85

h ; Er
18. The dissociation constant of an acid HA is 1x 10 ~. Ihe pH of 0:1 molar soluticy

of the acid will be approximately
(a) 3 (b} 5 (c) 1 (d) &

19. 1 cc of 0-1 N HCl is added to 999 cc solution of NaCl. The pH of the ’f‘ﬁUltan
solution will be

(a) 7 (b) 4 (c) 2 (d) 1
20. If a solution has a pOH value of 14 at 25°C, H' concentration should be
(a) 0 (b) 10 (@1 (d) none of these

21. What will be the hydrogen ion concentration in mole/litre of a solution of pH=p
(a) 0 (b) 1077 (c) 10° (d) pH cannot be zer,
22. Which of the following would decrease the pH of 25 cm’ of a 001 M solution of
HCI?
(a) The addition of Mg
(b) The addition of 25 cm” of 0-02 M HCl

(¢) The addition of 25 cm’ of 0-005 M HCl
(d) None of these

23. The pH of a 0-1 M NH, solution (K, =1-8x 107%) is

(a) 1113 (b) 1 (c) 13 (d) none of these
[Hint: NH, +HO = NH; +OH, k,= Nl [OH ]
[NH,]
24. The pH of a buffer solution of 0-1 M NH,0H and 01 M NH,Cl is (pK, =40
(a) 1 ®) 4 (c) 10 (d) 13

25. In a buffer solution of a weak acid and its salt, if the ratio of the concentrai®

afﬂ'm- salt to that of the acid is increased ten times, the pH of the buffer
.fa).mcreases by 1

ek : (b) increases 10 times
(c) decreases 10 times (d) decreases by 1

-26. The process of hydrolysis is
() always exothermic (b) always endothermic
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lnni X ilibri
C Lqu:hbnurn in -’dﬁ.qlif‘um So
= |'|.1|:.Il'1]'l-14

(©) gither exothermic or endotherm, ()
Ncithg,

r Ex‘;“hl\rm
{Telf . .
ngd a Weak bage 1or endothermic

1? when a salt of a weak acid 5

f the resulting solution is diss :
pH 0 will alway Sissolved ip 4 o
(a) be 7 o 1 Waer at 25°C, the
(c) be less than 7 - Breater thap, 7

25, The degree of hydrolysis of a <4
ﬂ)l'l.ltiﬂl"l is found to be o H s If the : and a W
hydrolysis of the salt should be lution is
(a) 100% (b) 50%

: trong acid and
29, If a salt of a str 8 and a weak basp hy :
following formulae is to be used 1o calculgte gpe >, SPPFECiably, which of the

. - ulate degree of hydrolysis ‘X2
W : | |
NS O\ ox[ 5

. K, K (d) none of these

ak base in its 0.1 M
0:2 M, the Percentage

(d) none of these

b

30, K, for AgClin water at 25°C is 18% 107", 1 10™° mote of Ag® ions are added
to this solution, K., will be are a

@ 160" i (b} 1851072 () 18x107* (d) none of theze
31, In which of the following cases is the solution of AgCl unsaturated?
(a) [Ag'][C1] < K,, () [AgT]1CI] > K,

© [AgT O] =K,
32 If the solubility of AI(OH), is 5 moles/litre, the solubility product is
(2) §° (b) 275" (c) §° (d) 45°
33, The volume of water needed to dissolve 1g of BaSO, (K, =1-1x 107" at 25°C is
(a) 820 litres (b) 450 litres {c) 205 litres (d) none of these
34. The solubility of BaSO, in water is 000233 g per litre at 30°C. The solubility of
BaSO, in 0-1 M (NH,),S0, solution at the same temperature s
1 L . -4 i
() 10-2 mole/litre. (b) 10°* miole/litre (c) 107" mole/lire (& 107 mole/Fe ;
35. n equal volumes of the following solutions are mixed, precipitation ©
5. When u :
3 e . £ —1 - r CII'I]}I" Wlth
AgCl (K, = 1-8x 107" will nccl-: e S
(a) 107*M (Ag") and 107 M (CT) ®)

‘ + and 107 M (C1)
(o) 107 : = 107 M (Ag) and 10
(© 10 MAghand 107 M @

(IIT 1988)

3. If the salts M,X, QY; and PZ, v
B O = K,y (PZ))
are related as wzy O K0 x) > Ko (QY2)=Kep (F5

Ky (PZ)
,X) > K, (@Y3) = p

i ﬁ]#&%m:%(ﬂ‘f,} > Ko M
@‘c‘%%m = .) Ksp 1:m_r.a 1o fonisation constant of hydrofluoric &€
 pK, for fluoride jon at 25°C 5 T
this tmpﬂl‘ﬂme 15
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Modern Approach to Chemical Calculations

(a) 1-74 x 107 (b) 352 % 107 (c) 675x107 (d) 5-38 x 102
{irr 199y

38. The solubility of A,X; is y mol /dm?”. Its solubility product is
(@) 6y' (b) 64y (©) 36y° (d) 108> (T 149,

39, Which of the following statements about buffer solutions is wrong?
(a) Weak acids and their salts are better as buffers for pH < 7.
(b) Weak bases and their salts are better as buffers for pH > 7.
(c) A buffer solution has generally ]qﬁt its usefulness when one component of the
buffer pair is less than about 10% of the other.
(d) For most effective buffering in the acid range or basic range, the two
components of the buffer should have almost the same mass per unit volume.

40. 10 mL of 0-1 M HClI is titrated with 0-1 M NaOH. When the Yolume of NaOH
added from the burette is from 999 mL to 10-01 mL, the pH jumps Approximately
from
(a) 4 to 10 (b) 6 to 8 (c) 69 to 7-1 {d) 1 to 14

41. When one drop of a concentrated HCl solution is added to one litre of pure water
at 25°C, the pH drops suddenly from 7 to about 4. When the second drop of the
same acid is added, the pH of the solution further drops to about

() 37 (b) 20 (c) 1-0 (d) 0
42. In which of the following aqueous solutjons is the degree of dissociation of water
maximum?
(a) NH,Cl solution , (b) CH,COONa solution
() CH,COONH, solution (d) NaCl solution
43. pH of an aqueous 1x10® M NaOH solution is
(a) 8 (b) 7:02 (c) 7 (d) 6
44. The pH of 1x10™ M H,0, solution (K, =22 x 10™?) is
(a) ==.3 a5 (b) slightly less than 7
(c) slightly greater than 7 v ld) =7

45. The pH of an aqueous solution of 0.01 M CH,COONH,; at 25°C is

(K(CH;COOH) = K,(NH,OH) = 18 x 10°%)
(@>7 bi<? "5 @7

= Answers

I‘d: E;dg:'b 34d, 4-b, 5-d, 6-a, 7-c, 8-b, 9-d, 10-a, 11-d, 12-d, 13-a, 14-c, 15-a, 16~, 170,
g 19-b, zn-c, 21-c, 22-b, 23-a, 24-c, 25-a, 26-b, 27-d, 28-b, 29-d, 30-b, 31-a, 32-b,
3-b, 34-d, 35-a, 36-a, 37-c, 38-d, 39-d, 40-a, 41-a, 42-c, 43-b, 44-b, 45-c.

. Ooo
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Tl‘hhl CHAPTER SE VENTEEN

10, CHEMICAL KINE
Ongy unlh:« = ___:—:—_:—-T:I_E_S————__

hapter “‘Chemical Equilibrium’ we k- _

fn the chap : Uibrium’ we have g : .
would proceed to attain equilibrium but |1u|hinésf11;ﬁiei“:ai:?r ;mmta CI:“"H
about how

Pong, .+ that equilibrium would be attained. Thic v _
H.-_rﬂ_! H;;sent chapter. us will be the subject matter of the

For a reaction at equilibrium the net reaction rate is zero, i.e., the forward
rabe I8 "3"31'-131 i the, rwerm? rnt_e. In this section we shall limit ::u;r:.-e]vea i r1 ;
Olumg o\~ | o forward reaction which is yet to reach equilibrium 22
Maty, Qualitative Measurement of the Rate of a Reaction:
to 14 and Rate Constant v

The rate of a reaction is defined as the change in concentration of any of the
reactants or products per unit time. For a reaction

A+B>C+D
the rate of the reaction is equal to the decrease in concentration of either A
or B, or increase In concentration of either C or D per unit time.
Let us consider the general reaction

aA +bB — cC +dD
The stoichiometric coefficients 2, b, ¢ and d signify that for the
disappearance of @ moles of A and b moles of B at any instant, ¢ moles of C
and d moles of D will appear. The rate may, therefore, be more accurately defined
% the rate of disappearance of A or B per mole, which in turn, is equal to the rate
of appearance of C or D per mole,
Thus, the rate of the general reaction

= rate of disappearance of A or B per mole

Differential Rate Law

= rate of appearance of C or D per mole

14[C]_ 14D]

=tea 'd a )

[ ] represents the concentration in mole per litre, whereas 'd’ represents
N infinitesimally small change in concentration. The negative sign shows that
.ﬂ?*mﬂh‘hﬁons of the reactants A and B are decreasing, whereas the
POsitive sign indicates the increase in concentration of the products C and D
With the Pprogress of the reaction.
_ Note that the rate of disappearance or appearance of different reactants
"""Pmdum may be same or different depending on the stoichiometry of

579
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Modern Approach to Chemical Calculations

Ex. 61. From
; the follow; ; > te the rate i
of A, B s é . hg reaction scheme, write the rate law for the .-,fmﬂpp E'ar.-,,,ce_

j:I
lL.A+B - c4p
1.
2C+D 35 A+

k
3B+C S E+D

Solution : The reactant A is removed in Step 1 and produced in Step 2

_ “E;’;] = k,[A][B] - k[C][D]
Similarly,

o % = k[A)[B] + k[B[C] - k,[C][D]
and, - %: k5[C][D] + k3[B[C] - k,[A][B].

PROBLEMS
(Answers bracketed with questions)

1. A first order reaction takes 69-3 minutes for 50% completion. How much time will
be needed for 80% completion?

(160-9 minutes)

2. In a certain first order reaction, half the reaction was decomposed in 500 seconds;
How long will it be until one-tenth is left? (1661 seconds)

3. Find the value of the rate constant for the reaction A + B —s AB, if the rate of the
reaction is 5x10°7 (mol/L) min~' and [A] and [B] are respectively 005 and
0-01 mol/L.

Qi [0-1 (mol/L) ™" (min)™)

4. For three reactions of first, second and third order, k, =k, = k;, when concentration
is expressed in mol/L. What will be relation among k,, k, and k, if the
concentration is expressed in mol/mL? (k,=k,x10> =k, x1079

1=K, =y

5. How many times will the rate of the reaction 2A + B — A,B change if the
concentration of substance A is doubled and that of substance B is halved? |

(increase twofold)
6. The rate law for the reaction

RCl + NaOH (aq) - ROH + NaCl
is given by
rate = k; [RCl], the rate of reaction will be
(a) doubled on doubling the concentration of NaOH
(b) halved on reducing the concentration of RCl to one-half
(c) increased on increasing the temperature of the reaction
/ {dj unaffected by increasing the temperature of the reaction
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- a.k
C
hﬂmmal Kinetics " ig
621 o, &
b [Hint: See Example 14] E
7. How many times must the (IIT 1988) (1) S&
2A,(g) + B, (g) — 2A.B (8) be inc o iraton of Substance B B

of its initial value?

B. 'l'hnai-3 or ;rc e re-lactmn 2A 4+ B+ G, Frodag e mes)
A, B and C respectively. If the concentrag + 15 found to be 1, 2 and 0 wrs.
times, what will be the effect op the & nt is increased by two

[Hint: See solved example 15)

te of the reaction?

: (8 times)
2. Inithe thermal decomposition of CHBr .o CH, and HBr, the pressure changed
T ] ANgec

8 0 390 mmHg at the end of th i
: . e reaction. Wh
fraction remained unchanged when the Pressure of the mixture was 300 ranga.:

(0-47)

10 Catalytic dec&mpnﬁi_tiﬂP of nitrous oxide by gold at 900°C at an initial pressure of
200 mm was 50% in 53 minutes and 73% in 100 minutes. Find the order of the

reaction. How much will it decompose in 100 minutes at the same temperature
but at an initial pressure of 600 mm? (First, 73%)

11. A certain reaction is of first order. After 540 seconds, 32-5% of the reactant remains.
(a) Calculate the rate constant.

(b) How long would it require for 25% of the reactant to be decomposed?
(208x107°s™"; 1395)

12. The specific reaction rate constant for a firs® order reaction is 1 :xlﬂ'z s ' If the
initial concentration is 1 M, find the initial rate. What is the reaction rate after two

minutes? (1x107%,3x107)

ion i i ith respect
B — P, the reaction is of first order u.lt
8 ; e each of A and B are introduced

10~ 2 mole/litre - s, calculate the

13. For the nonequilibrium process :
to A and of second order with respect to B. If 1 mo

B g '1 x
into a 1-litre flask, and the initial rates werc
: od to the product.
rate when half the reactants have convert P {1.1x1u“mnleL"5")

14. The rate law for the reaction,
(H']

CH,COOC,H, + HO — CHCOO? o

rate if

doubled? ;
iy [(i) Rate doubles (ii) No effect]

e, 1

acentration of H™ is t1P cﬁmof"mordermareactmnfufmﬂwugﬁii

rmdgfal'ﬂ-ﬂ al to the {ﬂ"ljth PONES .
propﬂlh"“
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16. ivi : A
A living plant acquires a definite fraction of ;C nuclei in carbon congary, i
- Ui

freshly cut piece of wood gives 161 counts per minute per gram ang ,,
Wooden bowl gives 9:6 counts per minute per gram of carbon, calculate 1,
of the wooden bowl. The half-life of '{C is 5770 years. (4304 H‘m}"

17. The following data gives pressure of a gaseous N;O; as a function of time 4
Plot them first in 1/p vs t and then as p vs L. Determine the order and rate m“ﬁlamr, .

ks p (mm) f(s) p {mm)
= S 3600 =
&00 247 4800 33
1200 185 &000 18
2400 105 7200 10

(First order, k, =5 x m“s”']

18. A substance decomposes according to second order rate law. If the rate COnstany
is 68x10"* L mole™ ' s ', calculate half-life of the substance, if the initial
concentration is (i) 0-05 mole/L and (ii) 001 mole/L. (294 x10's; 147 Py

19. For a certain reaction, it takes 5 minutes for the initial concentration of 0.5 mole/g.
to become 0-25 mole/L and another 5 minutes to become 0-125 mole/L. What i
the order and specific rate constant of the reaction? (First; 0-138 minute™)

20. The half-life period of a gaseous substance undergoing thermal decomposition
was measured for various initial pressures (p) with the following resuls:

p (mm) 250 300 400 450
¢, (min) 136 1125 85 755
1
Calculate the order of the reaction. (Second)

21. The kinetics of decomposition of N,O; in CCl, solution is studied by measuring
the evolved oxygen. If 24 mL of the gas was evolved in one hour while 35 mL of
the gas was evolved when no more oxygen was coming out, calculate the fraction

of N,O, decomposed in one hour. (0636)
22. The following rate data were obtained at 30°C for the decomposition of N,O;in

CCl, solution:
[N;O;] d [N,O]/dt
(mole/ litre) (mole/litre/hour)
0-34 0-10
0-68 020
1-36 040 |
Calculate the order of the reaction and the rate constant at 30°C. (First; 027 'hd]-

I : ald.-
23, From the following data calculate the order with respect to each reactant A B

C:
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] E'Li 623
i (A] B T g
le/L Brermasy
S (mole/L) Emnie_.f_lf}____-_. (mole/1) d [B)/dix10-5
0.010 0-005 ; | (mole/L/s) |
5 0015 0005 u'g“’ 5.0
tay 0010 0:010 uju:g 50
0-010 0005 25
———1L 0020, 14-1 |
: : _ 0:=1; 3:72)
24. For a given reaction A+ B — P, te rd (
ol e Bt o e fulluwingud;:? W.rt Aand Bare 1 and 2 respectively.
= _-_-_-_-_-—__
Rate (M s ) [A] TR ]
) 010 1.0M 0:20 M
s 20M 020M
| 20M 0-40 M
ity [Hint: See Example 30] (R;=020, R,=080)
1= ey S A
l -
Ty 25. The reaction A+ B — C+D ; AH =25 kJ ‘mole should have an activation energy
(a) =25 kj/mole {b) < 425 kJ/maole
(c) > + 25 kJ/mole
(d) either answer (b) or (c) depending upon experiment (c)

[Hint: See Example 37]

26. The half-life period for the reaction, N,O; — 2NO, +%U'l is 24 hours at 30°C.

What time would be required to reduce 5 10' molecules of N,O; to 10° molecules?
(21-5 hours)

7. : i i ressel 7 ad
27. One mole of a gas A and two moles of a gas B are introduced into one vesse
2 moles of A argt.d 1 mole of B into a second vessel having u:ue same capacity. The
temperature is the same in both vessels. Will the rate of reaction between A and B
in these vessels differ if it is expressed by the equation s
(i) rate = k [A] [B] and (ii) rate = k [A])* [B]? [(i) No (ii

28. How man mes W he rate o he reaction 2A + B — A.B change if the
| ' i ¥ i ill t r f 1 reactt : -
; 3 . A is triplf:d and that of the substance Bis ha}n.‘Ed.
concentration of the substance e T }
: ction if the rate grows 15-6 times.
coefficient of the reaction 1 )

29. What is the temperature sed by 30 K7

when the temperature is increa

[Hint: See solved example 351 vy Mol
tion is 2-- 3

-t of the rate of a reaction I8 == & 15 8.0 times)

30. The temperature coefficien e temperature is caised by 2

the rate of the reaction ingrease ration of both the reactants are equal,

31, In a second order reaction when th;m Cﬂseﬂz‘m’;;b How long will it take the T:;E)EE:IJQ;
; the reaction is 20% completed in
b 10 8o to 60% completion”
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32. For the reaction A +B — C, the following g yere ..:'bminﬂ": In the fi
experiment when the initial concentration Of.bmh i S 2 Mothe ""%emz
initial rate of formations of C is 1x10 Mol per_inuke. In he

experiment, when the initial concentrations of A ‘a“d B are 01 .M and (5 A 4roP
respectively, the initial rate is 9% 10~* mole per minute. In the third expe; » ot
j e - d B, 03 M, the initial rate is . a5

with the initial concentration of both A an 7x1pm i

mole per minute. Write the rate law and calculate the rate constant for the p, action # -
L

[Hint: Calculate m and n in rate = k[A]" [B]"; (See solved example 14)) iim Y

: =1 ;

33. For the reaction A — B+ Cthe following data were obtained:
1800
t (s) 0 0 cint: i
[A] 508 19-7 762 (H
Prove that the reaction is of first order. (k, is found to be constany) ﬂ,ThE rea
34, Nitrosyl chloride, NOC| decomposes to NO and CL. the rﬂﬂ;
2NOCl(g) — 2NO(g) + Cly(g) 05 MmO
From the following data, determine the rate law, the rate constant and the Overal] .

order for this reaction. [Hint:
[NOCl): 0-10 0-20 0-30x 12, Both T
Rate (mol/L/s) 8x107" 32x107 72 x 107 who
What

(Rate = k[NOCIJ, k=8 x 10™ L/mol/s, two)

35. What is the half-life for the decomposition of NOCI when [NOCI] = 0-15 M? Given

that for 2NDCI—+2ND+CII:—E% = (8:0x 10 L/mol/s) [NOCH

(8:34 x 1075)
36. The rate constant for the first order decomposition of N, O, dissolved in chloroform
at 45°C is 3-1x 10"min"".
2N.O5 — 4NO, + O,
(a) What is the rate of decomposition of N,O; when [N,0,] = 0-40 M?
(b) What are the rates of formation of NO, and of O, when [N,0.] =040 M?
(c) What is the rate of this reaction.
[(2) 248 x10™* mole/L /min (b) 496 x 10™ and 124 x 10 mol/L/min
(c) 124 x10™ mol/L/min]
[Hint: First-order reaction is of the type: 24 — Products]

37. For the reaction: SO,CLy(g) — SO,(g) + Cl(g), it is found that a plot of In[SOCH

versus time is linear, and that in 240 seconds the [SO,CL,] decreases from (4 M
to 0-28 M. What is the rate constant? (149 10°5)

38. A certain physiologically important first-order reaction has an activation ener!
equal to 45:0 k] /mol at normal body temperature (37°C). Without a catalyst e
rate constant for the reaction is 50x 107%™ To be effective in the human bods

| An evaluation version of novaPDF was used to create this PDF file.
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rf"di-.:_‘.

L

f

Ty 'r'q',". fm_‘#

%&: where the reaction is catalysed b

2.2 : g
20x107s . If the activation energy i the}‘mt' the rate constant mysy

| 0 th me, by ho only £
3 e enzyme, by how much must th, 11 ¥ factor affecteq by the
" reaction to achieve the desired B “yme lower the activation ensrgy ﬂ?‘-‘“f:

I+ 39, A drop (005 mL) of a solution ot (=10 K] /mol)

be at least £

g
=3
=
g
e
)
5
2
E:n
™
& 3
g
g
T
[
-
=
=
=
1]
2
=
E
71
3
=
// ’f/ / 74
1y .
[ A

. The gas-phase decompositi (60x107%)
& kﬂna:lgM'?-s" at 10°C [nl:tl'u:l D OB s second order in [NOBr], with
$00x10° M. In h : 13l concentration of NOBr in th flask o
= * . In ho ! i e i :
W many seconds does i take up 150 x 10 M of = a:chf
15 T

ZNOBr — 2NOD + Bl'z

1I_i_}] (9265)

[Hint: k; =5~ =

41. The reaction, A — C + D was found to be second order
the reaction was determined to be 242 L/mol/s.
05 mole/L, what is the value of b

in A. The rate constant for
If the initial concentration is

(08264 5)

3] 1
[Hlﬂt: kﬁ = T {ﬂ{ﬂi =

“42. Both Technetium-99 and Thallium-201 are used to image heart muscle in patients
who may have heart problems. The half-lives are 6 hours and 73 hours respectively.

-~ What per cent of radioactivity would remain for each of the isotopes after 2 days?
(0:39%, 63%)

43. Two reactions have identical values for energy of activation. Does this ensure that
they will have the same rate constant if run at the same temperature?(No, k =< A)

‘44, The rate of the haemoglobin (Hb)- carbon monoxide reaction,

kg 4Hb + 3CO — 11b(CO),
rofor® has been studied at 20°C. Concentrations are expressed in ji mole/L.
[Hb] (1 mole/L) [COJ (1 mole/L)  Rate of disappearance of Hb (w mole/L/s)
3:36 1:00 0.941
672 1-00 1-88
i 672 3.00 564

=

=

(a) Calculate the rate constant for the reaction
(b) Calculate the rate of the reaction at the instant when

[Hb] = 1-50 and [CO] = 0-60 p mole/L-
((a) 7 % 1072 L/w mole/s (

- Hb]
[Hint: Rate of reaction = -:‘I-EI-E-—'—'HHE'"CU;]

/

b) 6:3x 107 p mole/L/s)

D T . : oC and in 10 min at 47°C.
e A e : o e jete in 30 min at 27 R

5.A ﬁtstorder reachnn is 50% mr::f:1 4t 27°C and the energy of mva-tiﬂn of the
f:'-?.'f.l': on in kj /mole = (11T 1988) (00231 min 4384 2
b F ! 33 - i mﬂ -

s
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5

The reaction at 47°C is 3 times faster than that at 27°C. Use Equation 1 [h} the (e
R=8314x107%k). ] g e pot”
46. The dﬁ':t}mpusition of arsine {MHJ] into arsenic and h}'dr{:-gen 15 a firgg o {d] Mﬂl‘
reaction. The decomposition was studied at constant volume and g r L
temperature. The pressures at different times are as follows: "Stant 5 if thﬁ 8
LGy 0 5.5 65 8 et :: =
p (atm): 09654 1.06 A0re 11 ::';iaﬁ'
Calculate the velocity constant. (4 X102 © fa;“
A L I
[Hint: For AsH, (g) — As(s) +‘3‘Hz (B): Po = '@ andip, = I""‘II 0t _211 e
- | 6. The ¥
“ PP = 5 ] reacti®
47. The rate constant of the first order reaction, that is, decomposition of ethyleng {a} ‘ﬂu
oxide into CH, and CO, may be described by the following equation {b} red
e R (0 (¢ wil
logk(s ) =14 T (d) Tec
Find (a) energy of activation, and (b) rate constant at 397°C. h "?"'E?ﬁ"ﬂ
[(31239-34 k] (b) 48 x 105! (a) An
_ e E (b) Ex
L k=log A -
[Hint: Compare the given equation with logk =log 5303 RT ] {E}Bﬂ'
48. For a homogeneous gaseous reaction A— B+ C+D the initial pressure was p, (&INE
while pressure after time t was p. Derive an expression for rate constant k in terms The s
of py, p and . 2.303 1 2, '
1 %l

[Hint: See solved example 44]

Objective Problems
1. The rate law for the single-step reaction 2A + B — 2C is given by
(a) rate = k [A] - [B] (b) rate = k [A]" - [B]
(c) rate = k [2A] - [B] (c) rate = k [A]” - [BJ’
2. Which of the following rate laws has an overall order of 0-5 for the rea®
A+ B+C — Product? :
(a) R=k[A]-[B] - [C] (b) R=k[A]® [B]®[C)°

() R=k[A]"[B] [C)’ (d) R=k[A][BPC]®
3, The rate law of the reaction A+2B — Product is &' ]
| o
= r:;ium =K[AJ - [B]. If A is taken in large excess, the order of the 2"
be

An evaluation version of novaPDFE was used to create this PDF file.
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Sl . (c) 2
4. Which of the fﬂl'ﬁwing statements B (d) 3
(a) Law of mass action angd rat Orrect?
Py reactions. Y SXPressions are same for sing]
(b) Order of the slowest elemen it
the order of the complex re
(c) Both order and molecularit

(d) Molecularity of a complex

tary reaction

: of a
action. complex

reaction gives

25

4 ha\_’e formally a maximyum value
feaction A+ 28 -, Cisa
5. If the volume of a closed vessg] ; -
i whi i
set in is halved, the rate of ich the equilibrium BQ+0, = 250, is
{a) forward reaction will remain ga
me as t :

} () forward reaction will become L ﬁ:l: of backward reaction

(c) forward reaction will be halved that of

(d) all wrong

of 3,

of the reverse one
the reverse one

6. Ei;?EVSHTZ Zu;ill;tﬂmﬂn 2NO +0, — ZNO,, when the volume of the
e (a) will grow eight times of its initial rate
(b) reduce to one-eighth of its initial rate
(c) will grow four times of its initial rate
(d) reduce to cne-fourth of its initial rate

7. Rate of which reactions increase with temperature?
(a) Any
(b) Exothermic reactions
{c) Endothermic reactions

(d) None

B. The specific rate constant of a first order reaction depends on the
~ (a) concentration of the reactant
il {ﬂﬂ:’@ﬂentratiun of the product

(c) time

(d) temperature

: sy

9. If the rate constant k of a reaction is 1:6x10  (mol/L) (min™"), the order of the
{ltm}.nm n is )1 (©) 2 (d) cannot be known
\a) b constant is equal to the rate of the reaction at all

concentrations, the order is ©1 (d) 3

e
i

F s
s

b ke MO R 1 \"«E‘SSEI'
{f’j hange in the volume of the reaction
~ (d) An introduction of a catalyst

I i '
R
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12. If a reaction with |
the order is
(@) 0 ®) 1 @2 Sl

172 = 69-3 seconds, has a rate constant value of 1072 per

%ﬂd‘

13'T'hespe¢|ﬁt reaction rate constant for a first order reaction is 1 x ].D_J'E..ll "“"E“-u :
concentration of the reactant is 0-1 mole per litre, the rate is tia)

{a) 107 () 1077 (c) 1077 (d) 107!
14. k for a zero order reaction is 2x 107" mol - L7 If the concentration the
reactant after 25 s is 0-5 M, the initial concentration must have been
(a) 05 M (b) 125 M (c) 125 M (d) 1:0 M
-5 =
[Hint: Rate =2 e =2x107%)

15. A first order reaction is carried out with an initial concentration of 1¢ moles
litre and 80% of the reactant changed into the product. Now if the same reachl‘}.:;
is carried out with an initial concentration of 5 moles per litre, the percentage of
the reactant changing to the product is

(a) 40 (b) 80
{c) 160 (d) cannot be calculated
16. Which of the following curves represents a first order reaction?
@) (b)
t"? tuz
= a
© )
liz tiz
1 i
a :

a?
17. Which of the following curves represents a zero order reaction?
[(@ - x) = reactant concn.]

(a) (b)

Log(a - x)|

t t
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{c) (d
)
Ty 21
{H - x} {a-j_"}z
=
3 Ih&" !
I--__—-_____-_-_____
18. 75% of a first order reaction |
reaction completed? 98 completed in 3p min, When was 504 of th
{a) 24 min (b) 16 min (<) & min L
. e (d) 4 mi
. 19. If doubling the initial concentration of 3 reactant doubl i
= oubles £; of the reaction, the
Ctign order of the reaction is ¢
(a) 3 (b) 2
2e of (c) 1 {d) 0

20. For a giV«E’I‘I reaction the lugar:ithm [&]
[ : f the concentration of th TE: plotted
against fime gave a straight line with i ; T A Ptk
negative slope, The ord sacton i
{a} ] td . P l}{ j*r of the reaction is

21. The concept of ty is useful for the reactions of
)

{a) zero order (b) first order (c) second order  (d) all orders

22. The half-life for a given reaction was halved as the initial concentrati ;
‘was doubled. The order for this component is HEANCHL QA TEAL AN
{a) 0 ) 1 () 2 @)

1,

s+ The rate constant for a second order reaction is 8x10™°M ™' min~". How long
it take a 1 M solution to be reduced to 0-5 M in reactant?

8665x 10" min (b) 8x10 *min () 1-25%10'min  {d) 4x 10" min

ﬁﬁ_ rate for a first-order reaction is 06932 % 10 > mol- L " min~" and the initial
. concentration of the reactant is 0-1 M. t, is equal to
3

(a) 06932 x 10~ min (b) 0:6932 x 10”> min
(9) 10 min (d) 6:932 min
2, What fraction of a reactant remains after 40 min if t; is 20 min?
ol | ) 3
- @1/ (b) 1/2 () 1/8 (d) 1/6

2. For a given reaction, the half-life period was found to be directly proportional to
{?}%nﬁﬁl concentration of the reactant. ”Theznrder is o
@0 (b} 1 ¢ :
e i ‘a’ for a
22. From different sets of data of 1, at difmindt ,‘;“ﬁloﬂiﬁf“%l'? = ee-of e
ﬂ'ﬂ'l l‘ﬂclmn, the product [lmxa} is four
ctionjs

@0 (®) 1 02 "
H‘&‘mm reases the rate of a chemical reaction bY

@) in

1g the activation energy

‘I

a .
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630 Modern ﬁppmﬂth to Chemical Calculations rate ’
Iﬂd |
(b) decreasing the activation energy Y a I
(c) increasing the wverage KE of the molecules he 5‘}. -ﬂ"i';:;
(d) increasing the number of active molecules Wkt |
25. The energy of activation of a forward reaction is 50 keal. The energy Aty & of @ :ﬁt‘;
of its backward reaction is ingy ﬂ'shau cam
(a) equal to 50 keal {b) greater than 50 kcal - min
(<) less than 50 keal (i SR gloateroriess than g4 8 qate CONS¥
30. The rate constant, the activation energy and the_]Arrhenius Tran:u:w of 3 g, -W' The ™=
. eaction at 25°C are 3x107 s', 1044 kKfmol” and 6x107 s~ respectivel, e B/
value of the rate constant as T — o= is catio b/
@2x10%s'  m6x10tsT (e (d) 36 10® @13
g | i o
31. Which of the following statements is wrong about reactions? i Merbﬂ same
(a) There can be only three values of molecularity, that is, 1, 2, and 3 -{i'}'-'.ﬁ!f? ﬂrder.
(b) There can be only four values of order, that is, 0, 1, 2, and 3. | s f the f
(c) There can be infinite number of values for order. | L [Wl"-‘dn} :
(d) The order involves rate while molecularity does not. 2
fficient of a reaction is 2. The rate of this reaction, on raisie. o L
32. The temperature coe -:msﬁa o ) nisig ._;%._._,1 \
the temperature by 25°, increase by :
(a) 4 times (b) 8 times (c) 6 times (d) 565 times

33. The rate constant of a reaction, 2A — Products, with initial reactant concentrafiog
a mole/L, is k mole/L/min. The t,, for the reaction is equal to

0-6932 1 : i - a |
(a) — P min (b) = min (c) T min (d) 3 min

34. The rate constant of a reaction, A — Product, with initial reactant concentratind
mole/L, is k L/mole/min. The #,, for the reaction is equal to

m| 1 i
@ 06532 {b}ﬁ {c]ﬁ {d}z_:k I

35. The rate of reaction doubles when the concentration of the reactant is increassd
four times. The order is :
(a) 12 (b) 2 (c) 1 (d) 4

36. When the concentration of a reactant, A, in a reaction: A — Products, 16
the rate of the reaction increases seven times, the order of the reac_tmn 15
(@) 0 &1 (b)1 & 2 (©)2&3 (d)3 &4

37. When the concentration of a reactant in a reaction, A — Products, i d
increase in the rate of reaction cannot be more than _
(a) 2 times (b) 4 times (c) 6 times (d) 8 times

38. For a second-order reaction of the type:
a
2A — Products,
a-x T
the rate law is given by

nu'ﬂlfd- o
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rate =— L 9@-x) d(34) il
2 dt qJFﬁ:iT:‘j‘:fﬂhx;“

The integrated rate law wij be

eaction, A

1 X
_ fa}k=-{ M ik=L [ =
e, t |a(a—x) 2t H;T:H} [‘:}kz_],J____fL_‘_:! 1
% of a ze S Ulxa~gf @ k=512
39, 50% : ro {_'."-‘l'dEI reaction Cﬂlnp]eteﬁ = ) ]; 2} m
shall complete in 10 Minutes, 100 fth
=i ' % of the |
{a) 5 min (B) 10 m: E Same reactinn
ey 40. The rate constant, k, of a second-order i e
T

—* Products i< given by

The ratio {;,./t, . is equal to
|m (a} 115 ﬂ?} 2/1

41. In which of the reactions of ¢ 3
e s he fﬂlluwmg orders the mol

(a) Zero order (b} First order (c) Second order  (d) Third o o

1. :::Ilﬁch of the following curves represent(s) a zero-order reaction?
(b)

o)
. lﬁg{.-x]l \ (a—x)
t

Sl ] ot jon i traight line with
43. A plot of reactant concentration versus time for a reaction is a ST s
43. A plot of reactant concentra and the intercept, giving the initial

ecularity and order can

‘a negative slope giving the rate constant, s
cor - ilion of the reactant. T‘he m‘der DE the reachon 1 {d} — SE hieas

@0 (b) 1 () 2
- 4. Consider the chemical reaction
N,(g) + 3Hi(g) — 2NH() in terms of time derivative of

| The rate of this reaction can be EK?TESWQH e
* concentration of Ny(g), Hy(g) or NHy(g). 1dents
the rate expressions.

3T EExpl:l']:]\f‘.._] 1 d[H.] _le[NHJ]

2 '*“_'="T=-§_ET' di

correct relationship amongst
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diN,]  dH,) dINH,] (11T 2002)
\&) Rty = =n e =220 :

45, If the rate constant for a reaction represented by 2”1 s H 2+ is denoteq by §

then for the same reaction if repret-fntﬂd by HI—3 H1 [n the rate COnstapy

shall be eq_uai to

(a) k (b) 2k () % (d) k+2)
a
46. For the chemical reaction of the type
24 = ;—B
i i he rate expressions is
e relat;o:;{s;? St d[r’tl B _ 1dIR]
dm] (b) +2° 5= dy
@-2=g *27a
.:m] diB] 2 +ldm] __,dBl
(c) “1 [ L= dt (d) di dt

- = Eh': 13“" ﬂf mass a(|'_'|_'-|i;'_}|]_'|lr never Dbe}’gd’?
hat of the following reactions is : :
i f:}rz‘:m o?d?; (b) First order (¢) Second order  (d) Third order

48, If the rate law of a reaction nA — B is expressed as
LAl A2 iay

Rate=—— =
{mol/L/s) n o dt
The unit of the rate constant will be )
(a) mol’/L"/s (b) L*/mol"/s |
(c) mol® - L* .57 (d) mol* V- L%

49. The exothermic reaction between substances A and B is presented in the plot below. |
Catalyst-induced preparation of the substance AB follows the pathway

(1)
1: A+B
E
{ AB
Reaction course
(a) 1 (b) 2 (© 3

50. Which curve corresponds to the temperature dependence of the rate K of a simp®
one-step reaction?

@ ®) © )

el L
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CHAPTER EIGHT EEN -

| t : .E{

| - ECTROMOTIVE FORCE e

| . ————— —\———\\ of

I | | cells are of two types: ‘electrolytic cells” and ‘Balvan;, ﬁﬂ:l;l::
hemical cells : ; ; i

| flecgre?cctr;lytic cells, the electrical energy 1S absmcll::ﬁjd F""':_'ducmg g The .
c;eﬁ'eical reactions. This process can also be reversed in which the cheny, E

energy is converted to olectrical energy- AnY device which accump“shes%; s e

: i 1.

is called a galvanic cell or voltaic ce ' |

is G iiﬁtrﬁlyﬁc cell electrons are fed into the cell fmm. the exteny elﬂ‘-":;:;

circuit. The cathode receives the electrons and ‘blemmes the negative electryg, aﬂewﬂr

and tl.'terefore the anode becomes the positive electrode. Oxidatign Bﬂd ﬁeled

reduction occur at the anode and cathode respectively. In a galvan el
oxidation occurs at the anode; the ElEﬂ“’Unﬁ_ so released by the anode are sent
to the external circuit by it. The anode is thus regarded as the negap
electrode and the cathode, where reduction occurs, thus becomes the positiye
electrode. Thus the signs of cathode and anode in the electrolytic cell and in
galvanic cell are just the reverse. Galvanic cells are of two types: chemical
and concentration cell. In a chemical cell there is an overall cell reactio,
whereas in a concentration cell, there is no overall cell reaction and the em
arises due to a concentration difference in the two half-cells. Let us consider
a Daniell cell, an example of a chemical cell (galvanic cell)

Zn ZnS‘C)‘ CUSO,‘, CL'I
| (ag) || (aq)
| or, Zn | Zn** (ag) | ICu®* (aq) | Cu
[ Anode (-) Cathode (+)
(oxidation) (reduction)

The cell reactions are

Zn = 7n** + 2¢;  (Oxidation): at anode
2+

Cu"+2 = Cy (Reduction): at cathode

The convention of T€presenting such cells are:

(i) The electrode at whi 3 _ _ , t-haﬂd
side and the +t=:lwectlj:::il::jmh reduction takes place is written on the righ

at which oxidati .« written Of
left-hand side. oxidation takes place is
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+o half-cell reaction is
Solution : The f“mc%'f'fl :,} + 6o — 20 +7H,O;  E'=133y
. 45 1oP'] === M and [H'] =102 M
Given: [cr,07 1= Tpo0 e 1000
z
0591 ___iEzf.fl_m
E=E-—¢ %8 [cr,0Z][H']
0591 (0-015)°

E=183-—¢ 18 (5,0025)(10)"

~ E=1-067V.

PROBLEMS
(Answers bracketed with questions)

r : £ values from the table (p. 638), if not given.]

I | ‘ J [N:l:;.fl;eiate the reduction potentials for the following half cells:
[.I . i) :lg | Agt 0 M); Eing Ag= 200V

| (i) Cu | Cu?* (02M); E'e?cu=034V

0350V, 032y,
I i 2. Construct galvanic cells from the following pairs of half cells and calculate jhy;
1 1 e

' () (Pt H, | HC1 (1 M) and Pt (CL) | HCL(1 M)

11| (1 atm) (1 atm)

! ;”' (ii) Cu | Cu** (1M) and C1” | CL (PY)

| (1M) (1 atm)

| Use the emf series. H,IH® Il Cl, | CI7; E=136V

1 Cu | Cu®* Il Cl, | Q17 E=14V]
3. Can F be oxidised to F, by any substance listed in the electrochemical series!
(No, but .it can be oxidised electrolytically)

4. A Curod is dipped in 0.1 M CuSO, solution. Calculate the potential of l]'usha-
cell if CuSO, undergoes 90% dissociation at this dilution at 3¢

i E'cy, cutt=-034V. 031V
5. If excess metallic iron is added to an N-CuSO, solution, calculate the appm"i““ﬁ
B concentration of Cu’* when equilibrium is established. @x10 M

- - (Yes!
by 6. Will Mg reduce CuS(}‘? E'-'Mg. M514=+2_36v and Eocu, Cuzos-ﬂ'}i\'l- |

Caliail sl
2% ‘culate emf of the following cells at 25°C in which the following reactior®
taking place: use E° values from table.

! (i) Mg +CL (1 atm) & Mg?* (1072 M)+ 2C1~ 2% 1072 M) &25951""
'f (i) Zn+ Fe* (10 M) = 72+ (10~ M) + Fe 381V,

An evaluation version of novaPDFE was used to create this PDF file.
- Purchase a license to generate PDF files without this notice.
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Eieclmmulive Force

8, Elg for Zn(s) + Pb** (1 M) 5 7,2+

cti (1 M)+ Pb(s) is-+ 066 volt. E.y for the
reaction

- 24 i
Zn(s) + Pb”" (01 M) — 7t {0-1 M)+ Ph (s) s

(a) +0-63 volt  (b) +0:66 volt  (c) + 069 volt {d) + 072 volt ®)

9: Egu for the reaction Cu™42C1" 5 Cu ()4 Cl, (g) is — 102 V. This reaction
() can be made to produce electricity in a voltaic cell

: 24 i !
{b) occurs whenever Cu™" and Cl~ are brought together in an aqueous solution
{c) can be made to occur in an electrolytic cell

(d) can occur in an acidic solution but not in a basi¢ solution (c)

10. Ely for the reaction Co (s) + Ni'" — Co'' +Ni(s) is +003 volt. If cobalt metal
is added to an aqueous solution having i:\]i"l =1M.

(a) the reaction will not proceed in the forward direction at all

(b) the displacement of Ni** from solution by Co will go to completion

(c) the displacement of Ni** from solution by Co will proceed to a considerable
extent, but the reaction will stop before the Ni*" is completely displaced

{c)

(d) only the reverse reaction will occur
approximate value

| 11. From the electrochemical series given in the text, determine the
of B for X" (ag) +2e — X ().
(a) The metal X dissolves in nitric acid

1+
"!E+ e Cud;sm i does not displace
metal i ic acid producing H, but does
' issolves in hydrochloric acid p :
2 i ) (a) 034V < E' <080V

8
S [qm-nav{ﬁ'{umvl

but not in hydrochloric acid. It can displace

is 028 V at 25°C. Calculate

i f cell
dard i tential of 2 calomel hal
e e i;-}‘i N KCl solution is used.

¥
“(01NKA 0339 V)
int: Hg,Cl; - 5 2Hg+2Q17 (01
e i , the negative
the potmtia! of a cell containing two hydrogen clectrodes
13. What is

i i lar
H ﬂ.'l'ld thE Pﬂﬂiﬁ'ﬁ'f one 1n Emtﬂ.ft Wﬂ.h EH]IE frale
one .“l. m'lm Wi.th 1"]' mﬂlar t

ficientl =
H"? . ¢ can be kept at a sufficiently =
NS o tant copper 1ons - frnum 5
li. = can rzd_‘[u'_‘E Zj.n-c 1ons !'E I.h'E_rEﬁu-lf an im]uble 'S-a]L w-hat 15 ﬂ:f ‘ma:u » 1 §
4. Copper > the formation © i r when Zn' "is 1 molar? =
;m-mntratmnbb’ 3 Hmwasmmm; — §
vncentration of Cu’ * in solution o E(Cy=01  (6x2077M) 3
: cnuz,ﬁ*zmﬁeeﬂ”i"“{ iy tact with —_—
' Cu, Cu " . e is in con! Sy
[HinE ¥ n electrodes: The negative dcc;‘:v at 25°C. Calculate ——
15. A cell contains two hydrog ;ons. The emf o the cell is &
g:_;gi;;uﬁmnﬂﬂ‘*m hydroges . s at the positive (I 1988) (107°M)

ﬁ ]
An evaluation version of novaPDFE was used to create this PDF file.
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16. The standard potentials, E* for the half-reactions are 3s
sta

ZI‘I=Z“2+*2E-; E'=076V [ﬂ i"t |
Fe—Feit+2eT E'=041V iﬂ}:ﬁn
. -_ [ ey 1® FE iE- {ii-i}
Y Il reaction Fe'* +Zn — ~n =+
mgmff;l‘tmce {':i.kﬂ.jﬁ‘l.l' (c) +1-17 V {‘i}_l'l?v H‘Bgch
(&0 (IIT 195
)
17. Given that F&'te = Fe'l E'=077V
' Fet*+2e = Fe E'=-044V
What will be the E° value for the following half cell? e
F‘E-T‘ + ae 1_—"- F'e 1:-_ Dlm ‘l|J_ f’ﬁ‘
18. From the following values of E’ drawn from the emf series, calculate Standarg g |
: and the equilibrium constant for the reaction, - .,
Hg'"+Hg = Hg' f;ﬁ#-i'
= : o 2e =092 V. ok
Hgt', g = 0788 Vi E'nigt’, ng," =09 0182V; 172513 5. The &
19. Will Fe (s) be oxidised to Fe'* by reacting with 1 M HCI? (Pt
E'pe, pt=+044V (Yes) H the
20. A galvanic cell is composed of a standard Zn electrode and a chromium elec rode ﬂk. . "'I:;
immersed in a solution containing Cr’*. At what concentration of Cr** wil the ﬂ,ﬂaiﬂl
emf of the cell be zero? 01M) The |
21. The standard electrode potential corresponding to the reduction {i’eﬂ]
Cr'*+e — Cr''is E'=—0407 volt. If excess Fe (s) is added to a solution in The s
which [Cr’ '] =1 M, what will be [Fe’*] when equilibrium is established at 250 : %
{Fe(s)+2Cr'* = Fe**+20r") (Fe*"1=042M) (e
22. The emf of a cell consisting of a copper and a lead electrode immersed in 1M =.-[:. )

 solution of salts of these metals is 0-47 V. Will the emf change if 0001 M solutions
are taken? (No)

23. What is the potential of a hydrogen electrode at pH = 10? -0V
24. We have an oxidation-reduction system:

[Fe(CN)J"+e < [Fe(CN)J'"; E°=+036V

at wh.at ratio of the concentrations of the oxidised and reduced forms will ¥
potential of the system be 028 V? (004

25. Calculate the emf of the following cell at 25°C,
Fe | FeSO, Il CuSO, | Cu

(01 M) (0-01 M) 4
Given that E° (oxd.) of Fe and Cuy are 044 Vand -034V respﬁth'e!}" 07

An evaluation version of novaPDFE was used to create this PDF file.
Purchase a license to generate PDF files without this notice.
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26, Calculate the emf of the following ey
from the table. 5 S5, find their cell reactions using £ val

(i) Ag | Ag” (001 M) | | zp*
) Pt | Fe** (1M, Fe' (01 M) |4

Cl- (o
(iii) Zn | ZnOL™ (01 M), O00LM) | Agel | ag

ch
a'ﬂ:- : .Hunﬂngﬂng
4 In each case, is the reaction as Written spontaneous 7
. T4 or mot?
i:; T 1{&]1'-‘} :“ME "N+ 248" ©O01); - 1473 vol -
(i) Hggil +?E (10)=Ag +C1" (0.001) + Be* (01); - 0313 vpt |
L+ £n+20H" (10) = Hg + ZnO~ (041) + H.O: 1343 volt |
(el (i) is spontaneous, (i) and (ii) are not]
4y,

(Y

27. Neglecting the liquid-junction potential,
25°C.

calculate the emf of the following cell at

H; (1 atm) | 0:5M HCOOH | | 1 M CH, COOH | H, (1 atm)
The dissociation constants of HCOOH and CH,COOH are 177x10™* and
1:8x 10" respectively.
8. The emf of the cell,
(PHyH; | H' (c=unknown) |1 KCl soln. | HgCl, | Hg is 04783 V.
If the electrode potential of the calomel chloride is +02420 volt (reduction),

{— 00246 volis)

calculate pH of the solution. (3.994)
29, Calculate the cell potential for the following galvanic cell
ok ; ‘ts of Fe'* | Fé* couple in which [Fe’']=1 M and
(O-1M) The first electrode consists of re p
; [Fe' ] =[0:1 M] L
j::: The second electrode consists of MnQO, | Mn®* couple in aci:fi: solution in which
llz‘i‘\? [MnD'"]=1xH]"M, [Mn"]=1xlu"mmlH*l=1xln M.
g |
M) (Bt =TTV, Eyop, ™" = 151 V)
| ' Y anode
' react sons are: e =Fe +edl
in 1 N {Htﬂt: Cell 1'?_ “ e Mn: * . ﬂleﬂ at cathod&i (042 V)
ohutic® MnO, + _
'.?""E ¢ 25°C for the reachon,
30. Fi ilibrium constant &
0-59"':' 30. Find the equi o i e JFe(NOs
: e 3 o g2t = (-7 volt (4-76)

Equ;'. Hs=ﬂ-?‘9 '.l'ﬂlt;

31 Caleulate the potential of 2
oBr (K, = 6x10™") containing. I 7
AgBr (K, =6 1) . ~0s0val =
AR iEEtdeE is il:ﬂ“w]ﬂd b
1 of a cell in which hYArOE pH of 107.
32, Calculate the putenllﬂl_; oH of 35 and in (0-425 volt)
water, in a solution with 2

in a Sammled Wlﬂﬁﬂﬂ ﬂf

Jectrode
yeL & e KBr.

tom, 01 mole per it
gt (014 volt)

a solution with a

An evaluation version of novaPDFE was used to create this PDF file.
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67 :
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33. A galvanic cell is constructed of two hydrogen electrodes, one "MMerseq in
solution with H* at 1 M and the other in 1 M KOH. Calculate E
solution is replaced by 1 M NH,, will Eqen be higher or lower than in 1 KOk,

083y, h""'EI'I‘]

able, explain why Cu (1) sulphate doeg not g

a
coll - IF 1 M

34, Uﬂng the electrochemical series i

in aqueous solution.

- ~ 12+
[Hint: Positive E° value of 2Cu = Euse:
shows that Cu (I) is not stable.]

Cu

35. For the cell,
Hunknown) | IH" (pH=1) | Hy(1atm). The meagy

(PY H, (1 atm).| H' (p :
late the unknown pH. a1

cell pﬂtmtial at 25°C is 0-16 volt. Calcu

e cell reaction and calculate the potential of the cell,
Cl, (p=0-9 atm) | NaCl solution | Cl, (p=0-1 atm).

will the cell reaction be spontaneous as written? (= 00282 ol

37. The emf of a galvanic cell composed of two hydrogen electrodes is 272 mV. Whay
is the pH of the solution in which the anode is immersed if the cathode is ip 5

solution with a pH of 3? 74)

36. Write th

38. Calculate the standard emf, standard free energy change and equilibrium constan
of a cell in which the following reaction takes place at 25°C.

1 1 1 ¥ >

5 Cu(s)+5Ch {g}=ECu2 +Cl
E'ci,ar =+ 136 volt; E',c,=+034volt  (1:02 volt, ~ 9843 k], 2x10)
39. What must be the pressure of fluorine gas to produce a reduction potential of
2-75V in a solution that contains 0-38 M F? E?ﬂ- =287V, (1:25 % 107 atm)

40. Show by calculation that E’=—1.662V for the reduction of Al** to Al(s), regardles
of whether the equation for the reaction is written as

(a) %Al’* +e— %Alfs}; AG” = 1604 k] /mole
or (b) Al” +3e — Al(s); AG® = 4812 k] /mole

41. If in a galvanic cell, say, Daniell cell, an inert platinum is used instead of a sait
bridge, will the cell still produce a potential.

42. Does the physical size of a galvanic cell govern the potential that it wil deli‘-{;j

What does the size affect? :
43. Consider the electrochemical cell represented by
Mg | Mg™ | | Fe* | Fe®* e
If 150 mA is to be drawn from this cell for a PEI'iIDd of 20 minutes, what B
minimum mass for the magnesium electrode? (0

An evaluation version of novaPDFE was used to create this PDF file.
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the fe
+ -
3. In the galvanic cell Cu | Cu®* (1 M) | | Ag~ (1 M) [Ag, the electrons tray, % i) 3
the external circuit (B) from Cu t6 A iy ( Bll’-l-'ﬂ
{Nlsomag to Cu al circuit : @ i g
(c) electrons do not travel In the extern {iii;I j
as at 1 atm capable of oxidi< =
Y= M sclution und-:-r*hy-:lmgcn gas at 1 a pable o OXidising Ag ned iiﬂ pcam]
in the presence of 1 M Ag'? (b) No Wtaﬂd
(a) Yes @@ 5
5. The potential of hydrogen electrode i3 S e S T B i the p ¥ e 1
solution is 4 e "
(a) 001 M (b) 2 M (c)10°" M (d) 1 M :“ceﬂ ¥
i el 70 |2 s —076 V. e of the cell 03"
' + 1 atm) is
Zn |l Zntt M) 11 2H (1 M) | Hy( L)
oy | B0V @08V @soamy st {'i
7. The standard reduction potentials at 298 K for the following half-reaction, an .—2-35'?2 .
given against each. (@2
Zn®* (aq) +2e=Zn (s); —0-762V ¢ the ¢
Cr'* (aq) + 3e=Cr (s); — 074 obel
2H i +p= Hl (g}:- +0-0V {a] -1'@
Fe’'(aq)+e=Fe’ ' (aq); +0-77 V v
2
Which is the strongest reducing agent? 15 -
() Zn (s) (®) Cr (s) () H, (g) (d) Fe’* (ag) (a) 28V
8. The standard reduction potentials, E’, for the half-reactions are as 16 AG® of ¢
Zn=Zn**+2e; E'=+076 V .
Fe=Fe'" +2¢; E'=+041V 2AgCl ('
the emf for the cell reaction, (@) -21-
Fe’* 4+ Zn=7Zn"" +Fe is 17. The val
(a) -035 V (b) +035 V (€) +1-17 V (d) =117 V ) <
(IIT 1988)

9. From the following E’ values of half cells,
MA+e—> A™; E=-024V
(i) B +e— B ; E'=+125V
(iii) C"+2e - C~; E°=-125V

(ivyD+2 — D*7; E’=+068V
What combination of two half cells would result in a cell with the largest potenti!
() (ii) and (i)  (b) (i) and (iv)  (c) (i) and (i)  (d) () and (V)

10. From the following E’ values of half cells

M)A A'+e E=112V (i) B~ — B+e; E=-21V

(i) C > C*+2; E'=-0.38V  (v)D™? —» D +¢; E=-09V 1

What combination of two half cells would result in a cell with the largest PO

(a) (i) and (iv) (b) (ii) and (i)  (c) (iii) and (iv)  (d) (i) and (ii)

An evaluation version of novaPDFE was used to create this PDF file.
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11. From the following
() A = AT+
(i) B +e — B;
(i) C**+e o CT;

iviD — D" + 2e:

What combination of two half ¢

(a) () and (iii)

12. If the following half cells have the §° values as

Fet+e = Fe®™: EP—so77v and Fe*
half cell Fe'* + 3¢ — Fe will be

(2) 033 V

1 E (red) values of the half cells Mg / Mg
-2:36 V and +1:36 V. The E” value of the cell Mg |

@372V

(a) ~160 V

15, Efor Fy+2¢=2F is 28V, E° for 5 Fy+e=F is

@28V

16, AG® of the cell reaction AgCl (s) + 5 H, (8) = Ag (5)+ H' + C1” is - 2152 KJ. AG® of
2AgCl(s)+ H, (g) =2Ag () +2H " +2C1" is

(a) -21-52 K]

17. The value of equilibrium constant for a feasible cell reaction is
(@) <1 )0 (=1 (d) >1

18. E° for the reaction Fe+ Zn®* =Zn +Fe'" is - V. Tl
(a) feasible (b) not feasible (c) in equilibrium

19, A gal i of two hydroge :
mﬂﬂlfmﬂfhﬂ ffc;?ming solutions should the other electrode be immersed

s ; COOH
(a) 01 M HCI (b) 01 qui};:)
(©01 M Hp0, @01 M HSO,

ol e ©
: W'EHzfgl' +AgCl(s)=H" (ag)+C! (g + Ag (s) oceurs

(a) Ag/AgCl (s)] KCl (sol) | | AgNOs (o) | A8
(b) Pt/H, () | HCI (sol) | | AgNO; (so) | A8

(©) PU/H, (g) | HCI (sol) | | AgCI ()] A8

(d) Pi/H, (g) | KCI (sol) | 1 AgC () 148

4. For the cell reaction Zn (s) + Mg™” (1 M) = Zn™* (1 M) + Mg, the emf has been found
tobe 1-60 V. E’ of the cell is

El!!ctmmmi!m Force

t-l.'l 'Ll'a.ll..ll!'s gf hﬂ]f

cells
E=15y
E'= o5y
= 405V
E’ = - 15V

ells w

(b) (i) and (iv)

ould result in 3 cell with

(€) (i) and (iv) the largest potential?

{d) (iii) and (iv)

t2e — Fe; F'=_p44 V; the E® of the

b)121 vV (c) 04 v (d) 0-605 V

and Cl, / Cl” are respectively

Mg 1CL, 1 Cl ™ is
(b) 1V (c) 0-18 V (d) 264 V

(b) 160 V (c) 00 V (d) 016 ¥

(b) 14 V (c) —28V (d)-14 V

(b) — 1076 kJ (c) — 4304 KJ (d) 43-04 K]

* is — 0:35 V. The given cell reaction is

n electrodes, one of which s a standard

in the galvanic cell:
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24 a1 Cu E at 25°C i= n
21, For the cell Ti | TI* (0001 M) | | Cu™" (OTH e SRV ung

can be increased
(a) by increasing [Cu”’]
2+
(¢) by decreasing [Cu ]
22. How much will the potential
i (b) decrease by 0-03 V

(b) by increasing [T1]
(d) by decreasing [T1°]

of Zn/Zn*" change if the solution of Zn?* ;. dig

i v
E:;:: Ef:: E;" 33359 v (d) decrease by 0-059 V
1 ectrode at pH = 10 will be
lfcell potential of a hydrogen el
5 .([:;eﬂ; ;'m - (b) -059 V (c) 0059 V (d) - 0059 v

24, How much will the potential of a hydrogen electrode change when its solution
initially at pH = 0 is neutralised to pH = 77
(a) Increase by 0-059 V (b) Decrease by 0-059 V
(c) Increase by 0-41 V (d) Decrease by 0-41 V

25. A dilute aqueous solution of Na,SO, is electrolysed using platinum el
The products at the anode and cathode are
(a) O, H, (b) 5,05, Na (c) O, Na d) S,0%, H,
(IIT 199¢)

26. The standard reduction potential of Cu™*/Cu and Cu™/Cu’ are 0-337 and 0153
respectively. The standard electrode potential of Cu”/Cu half cell is
(a) 0-184 V (b) 0-827 V (c) 0521 V (d) 0-490 V (11T 1997)

27. Which of the following facts about the chemical cell and concentration cell is
correct?
(a) Chemical cell is an electrolytic cell whereas concentration cell is a galvanic cell.
(b) Chemical cell has an overall cell reaction whereas concentration cell has no
overall reaction.
(c) Two half cells of both the chemical and concentration cells are chemically
different.

(d) E; equations (Nernst equation) of both the cells have the term E-,.

28. The temperature coefficient of a galvanie cell is +5:0x10°VK", During the
discharge of the cell, the cell temperature
() does not change (d) first increases and then decreases
29. Standard electrode potential data are useful for understanding the suitability o
an oxidant in a redox titration. Some half-cell reactions and their standard

potentials are given balow:

'Mﬁq)“* 8H'(aq) + 5¢ - Mn*(aq) + 4H,0()); E’=151V

C"zD:‘ (aq) + 14H'(aq) + 6e = 2Cr*(aq) + 7H,0(); E’=138V

.Fe"""(aq] +e— Fe''(aq); E’ =077V

Cl,{g} +2e — 2Cl (aq); E° =140V :
im“;'?; Wﬂm \ mﬂ)y incorrect statement regarding the quantitative estimatiot ==

An evaluation version of novaPDFE was used to create this PDF file.
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(a) MnO, can be used in aqueous HC|
(b) Cr;0% can be used in aqueous H(
(c) MnQ, can be used in Aqueous H S0
(d) Cr,05 can be used in aqueous H '

ilhlljgd 2501
30. Using the following Latimer diagram for bromine dize
182V o
pH=0; BrO,— —, B:o- — 135y e

. =R H By = Br, —— Br

the species undergoing disproportionation is

(a) BrO, (b) BFD;

[Hint: If the potential to the left
the right, the species will

(¢) HBrO (d) Br

of a given chemical species is less than that to
undergo disproportionation]

Answers

l-hf z'a; 3"‘b; 4‘br E'a-; ﬁ'b; ?"“af B"ba g‘a.i IH; ll'b; 12{, 13‘"3, 14‘h‘, 15‘\3._, ]E—CJ. l?—d,
18-b, 19-b, 20-c, 21-a,d, 22-b, 23-b, 24-d, 25-a, 26-c, 27-b, 28-b, 29-a, 30

aag
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CHAPTER NINETEEN

ON NUMBER AND BALANCING
QAR REDOX REACTIONS B

———_ﬁ

THE OXIDATION-NUMBER CONCEPT

The oxidation number, or oxidation state, of an atom in a substance s defiy
as the actual charge of the atom if it exists as a monatomic jo ol
hypothetical charge assigned to the atom 1n the substance according to song

accepted rules.
1. Electrons shared between two unlike atoms are counted to be wit the

more electronegative atom. Electrons between two like atoms are divided
equally between the two atoms. For example, in HCI, the OXidatign
numbers of H and Cl atoms are +1 and —1 respectively and the oxidatio

numbers of H in H,, Cl in Cl,, etc., are all zero.

The oxidation number of an atom in an element in its uncombined state

is always zero.

3. The oxidation number of H in a compound is assigned as +1 except in
metallic hydrides, where it is —1. :

4. The oxidation number of O in compounds is assigned as -2 exceptin

peroxides (H;O, Na,O,, BaO,, etc.), where it is —1; in OF,, where itis

+2 and in superoxide (KO,), where it is _% ;

5. Fluorine has an oxidation number of -1 in all of its compounds.

6. The oxidation number of halogens in halides is —1; sulphur in sulphidé
is ~2; alkali metals, +1; alkaline earth metals, +2.

4 :Ih‘e_ﬂlgebfﬂiﬂ sum of oxidation numbers of all atoms in a compound -
lon is equal to the charge on it. |

8. In coordination compounds, the ligands, for example, NH;, CO,
1,0, are neutral. Hence, their oxidation numbers are taken as ¢
oxidation numbers of CHy, CgH; are +1 and CN, OH, Cl are all -

I e oX

The Uﬁgﬂﬁqﬂ'ﬂ}fmber concept is of great utility to chemistry: I“;dw-

: Gaﬂ{::‘-' Crication Jnumber changes, The decrease in oxidation ™ fisin
2% reduction and increase in oxidation number, oxidation. An " oW®
agent shows a decrease in ite ~wia oo . ﬂﬂé a reducing ﬁggnt 5
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Assign ON to atoms of only
following redox reactions, and thep

1. GHOH+CrOy + H' = ¢ CHO4 HO
2. Sn(OH); + Bi(OH), + OH = Sn(OHY 4 j;

3. I0;+NH, +HCl=N, + ICL; + H,0
4. NO, + OH =NO; +NO; + HO

5. Hg,Cl, + NH, = Hg + HgNH,C| + NH,CI
6. Zn +NO;+ H' = Zn™" 4 NH; + H.O

7. L+ NG+ H =10, + NO, + H,0

8. MnQ; +50; +H,0=Mn0, + S0 + OH
H,0,+ClO, + OH =ClO; + 0, + H.O

L CIO" + CrO; + OH =CI + CrOY + H,O
11. I, +CL + H,O = HIO, + HCI

Cl,+ KOH = KOCI+KCl + H,0

13. Cl,+ KOH = KCIQ, + KCl + H,O

4. HO, +1,=HIO, + HO
[Hint: Change in ON = 10]

15, H,0, + KMnO, =Mn0, + KOH+ 0, + HO

' 16, HINO, + KMnO, + HSO, = HNO, + KMnO, + K50, + LO
17. NaNO, + Nal + HSO, =NO + I + Na;SO, + HO
18, N,lﬂ+AgN03+ KOH =N, + Ag + KNO; + HO
19. N,H, + Zn + KOH+ H,O=NH; + K,[Zn(OH)]

20, Fe+ NH, + H,0 =Fe(OH), + NI,

21, H,S+HNOQ,=NO +5+H.0

22 P4HNO, = HPO, +NO + HO

L '@:R;@;ﬁ,:, HC1=KCl+ t:g'.lg +H0+Ck

_ T%ML-ECZOTH-IECD# Mn** + HO
+C10f'+l'l*=Cl‘3+*ch+mo

{OFD, + 10, + O =T +Cr0F 10
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692 Modern J\ppmath to Chemital Ca]m!aﬁﬁm

27. KMnO, + H.S + H,S0, = KHSO, + MnSO, +5 + H,0
28. NO; +CI' + H' = NO + Cl, + H,O

29. HO,+I' +H' =L+ H,0

30, Cr,0% +NOj + H' =Cr’" + NO; + .0

31. N,O, + BrO; + H0=NO; + Br +H'

32. S,00 +5b,0, + H' + HO=5b0+ H,S0;

33- FEZ{SGJJ + FE = FESD,‘
34, Cu(NH,),CL, + KCN + HO=K,Cu(CN), + NH; + KCNO + NH,Cl + Kl

35. Ag+KCN +H0+0,=KAg(CN), + KOH
36. Zn+NO; + H =Zn" + NO, + HO
37. MnQ; + CN™ + H,0 =MnO, + CNO ™+ OH
38. AsQ} +10;=AsO; +I
39. Fe,0, + MnO; + H,0 = Fe,O; + MnO, + OH"
40. HS+Cr,0; +H =Cr" +5,+ HO
41. ZnS+Q,=2Zn0 +50,
42. KNQ, + FeSO, + H,S0, = KHSO, + Fe,(SO,), + NO + H,O
43. HS + KCr,0, + H;SO, = KHSO, + Cry(SO,), + S + H,O
44. KI+H,S0,=KHSO, +50,+1, + H,0O
45. GH,OH+MnO; +OH =C,H,0" + MnQ, + H,0
46. Al+KMnO, + H;S0, = KHSO, + AL(SO,), + MnSO, + H,0
47. KCr,0; + H,0 +5=50, + KOH + Cr,0,
48. Mlﬂz+HCl=MnC12+C}2+HIG
49. MnO; +SO; + H,0=MnO, + SO + OH-
50. Crzo,‘;'+50§‘4~1{'=Cr’*+SDf‘+}12{j
51. 4, +50,+ HjO=50% +I + H'
52. Sn+NO; + H'=5n0, + NO, + H,0
53. MnQj, + SO, + HO =Mn"" + S0 + H*
54, m;+50§“+0}r=mn0:'+sof+nzo
55. ClO +Br =BrO; +CI” :

An evaluation version of novaPDFE was used to create this PDF file.
Purchase a license to generate PDF files without this notice.

F


http://www.novapdf.com/

5. Zn+NOy+ H'=Zn" t NH; + o

57, KMnO), + HCl =Clj +KCl+ MI'IC!_,_. +H.O
i

5. BaCrO, + Kl + HCl = BRC|:, +1

3 +KCl+ CrClL+ Ho

59. Cl0; + 80, + H =ClO, + HS(;

0. Mn" +8,05 +H.0=MnO_ + HSO, 4 iy

1. €L, +10;+OH =CI" + 10, + H,0

g2. HS0; +Cr07 + H'=HSO 4+ C¥ + o

63. Cl0, +5b0; + OH" = ClO;, + Sb{OH); + H,O
64. Zn+NO; +OH = NH, + ZnO> + H,0

65, AsOF +MnO; = AsO; +MnO, + H,O

66. KMnO, + H,O, + H;50, =MnSQ, + K.SO, + 0, + HO
67. H,0; + PbS = PbSO, + H,O

68. MnO; + GOy +H' =Mn" + CO, + H,0

), Fe" +Cr,0; +H =Fe” +Cr' + HO
t‘ﬂﬁ-ﬂfb H,O=AsO; +H +I

72. HNO, + I, = HIO, + NO, + H,O
?3-3;_&,0,+HISD‘+ KI=1,+ KSO, +Cr;{50y), + H.O
74. CuO+NH,=Cu + N, + HO

75. AsS,+ HNO, = H,AsO, + H;SO, + NO, + HiO

76. PbS + 0, = PbSO, + O,

7. Cl+ Se0F + HO=5e0; + Q'+ H
“qu,Panf,oQ‘ ~ Cu? +HPO, +Cr + HO
7.} ‘-+E(m—1)3 Bi + Na,5n0O; + HiO
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to: Chemical Calculations

Modemn Approach

5Ch
01 &
84, KM“D:=K:M“0*+MT1Q+ . MnO, and MnO. and chanee ; 11 k K
[Hint: KMnO, reduces to both K MRty change in O _ 4 ’ 3C1:+:K
85. (NH,),Crj0,=N:* S ; (@] 13 5Ch: - |
86. MnDi'arH’-—'MﬂG;*MnD’“ ’ 4 0"
87. H,PO,=H,PO+F kL, - 5 5HO2 &
88, Zn+HNO,= Zn(NOy,; + N0+ o, SHN\D: :
' ' i Sl o NO + HED Iﬁ' D
89, CuS ¥ NOs £ H =G5 7 NaNU:
90, CuSO, + Ki=Cugly + 1 + KOs N
91 F€501=F31‘03+5q+503 1% NQHH';
53, NaOH + Cly=NaCl + NaClO + H,0 4 et 3
93. NHJ + ngCl; = HE + HEENHJJCI + HC 3}{15 "
[Hint: Change in ON = 1l 21
44, Br.+ OH =BrO™ + Br + H,O », 3P+5H
95. AsS;+HNO,= H,S0, + NO, + H,AsO, + HO 2. KZCTzOs
96, Cr,O% +50,+H = Cr” + HSO, + HO 24, 2MnO;
97. HCl+ WO, +SnClL = H;SnCl, + W,O, + H,0O 2. Cr,07 -
98. HCl + FeCl, + V(OH),Cl= VOCI, + H,0 + FeCl, 26, 2Cr(OH
99. Au +KCN+HID+ 0, = KAu(CN), + KOH 27, 2KMnC
100. KOH + KMnO, = K;MnO, + O, + HO 2, 2NO: +
Answers B. HO, +
1. 3C,H,OH +Cr,0% + 8H' = 2Cr™ + 3C,H,0 + 7H,O 3. Crot
2. Sn(OH); + 2Bi(OH), + 30H =3Sn(OH); + 2Bi 31 AN,
3. IO+ NH, +2HCl = N, + ICL; + 3H,0 2 500,
4. 2NO, +20H =NO; + NO; + H,O 8. Fes0
5. 2Hg,Cl, +4NH, = 2Hg + 2HgNH,Cl + 2NH,Cl 34, :"C“N
6. 4Zn+NCl;+1£]H'=¢2nz*+NH:+3HZO 35‘44@;1.;
%,
7. Iz+lﬂNC§+3H+=HQ+lﬂNQ+4Hz{} *Znyy
e T e il
8. 2MnO; +350; +H,0 = 2MnO, + 3507 + 20H" 2““&

9. H,0, +2CIO, + 20H = 2C10; + 0, +2H,0
10. 3CI0™ +2CrO; + 20H =3CT +2C:0% + HO
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i i, 1,4 5CL + 6H,0 = 2HIO, + 10HC
2. 2C1, + 4KOH = 2KOCI+ 2KCl + 2110

13. 3CL + 6KOH = KCIQ, + 5KC] + 3HO

14. 5H,0; + 1, =2HIO, +4H.,0

15. 3H,0; + 2KMnO, =2MnQ, + 2Kk0OQ +30,+ 2H,0
16. SHNO, +2KMnO, + 3H.50,
17. 2NaNO, + 2Nal + 2H .50, =

=5HNO, + 2KMnO, + K 80, + 3H.0
INO+ 1, + 2Na S0, + 2H,0 ‘
18. N.H, + 4AgNO, +4KOH=N, + 4Ag +4KNO, + 4HO

19. N;H, +Zn+2KOH +2HO = 2NH, + K.[Zn(OHy),|

20. Fe+N.H, +2H.O = Fe(OH), + 2NH,

21, 3HS + 2HNO; =2NC - 35+ 4H O

22. 3P+ 5HNO, = 3HPO, + 5NO + H,0

23, K,Cr,O, + 8HCl = 2KCl + 2CrCl, + 7H,0 + 3C,

| 24, 2MnO; +5C,0; + 16H" = 10CO, + 2Mn* + 8H,0
| 2 {::p}‘ +3C,0% + 14H' = 2Cr* + 6C0O, + 7H,0
2Cx(OH), +10, +40H =T + 2Cr0} + 5H,0
2KMnO, + 5H,S + 4H,S0, = 2KHSO, + 2MnSQ, + 56 + 8H,0
N ’35: 2NO; +6C1" + 8H" = 2NO +3Cl, + 4H,0
29. HO,+2I +2H =1, +2H,0
30. Cr,0% +3NO; + 8H' = 2C¢™" + 3NO; +4H,0
31 3N,0, + BrO; + 3H,0 = 6NO; + Br +6H'
82, 5,00 +25b,0, + 6H' + 3H,0 = 4500 + 61,50,
33, Fe,(S0,), + Fe=3FesC:,

34, 2Cu(NH,),CL, + 7KCN + HO=K,Cu(CN); * 6NH, + KCNO + 2NH,Cl + 2KCl

31@5=t3.ﬁaﬂ”' O + 1
: ; + H0 =9Fe,0s + MO, + 20H°
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(
Egﬁ Modem ﬁpprﬂa{'h tD C}wmicﬂi C.alq:ulaliﬂns
56H,0 - ,,,{Ific
40. 24H.,5 + 8Cr,0% + 64H' = 16Cr" + 35 + 56H, P d
ah
41. 27nS+30,=2Zn0O+ 250, 3 =
3 - ]
o ¥
43, 3H.S + K,Cr,0, + SHSO, = 2KHSO, + Cri(809); +35 + 7H,0 P 7
-
44. 2KI + .?!H_.Soq = EKHS{J‘ + Sﬂz =+ IZ + 21"120 ‘lCrIOfZN
+0OH =3CH,O +2MnO, + 5H,O ’C‘par

45. 3C,H.OH +2Mn0O,
46, 10A1 +6KMnO, + 27H;50, = 6KHSO, + SALS0), + 6MnSO, + 2411

47. 2K,Cri0, +2H,0 +35= 350, + 4KOH + 2Cr,0,

48, MnO, + 4HCl = MnCl, + Cl, + 2H,0

49, 2Mn0); + 3507 + H;O =2MnO; + 350% +20H
50. Cr,0F +350% +8H'=2Cr" + 350} +4H,0

51. I, +50,+2H,0=50] +2I +4H’

52. Sn + 4NOj + 8H' = SnO, + 4NO, + 4H,0

53. 2MnO; + 550, + 2H,0 = 2Mn"* + 550 + 4H’

54. 2MnOj +SO% + 20H =2MnO; +SO; +H,0

55, 3CIO™ + Br = BrO; +3CI°

56. 4Zn + NO; + 10H" =4Zn" + NH; + 3H,0

57. 2KMnO, + 16HCl = 5Cl, + 2KCl + 2MnCl, + 8H,0
58, 2BaCrO, + 6KI+ 16HCl = 2BaCl, + 31, + 6KCl + 2CrCl, + 8H,0

59. 2CI0; + 50, + H =2CIO, + HSO,

60. 2Mn™* + 55,07 + 8H,0 = 2MnO); + 10HSO] + 6H'

61. Cl,+I0;+20H =2CI' +10; + H,O

62. 3H,S0, + Cr,0% + 5H' =3HSO] + 207" + 4H,0

63. ZCIG,+SbD;+ZDH=2CIO;+Sb{DH]g+2Hp

64. %+N05+W=NH3+4ZnO§'+2HzO

65. -3’@0;*+2Mn0;=3mohmnoz+ 2H,0
EE.-'MnD.+5H201+3H250!=M50l+]<2504+502+3l{,{}
67. 4H,0, +PbS = PbSO, +4H,0
68. 2MnO; +5C,0; +16H' =2Mn? 4 10CO, + 8H,0
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Oxidation N
umber and Hufanfing of Redox R
. Reactions

9. 6Fe’ + CrO8 +14H" = 6Fe™ L 30,3 TH,0
70. AsO5 + b+ HO=AsO] + 21" 4 o

71 25,05 +L=8,0 + 20

72, 10HNO; + I, = 2HIO, + 10NO, + 411,0

7. K.Cr,0; + 7THS0, + 6Kl =31, + 4KSO, + Crys

0),+7H,0
74, 3Cu0 +2NH, =3Cu + N, + 3H 0

75, As.S,+40HNO; =2H,AsO, + SH.SO, + 40NO, + 12H,0

76. PbS +40,=PbS0, + 40,

77. Cl, +5e05 + HO =Se0; +2C1" 421"

78. 6Cu,P +124H" + 11Cr,07" = 18Cu™ + 6H,PO, + 22Cr* + 53H.0
79. 3Na,;5n0; + 2Bi(OH), =2Bi + 3Na,Sn0, + 3H,0 ‘
80, H,0 +SbCL, = SbOCI + 2HCI

81. K Fe(CN), + 61Ce(NO,), + 258KOH = 61Ce(OH), + Fe(OH),
+36H,0 + 6K,CO, + 250KNO,

§§+60H =25 + 508 +3H,0
’§IQ;+?T+BH'=412 +4H,0

. 2KMnO, = K,MnO, + MnO, + 0,

3 (NH),Cr,0, =N, + 4H,0 + Cr,0,

8. 3MnO;" + 4H' = 2MnO; + MnO, + HO

§7. 4H,PO, = 3H,PO, + PH,

88, 4Zn + 10HNO, = 4Zn(NO,), + N;O + 5H,0
89, 24CuS + 16NO; + 64H' = 24Cu’ +35,+ 16NO+ 32H,0
%. 2CuSO, + 4KI= Cu,l, + 1, + 2K:50,

51, 2850, = Fe,0y + SO + 5O, [Hint: Change in ON =2
9. 12NaOH + 6Cl, = 10NaCl + INaClO + 6H0

9. NH, + Hg,Cl, = Hg + Hg(NHyCl + HC

%. Br, +20H =BrO +Br + H,0

. +12H0

9. AsS, + 40HNO, = 5H,S0, +40NO; * LA

%. Cr,0% 4350, + 5H" = 2C¢" + 3H50; + O

% 4H0L4 3WO, + S, = HisnCh + Wi0 0

T
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g Modern AppTe wach to

E 1. & AH. O + Fell,
98. 2HCI + FeCl, + wOH),Cl = vOCl, .

99, 4Au + 16KCN + 6H;0 +30: = JKAU(CN), + 12KOH
: AU ¥ i 5

¥ )
100. 4KOH + 4KMn(), = JKMnO, + O, 4 H.C

aaQ

A 2
i LS
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h o Chemical Cald ulation

0% Modern Appros<

; Ol "‘llli."-l-fin{!
98. 2HCl + FeCl, + VIOHL] - VOIS *
f(CN), + 1LIKOH
99. 4Au+ u.m;w.nr{:{h.ﬁ",-41'~m“- ‘
C Yy & L), 4 ]‘!l )
100. 4KOH + 4KMn() = AR MO, ¢ &5 T 15

QQQ

1 by o
— .
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SOLID AND 1

CHAPTER TWENTY

QUID STATES
‘_‘_—‘——t—__\_\_\-

THE SOLID stATE

golid substances are frequentl}r classifi
Crystalline solids are characterised b
particles. However,
a mﬂrphﬂus solids, has no well-defined
“hber, some kinds of plastics,
an amorphous solid
rcooled liquid of high viscosity.

a small class of

Y a

and some

ed as either ¢r

ystalline or amorphous.
regular, ordered arrangement of
flonerystalline  solids,
ordered structure,
amorphous sulp

known as
Examples are

_ hur, etc. Glass is sometimes
times called an undercooled or

Crystalline Solid

Amorphous Solid

- Ll Definite and regular geometry| 1.

with flat faces and sharp edges
2. It breaks up into smaller crystals|2.

of the same geometrical shape
3. Sharp melting point
4. Anisotropic,
properties are different in different

Le.,

physical | 4.

No definite geometrical shape
Broken pieces are not generally flat
3. No sharp melting point

[sotropic, i.e., physical properties
are same in all directions

directions
Types of Crystalline Solids
Ionic Metallic Covalent Molecular
Particles Anions, Metal ions in |[Atoms Molecules
occupying  |cations electron cloud (or atoms)
lattice points
Binding force |Electrostatic |Metallic Ew;lent :aar;i:er
b onds
attraction bonds bk
: Very hard,  [Soft, poor
ve
Hard,ﬂbnE .tﬂm:i ﬁf.tdmgmg’ poor thermal |thermal and
l_ 1l clectrical men;'lal and |and electrical |electrical
an dic ectﬂmr: bl conductors conductors
con
conductors -
i d); HZDJ’ H}'
- .r K_I,. Ca_; C {dlﬂﬂ'lﬂﬂ
NaCl, CaBr;, é’lm Na, efc. 5i0, (quartz), CO,, Ar, etc.
. G el elc.
i -
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732 Modemn ..r"-.ppu‘la-:‘]'l to Chemical Calculations

PROBLEMS

(Answers bracketed with questions)

1. Potassium metal cr},ﬁtﬂm?ﬁ in a face-centred arrangement of at_nms where the
edge of the unit cell is 0.574 nm. What is the shortest separation of any two
potassium nuclei?

[Hint: Calculate diameter of K] (0.406 nm)

2. A simple cubic lattice consists of eight identical spheres of radius R in contact,
placed at the corners of a cube. What is the volume of the cubical box that wil
just enclose these eight spheres and what fraction of this volume is actually
occupied by the spheres? (64R°, 52.36%)

3. Copper has a face-centred cubic structure with a unit-cell edge
length of 3.61 A. What is the size of the largest atom which

could fit into the interstices of the copper lattice without
distorting it?

[Hink: Calculate the radius of the smallest circle in the figure.] (0.53 A)

4. Calculate the packing fraction for the K unit cell. K crystallizes in a body-centred
cubic unit cell.

(0.68)
5. Calculate the percentage of vacant space in a 5i unit cubic cell. The unit-cell content
for Siis 8and r = :;;" - (See hint of Q. 7) (66%)

6. Calculate the packing factor for spheres occupying (a) a body-centred cubic
structure, and (b) a simple cubic structure, where closest neighbours in both cases

are in contact. [(a) 0.68 (b) 0.524]
7. Silicon crystallizes in a unit cell to that of diamond. Find the unit-cell content for

Si. @
[Hint: Diamond has a face-centred cubic unit cell containing a tetrahedron of
atoms.|

8. The intermetallic compound LiAg crystallizes in a cubic lattice in which both Li

and Ag atoms have coordination numbers of 8. To what crystal class does the unit
cell belong? (Cubic structure)

9. A compound formed by elements A and B crystallizes in the cubic structure where
A atoms are at the corners of a cube and B atoms are at the face centre. Determine
the simple formula of the compound. (AB.)

10. A cubic solid is made of two elements A and B. Atoms of B are at the corners of
the cube and of A, at the body centre. Determine the formula of the compound.
(AB)
11. A mineral having the formula AB, crystallizes in the cubic close-packed lattice,
with the A atoms occupying the lattice points. What are the coordination numbers
of the A and B atoms? (8, 4)
12. Calculate the Avogadro constant from the following data:
Density of solid NaCl=2.165 g/cc
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Solid and Liquid States o

.. " ) i
E:oaﬁcuh?;:?hn wimm of adjacent Na’ and CI" = 0.2819 nm
€ edge length of 2 cube containing 1 mole of NaCl and the number

of ions (Na* + |-
75 (Na"+ CI') along one edge of the cube. (602 10%,3.0 cm, 1.064 x 10°)

13. Metallic rhodium crvstallizec : : L : -
length of 3.803 A aﬁcull:::!ﬁﬁ-ﬁ a face-centred cubic lattice with a unit-cell edge

molar voiume of rhodium including the empty
spaces. (8.28 <)

14. The atomic radius of palladium

is 1.375A. Th i f palladium is a
face-centred cube. Calculate the de S it oell o patac:

nsity of palladium. (12.01 g/cc)

15. Th it ce St
> 1he unit cell of tungsten is a face-centred cube having a volume of 31.699 A”. The
atom at the ce

s ntr_e of each face just touches the atoms at the corners. Calculate the
radius and atomic volume of tungsten. (1.1189 A, 5.8676 A%)

16. Aluminium Cr

S0uk oo ystallizes in a face-centred cubic unit cell with an edge length of

late the approximate Avogadro constant. (5.83 x 10%)

17. An unknown metal is found to have a specific gravity of 10.2 at 25°C. It is found

to crystallize in a body-centred cubic lattice with a unit cell edge length of 3.147 A.
Calculate the atomic weight. (95.7)

18. Zinc selenide, ZnSe, crystallizes in a face-centred cubic unit cell and has a density
of 5.267 g/cc. Calculate the edge length of the unit cell. (5.667 A)

19. A face-centred cubic solid of an element (atomic mass 60) has a cube edge of 4.0 A.
Calculate its density. (6.23 g/cc)

20. Polonium crystallizes in a simple cubic unit cell. Its atomic mass is 209 and density
is 915 kg m . What is the edge length of its unit cell? (1.56 % 1077 em)

21. A metallic element has cubic lattice. Each edge of the unit cell is 3.0 A. The density
of the metal is 8.5 g/cc. How many unit cells will be present in 50 g of the metal?

(2.178 x 10%)

22. The d,,, spacing for crystalline K is 0.3079 nm. Calculate the length of the cubic
unit cell. (0.5333 nm)

23. Calculate the Miller indices of crystal planes which cut through the crystal axes
at (a, b, c), (2a, b, ¢) and (2a, - 3b, - 3¢). [(A11), (122), (3Z22))

24. For a primitive cubic crystal with a=3x10"" m, what are the smallest diffraction

angles 0 for (a) (10 0) and (b) (11 1) planes for A=150x10"" m?
[(a) 15.48°, (b) 25.66°]

25. Potassium crystallizes with b.c.c. lattice and has a density of 0.856 x 10’ kg m™>.
 What is the length of the side of the unit -:e_ll, a, and what fs the distance between
(200), (110),and (22 2) plares? jWhat is the closest distance between atoms,

and what is the potassium atom radius, r? .
(533.3 pm; 2667, 377.1 and 154.0 pm; 462.0, 231.0 pm)

26. The ionic radii of Na® and CI ions are ﬂgﬂ x 10" m and 1.81 x10™ m respectively.
Find the coordination number of each ion. (6, 6)

27. What is the critical radius ratio for the CsCl structure? (0.732)

O JHT Ty o T OO . (]
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[Hink: See text for cubic void]

. ‘Calotilate the Fractisnal void volume in:the c.cp.and hicp. structures of harg

H.O 1 1 e mﬂlainﬂd in a unit cell? The density of ice is 0.92 EJ"L‘C ak
O molecules a

Eut{acu. tens

4 pumber

§i lagm O
-

e the
(02594, 070 , alcu]'a
g hich N fﬁ UGTZ‘?S ™
: > at which the sty &
Eoee oy tice. At the low temperature a structure 107 ke
e ?’::ﬂﬂ 'nedm 2115: Iaiifisizits were @a=453 A and ¢=741 A. How many 998 *
was ermii E

o viscosity
0°C. A unit cell of H,O is shown below: (4) 35'1:01.-.- long
. conditions £
An organic
Y * se if the €
1200~
&
i ial tic acid was determined using the ‘bubble _

e e SUI"E-HEE Tf-;:";ﬁl?“ Jiicg'l:a;: F:izsure needed to dislodge bubbles of air from 1. W}'II.C%'\ of |
PTE&S?H;E :nema leI'Zf' tube immersed in the liquid is measured. Given that the (a) Diamo
;h;_e 1a th: o t'; (r) is 1.1 mm, the depth of the tube in the liquid (1) is 356 cm, 2 Which of
zem:aﬁure is 420 Pa and density (CH,COOH) = 1.0492 g-cm ~. Determine y. (a) 1sotro]

E (29x 107" Nm™) (c) Defini
: E: 3. A crystal
[Hint: Laplace equation: ¥ =5{7 - hdg)] e
P two ¢
- ' = its density is 0.866 g/cc. (a)
tension of toluene at 298 K is 0.0284 Nm and its : is 0. : ;
- Eﬁ:tugaﬁg Ia:gﬂzat radius of the capillary that will permit the liquid to rise (c) one
2x10™ m? Assume 8=0. (3.34x 107 m) 4. '{I’l’;eTnum
a
= u x a ! y A11
32. Calculate the capillary depression of Hg in a tube of diameter _13[] mim m;me ...
that the contact angle is zero. The density of Hg is 13.6 % 10° kg m~ and the surface o
= | 3
i is 0. - 138107 m)
tension of Hg is 0.460 Nm ( 2.
33. The time taken by a metal ball to drop through a liquid A of height h '-5:.2:3 (a) 3
G whereas that in liquid B is 7.5 s. If the densities of the metal ball, llqux‘dﬁ ) 7 a s
B are 7.8x10°, 1.5% 10" and 4.6 X 10° kgm ™ respectively, calculate the mcﬂﬁl_?’ o 665
2 - . How 8. .
24, A certain liquid has a viscosity of 1.0 10° poise and a density of 32 g/ m;m:gh . E;E 1:
long will it take for a platinum ball with a 2 5-mm-radius to fall 1.0 cm oo e
the liquid? The density of platinum is 214 g/cc. - |
iqui 9. The
2 ; : le of liquid S :
35. Two capillary tubes of radius 0.2 and 0.1 mm were _p'ia.m% m:::: l:i::'spiﬁ oo @b
H,0, The difference between the heights of the liquid in | © o
- =I b
Given that density (H,0,) =1.41 g cm’, determine Y. (761 x10°Nm )
ively. Determiné e
36. 50 drops each of water and ether, weigh 3.64 g and 0.852 g respectively (a) }
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the surf, ;
e tensin

n of g ¢

ether if the surface tension of water is 72.75 dvne em}

(17.03 dyne em’ h

37. The
an | stala r:umbu:r of drops of water
y EMometor !

is 100, wh
; whereas
EJIEUIME the surface the nu

is 0.07275 Nm?
0.998 x 10" kg

counted in falling-drop  method using

; mber of drops of an organic liquid is 280
tension of the organic liquid if the > 4

and  the densities of wate
and 0.755 x 10° kg m

surface btension of water

r and the organic liquid are

respectively. (0.01966 N 'm ™)

'."}h"'.rc oil at 293 K is 0.084 N m s and density is 1.1 10" kgm"™.

conditions tak it take to pass through a viscometer if water under the same
akes A seconds? {"ln-_.n =0.00101 Nm*s, dy=0998 <10 kgm )

(37 min 43.7 5)

An anic liguid ricoe -
= t}:g&nm liquid rises 1.0 ¢m in a capillary tube of radius r. How much will it
If the cross-sectional area of the tube is halved? (1414 cm)

38. The k‘iﬂmih. of
Howe long will

39.

n OBJECTIVE PROBLEMS

m' 1. Which of the following is an amerphous solid?
(a) Diamond (b} Graphite (c) Glass (d) Common salt

2. Which of the following is not a property of crystalline solids?
(a) Isotropic (b) Sharp melting point
(c) Definite geometry (d) High intermolecular forces

3. A crystal may have one or more planes of symmetry as well as one or more axes
of symmetry but it has
(a) two centres of symmetry (b) no centre of symmetry
(c) one centre of symmetry (d) four centres of symmetry

4. The number of basic crystal systems is

(a) 7 (b) 8 (c) 6 (d) 4
5. ;I:;e?tﬂta] number ul;';.*;ezrcatents of symrmi:;}rgin a cubic cryﬁt.-ilgsmm Sl
: T : s
) 6. ;I:;uesnumber of Brav{.;;s llilﬂlcﬁ in a cuh;cc}c;ystal is i
i 7.Ina ﬁﬂ iﬂ;ﬁde crystal, each Chlm;[:f;ﬂcl qu ;;;r?;;ded by
| E:; g sodium ions (d) 4 sodium ions

| of CsCl crystal is
8, The structure : | _
; i (b) face-centred cubic lattice
' {a) body-centred cubic lattice e cunic Il
| (c) octahedral A - (d) none of (a), (b)
| structure is
I y mbud cmtr:éN i (b) face-centred cube
g: tah (d) square plane

of C1~ ions in CsCl structure is

10. The arrangement (b) simple cubic (<) fc. (d) bec.

. (a) hep.
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11
‘(I::jleznumber of atoms per unit cell in a face-centred cube is
(b) 3 (c) 4 (d) 14
12, The coordination number of a body-centred atom in cubic structure is
% () 6 (© 8 (d) 12
13. CIDSE' P&tkmg is maximum in the crystﬂ.i whirh is a
(a) simple cube (b) face-centred cube
(c) body-centred cube (d) primitive cube
14.Ina body-centred cubic arrangement the ion A occupies the centre while the ions
-of B occupy the comers of a cube. The formula of the crystal is
(a) AB (b) A,B (c) AB, (d) AB,

15. The number of atoms per unit cell in a simple cube, facecentred cybe and
body-centred cube are respectively

(a) 1, 4, 2 b) 1,2 4 (c) 8,14, 9 (d) 8,4, 2
16. The radius of an ion in a body-centred cube of edge a is
a v2a 3a
(@3 b))% © 5 (d) a
17. The volume occupied by an atom in a simple cubic unit cell is
(@) a* o) 2 0% g S
3 6 (d) 8
18. In a body-centred cubic cell, an atom at the body centre is shared by
(@) 1 unit cell (b) 4 unitcells  (c) 2 unit cells (d) 8 unit cells
19. In a face-centred cubic cell, an atom at the face centre is shared by
(a) 6 unit cells (b) 1 unit cell (c) 4 unit cells (d) 2 unit cells

20. An atom at the corner of a simple cubic cell is shared by
(a) 2 unit cells (b) 4 unit cells (c) 8 unit cells (d) 1 unit cell

21. The atomic radius in a face-centred cubic cell is

a V2a V3 :
@ > (b) 7 (c) Tﬁ (d) %
22. The fraction of the total volume occupied by atoms in a simple cube is
B V3n 2%
@3 : () == (0 == (d) %
ﬂ.'!heMilIer indices of two parallel planes in a crystal are
(a) same (b) different

24. The Miller indices of the shaded plane shown in the figure below are
(@) (001) (b) (010)

(©(©11) (d) (100)
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32 In a solid AB of NaCl structure,

Solid and Liquid States

25. Th .
. The Miller indices
5 of 5
@ (100) the shaded plane shown in

() 1T the figure below are

Lz

(1171 @) 001)

.
26. Bragg’s law is given by the equation

(2) nA =2 sin 8 (b) nA=2dsinB (c) 2d=nksing (d) nA =d=ind

27. A mineral having the formula AB, crystallizes in the cop. lattice, with ‘A atoms

ﬁ:cupymg the lattice points. The CN of A is 8 and that of B is 4. What percentage
of the tetrahedral sites 15 occupied by B atoms?

(a) 25% (b) 50% (e} 75% {d) 100%:

28. The number of octahedral sites per sphere in a c.c.p. (f.c.c.) structure is
(a) 0 ®) 1 ()2 (d) 4

29. The density of crystalline CsCl is 3988 g/cc. The volume effectively occupied by
a single CsCl ion pair in the crystal is (CsCl = 168.4)

(8) 7014 x 10 % cc  (b) 281102 cc (o) 6.022x10%cc  (d) 3.004 % 10" cc

' 30. The CsCl structure is observed in alkali halides only when the radius of the cation

is sufficiently large to keep its eight nearest-neighbour anions from touching. What
minimum value of r_/r_is needed to prevent this contact?
(a) 0.155 (b) 0.225 (c) 0.414 (d) 0.732
31. A substance A,B, crystallizes in an f.c.c. lattice in which atoms of ‘A’ cccupy each
corner of the cube and atoms of ‘B” occupy the centres of each face of the cube.
Identify the correct composition of the substance AB..
(a) AB, ®) A8, _
(c) A,B (d) Compeosition cannot be specified
A atoms occupy the comers of the cubic unit cell.
If all the corner atoms are removed then the formula of the unit cell will be
(a) AB, {b) B {c) A;B; (d) AB

33, In a crystal AB, which of the following crystal systems will have parameters,

2pzecand a=p=y=907 ‘ e ol
?ﬁT Cubic (b) Orthorhombic () Monoclinic (d) Triclinic
' ich of the following facts is not true?
Sﬂ-mtheﬂaﬂcrystal,wmdm ek :
(a) Na' ions form f.c.c. lattice (b) Cl” ions form f.c.c. lattice
(¢) Na’Cl” units form fcc. structure  (d) CN of each Na' and CI" is 6

; o order of the size of the void is
38 iic > ocahedral > erahecral > rigonl
.{B}ﬂw}mtm}@dﬁl:nctahgdmi>cub}c
(d) cubic > tetrahedral > octahedral > trigonal

1 An evaluation version of novaPDFE was used to create this PDF file.
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36. The greater the valye of r./r, ISC
(a) the lower will be the CN M
(b) the higher the valye of CN
(c) the higher will be the number of cations

(d) the lower will be the number of anions 1. P} Ejarrbﬁ
37. An organic liquid rises 2.0 cm in a capillary tube. How much will it rie j the gﬂ mpot
Cross-sectional area of the tube is doubled?
(a) 2.0 em (b) 1.0 em (c) 4.0 cm (d) 1.4 em 5 The to
38. When the temperature is increased, surface tension of water from 2
(a) increases (b) decreases |
{c) remains constant (d) shows irregular behaviour 3. The to
39. The units of surface tension in cgs and SI units are respectively, 'h“;]:fe
(a) dyne em™, Nm™ (b) dyne cm 5, Nm™
(c) dyne em™, Jm™ (d) dyne cm ™, Nm™ 4, Does
40. The units of viscosity in cgs and SI units are respectively,
(a) dyne cm™s, N m=s (b) poise, Pa s’ B A SC
(c) poise, Nm s’ (d) dyne-s,Ns appr
41. The rise of a liquid in a capillary tube is due to Wml‘
(a) osmosis (b) surface tension (c) viscosity (d) diffusion mole
42. The coefficient of viscosity of a solution and its solvent are respectively n and 6. Find
1l The specific viscosity 1, may be expressed as COTT)
(a) 4 (b) AL () dl=ill (d) Mo 7. Cal
Ty My n Ll gas
43, Which of the following properties of liquids increases with the increase in [Hi
temperature? y 8. Ca
(a) Vapour pressure (b) Surface tension
(c) Viscosity (d) None of these vaj
44. The surface tension of several alcohols at 20°C is y(CH,OH) = 22.61 dyne-cm”, [H
Y(C,H.OH)=2275x10°Nm™ and y(n-CH,OH)=2378 m] m 2. The alcohol i
having the highest surface tension is .
(a) CH,OH (b) C,H.OH () n-CHOH  (d) All same e
[Hint: 1dyne=10"N and 1]J=1Nm] .
Answers - Y
1-c, 2-a, 3-c, 4-a, 5-b, 6-a, 7-a, 8-3, 9-b, 10-b, 11-c, 12-c, 13-, 1;_-:: ;55;,
16-c, 17-¢, 18-a, 19-d, 20-c, 21-b, 22-d, 23-a, 24-d, 25-b, 26-b, iu_ ‘310 g
29-a, 30-d, 31-a, 32-c, 33-b, 34-c, 35-a, 36-b, 37-d, 38-b, 39-c, 40-3, 2% ;

42-b, 43-a, 44-c
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ﬂﬁ_ﬂ_l:__mijﬁs PROBLEMS FOR REVISION

i '; iﬁ: ':fn; Iaulrgzcumpﬂund contains 2.04 grams of sodium, 2.65%10™ atoms
compound, 194 mole of oxygen atoms. Find the empirical formula of the
(NaCOy)

2. The

| ; tnl’.]!. number of molecules of hydrogen and oxygen that may be obtained
rom a given amount of H,O is 6000. Find the amount of HO. (1195x107" )

3. The total population of the world is now believed to be about 4.2 % 10°, How many

moles of people is this? 1If you had one sulphur atom for each person, what would
be the weight of the sulphur sample? 69 10" mole, 22x10" P g)

4. Does 1 g of all elements contain nucleons equal to the Avogadro constant? Explain.
(Yes)

5. A solution contains 0.18 g/mL of a substance X, whose molecular weight q‘m
approximately 68000. It is found that 0.27 mL of oxygen at 760 mmkig and 30°C

will combine with the amount of X contained in 1.0 mL of the solution. How many
molecules of oxygen will combine with one molecule of X? {4)

6. Find the simplest formula of a solid whose cubic unit cell has an ‘x" atom at each
corner, a ‘y’ atom at each face centre, and a ‘z* atom at the body centre.  (xy;Z)
r

7. Calculate the work of an isobaric reversible expansion of three moles of an ideal
' gas while it is heated from 298 K to 400 K.

254k
[Hint: W=-nR(T; - Tl (-254k])

Calculate the work of an isothermal reversible expansion of three moles of water
8. cula
vapour from 5.0% 10" to 2.0x 10" Pa at 330 K.

P
P 754k
[Hint: W =-2.303 nRT log p:] 754K])

heats of solution of one mole of Na and that of NajO in water under standard
9. The hea

i ter being taken
| and —237.94 k] /mol respectively, wate: |
O -lﬁri.g 33::;:% Calculate the standard heat of formation of sodium
ide if the ctandard heat of formation of water is —285.84 k] /mol.
oxide i

(—415.48 k}/mol)

Na,0+HO= 2NaOH

Jution containing a nonvolatile solute is
' of the water vapour of a 50
' 10. The pressure

late the molality of the solution. 3
20, below that of the vapour of pure water. Calcu o,

: 11, An aqueous solution freezes 7 i ili i d vapour

: ' = at 2 1.5K. Determung its bﬂﬂlng p:r:nnt arn : :

iz t :’,'JE:K. The cryoﬁcﬁpic constant of water is 1.867, its :huﬂmecoplc
pr&:ﬁure- at £+

739

|
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constant is 0.516" and the water vapour pressure at 298 K is 3143 Pa

- {3?:"-12, 3'12_; Pa

12. The water vapour pressure at 293 K is 23385 Pa, and the VAPOUr pres )

agueous solution is 2295.8 Pa. Determine the osmotic Pressure of tI[:-rLHHu

: ; : t this

313 K if the solution density at this temperature is 1010 kg/m’ -
weight of the solute is 60. il

E"Ul'.l-l!.:'i{l]"| r"

13. If the vapour pressure of pure liquids A and B are 300 mm and 8o
75°C, calculate the composition of the mixture such that it boils o }"-;amm hrH;L;} at
composition of the vapour phase. (008, 0.92: ¢ ﬂgf-l-ﬁi-md the
s ¥ G‘:‘[\b_]:j

14. For the cells
2Ag+Pt"" 52 Ag" +Pt; E'=04V
2Ag+E 92Ag' +2F ;B =207V

if the potential for the reaction Pt — PE* + 2¢ is assig

J ned as ze > .
potential for the following electrodes. ro, determine the

(i) Ag— Ag'+e
(ii) Fra—}%Fz+e

(04V, 247 v)
15. The standard reduction potential of the Ag' LAg electrode at 298 k
Given that for Agl, K, =8.7 x 10" 7, evaluate the pote
in a saturated solution of Agl.

the I |1 AgllAg electrode.

: is 0.799 y.
ntial of the Ag*| Ag electrode
Also, calculate the standard reduction potentia] of

(IIT 1994)
5% (03244 V, -0.15v)
[Hint: [Ag']= v*KsP (Agl) =\87x 107"
Lol 0.0591 1
EA3+J AE & EGA'E ’ Ag & 1 lﬂg [Ag‘]
For standard 171 Agl| Ag electrode,
o KlAgh
I1=1 .- [Ag] =~;"{1__:3.?x 105

Th:a standard potential for this electrode, if the Nermnst equation is used for
Ag’| Ag electrode, may be calculated considering [Ag']=87x10""]

16. A blown-up balloon has a volume of 500 mL at 5°C. The balloon is distended to

7/8 of iEs maximum stretching capacity. Will the balloon burst at 30°C? Determine
the minimum temperature above which it will burst. (No, 44.7°C)

g e ce of the earth at 1 atm pressure, a balloon filled with H, gas occupies
900 mL. This volume is 5/6 of its maximum stretching capacity. The balloon is lef
in air. It starts rising. Calculate the height above which the balloon will burst if the

temperature of the atmosphere remains constant and the pressure decreases 1 mm
for every 100-cm rise in height. (126.67 m)

18. A spherical balloon of radius 30 cm weighs 100 g. Find the minimum amount of

hydrogen the balloon should contain just to rise from the ground. The density of
 airis 129 g/L. (4598

.
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necus Problems for Revision

741
i) 19. A compound exists in

the gas
(A,). The molecula Baseous state both as a Monomer

weight of the monomer s 48. In an experiment, 9¢ £ of the
S !,I a ves.scl of volume 336 litres and heated m=r 273°C
e : eveloped if the compound exists as a dimer to th -
y weight under these conditions. e

(2 atm)

(A) and a dimer

:
:
;
2
B
2

20. The equilibrium concentrations of HL H, and I, were found

0.06 mole per litre respectively, when the reaction
started with some amounts of H

to"be 0.49, 0.08 and
- H, + 1, = 2HI was initially
. zand L. Calculate the new equilibrium
concentrations of each gas if an additional 0.3 mole per litre of HI wj added
(0.724 M, 0.113 M, 0.093 M)
21. Calculate K_ for the reaction: Alg) +B(g) =

and 0.50 mole of C are placed in a one-
The equilibrium concentration of C

2C(g), if 1 mole of A, 1.4 moles of B
litre vessel and allowed to reach equilibrium.
is 0.75 mole per litre. (0.50)
22. At 700 K, CO, and H, react to form COand H,O. For this process K is 0.11. A
mixture of 0.45 mole of CO, and 0.45 mole of H, is heated to 700 K.
(1) Find the amount of each gas at equilibrium.
(ii) After the equilibrium is reached, another 0.34 mole of CO, and 0.34 mole of
H, are added to the reaction mixture. Find the composition of the new
equilibrium state. [(i) 0.34, 0.11 (ii) 0.594, 0.196]

23, KP for the reaction: N,O,(g) = 2NO,(g) is 0.66 atm at 320 K. Calculate the degree
- of dissociation of N;O, at 320 K and 380 mm. Also calculate the partial pressures
of N,O, and NO, at equilibrium.
.l (0.497; 0.332 atm, 0.168 atm)

24. 100 mL of 0.6 N CuSQ, solution is electrolysed between two Pt electrodes till the

concentration in the residual liquid is 0.1 N when a steady current of 5.0 amp is
used. How leng should the current be passed to get the said change? (965 s)

25. Electrolysis of an acetate solution produces ethane according to the reaction:
2CH,CO0™ — C,H,(g) + 2CO(g) + 2e
The efficiency of the reaction is 82%. What volume of ethane and CO, would be

produced at 27°C and 740 mm of Hg if a current of 0.5 amp is passed through
the solution for 420 minutes? (1354 L, 2.708 L)

26. An aqueous solution of NaCl on electrolysis gives Hy(g), Cl(g) and NaOH
! according to the reaction:
2CI (aq) + 2H,0 = 20H (aq) + H(g) + Cl.(g)
A direct current of 25 amp with a current efficiency of 62% is passed through
r 20 litres of NaCl solution (20% by weight). Write down the reactions taking place
at the anode and at the cathode. How long will it take to produce 1kg of Cl ;?
What will be the molarity of the solution with respect to hydroxide ions? (Assume
no loss due to evaporation.) (IIT 1992)

[Hint: See Example 15, Chapter 8] (49 h, 1408 M)
,. W., Fﬂ"ﬂm reaction: EA+B;+C_}AQB+EC the rate law expression has been
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3 ith
‘ determined experimentally to be R rk,['df]. LG
k=30x 107 M *min -

i tar
(1) Determine the initial rate of the reaction, sta iy
[A]=01M [B,]=035M and [C]=1- 3
FITITE ; i has reacted.
i ine th te after 0.04 mole per litre of .J_'-t? as S |
(i) Determine the ra @5x 107 Mmin ', 25x10 7y
M mint,

ted with concentratiope.

is first-order with k=28, 147 _, '
28. The decomposition of AB, to AB and B 15 X107 ¢ ",

1000°C. e

ts of A and B are 12 and 32 respectively.
reaction at 1000°C.
pass before 1 g of AB, had decomposed to the

Atomic weigh
(i) Find the half-life of this

(ii) How many days would o
extent that 0.60 g of AB, remained?

(iii) With reference to (ii), how many gram
this length of time?
(iv) How much of a 1-g sample of AB, would remain after 35 days?
(28.58 days, 20.84 days, 0.23 8 043 g)

s of AB would be present after

29, Nicotinic acid (K,=14%10"%) is represented by the formula HNIC. Calculate jts
per cent dissociation in a solution which contains 0.10 mol of nicotinic acd per
2.0 L of solution. (167%)
30. The solution containing dissolved CO , is 0.035 M. If the dissociation constants for
the reactions
CO, + H,0=H"+ HCO,
and HCO;=H'+COZ"
are 4.16x 10" and 4.84x 10" respectively, calculate [H'] in the solution.
(12x10" M)

31 Hydrozoic acid HN, is a weak acid which hydrolyses in water according to
HN,+H,0=H,0' +N,
pPK; (HN;) =4.72
{1} Calculate [H,0'], [HN;], [N;]and [OH] in 0.1 M acid solution. )
(ii) Calculate pH of the acid. (i) 14x107°M, 0.1 M, 1.4 x 107> M, 7.2% 10°M
(11) 2.86

32. How many moles of NaOH can be added to one litre of a solution of 0 31:;
NH, and 0.1 M in NH,Cl without changing pOH more than one unit? Assumeé
change in volume, pKy=4.75. (0.082 mole)

.33..- A 4:1 molar Hﬁxi'um of He and CI‘I‘ is contained in a vessel at 20 bar P[Eg;}l,ll'e-

D'Et“ﬁhﬂleinﬁtevggaelﬂ-.e . le . osition ©

TR gas mixture leaks out. What is the comp .

: ﬂlﬂ_ nﬂxlum effusing out initially? g (T 1994 :1
[H.{l'l'l: 5lll Fyvarmwmli. Ar B Saw
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34. An LPG ()

@ wﬂighsfzgulf:ige;fﬂ'm 825) cylinder weighs 14.8 kg when empty. When full,

Weight of the G m.dWE A pressure of 25 atm. In the course of use at 27°C, the

UP in cubic metres ::t m:‘r reduced to 232 kg. Find out the volume of the gas used

G e normal usage ?umiitiuns, and the final pressure inside the
e LPG to be n-butane with normal boiling point of 0°C.

(IIT 1994) (2.463 m’, 1.4788 atm)

[H"‘Ih 1x Vllﬁéd {2‘?"(: and 1 atm} =—5'§—K 0.0821 = 300]
. A balloon of diameter 20 m w

ighs 1 ¢ ’ e 3 e .
He at 1.0 atm eighs 100 kg. Calculate its payload if it is filled with

and 27°C. Density of air is 1.2 kg m™>. (4249.5 kg)

36. EE; G;Lganic compound containing C, H and O exists in two isomeric forms (A) and
CC; N amount of 0.108 g of one of the isomers gives on combustion 0.308 g of
s and 0.072 g of H,O. (A) is insoluble in NaOH and NaHCO, while (B) is soluble

in NaOH. (A) reacts with conc. HI to give compounds (C) and (D). (C) can be
separated from (D) by the ethanolic AgNO, solution and (D) is soluble in

NaOH. (B) reacts readily with bromine water to give compound (E) of molecular
formula C;H.OBr,.

Identify (A), (B), (C), (D) and (E). (IIT 1991)
r OCH4 OH OH OH i
Br Br
C] ; Cj\CH . Ej CH4 I,
3 3 CH,
m’ —
) (8) (C) () (E)

37. In the Kjeldahl method the gas evolved from a 1.325-g sample of a fertilizer is
passed into 50.0 mL of 0.2030 N H;SO,. 25.32 mL of 0.1980 N NaOH is required
for the titration of the unused acid. Calculate the percentage of nitrogen in the

i (5.43%)

38. When 0.0088 g of a compound (A) was dissolved in 050 g of camphor, the m.p.
of camphor was lowered by 8°C. Analysis of (A) gave 68.18% C and 13.16% H.
Compound (A) showed the following reactions: (i) It reacted with acetyl chloride
and eﬁu]ved hydrogen with sodium. (ii) When reacted with HCl + ZnCl,, a dense
oily layer separated out immediately. Compound (A) was passed over ALO, at

350°C to give compound (B). (B) on ozonolysis followed by ‘hjrdrulysis gave two

neutral compounds (C) and (D), which gave a positive test with carbonyl reagents
but only (C) gave a positive test with Fehling’s solution and resinous substance

with NaOH. Identify (A), (B), (C), and (D). Ky for camphor =40 K mol ™' kg.

e =
?Ha HoC ~ ﬁ Hacx
HyC—C—CH,—CH; , C=CH—CH,;, H)C—C—H, S co

oH M 4 Highs
(A (e) (C) @

§a o T
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39. An excess of liquid mercury was added to a 10~ * M acidic solution of Fe'*, 1 was
found that only 4.6% of the iron remained as Fe’ at equilibrium at 25°C. Caleypyy,
Hg?', Hg- Assume that the only reaction taking place is

2Hg +2 Fe''=Hg' +2Fe"’
Given that E’p3 * pe2t=0771 volt (0.791 vy

40. At what relative concentration of Zn " ions and Fe®" ions will Zn(s)ang Fe(s)
have equal oxidation potential?
,E{Iz,nj znz +=076V, EﬂFe_r Ffz =04V {?{]31 W lﬂm}

41. The standard reduction potential for the half cell
NO;(aq) + 2H'(aq) + e - NO,(g) + HO
is 0.78 volt.
(i) Caleulate the reduction potential in 8 M H'.
(ii) What will be the reduction potential of the half cell in a neutral solution?

Assume all the other species to be at unit concentration. (IIT 1993)
0.0591 1
Hint: Use E=E'~ lo (0.8867 V. —0

42, The dipole moment of KCl is 3.336 x 10"” coulomb-metre which indicates that it

is a highly polar molecule. The interatomic distance between K'and CI” in this

molecule is 2.6 x 10" m. Calculate the dipole moment of KCI molecule if there
were opposite charges of one fundamental unit located at each nucleus. Calculate

the percentage ionic character of KCl. (¢ =1.602 x 10" coulomb).
(IIT 1993) (80.09%)
[Hint: Dipole moment = ¢ x r coulomb-metre,

3336 %1077
1602x10 ¥ x26%10° "

H'S"d’ ium metal crystallizes in a body-centred cubic lattice with the cell edge
a=429 A. What is the radius of the sodium atom? (IIT 1994) (1.8576 A)

[Hint:

% ionic character =

x100]

_,.-V'gu. ap®

4294 l

rystallizes in a face-centred arrangement of atoms where the
cell is 0.574 mm, Determine the shortest separation of any two
i § | (0.406 mm)
{1 P R
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"-'131,_1 45. 5.0 g of a Polymer

water. If the density of thj i 05 o B mol” s dissolved in 1 dm’ =
that will o : S solution is 0,96 kg dm ", calculate the heigh

nt this pressure. ' ate the height of water
v Iv} 4. The two i (26.52 mm)

! s A and B
Sohitiog. Tie e have the same molecular weight and form an ideal

of molecular

i
Fu:'{s] solution is disﬁn:ilm has the vapour pressure 700 mm (Hg) at 80°C. The above
The Compositio < Lrithout reflux till 3/4 of the solution is collected as condensate.

mm) R n of the condensate is ¥,=075 and that of the residue is
A Vapour pressure of the resi i ; :

x0 P and P idue at 80°C is 600 mm (Hg), calculate

(0.635, 809.39 mm, 509.69 mm)
47. A solution containing com

pound X in water and a solution containing urea in
water were Put in a closed s

system. By doing this some water vapour was removed

0 Emﬁ{)m— solution anc_| Ig,n:'-_t condensed in the other. It is found that when both the

993) : utions ‘A;r:re at f,-qlmhbnum vapour pressure, one solution contains 2% of X and
the other 5% by weight. Find the molecular weight of X. {23.26)

4 v [Hint: At equilibrium, the relative lowering of vapour pressure of the two solutions
is equal.]

atit 48. The heat of Fe,0, forniation from simple substances is 82132 k] /mole at 298 K

and standard pressure, and that of ALQ, formation is —1675.60 k] /mole under the
same conditions. Calculate the heat of reaction of reduction of 1 mole Fe,0, with
metallic aluminium. (-854.28 KJ)

49, The heat of combustion of graphite at 298 K is -393.795 k]J/mole, while that of
diamond’s combustion at the same temperature is -395.692 k] /mole. The specific

heats for these substances are 720.83 and 50558 J kg ' K ' respectively. Calculate
the heat of graphite’s transformation into diamond at 273 K. (1.962 k] /mole)

[Hint: Use Eqn. 9a, Chapter 14)
50. Which oxidizing agent, O, O, or H,0,, will generate the greatest amount of energy
for 1 mole of H,(g)?
(i) 2H,(g) + O;(g) — 2H,0(g); AH=-483.6k]
(i) 3H.(g) + O,(g) = 3H,0(g); AH=-868.2k]
(i) Hy(g) + H;Ox(g) — 2H,O(g); AH =-347.3 K]

Which of the above given reactions will generate the greatest amount of energy

[€Gid), (id)]
‘51, For the reaction [Ag(CN),] = Ag’+2CN, the equilibrium constant at 25°C is

4% 10", Calculate the silver ion concentration in a solution which was originally
0.1 molar in KCN and 0.03 molar in AgNO,. (ITT 1994)

(Hint: See Example 4, Chapter 16)

—

(7.5x 107" M)
52. The Edison storage cell is represented as
Fe(s) | FeO (s) | KOHaq) | Ni;O,(s) | Ni(s).
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120 Modern Approach to Chemical Calculations

The half cell reactions are

Ni,Oy(s) + H,0(l)+2¢ = 2NiO(s)+20H"
E'=+040V
FeO(s)+ H,O() +2¢ = Fe(s)+20H "
=-0.87V

(i) What is the cell reaction? ‘
(ii) What is the cell emf? How does it depend on the concentration of KQH»

(iii) What is the maximum amount of electrical energy that can be obtained from

(IIT 1994)
[(i) Ni,O4(s) + Fe(s) — ENiD{s} s FI?DI[S}
(ii) 1.27 V; independent of [KOH]
(iii) 245.11 KJ/mole of Ni,0,]

one mole of Ni,O;?

[Hint: See Example 20, Chapter 18 and for (iii) Electrical energy = nFE]

53. An aqueous solution of NaCl containing 5.85 g/L of NaCl was electrolysed by
using platinum electrodes. Hydrogen and chlorine gases evolved at the cathode
and anode respectively. Calculate the pH of the solution after electrolysis assuming

complete electrolysis of NaCl. (13)
54. Anodic oxidation of ammonium hydrogen sulphate (NH,HSO,) produces
ammonium persulphate.
NHHSO,=NH,;SO, + H’
2NH, S0, = (NH,),5.0, + 2e¢ (at anode)
2H +2e=H, (at cathode)

(NH,),5,0, hydrolyses according to
(NH,),8,0, + 2H,0 = 2NH,HSO, + H,0,.
Current efficiency in electrolytic process is 60%. Calculate the amount of current
required to produce 85 g of H,0, per hour if hydrolysis reaction has 100%
efficiency. (223.38 amp)
55. Calculate the weight of dilute sulphuric acid solution (sp.gr.=1) which was

electrolysed to give H, at 300 K and 1 atm to fill a balloon of capacity 680 mL.
(049 g)

56. The reaction CL,(g) +S5,0;~— SO; ~+CI, is to be carried out in alkaline solution.
Starting with 0.15 mole of Cl,, 0.01 mole of S,0; and 0.30 mole of OH . How

many mole of OH ™~ will be left in the solution after the reaction is complete?
Assume that no other reaction takes place. (02 mole)

[Hint: 4CL, +5,07™ + 100H ™ — 250] ~ +8Cl ™ + 5H,0]

57. 12.5 g of a sample of arsenious oxide was dissolved in water containing 7-5 § of
sodium bicarbonate and the resulting solution was diluted to 250 mL. 25 mL of
this solution was completely oxidized by 22.4 mL of a solution of iodine, 25 ml

of which reacted with 24.5 mL of a solution of Na,5,0, - 5H,0O containing 27.7 &

nf $lain anlb inm 1 litwa Calenlate the percentage of arsenious oxide in the sample:
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R-ea.i:ﬁ.(]ns iIl"l’ﬂ].\l’Ed are
As 0,

+6NaHCO
Na,AsO, 2 2Na,A%0; +3H,0.+6C0,

530 . + 21+ 2F L,'D' — ZNEI:.&&D, +4Hl (9.74%)
AU B of mixty |- ‘

reaction. Calmﬁtzft::::‘g} and K-C?Ga requires 100 mL of 0.1 N HCI for complete

of the same Mixture str ey, e that would be abtained on e el

ongly, (1358 g)

58.

59. A co i

: mpound was dissolved in water at 27°C. It is found
owering at 27°C is 0.72. mm. If
calculate the osmotic pressure

that the vapour pressure
the vapour pressure of water at 27°C is 26.74 mm,
of the solution. (0.028 atm)

60. The vapour pressure of water is 3167.2 Pa at 25°C. What w
pmsa_urc of a solution of sucrose {with mole
solution of levulose

ould be the vapour
_ fraction of sucrose =(.1) and of a
(with mole fraction of levulose =0.1)?

[Hint: p_,, = Psolvent (1 — Xegiyee)] (2850 Pa)

61. A beaker containing 0.01 mole of C,,H,,0,, in 100 g of H.O and a beaker containing

0.02 mole of C:H 0y, in 100 g of H,O are placed in a chamber and allowed to

equilibrate. What is the concentration (mole fraction) of C,;H,,O,, in the resulting
solutions? (0.00269)

[Hipt: Water vapour will be transferred from the more dilute solution to the more
concentrated solution until both solutions have the same concentration.]

62. What mass of a solute (M =345) is needed to decrease the vapour pressure of 100 g
of H,O at 25°C by 1 mmHg? Vapour pressure of water at 25°C is 23.756 mm.
(84.2 g)

83. Azomethane, (CH,),N, decomposes with a first-order rate according to the equation

(CH,),NL(g) — Nu(g) + CH ()
In the beginning the initial pressure was 362 mm and after 15 min. the total
pressure was 42.4 mm. Calculate the rate constant. (125 %10 min™))

The rate of decomposition of a gas at a certain temperature is 5,14 and 7.25 in

= units for 20% and 5% decomposition respectively, Calculate the order of the
;‘-—m.. A 'IE. i (2)

e order of the reaction: A+B—C, is 1 with respect to each of the reactants.
ﬁ:ﬂ the aj:p'mximate concentration of A remaining after 100 seconds if its initial
concentration is 0.1 M and that of B is 6 M. Rate constant of the reaction is

; ;_F;ﬁséflﬂ"?flﬂ"‘ (4.96x 107" M)
decomposition of CLO, at 400 K in the gas phase to Cl,and O, is a first-order

] m ail;f 55 seconds at 400 K, the pressure of CLQ, falls from 0.062 to
0,044 atm. Calculate the rate constant.

Jculate the pressure of C,O; after 100 seconds of decomposition at

this temperature. (623%107*s™",0.033 atm)
n a solution of formic acid was titrated with KOH solution, the pH of the
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e Talculate K (HC x
solution was 3.65 when half the acid was m:ult;lllf.a.d. Calc e Bl {':--{-Kj'ﬂl-

(2.24 » 1.l;]"-1-J

ey EAHOCN)=33% 1074
68. Calculate {{_JH'] inal M splution of MaOC M. Kﬁ[' {OCN) (5.5« m-ﬁ}

Aralvsis of 0.1 M N o
69. 0.1 M NH,OH is 1% ionized. Find the extent of hy drolysis © NH,C1.

(1074

70. Calculate the change in pH of one litre of buffer solution containing 0.1 mg|,

each of NH, and NH,CI upon addition of
(i) 0.02 mole of dissolved gaseous HCl
(i) 0.02 mole of dissolved NaOH

Assume no change in volume, Ky for NH, =1.8x 10 (0.1761)

[Hint: See Example 28, Chapter 16]

71. The pH of the bloodstream is maintained by a proper bﬂl_*““—"—' of H,CO, and

NaHCO., concentrations. What volume of 5 M NaHCO; solution should be mixed
3_ (119 P

with a 10 mL sample of blood which is 2 M in H,CO;, in order to maintain 3
pH of 7.47 K, for H,CO, in blood is 7.8x10 . (II'T 1993) (7836 mL)

[Hint: mm of NaHCO,=5xx
mm of H,CO,=2x10
Apply Henderson’s equation and calculate x.]

72. Chromium metal can be plated out from an acidic solution containing CrO,
according to the following equation
CrO.(aq) + 6H'(aqg) + 6e = Cr(s) + 3H,O

Calculate (i) how many grams of chromium will be plated out by 24000 coulombs,
and (ii) how long will it take to plate out 1.5 g of chromium by using 125 amp

current? (HT 1993) (2.1554 g, 1336 )
[Hint: Eq. of Cr deposited = faraday of electricity passed

_ Zubl]

~ 96500

and eq. wt. of chromium =—5§-}

73. In sta.;rﬁng a car, the battery delivers roughly 50 amperes. (i) During the 5 seconds
that it might take to start a car, totally How many grams of Pb and PbO, are
consumed in the battery? (i) If the car were run strictly from batteries, totally how
many grams of Pb and PbO, would be consumed per mile if 50 amperes made 1t
80 at 5 mph? The cell reaction is
Pb + PbO, + 2H,S0, - 2PbSO, + 2H,0 (05782 )
[Hint: The reaction involves 2 moles of electrons]

74, The total pressure at equilibrium of a mixture of SO, and O, in the molar ratio

2 : 1 when kept over a platinum catalyst at 723 K is 10 atm. If 60% of S0: :
converted to SO,, calculate K}, for the reaction:

250,(8) + O(g) = 250,(g)
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75. What would pe th :
+, 50,2 ¢ Partial pressure of OXYgen gas to get equal moles of SO, and

Given that . P AB) = 250.(g)
at partial prese - E
0.331 atm respec—tiw..j}-r,ab*urﬁ of 50,0, and 50, are 0.662 atm, 0,101 atm and

(0404 atm)

76. 8.0 moles of 50O
: » and 4.0 moles of O are mixed in a closed vessel. The reaction
ke Proceeds at constant : s i

o
. temperat : sl - ¥ j..
irilfaal e st 2 perature. By the moment equilibrium sets in, 80% of the

. P ; enters the reaction. Determine the pressure of the gas mixture i ‘1;‘__1
in equilibrium if the initial pressure was 2.96 atm.

{2.17 atm) L=
; 77. The value of Kp for the reaction: PCl; = PCl, + Cl, is 1.78 at 250°C. Calculate the ;-*
! fraction of dissociation at equilibrium when 0.40 mole of PCl  is vaporized in a -

vessel containing 0.20 mole of Cl, gas (i) when a constant pressure of 2 atm is \g
nd maintained, and (i) when the volume is kept constant at 4 litres.  (0.247, 0.332)

78. The density of a gas at 27°C and 760 mm pressure is 3.0 g/L. If the pressure
remains constant, find out the temperature at which the density will be 2.4 g/ L.
{102°C)

L)

79. A volume of a gas weighing 8 g was allowed to expand at constant temperature
until the pressure of the gas reduced to one-half of its former value. It was found
that 500 mL of the rarefied gas weighed 1.25 g.

(i) What was the original volume of the gas?
(ii) Determine the density of the gas in g/L. (1.6 L, 5.0 g/L)

i i f ter at 15°C

. A certain quantity of a gas occupied 50 mL, when collected over wa
3 an;e ?Ei;n::m prgsum. ﬁ the dry gas occupies 45.95 mL at NTP, calculate the
aqueous tension at 15%C. (13.3 mm)

81. Assume that the centre of the sun consists of gases whose average molecular “;Eiﬁht
is 2. The density and pressure of the gases are 1.3 g/mL and 1.12x 10" atm

respectively. Find the temperature. (2.1 %10 K)
82. Calculate the equilibrium constant at 25°C for the reaction:
! oFe’ " + 21 =2Fe’ "+ 1, ’
Given that E°p¢?", Fe** =077 V, .E°;z' -=0536V (8.29 % 107)

r /3. [f the concentrations of Fe?* and Pe” are equal, what should be the concentration
= 9 < of Ag' ions to have zero voltage for a galvanic cell made up of Ag |Ag and
% pei‘flgf-'e‘*-eiectmdes. Also, calculate the equilibrium constant at 25°C for the
ﬂ; | following cell reaction: Fe'' + Ag = Fe'' + Ag
: Given that Eﬂhg'*ﬁg =079V, Epe+ g2+ =0771V (033 M, 3.0)

vanic cell
4 Bk fox L sj.lg.i AgCl (s), KCI(02 M) | IKBr(0.001 M), AgBr(s) | Ag,
lculate the emf generated and assign correct polarity to each electrode for a
o 'spmmmuus process after taking into account the cell reaction at 25°C.
; | ' (Ag '“ Br)=33%10"" 0.037 V)
" Ke(AgCl) =18 %1077, Ky(AgBT) (.

-
&
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[Hint Caleulate [Ag] from Ksp values for both the half cells and then Calculate
Ecent for AglAg'(c,) 1 Ag'(cy) | Ag. |

85. 30 mL of methanol (density 0.7980 g/mL) on mixing with 70 mL of water (densjy,
0.9984 g/mL) at 298 K gave a solution of density 0.9575 g/ mL. Calculate (i) mojq
fraction, (i) molality, (iii) molarity, and (iv) f.p- of the solution. K¢(H,0) =184

(0.1615, 10.7043, 7.6337, —-lg_glnc]

86. At 25°C the vapour pressure of methyl alcohol is 96 torr. What is the mole fraction
of CH,OH in a solution in which the (partial) vapour pressure of CH,OH is 23 tor

at 25°C? (0.24)
87. The vapour pressure of a 5% solution of a nonvolatile organic substance in water
at 373 K is 09935x10° Nm > Calculate the molecular mass of the solute
(1atm=1.0132x10°Nm?) (0.0458 kg/mol)

88. How many grams of sugar, C;H,,0,, should be dissolved in 0.5 kg of water at
25°C to reduce the vapour pressure of water by 1%? (50.4 g)
89, Find the molality of a solution (containing nonvolatile solute) if its vapour pressure
is 2% below the vapour pressure of pure water. (L.134 m)
90. Gaseous ozone is bubbled through water-ice mixture at 0°C. As the O,(g)
decomposes to form O,(g), the enthalpy of reaction is absorbed by the resulting

ice. Given that the heat of fusion of ice is 6.0095 k] mol ', calculate the mass of
ice that melts for each gram of O, that decomposes.

204(g) = 30,(g); AH=-285.4k] (891 g)

91. The ‘calorie’ used in nutrition is actually a kilocalorie. Assume that a human

requires ‘2500 cal’ vz energy each day for metabolic activity. What mass of ethanol
is needed to provide this energy? i )

CH.OH(l) + 30,(g) — 2CO,(g) + 3H,0(); AH = - 1371 kJ
If the humap body is considered to be a closed system, what would be the
temperature increase resulting from this energy intake? Assume a mass of 75 kg

and a specific heat of 4] K 'g"". If the body temperature is to be maintained at a
constant value by the evaporation of water, what mass of water must evaporate?
Assume that the heat of vaporization of water is 44 kJ mol™",

(352 g, 35K day ', 4292 g)

92. One gram of commercial AgNO, is dissolved in 50 mL of water. It is treated with

50 mf.: of a KI solution. The silver iodide thus precipitated is filtered off. Excess

of Kl in the filtrate is titrated with (M/10) KIO, solution in the presence of 6 M

HQ] till all I” ions are converted into ICL It requires 50 mL of (M/10) KIO, solution.

Zﬂ l-i'I'L of the same stock solution of KI requires 30 mL of (M/10) [ﬂ-[::r_1 under
similar conditions, Calculate the percentage of AgNO, in the sample.

(IIT 1992) (85%)

[Hint: Reaction: KIO, + 2K+ 6HCl = 3IC] + 3KCl + 3H,0]
93. A mixture of pure chrto;- and pure KMnO, weighing 0.561 g was treated with
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1
excess of KJ in ac
L d med; :
solution f, '@ medium. lodine it i
Reactio Or exact oxidation, What is|I t'::kﬂ mqlflmd omief 015N hypo
NS Involved are percentage of each in the mixture?
2KMnO, 4 8H,50, + 10k1 _, 6K |
KCr,0, + 6ki + 7H,S0O 50, +2MnS0, + 8H,0 + 51,
4

= 4K.50, + Cr.(50)). + 7H.O + 31

L+ 2Na 5,0, — 2Nal+ Na,5,0, - ;
94. .;f PC15 is heated to 250°C ang allowed

ngnctated. Calculate how many moles of

s to reduce the dissociation to 40%,

(39.3%, 60.7%)

to reach equilibrium, 50% of PCl, is
Cl, must be mixed with one mole of
volume remaining constant. (035 mole)

95. Given that K.=137 at 546 K for PCL(g) = PCl,(g) + CL(g).

Cal ; i
w?.l;:l-?{té “;hat PTE‘S::'I.:II‘G{ will develop in a 10-litre box at equilibrium at 546 K
mole of PCL, is introduced into the empty box. (8.92 atm)

96. Under‘ what pressure must an equimolar mixture of Cl,and PCl; be placed at
250°C in order to obtain 80% conversion of PCl, into PClg? K, for

PCly(g) + Cl,(g) = PCl(g) is 1.78. (13.48 atm)

97. If the degree of dissociation of PCl, at a certain temperature and 1 atm is 02,

calculate the pressure at which the substance will be half-dissociated at the same
temperature. (0.125 atm)

98. In the dissociation of HI, it is found that 20% of the acid is dissociated when
equilibrium is reached. Calculate the pressure equilibrium constant. (1/64)

99, 0.45 g of an organic compound (A) on ignition gives 0.905 g '.::Gz ;‘md 0185 g
H,0.0.35 g (A) on boiling with HNO, and adding AgNO, Sﬂil:ltmnl gives 0.574 g
of AgCl The vapour density of (A) is 87.5. (A) on h:,rdr_ulyms with Ca (OH),

yields (B) which on mild reduction gives an optically active cﬂtr;mpg?n‘:iv ‘;[E}ﬁ%n
heating (C) with 1, and NaOH, iodoform is produced along wi (D). .

) gives a solid which is markedly more soluble in hot water than in cold. Identify
giv

(A), (B), (C) and (D).

Il
5
(A) (B) (©) (@)
ini = = 9%, O =27.6% with KCN

srgani unds containing C=62.1%, H 10.34%, O _ ;
"'MTW“H S0 : iTEmpomﬂs which on hydrolysis gave two 1SOmernc ‘mumhasm

"“d ﬁm‘lf:wt mass 104. Name the compounds and also the third isomer.
L Tenc=o, C,HsCHO, C;H = CHCH, OH

: reciably with Lucas
+ ) of molecular formula CHO does not react appres '
{X] of m TS gives:; precipitate with amm. silver nitrate. ‘-"'-I":.Lm
A s ives 224 mL of CH, at STP. Treatment of (X) with

MeMgBr, 042 g of (X) g1
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Modern Approach to Chemical Calculations

H, in the presence of Pt catalyst followed by boiling with excess by Sives

n-pentane. Suggest the structure for (X). (It 1993)

102. 0.037 g of an alcohol, ROH, was added to CH, Mgl and the gas evolved meagy, e

112 em’ at STP. What is the molecular weight of ROH? On dehydration, ROK
gives an alkene which on ozonolysis gives acetone as one of the pProducts, ROY
on oxidation easily gives an acid containing the same number of carbon atgp,
Give structures of ROH and the acid. (C,;H,OH, C?-H?C{}(}H]

103. PCl  dissociates into PCL, and Cl,. If the total pressure of the system in equilibrium
is p at a density, d, and temperature, T, show that
o= P 1
~ dRT

“where o is the degree of dissociation, M is the relative molar mass of PCI,_ If the
vapour density has the value 62 when the temperature is 230°C, what is the value
of pid? (0333 L atm )
[Hint: pV =n(1 + @RT; n is the initial no. of moles of PCL]

104. An unspecified quantity of an ideal gas has an initial pressure of 5 atm and
B L temperature of 30°C. The gas is expanded at 30°C until the volume has increased
- e by 60% of the initial value. Next, the quantity of the gas in the vessel is increased
| by 20% of the initial value while the volume is maintained constant. Finally the
I‘ RERRRAE - erature 5 adjusted at constant volume until the gas pressure is again 5 atm.
] What is the final temperature? 4K

108 '-iin-,a:fggseqm reaction A — B + C, the pressure of A falls from 0.2 atm to 0.15 atm
N mmhuun Calculate the rate constant if it is a first-order reaction. What will be
. the pressure of A after 15 hours? (0.2878,0.13 atm)

06. The decomposition of PH, at 950 K according to

R 4PH,(g) — P(g) + 6H,(g)
' rst-order reaction. The following measurements were made on a system
0 40 80
100 150 166.7

@2.7%10 *min ")

ion of dimethyl ether follows first-order kinetics:

- CH(g) + Hy(g) + CO (g)
in a constant-volume container at 500°C and has 2
y dimethyl ether is present at a pressure uf 0.4 atm-
. system after 12 minutes? Assume ideal 82°
A (I 1993) (0.75 3™

il of the electrode OHIH(PY)(1atm) ¥
98 K if Nernst equation takes the form
—=005891lar [OH ™1
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[Hint: Compa i
PAre equation E=E', .~ 0.059] log [OH ™|
l.'\nd E = 'E“H‘J'fn _{..Lﬂﬁgl 1(‘.'1-_1__
. {H']
BISNIAL = [OH"
B 1, 0.0591 tog“"j?r;—lf
(103 %107
109. The standard reducti i
il on potential of the electrode CI” | Cucl is E*=0.137 volt.

sp OF CuCl at 298 K. (E',+ o, =0.521 volt), (319 % 1077 (mol /L)
: mao

[Hint: CuC] te=Cu+Cl; E’=0.137V

Cu'+exCy =051V

for which E oy = E' oy + 0.0591 log Kep (CuCly =0}

110. Calculate the emf of the cell
Pb | PbSO, | | Pbl, | Pb

gat. soln.. sat. soln.

at 25°C. Kpy(PbSO,)=1.6 x107" and K,(Pbly) =8 107 (0.029 V)

111. The half-life of a substance in a first-order reaction is 100 minutes at 323.2 K and
15 minutes at 353.2 K. Calculate the temperature coefficient of the rate constant of
this reaction. (1.88)

112. A metal object is to be coated with a nickel layer 0.3 mm thick. The surface area
of the object is 100 cm?. The density of nickel is 9.0 g/cm’. How long will it take
to pass a 3-amp current if the current yield is 90%? (9 h 8 min 25 s)

113, Electrolysis of a 20% potassium acetate solution at 290 K yields, among other
things, ethane evolved on the anode according to the equation

2CH,CO0™ = CH, #2C0; + 2¢

the molecules of cthane evolved on the anode and those of
on the cathode is 0.8. Find current yield of ethane. (B0%)

The ratio between
hydrogen evolved
Ak : i was transferred from one
I hemical experiment, 02773 g of Ag _ :
~ 114. During mt:lmemmmhﬂr e]ectrofii ‘n a coulometer. What electric charge did pass
A a :

. ; (2481 C)
 through the dircuit?

X ' contain i . Some of the CO, is
: o i Oy contains CO, with a pressure of 0.5 atm : :
l] ki i vmeéﬂedl ai:gin addition q:‘ graphite. Calculate the value of K, if the total
; :;m at .qulibnum is 0.8 atm. (1.8 atm)
. 0.5 atm
5 '[I-'lini;’-iFﬂ"'”IhE eqb. CO, (g) + C{s]#lcglp (g)
iy B (05-p)

218

'

pCl. was found to dissociate to the extent of 42% at 227°C and 1 atm. Find the

. Sty e ‘and (ii) constant volume.
rium constant at (i) constant pressure, (0.214, 0.005)

An evaluation version of novaPDFE was used to create this PDF file.
Purchase a license to generate PDF files without this notice.

-



http://www.novapdf.com/

754
Modern Approach to Chemical Calculations

117. The Deacon reaction is the oxidation of HCl by O;:
1
HCl(g) + % O,(8) <5 Ch(®) + 3 HO ®)

At a pressure of 730 mm and with an initial mixture containing 8% HCl anq 929,
O,, the degree of decomposition of the HCl is 0.80. What is the equilibrium pargi
pressure of oxygen? (660 mm)

118. What is the vapour de]wjt}r of PCl_r,, at 250°C when dissociated to the extent of
80%? (57.9)

119. The density of a 0.33 M solution of MgBr, in water at 373 K is 1.055 g/mL. Calculate
the vapour pressure of water above this solution. Assume ideal behavioyr

(746.5 mm)

120. The vapour pressure of a 0.01 molal solution of a weak monobasic acid in water

is 17,536 mm at 25°C. Calculate the degree of dissociation of the acid. Aqueous
tension of water at 25°C is 17.54 mm. (0.266)

121. What volume of 98% sulphuric acid should be mixed with water to obtain 200 mL
of 15% solution of sulphuric acid by weight? The density of water, sulphuric acid
(98%) and sulphuric acid (15%) are 1 g/mL, 1.88 g/mL and 1.12 g/mL respectively.

(18.2 mL)

122. What weight of the nonvolatile solute, urea (NH,-CO-NH,) needs to be

dissolved in 100 g of water in order to decrease the vapour pressure of water by
25%? What will be the molality of the solution? (IIT 1993)

(111.12 g, 18.52 m)
123. In an ore the only oxidizable material is Sn”*. This ore is titrated with a dichromate
solution containing 2.5 g of K,Cr,O; in 0.50 litre. A 0.40 g sample of the ore required

10.0 cm® of titrant to reach equivalence point. Calculate the percentage of tin in
the ore.

[Hint: 35n°* + Cr,07 ™+ 14H' — 35n*" + 2Cr°* + 7H,0] (15%)

124. Upon mixing 45.0 mL of 0.25 M lead nitrate solution with 25.0 mL of 0.10 M
chromic sulphate solution, precipitation of lead sulphate takes place. How many
moles of lead sulphate are formed? Also calculate the molar concentrations of

species left behind in the final solution. Assume that lead sulphate is completely
insoluble. (IIT 1993)

PbSO, = 0.0075 mole
[Pb*] =0.05357 M, [NO;] = 0.3214 M
- [Cr*]=0.0714M
. ,[Hinb Apply the concept of limiting reagent]

g the operation of a cell with the cell reaction

Mn (OH), + H,0, - MnO, +2H,0 :
for 45 seconds, 0.136 g of MnO, was produced. Calculate the average eIecmc;
current produced by the cell. (67 amp

.-. - - * E
126. What amount of work is needed to move an electron against a potential differenc
An evaluation version of novaPDF was used to create this PDF file.
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of 1.0 vol? What amg

: u :
15 value represent? nt of work is needed for 1 mole of electrons and what does

127. The cathodi (1.602 107" J, 96470 ] mole™", Faraday constant)
cathodic reaction of a 7n — MnQ, dry cell is represented as

If there is 8.0 ZMIOLS) + 20+ 28 = 70 Mn,0 (),
Ak U g MnO, present in the cathodic chamber, how long will the cell
10N to supply 4 x 1073 ampere of current? (25.67 days)

. 45‘1{]_3}{'
Hint: )8
[ W‘a}” EM.nDI=3?

128. Calculate the total number of coulombs carried by CI” ions weighing 20.1 g.
(5.46 x 10° )
129. The diﬁssnciatinn constant of an acid HA at 25°C is 1.34 x 10"°. How many moles
of SD‘_“':"“‘ salt of this acid should be added to one litre of an aqueous solution
containing 0.02 mole of this acid to obtain a buffer solution of pH 4.757 What will

be the pH if 0.01 mole of HCl is dissolved in the buffer solution?
(IIT 1993) (0.015 mole)

[Hint: See Example 28, Chapter 16.]

130. An aqueous solution of a metal bromide MBr, (0.05 M) is saturated with H,S.
What is the minimum pH at which MS will precipitate?

Kgp(MS) = 6.0 10~ %"; concentration of saturated HS=0.1M;

K,=1x10"7 andK,=13x10"" for HS. (IIT 1993) (0.983)
[Hint: See Example 46, Chapter 16.]

1. What change would be observed in sulphide ion concentration of 0.05 M H,S solution

4 0.1 mole of HCl is added to one litre of it? K,(HS)=1x10"%,
: (1.075x 10" M to 5.0x 10" 2 M)

M aqueous solution of diethylamine is 12.0. Calculate its Kp.
25x107%)

reaction is (C;H)NH+ H,0 = (GHg,NH; + OH "]

m The pH of 0.05

[Hint: Hydrolysis
E 133, Given that
: @ %Clz@ﬂ;m-*ﬂ%}; w=m:lm
' : : AH =155k
(i) 5 Chie) + 5 Ox8) > CIOAe)
E ﬁii}{:l,(_gh%l:lz{g}-aClaD;{g}: AH=272K]
| Calculate AH for the reaction
f i 5 3CIO4(g) = CLO(g) + ClO,(g) (-90.5 k]
134, Given that
. (i) Agls) = Ag'ag) +e AH =10558 K]
iy AH=-167.16K]

(i) 5 Clilg) + e = CI” (@a)

' An evaluation version of novaPDF was used to create this PDF file.
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(iii) Bry(1) + 2¢ — 2B~ (aq) AH =-243.10k]
(iv) AgCl(s) - Ag'(aq) + CI” (aq) AH = 65.49 K]
(v) AgBr(s) » Ag'(aq) + Br- (aq) AH = 8440 K]
Determine which of the thermochemical equations

Ag(s) + %Elzfg] —» AgCl(s)

Ag(s) +% Bry(1) — AgBr(s)
is more exothermic. (Silver—chlorine reaction)

. 135. Use the following thermochemical equations to determine the average bongd
.enthalpy for C = H bonds.

CH,(g) - CH,(g) + H(®); et sl
CH,(g) — CH,(g) + H(®); A= 45201
CH,(g) — CH(g) + H(g); AH = 42340 K]
CH(g) — C(g) + H(®); AH = 338.85 kJ (415.84 k] mole™)

[Hint: First calculate AH for CH,(g) — C(g) +4H (g)]

136. Hot carbon reacts with steam to produce an equimolar mixture of CO(g) and
H,(g) known as water gas. What is the energy released as water gas is used as
fuel?

CO(g) + % Oy(g) - CO,(g); AH =~ 282,984 K]

1
H,(g) +5 O,(g) = H,0(g); AH =-241.818 k] (- 524802 KJ)

137. Ethanol can undergo decomposition to form two sets of products:

C.H.O CH,(g)+H,0(g); AH=4554k]
Ot {ﬂi;CHD{gHH;{g]; -ﬁH—ﬁﬁ‘}lk]}

: If the molar ratio of C,H, to CH,CHO is 8:1 in a set of product gases, determine
e | the energy involved in the decomposition process. (48.14 k)

tﬂmeﬁﬁ-{ 6559 +5 6591 kel

AH=-75.7 K]
AH =106.7 k]
AH =-287 K]
AH =49834K]
o +0m- a0 e

d of vity 146 contains 60% nitric acid. What
""'»Q mﬁcfm mt?md to dissolve 5 g of cupric oxide?

An evaluation version of novaPDF was used ;[0 create this PDF file.
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3 I the proce - etal wire flasheq

is pure i
& o 7 Pure Al which

i minimum weight of

ould it take ¢ ; (0.045 g)
5 bor Scc-:-ndc'_: spend the Avogadro constant of rupees al lli-

“91 e lﬂm }'I'S_]-
- 70) another element Y (at. wt. 120) is to be

the atoms in the m
2 mixture i 1077
I‘SSE:::fx? ure is to be 1: 1077, How

(6.0x10°"g)

142,
element x (at. wi
purit}.: The ratio of
Y will be required

143. How muyeh calcium i
nitmgt’:n?

a5 an im
many grams of

there |
e in the amount of Ca(NO,), that contains 20 g of

144. At temperature - A
re T, a compound AB,(g) dissociates according to the reaction

A , 2AB,(g) = 2AB(g) + B.(g)

. egree of dlssclciation, X, which

EXpPression for x in terms of the equilibri

15 small compared to unity. Deduce the
um constant, K, and the total pressure, p.

M
(IIT 1994) [x=[ﬂ} ]
FI

L L

8.0575 % 107 * kg of Glauber's salt is dissolved in water to obtain 1 dm’ of a solution

of density 1077.2 kg m” ®. Calculate the molarity, molality and mole fraction of
Na,SO, in the solution. (1T 1994)

[Hink 1dm’=1L kgm >=gL ] (05674 M, 0.5693 m, 0.01)

146. The freezing point of a solution containing 0.2 g of acetic acid in 20.0 g_ﬂf benzene
is lowered by 0.45°C. Calculate the degree of association of acetic acid in benzene.
Ke(CHy) =512K mol ' kg. (0:9453)
[Hint: Acetic acid exists as dimer in benzene.)

. : 5 liquid solution that is in
SrE il le fraction of a benzene toluene !
1I' =25 ls-l:fm w;ﬂ:.n : vapour phase that contains 62 mole % C H,. Vapour pressures
equilibri

: d 284 mm respectively.
of benzene and toluene at 25°C are 95.1 mm an (0328 for C;tL,)

jal for
AR O te the electrode potentia’
148. Calcula (PyH, | H (=01 00591 V)
(1 atm)
f 25°C:
e emf of the cell © OoH | H.(P)
149. Calculate the i |l NHOH L
e oon, | Cﬂgcﬁ oot G
and R’ﬁNH;DH} =18x10
ﬂfc“:vimsamiﬂg' afmﬂﬂﬂm::m
| both the metals can be codePes
¥ M=+ﬂ-?991 V.
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151. Caley -
late the ratip of the oxidized to the reduced form at half-cel] Potentia] o
Al gy

0.1 volt for the half cell Fe'', Fe'* |Pt. E%p3* pet*=0.7591. a
F 41 % lﬁ“}

152| 1 H
Cadmium amalgam is prepared by electrolysis of a solution of ltl'-:li.f,l1 using H
B

fathﬂ'd_e- For how long should electrolysis be carried out in order to Prepare 129
by weight of cadmium amalgam using 22.0 g of Hg as cathode and 4 furren:

strength of 5 ampere? (Cd = 112) (17 min 14 )
153. Electrolytic oxidation of H,50, gives rise to the formation of persulphyric acid

HS.0, |

2H,S0, —» H.S,0, + 2H" + 2e

If 4 litres of O, and 11.2 litres of H, were produced at NTP, determine the masg

of H;S5,0, produced. (27.72 g)

[Hint:  2H,SO, — H.5,0, + H,

2H,0 — 2H, + O,

Eq. of HS,0, = eq. of H, - eq.of O,]

154. An alloy of Pb(Il) and Tl(I) containing 70% Pb and 30% TI by weight can be
electroplated on to a cathode from a perchloric acid solution. How much time
would be required to deposit 5.0 g of this alloy at a current of 1] amp?
(Pb =207.19, Tl = 204.37) (1 h-;:urEl

155. The tungsten used in filaments for light bulbs can be prepared from tungsten (VI)
oxide by reduction with hydrogen at 1200°C
WO,(s) + 3H.(g) =W(s) + 3H,O(g); AH=114.9k]

AHy for H,O(g) =~ 241.8 k] mole™ . Calculate AHy for WO(s), (8403 kJ)
156. Water gas is produced by the action of superheated steam on red hot coke.
C(s) + H,O(g) + 131.4 kcal = CO(g) + H,(g)
— |

water gas

AHg for H,O(g) =~ 241.8 k] mole™", Calculate AH for CO(g). (-110.4 KJ)

157. The thermochemical equation for the dissociation of hydrogen gas into atoms may
be written as:
H,—2H; AH=436k]
What is: the ratio of the energy yield on combustion of hydrogen atoms to steam
to the yield on combustion of an equal mass of hydrogen molecule to steam? Heat

of formation of H,0(g) is — 241.81 k] mole™". (28)
158. Calculate AH? for chloride ion from the following data.

12
3 H(®) +5 Cly(g) - HCl(g); AH*=-92.4 k]
HCl(g) + xH,0 — H'(aq) + Cl ™ (aq); AHy =748 K
ey, AH' [H'(ag)] =00 k] (-167.2 K))

An evaluation version of novaPDFE was used to create this PDF file.
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Iy, 159. The ¢ s

at

| 3 below after the reacti
: 1 10n of NO ang Clto§ i
II g | 0 —._._____M___________Lu orm NOCI at 295 k.
F:: % Initial rate (mol L~ s

05 1x10?

4y 0.05 M B

| . 0.15 M ] 2
aﬁﬁj (i) What is the order wi oy

i : th respect to NO
(i) Write the rate expression, : Bt

?“) Caleulate the rate constant.
1v) Determine the reaction rate wh

Mg, TR e , en the concentrations of Cl,and NO are 0.2 M
Ry = ¥ 1@ 21 i) B0 L% mol 25”1 (iv) 0256 mol L~ 57
Int: See Example 25, Chapter 17]
160. ;Tf_ﬂrder of the reaction: A + B — C, is one with respect to each of the reactants.
il in the blanks in the following table.
Initial [A] Initial [B] '_ Initial rate
02 As™
b M 0.05 M . 01 Ms

e ? 0.05 M 04Ms"

v 0.4 M : 08Ms™! |

(08 M, 0.2 M)

161. An unspecified quantity of an ideal gas has a volume of 30 litres at 20°C, The gas
is first compressed at 20°C until the pressure has doubled and then the temperature
is raised to 100°C, while the pressure is kept constant. Determine the final volume

of the gas (19.10 litres)

i « eoction of length 100 cm sealed at both ends
k- gla‘ss - i}iﬂ?‘ni; E;E';i?:alc;?ﬂs;cand CD segarated by a column of mercury
bl mgm -m. When the tube is held horizontally, AB=20 cm and
of Iength When+the tube is held vertically with the end A up, the mercury
it cmv down 10 cm. What will be the length of gas column AB when the
e Esrﬁr:all},r with the end D up? (13,88 cm)

tube is held ve
00 cm contains air at a constant temperature. The

; i f height 1 _ : i
). A -verhcal C}']-Iﬂdﬂr U_ . anless light piston. The atm_mphenc presSl.ErE 15 equa (s
s ._:;n;egd :{I};é;“g’;ﬂvﬂy ﬁnu,i;d over the piston, Find the maximum height
75 cm O :

be put on the piston.
mercury column that can
ﬂ:im: Boyle's law: 75%100=p % (100-1); p=(75+1); calculate J (25 em)
[Hint: Bo :

A glass tu i i 11y with the middle
' is 100 cm long. It lies horizontally
164. / be sealed atboth ends is

' ini ir at 27°C and at a
ini ds of the tube containing air a
e S 2 e Et;umn on one side 18 maintained at 0°C and on

ure 76 cm of Hg. The air co th of the air column on the cooler side.
ot 18 Calees ::1 :fl:egrcut}r and of the glass. (36.5 cm)

L res i lum
iy Shan tory t::;pmduceahigh vacuum.
d the system to be evacuated.

ercury i 1mps ma’ din the labora
: - cury diffusion pumps may be use e ‘
- gﬂlﬂ-ﬁﬁﬁﬁms‘mﬁl’ﬂ? oy l;ﬂl_t;ﬁ'e::;:;p:;:ppmwm mercury from diffusing
(oM B2 the condensation of Hg ;
These cause the con

o
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back into the system. The maximum pressure of mercury that can exjg in

System is the vapour pressure of mercury at the temperature of the cqjy trthe
Calculate the number of mercury-vapour molecules per cc in a ¢y t: :
maintained at —120°C. The vapour pressure of mercury at this tﬁ‘mpﬂratumzs

Tl
10"° mm. (6x IU:.I.:

166. Saccharin (K;=2x10"") is a weak acid represented by the formyls HSac

4x10* mole saccharin is dissolved in 200 cm’ aqueous solution of PH 3

5 . . =1 .
Assuming no change in volume, calculate the concenration of Sac™" ions jj, the

resulting solution at equilibrium. (40x1gn
] )

167. K, for butyric acid is 2.0 x 10™°. Calculate pH and hydroxyl ion concentration of
0.2 M aqueous solution of sodium butyrate. (9.45)
[Hint: Use Equation 11 (b), Chapter 16]

168. A solution has 0.05 M Mgz'and 0.05M NH,. Calculate the concentration o
NHCl required to prevent the formation of Mg(OH), in the solution.

K,(Mg(OH),) = 9.0 x 10" and Kp(NH,) =1.8x 107>, (0.067 M)

169. The solubility product of Mg(OH),at25°C is 34x10°" and that of
Fe(OH),is 1.1 x 10,
(i) How many grams per litre of Mg®* and Fe** can remain dissolved in 100 mL,
of 0.1 M NH,OH solution? Ky(NH,OH)=1.01x10"".
(i) How many gram per litre of Mg’ *and Fe’* can remain in 100 mL of 0.1 M
NH,OH containing sufficent amount of NH €1 to make [NH,]=2.0M?
[)) 48x107% /L, 28x107* g/L (ii) 1.14x10"3 g/L, 1.02x 10" g/l
170. The equilibrium constant for the following reaction:

CO(g) + H,Og) = CO4(g) + Hy(g)
a;" 986°C is 0.63. A Mixl'l:ll:e of 1.0 mole of water vapour and 3.0 mole of CO is
= owed to come to equilibrium. The equilibrium pressure is 2.0 atm.
(i) How many moles of H, are present at equilibrium?
(ii) Calculate the partial pressures of gases in the equilibrium mixture.
(0.68 mole; 0.34 atm, 0.34 atm, 1.16 atm, 0.16 atm)
Iﬁ-.ﬂ.lﬁ_ mole of CO taken in a 2.5-litre flask is maintained at 750 K along with a
catalyst so that the following reaction can take place:
~ CO) +2H,() = CH,0H(g)
Hf OB€n 1s introduced until the total pressure of the system is 8.5 atm at
E_:]mlibrium and 0.08 mole of methanol is formed. Calculate (i) K, and K, and
(u_} the final pressure if the same amount of CO and H, as before are used, but
with no catalyst so that the reaction does not take plaEE-

[() 4.94 x 107 % atm™?, 1.8684 x 10° (mol/L)™? (ii) 12.43 atm]

1?2 E deg: ree of dissociation of N,O, is 0.633 under a pressure of 3 atm. What
~ mustbe the pressure if dissociation is to be 80%? (031)
oo -
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S g (182.656 kJ)
[Hin =% 10 n=2 of He' : 3
t: See Example 14 Chapter 11 S o

175.

EIEci'mmagnetic radiation
atom, Caleulate the
h=6.626x 1073

: (n=2ton=1)
of w is j

2 ?Wlength 242 nm s just sufficient to lonize sodium
‘oization. energy of sodium atori, c=3x 10°ms™!

*

= . g2 =3
[Hint: See Example 7, Chapter 11] (8203 x 10" * k]

Copper metal has a face-cen

tred cubic structure wi Sl L0
0.361 nm. Picturing copper ions ure with unit cell length equal to

in contact along the face di : :
apparent radius of a copper ion. 5 face diagonal, find the

176.

(0:128 nm)
177. HG‘I-'-“_ many moles of electrons are involved in balancing the following redox
equations?
HS + NO; - 5+NO
and Mn(OH), + H,O, = MnO, (6, 2)

178. Write the half reactions and number of moles of electrons involved in the overall
cell reaction for the electrochemical cell designated by

PtjAg(s}lﬂgC]{sHCl'{c = 1)|CL(c = DIC (graphite)|Pt.
Ag(s) +Cl'(aq) — AgCl(s) +e,

Clz+2e — 2C1,
n=2

Given E°=0V for the H'/H, couple and - 0.8281 V for H,O/H,, OH ™ couple.
: Determine K at 25°C. (1.01x10")

e E0=—0268V for the PbCl,/Pb couple and - 0126 V for Pb™/Pb couple.
- 180. Given & =~ : :
B o etermine Kspfor PbCl, at 25°C. (1.6%107%)

.L‘. Hink PbC]'z_er—}Pb'l'zcr
" [ Pb—-}‘P'bi"!‘Z’E

]

! 141 mm and 93 mm

. _ : £ tane and toluene at 5U°C_ are
181. The VE.P““r ﬁ;:;m;ﬁhm of the solution (containing toluene and hEP'iag;}
E ,ngech"dﬂ?:;am ial pressure of toluene is equal to that of heptane. (0602, 0.3%)
. athict S0 afﬁ and B is placed in a cylinder-and-piston arrangement. e
B A i B Teothermally so that the volume of the iSSR0
- Liston is slowly pulled on ‘At the instant when the quantity of the liquid
B and 4 O 11, the mole.fraction of A in the vapour 15 0.
ginalithe lemperd Assume ideal behaviour. (0.667 atm)
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183, Air
Was drawn through a solution containing 38 g of solute in 100 g of water, ang

th
en ﬂ‘m::-ugh water. The loss of weight of water was 0.0551 g and the total

of water absorbed in sulphuric acid tube was 2.2117 g- Find the molecular xz;ght
of the dissolved substance. {26?];;
|_ Hint Raoult’s Jaw: lfrwenng of VP = mole fraction of solute
P of solvent
o 00551 _ 38M
22117 38 100
M 18

5 =

184. Calculate the mole per cent of ammonia formed at 350°C and equilibrium pressyre
of 10 atm when nitrogen and hydrogen taken are in 1:3 molar ratio

=7. it
K, =7.08x10 (9.47%)

185. A mixture of nitrogen and hydrogen in a proportion of 1 : 3 by volume was
subjected to a pressure of 30 atm and a temperature of 723 K. After equilibrium
was established, and cooled, the analysis indicated that the mixture contained 6%
of ammonia by volume. Calculate K,

(4851077 atm~?)

186. The equilibrium constant for the reaction

Hy(g) +L(g) = 2HI(g)

at 440°C is 50. How many moles of hydrogen per mole of iodine are requs
How equ
convert 90% of iodine into hydrogen iodide? {1.5-;]8 iﬁe‘;::e:'j

187. At 21.5°C and a total pressure of 0.0787 atm, N,O, is 48.3% dissociated into

Nf.'.'lz. Calculate K, for the reaction: N,Oy(g) = 2NO,(g). At what total pressure
will the per cent dissociation be 10%? (0.003%, 2.371 atm)

188. Ca.lculate the electron affinity of chlorine from the given data:
Na(g)=Na'(g) +e AH® = 4998 K]

1
5 CL(g) =Cl(g) AH® =120.9 kJ
Na(s) = iﬂa{g} : AH° = 108.3 k]
Na(s) + 5 Cl(g) =NaCl(s) AH® = - 4113 ]

Na'g)+Clg)=NaClls)  AH°=-7754 K] (-364.9 k] mole™)

189. A gas expands from a volume of 3.0 dm® to 5.0 dm® against a constant external
pressure of 3.0 atm. The work done during expansion is used to heat 10 moles of
mtu at a temperature 290 K. Calculate the final temperature of water. Specific

heatafw:aﬁer =4184] s—l K

[Hint W=—p. AV; 1atm =101325 Pa, 1 dm® = 10> m’] (290.807 K)

mine the enthalpy of the reaction

P C,H@ +H,(g) - GH(g) + CH,(g) at 25°C,

. the qi'wﬂﬂleatﬂf combustion values under standard conditions.
RN
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Miscellaneg '
us Prob
4, = lems for Revision
E'[gk Compoung. e
a AH® I:k]fm{)l HE{E} CH
i 'E'}: = *(g} C I'{ :
6y The stan T 2858 ~890.0 2614(8) C (graphite)
| heat of fﬂn‘l‘lati-;)n fC -1560.0 =3935
M SHL®) is - 1038 ky/mole
T g : (IT 1992)
. indrical tybe of (-55.7 KJ)
separator j ength 30 cm is partit : . .
Ideal " 1S very thin, very weakly mn[;mh:?neddhy L e The
tern b 11':'Ir:-‘_- filled in the two parts fE vl along the tube.
clidus 1y 7€ in the parts A and B are 400 K and jon b " (e beginning, the
A i o 2 Momentary equilibrium position at ,hl-m o pecttvely. The separatos
% ] I 2_“ ¢m. Find the fina] equilibrium posit; e cliedben P
atig ong time. Position of the separator, reached after a
(10 em al rt
l'hu} [Hint: Apply E‘E‘_ = &f_; f A
A = T, ~ T, '°F PartAunder the given two conditions and again for
part &, Re N i
G L pmsgt:l?;:er that at both the equilibrium positions, both sides will have the
6%
y 192. By how many folds the temperature of a gas would increase when the rms velocity
4 of the gas molecules in a container of fixed volume is increased from
5% 10" em/s to 15x 10" cm/s? (9 times)

| 193. The order of a reaction, A + 2B —C, is 1 and 2 with respect to A and B respectively.
| Fill in the blanks in the following table:

[A] [B] Rate
1.0 M 02 M 01Ms™!
20M 02 M 7
lﬂ M 7 ﬂE M 5—1

(04 M, 02Ms™")

‘151 The activation energy for a first-order reaction is 1045 k] /mole and the fa‘_-hr. A
o in the Arrhenius equation is 5% 10° s~ !, Find the temperature at which the ha:?f;;g
period of the reaction is 1 minute. |

195, The activation energy of 2 certain uncatalysed reaction at 300 K is 76 k] per mole.

1 a bl ¥
what fﬂctﬂr iE th.E I&tﬂ ﬂf thE fﬂtalyﬁd I‘Eadlnn Illtlﬂﬂsﬂd. [2031 hmﬁ}

ns of the same order have equal pre-exponential factors, but their

196, Two reactions OF = 249 r mole. Calculate the ratio between the rate
) ~ activation energies d‘fﬁ?r Py, o j?ack] i (22 % 107%
% constants of these reactions ' ;
ot | 4 B of equal capacity are filled with He and SO; espedie
b et S A ar o
d ;19.9.- mﬂ bulbs

the same temperature.

e in the two b
&2 ﬁuﬁ?ﬁﬁ molecules of the two gases?

oy : will the velocity of SO;

ulbs is the same, what will be the ratio of

molecules become half the
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Purchase a license to generate PDF files without this notice.



http://www.novapdf.com/

764
Modern Approach to Chemical Caleulations

(iv) How will the velocities be affected if half

the
removed from B? e ek >

(() 4 (i) 927°C (iii
198. A reaction mixture for the combustion of SO
2 Was prepared by openin
ga Etﬂpc_'gc

connecting two separate chambers, one havin
# B a volume of 2.125 lit
SO, at 0.75 atm and the other having 1.5 litres volume filled ‘L:ﬁf‘ filled with
o

: are

) (iV}—no l:hang@]

0.50 atm; both gases were at 80°C. XYgen ay
(i) What were the mole fractions of SO, and O, in the mixture, and the §
pressure? otal

(ii) h; the mixture was passed over a caialyst that promoted the formation,
of SO; and was then returned to the original two connected vessels, what

were the?ma]e fractions in the final mixture and what was the final tota)
pPressure? Assume that the conversion of S0, is complete to the extent

of the availability of Q.. (1) 0.68, 0.32; 0.64 a¢
[{11} 0.06, 0.94:0.44 alzn;]
199, The standard electrode potential of a standard hydrogen half cell is 0 vol¢. 1 the
standard state is considered when [OH] =107 or [H' ] =107, calculate £ ynqe
these conditions. (04137 V, -0.4137 v
200. The potential for the reaction

O,(g) +4H" +4e=2H,0 (1)
15 1.23 V in 0.1 N acid solution. Calculate the potential of this couple i
solutions having (a) pH = 10 (b) pH = 14, FERIR

[gint: First calculate E° for the given half cell and then the potential at the given
pH.] (0.6981V, 0.462 V)

201. Calculate the solubility product of the reaction
Fe(OH), =Fe’" + 30H"

Given that,
Fe(OH), +3e=Fe(s) +30H ; E'=_77V
Fe™ + 3e = Fe(s) ; E'=-006V  (18x107%
202. Calculate the potential of the cell

Cu | Mn(s) | MnCL(0.001 M), HCI(0.01 M) | O,(0.25 bar) | Pt | Cu.

Given that E°=-1.185V for Mn ** | Mn couple and 1.229 V for the O, | H,0, H'
| couple, (2452V)
m__h]i'stimate the difference in energy between first and second Bohr orbit for 2

j'ﬂmgen atom. At what minimum atomic number, a transition from n=2 to

ﬂF? energy .!evel would result in the emission of X-rays with A=3.0x 107" m’

Which hydrogen-atomlike species does this atomic number correspond to ?

(R= lﬂgﬁﬁm", c=3x lﬂm cm Sﬂl) (T 1959

(1-63 x 107 n erg, Z=2, HE'-}

4 %
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Revision

; (T 1992) (55, 1o
[Hint: Given mol of T,0 molecy] Lo 2) (562109

mol of H,0 molecules™ |

10 g of sam i
ple contains (2 Ry 10 i
5 (2x8x10 "jxﬁ mole tritium atomis]
205. A solution of Na,CO, that is 2.0 M

in CD‘:' ions was boiled wi
the
Very small amounts of CaCO, and i

F were formed. If the solubility product of

CaF, is v, find the molar concentration of F~
after equilibrium is attained,
[ %

'F'aCGE_ is x and molar solubility of
in the resulting solution

——

X

206. The solubility product of AgCl is 1.0x10™", The equilibrium constant of the
reaction

AgCl(s) + Br = AgBr(s) +C1~
is 2 x 10° and that of the reaction

2AgBr(s) +S° = Ag,S(s) + 2Br
is 1.6 10™. Calculate K, of Ag,S. (156x10°%)

7. What amount of BaSO, will dissolve in 500 mL of aqueous solution?
KsP(BaSGJ=1x1D"°. (0.0011 g)

the solubility product of Ag,CrO, at 25°C if the concentration of Ag’

0~* mole/litre in a saturated solution of Ag,CrO, at 25°C.
(169x107%)

208. Calculate
ions s 1.5x 1

ter contains 0.005 mole of CaCl, per litre. What is the n"Lini.l:r‘num
which must be exceeded for removing the calcium ions

K. (CaS0)) = 2.4 %1077 at 25°C. (00048 mole/L)

209. A sample of hard wa
cmmu‘allﬂn of Nazsc:'-l

vessel the following equilibrium partial pressures are measured:

: 2 3litre i oved from the vessel
* 2 bl;n 190 mm, H, =317 mm, NH’: ITE:NS {:Es:] I:.:.Tsu mm. Calculate the
T i at €q B o
; mﬁll:i.l: Pm_t! l]'f mhﬂge“undﬂ the new condition. {PH.'E- 265.8 mm)
! . : present at 2.5 atm and 300 K decomposes slowly
| 2. pure phosphine originally
= Emw-equaﬂon.
g AR 4PH,(g) = P(g) +6H(®) ot of 40%?
Y nfphmpmifitdissodatesmﬂwmt (13.08)
What is the vapour ' ;
T
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212. For equilibrium AB(g} — R
= A : :
St (8) == A(g) + B(g), Ky is equal to four times the total

€ number of moles of B formed. % Pressure,
0
(2/V5 times initia] mol g?o’Tw
213. ‘i'd.'hen equimolar quantities of acetic 2 id and i L
acid remains unreacted as shown b h’? ﬁan ethanol are at 25°C, 137 of e for

" ra H -
concentration equilibrium constant. ! PRI S satca Al Caleulate the gwic
214. At : 4 geac
room temperature the following reactions proceed nearly to completion,.
o 2NO + 0, = 2NO, — N,0, i

 dimer, N,O, solidifies at 262 K. A 250-mL flask and a 100-mL. faq, [Hi
separated by a stopcock. At 300 K the nitric oxide in the larger flask ex B IE
pressure of 1.053 atm and the smaller one contains oxygen at 0.789 atm ThEErls 3 =

arelmtxed by opening the stopcock and after the end of the reaction the ﬂaﬂiﬂ-’iﬁ

cooled to 220!( Neglecting the vapour pressure of the dimer, find out the pressam

and composition of the gas remaining at 220 K. Assume the gases to behaye ideaTlrE

. p

. (IIT 1992) o

[Hint: See Example 17, Chapter 12 (0221 atm, NO- 0,0043 mol)
Give

215. At 27°C, hydrogen leaks through a tiny hole in a vessel for 20 minutes. Another

unknown gas at the same temperature and pressure as that of H, leaks through W

the same hole for 20 minutes. After the effusion of the gases, the mixture exerts onL. Ag
p;t:shmre of 6 atm. Thn? hydrogen content of themixture is 0.7 mole. |f the vnium: PLES
Of the container is 3 litres, what is the molecular weight of the unknown gas? ternj
(IIT 1992) (1082) root
mols

Hy

. Tx -\ﬂ 2 fly
IHI.I.'IE }——-;_- H ="¥;PV"—' {nx + ﬂnj}RT]
s

216. The emf of the cell

Ag | AgCl, KCI (0.05 M) || AgNO; (0.05 M) | Ag
is 0.788 volt. Find Ksp, of AgCl.

1.16x 107" 22 An
[Hint: For the cell reaction: Ag'(0.05) = Ag'(c) [ g ]
where ¢ is the Ag’concentration in LHS half cell,

00591, 005
Ecen =—7—log——; K, (AgCl) = x0.05]

217. Cal 4
dﬁi;ﬁi&:ﬁ?ﬁﬁ uct of AgCl from the two half reactions and standard 5
Ag'+e > Ag(s) E'=0799 vy o

Agllte— Age)+ClIT  E'=0222v
[Hint AgCl- Ag"+ Q1% E2=0222-0709 ]
l E"=0.0591 log[Ag"] [C] 7] = 0.0591 log KSPJ
A8 Cdlculate emf of AglAgCl electrode immersed in 1M KCl at 25°C
- Ky(AgCD=18x107", E%Agr o0 =0.799 volt. 0223 V)

3 %}, Jetermine the temperature at which the half-life for the decomposition of N,O; s

1.66x10™9

fern
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» the rate i g
constant is 3.46 x107%5! and E, =106 kj mol™".

220. Two react i ii o
ctions (i) A — p (i1) B — P follow first-order kinetics. The

(i) is doubled whe
: n the temperature is raised
for this reaction at 310 K is i

twice as fast as A If
reaction (i),

rate of the reaction
: 10 K. The half-life
30 minutes. At the same temperature B decomposes
the energy of activation for the reaction (ii) is half that of
calculate the rate constant of the reaction (ii) at 300 K.

(IIT 1992) (323 x 10" min™ )

[Hint:
Reactions Ea Rate constants
300 K 310 K
(i) AP E; ki 2k; (given)
' (i) B> P E; ks (2) K
: 0.6930 . 2k, 1 E,
Given that, 2k, = ) and E:—Z!

2

221. A gas bulb of 1-litre capacity contains 2 x 10° molecules of nitrogen exerting 2

pressure of 757 x 10° N m~ 2. Calculate the root-mean-square (rms) speed and the
temperature of the gas molecules. If the ratio of the most probable speed to the
rmt-ﬁean—square speed is 082, calculate the most probable speed for these

IIT 1993)
. molecules at this temperature. ( &
(49418 ms ',274.15K, 40522 ms )

-3
[V yorge M]
[Hint: Use C= mn V=10 "m, m =300 const.

222. < rie of 0.5 mole of COand 0.5 mole of CO, is taken in a pot and allowed
5 . t through a pinhole into another vessel which is vacuous. If a total of
ﬁ;ifg!?:s effused out in time t, show that

. MIZ*.MZUFZ):BE i that has effused out
where M, and M, are the mean molar masses of the mixture

and the mixture still remaining in the pot respectively.
223. In order to. get

should have an optimum
_ el
: R corresponds to 3 times as much oxygen as 15 1eq
ﬁ.lel-tﬂ"*"l'ge;“ o -wlitﬁechmbusﬁm of the fuel. A bumner which has t;ﬁen a.d}t:i
theoretically for com ; i
i Y g fueil:wim + litre/hour of CH, and 6x litre/hour o Oz}t T
Sl Cﬂ‘lm In order to get the same calorific output, what shou

butan e that losses due to incomplete
e the rate of  of butane
be the rate of supply

and oxygen? Assum pie
on the same for both fuels, and that the gases behave ideally.
combustion, etc., are :
Heat of combustion:
it kJ/mole

',3' An evaluation version of novaPDFE was used to create this PDF file.
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TER Modern Approach to Chemical Calculations

Hint: Vol. of C,H,; required per h = 5578 U CHip=0281x 1/,
0,=5481x 1/}, j
; 804x) 13
Vol. of O, required perh| —— |x—
e SR v e

224. 0.16 g of methane was subjected to combustion at 27°C in a bomb calorj
The temperature of the calorimeter system (including water) was foung t::ﬂ.{'r'
b}r 0.5°C. Calculate the heat of combustion of methane at (i) constan vol o
(i) constant pressure. The thermal capacity of the calorimeter syster:lm?;
177 k] K" (R=831JK 'mol™}) 1

% 17.7 %05 k.
[Hmt: AE == ene Kol 'J (885 kJ, ~889.986 )y

225. The rates of effusion of two gases Aand B under the same conditiong of
temperature and pressure are in the ratio Ya:Ye=2:1. What would be the ratio
of the rms speeds of molecules of A and B if Tardg =204 (242 :1)

226. There were 201 rows of spectators sitting in a hall. A magician releases laughing
gas (N,O) from the front, and tear gas (mol. wt. 176) from the rear of the hall

simultaneously. Which row of spectators from the front will have a tendency to
smile and weep simultaneously? [!{’34]

227. At what temperature does the average translational kinetic energy of a molecule

in a gas become equal to the kinetic ene f
y of an electron accel
through a potential difference of 1 voIt?rg ccelerated from rest

1eV=1602x10""erg.
g (7.73x10° K)

228. The Kp value for the reaction equilibrium:

H,(g) + L(s) = 2HI(g)

o o, at 5°C. If the vapour pressure of iodine s 4x10™* atm, calculate the
4 um constant in terms of partial pressures at the same temperature.

(0.3484 atm)
Solid NH,HS is taken in an evacuated vessel and allowed to dissociate at a

vc:]rtain temperature until the total gas pressure is 0.66 atm. What would be the
ue of K, for the following reaction?

NH,HS(s) = NH,(g) + HS(g)

ﬂ‘lf"::ut :w?_ulrft be ﬂ"'f’ partial pressure of H,S if additional NH, is introduced into
equilibrium mixture at the same temperature until the partial pressure of

NH, is 0.921 atm? (0.1089 atm)
230. 'ngzﬁd ammonium carbamate, NH,COONH,, dissociates on heating to NH; and
NH,COONH,(s) + 2NH,(g) + CO,(g)

A f#ﬂ,m':_;??'e carbamate is put into a closed container and allowed to come 10

£ ey -

- equilibrium with the gaseous products at a constant temperature, 35°C, the total

TE =
An evaliuation version of novaPDFE was used to create this PDF file.
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Miscellaneous Problems for Revision 769

Tressure |
P re 1s found to be 030 atm. Determine KF for this reaction at 35°C.

(4.0 x 1077 atm)
231. Water gas is produced by the reaction

C+H,0(g) - H, +CO
The heat required for this endothermic reaction may be supplied by adding a limited

ey amount of air and buming some carbon to carbon dioxide. Calculate the amount of
g carbon to be burnt to CO, to provide enough heat for the water gas (H, + CO) conversion
g of 100g of carbon AH’f for CO=-11033k), AHY for HO=-24181K and
g AH combustion for C = - 39351 k. (334 )

232. A first-order reaction A — B, requires activation energy of 70 kj mole - Whena

6%) 20% solution of A was kept at 25°C for 20 minutes, 25% dﬁﬁﬂm?‘i‘f‘“i“ﬁmk Flgi:-.
What will be the per cent decomposition in the same time in a JUi SOTU

maintained at 40°C? Assume that activation energy remains constant n the fones

67.17%
1t: n{ of temperature. (11T 1993) ( Cﬁ}
;hﬂ [Hint: First calculate k., then k.. Again find out per cent decomposition at 40°C.]

T - | o
233. In Arrhenius’s equation for a certain reaction, the values of AandE; a
i 4x10"s 'and 98.6 k] mole ' respectively. If the n.;'ar:tion is of the first-order, at
5 il i ife period be ten minutes? (3112 K)
what temperature will its half-life peri
s i i le. If the rate
39 | 234. The energy of activation of the reaction: A+B—C is 24.6 kcal/mole e

1 .t 40°C, what would it be at 80°C?

of formation of C is 0.123 M min e ;

235, A reaction pI'QCEEdS with the energy of activation of 55.3 kecal/mo |
) tw 1d be the energy of activation of the reverse reaction?

have the same molecular formula
mhuzlé?ﬂpmpyl alcohol by mass, has a mtfil
_ A solution of the two, that is.
ressure of 0.12 atm at the same
cohols at this temperature.
(0.135 atm, 0.075 atm)

236. Isopropyl alcohol and n-propyl al«
& cgmopi solution of the two, that is,

09 atm at a given temperature
vapour pressure of 0 Ll s

ind the vapour pressures of the pure al

i f
ine—water boils at 98°C under a presssure o
> ture the vapour pressure of water is 707 mm. .lf this 531;{(&:;
i Atti'us ki fraction of total weight of the distillate will be aniine:
is distilled in steam, what fracti B

237. The immiscible liquid system anil

passed lution containing 2.5 g of B in 100 g
,,:eﬁ- 938, A current of dry air was ﬁ%ﬁﬂ;iﬂ weight of solution was 1.25 g
Jue” ! of solution, and thmuzti; ﬂ:f;jm I e the molecular weight of B. a17)
W _and that of water was U.

i |
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to be only the decay of **Th. Also, assume com
the ore. Half-life of **Th=1.39 x 10" years.

[Hint: “3Th — %%Pb + 6 He + 4 el

plete retention of helium within

(4.89 x 19 years)

8 sample containing MnO, is treated with HCl, liberating CL. The ¢y, i
pass?d into alsnluhun of KI and 30.0 em® of 0.1 M Na,S5,0, are required tq titrate
the liberated iodine. Calculate the percentage of MnO ; in the sample. (26.10%)

241. A 2:ﬂ-g sample of a mixture containing sodium carbonate, sodium bicarbonate and
sodium sulphate is gently heated till the evolution of CO, ceases. The volume of
CO, at 750 mmHg pressure and at 298 K is measured to be 123.9 mL. 1.5 g of the

same sample requires 150 mL of (M/10) HCl for complete neutralization. Calculate
the percentage composition of the components of the mixture.

(IIT 1992) (26.5%, 42.0%, 31.5%)

242. 5.6 g of a steel sample containing sulphur impurity was burnt in oxygen. SO,, so
produced, was then oxidised to sulphate by H,O, solution to which 30 m[, of
0.004 M NaOH solution had been added. 22.48 mL of 0.024 M HCl was required

to neutralize the base remaining after oxidation reaction. Calculate percentage of
S in the given sample of steel. (0.1886%)

[Hink: SO, + H,0, + 20H =50; +2H,0

mmol of S = mmol of SO, = ';— x mmol of OH™ = (30 x 0.04 — 22.48 x 0.024)]

. 240. A 0.5

243. Calculate [NH,’] (derived from NH,Cl) to prevent Mg(OH), from precipitating in
a one-litre solution, containing 0.01 M NH, and 0.001 M Mg** ions.
K IMg(OH),] =1.2x 107", Ky(NH,0H) = 1.8 x 107°.

(1.6x 1073
244. What is the maximum pH of a solution of 0.1 M in Mg ** from which Mg(OH),

will not precipitate? K, [Mg(OH),] =1.2x 107" (9.04)

245. Calculate the maximum possible concentration of Ni** ions in a solution which is
also 0.15 M in HCland 0.1 M in HS.

. Ky(NiS)=2x107%, K(H,S)=1x 107"

(0.45 M)
246. Calculate the pH at which Mg(OH), begins to precipitate from a solution containing
ﬂ-iMMg“ ions, K, for Mg(OH),=1x10"". (9.0)
247. A particular water sample has 131 ppm CaSO,. What fraction of the water must
be evaporated in a container before solid CaSO, begins to deposit?
i Kgp(CaSO,) =9.0x 107", (68%)
' S C}LCUCHS(g} — C,H,(g) + Hy(g) + CO(g)
ressure changes as follows:
b _ 0o 65 13.0 19.9
foa® e (P2 414894 R4RA A 65050.4 74914.6
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Misceilanmus Problems for Revision

Show that the reaction is of tirst-order

er by 419 ¥ /mol Pre-exponential factors but their
tions at 600 kl'. ¢ Calculate the ratio between the rate

250. The dissociation of a substance (0.0002)

15 a first-order ; - Pt
of 231 kJ/m 300 ; aer reaction with an activation ene
hour, -'.ZaII::Ful::::.tleiE .tlf: te e substance dissociates at a rate of 95% withinrfi
: : mperature at which the dissociation rate of the sub i
0.1% per minute, of the substance is

(350 K)

constants of these reac

251. A diazonium salt dissociates according to the equation

CH, C;H, N.Cl + H,0 - CH,C, H,0H + N, + HCL
The dissociation process is a first-order reaction whose rate constants at 297.9 K
and 3032 K are 9x10™ and 13x 10" * min ™" respectively. Calculate the rate
constant at 308.2 K and the time for 99% dissociation of the salt at 3082 K.
(16.37 % 107" min™ ', 282 min)

252. A thermally insulated container initially holds N, molecules of an ideal monoatomic
gas at an absolute temperature T;. Molecules escape from the container through a
small hole in the wall, and it can be shown that in such a process at a temperature
T, the average kinetic energy of the escaping molecules is 2 kT. How many
molecules remain in the container when the temperature has fallen to T,/ 2; ”

0

[Hint: No. of molecules at T, is N, Let at any time the temp. ﬂf_the mntainerkbe
T and the no. of molecules present be N. Both Tand N are variable. Let during
the time dt, the no. of molecules escaped be dN. Then

3 _3 LT _dD (N—-dN)
EkTN—EdeN-—Ek{T D

o2 v
Sj ar_2 I iy (neglecting dTdN factor)
Fa T2 N
or, zrﬂ —==> !
N,
N=—""
¢ B WMBK f20g
= CO,(g) is 1.16 atm at :

253, K, f e CaCOy(s) = Ca0(e) uDe
. Kp for the e‘l“ﬂii;u:d to 1073 K in 10-litre vessel, find the perce:;:if:u %]
e CaCG, w;g unreacted at equilibrium. :

CaCO, rema

— rding to the reaction
S . bamate dissociates acco
256, Solid ammORET 00 N9 < 2NHAB) + COLE)

| = H i i ud lEE Elt:! -
i “ihhnm“ wlth the SGhd 5
P

(231 x107* atm’)
tank to 1000°C. At

in a 5-litre S
eated with 10 g "ffﬂﬁm.ff;;nm:k Calculate the equilibrium

tor the equilibrium (031)
- C(s) +2Hp) = CH®)
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772 Modern Approach to Chemical Calculations

256. If the reaction between steam and iron proceeds as
3 Fe(s) +4 HO(g) = Fe,O,(s) + 4H,(g)
and partial pressures of steam and hydrogen are 50 mm and 940 mm

: SSpective
at 250°C, calculate the partial pressure of steam at equilibrium Whmpﬂc 1""“_’1'
pressure of hydrogen is 1800 mm. ©5 }lf'ﬁr:'lha;
*/ m

257. The equilibrium constant of the reaction H,+ I, <> 2HI at 693 K is 5025 (k

).
Calculate the yield of HI if 0.846 x 10" kg of I, and 0.0212x 10" " kg of H, ha:E

been placed in a vessel having a capacity of 10 ° m’. (0.821 x 19-3 k)

258. At 823 K and 1.0133 x 10° Pa, the degree of dissociation of phosgene (COcy,)

into
CO and Cl, is 77%. Find K_,, and K.

“-45&, {]'1]2]5]
259. Express the equilibrium constant K, of the reaction H, +0.50, = H,0(v) in torms
of total pressure p and degree of dissociation o of water vapour.

[Kp - A-0as
P Hd“'-!
260. The equilibrium constant of the reaction
CO+HO=CO,+H,

at 800 K is 4.12. A mixture of 20% CO and 80% H,0O is heated to 800 K. Determine
.the composition of the mixture in the state of equilibrium and the yield of hydrogen
if 1 kg of water vapour is taken. CO - 1.447%, H20 -59.858%
{Cﬂz ~37.013%, Hy - 1.68% }

261. At 945°C and 1 atm, 1.7 g of H,S occupies a volume of 5.384 litres, Calculate the

degree of dissociation of hyd Ehite: g ‘
the equation ydrogen sulphide if the reaction proceeds according to

HS=H, +0.55(v)
mﬁ degree r:rf dissociation of qu‘ according to the equation N,0, = 2NO, at 70°C
: uund:: atm is 65.6%. Calculate the apparent mol. wt. of N,O, under the given
s (55.56)

: H, at a pressure of 0.8 atm and tem
: ; NS . perature T K.
oY U.G;I;ule of O, is addgd to this bulb and the temperature of the bulb is lowered
= A : g‘n 2 ) keep the same pressure. Calculate the volume of the bulb and its

mperature T. Also, calculate the partial pressure of each gas.
R s (13.34 dm’, 65 K; PH; = 0.615 atm, po, = 0.185 atm)
- ; w ml Semon nf.'{},-, S0,and SO, present in the mixture of gases is 0.5 : 0.3 : 0.2
~ They are allowed through a pinhole at 27°C. Calculate the composition of the
s  mixture leaving initially. (3.953 : 1677 : 1.0)
polymerization “f ethylene to linear polyethylene is represented by the reaction
B oo e o,

l‘aﬁ large integral value. Given that the average enthalpies of bond
n for C=Cand C-C at 298 K are +590 and +331 kJ mole™ " respectively,
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Mis
q‘:’e“ﬂl‘lmug Problems for Revision
calculate the eng, : 773
3 Nihal
[Hint: opy _ 1% p{{g E‘;L};nmrimtinn Per mole of ethylene at 298 K.
266 At 357 E o, ] (IIT 1994) (=72 kJ)
of water is 0. F o Pressiire of of

3 i prepared from equimolar a ts of
is te _ edq mounts of water
condenseq e cond mPﬂdmm'_ Th"j‘ vapour above the solution is removed and
solution i . ﬂ:]wd solution is heated to 337 K and the vapour above the
solution, and condensed. Determine the mole fraction of the condensed
267,

A (091, 0.09)
Su;::ars:; ::;[g ﬁ“‘f was bubbled through a bulb containing 26.66 g of an organic

- & of water, then through a bulb at the same temperature containing
pure water, and finally through a tube containing fused calcium chloride. The loss
In weight of water bulb was 0.087 g and the gain in weight of the calcium chloride
tube was 2.036 g. Determine the molecular weight of the organic substance.

(56.1)

268. A hydrocarbon (A) [C —90.56%, vapour density = [ COOH

CHy
53] was subjected to vigorous oxidation to give a
dibasic acid (B). 0.1 g of (B) required 24.1 mL of
0.05 N NaOH for complete neutralization.
Nitration of (B) gave a single mononitro
CHa COCH
(8)

derivative. When (B) was heated strongly with
soda lime, it gave benzene. Identify (A) and (B).

L &
269. A chloro compound (A) showed the following

roperties: ,
E} Decolorized bromine in CCl
i lytically
(ii) Absorbed hydrogen cataly sy
ipi h amm. cuprous chion
(iii) Gave a precipitate wit : S
(iv) When vaporized, 1.49 g of (A) gave 448 mL of vapou e
Identify (A).

: hen treated with
) e ound pave a foul-smelling gas W i
270. A basic, yolatile ;;1 tmguhﬂﬁz ;E:,[;Eh. A [}.52‘?55 sample of the substance dlﬁ;hﬁ;
chloraform ane & aNO), solution at 0°C, liberated & colouriess, ® 08T =7
aq. HCl and trea rresponded to 112 mL at STP. After the E\'ﬂlu-?‘l(l}if\ Eid wh%ch
gas whﬂﬁel "'tzh;:: ::ueﬂlf solution was distilled ‘:C'FE;.I"'E 3“1;"“"%“;& :..;q:dine gave
was compiete, B 4 which on warming with an a e =

4 , and whic tains one
Clal R r;:f %:;t;nﬁfy the original substance. Assume that it conias
orecipitate.
a yellﬂw P

lecule (1T 1993) [(CH,); CHNH, (isoprop lamine)]
N atom per mo 5 3 Y f
t n organic amide (A) upon alkaline hydrolysis gives one mole o
of an © v

i i ~ What is the
& NH o mole of monobasic acid of equivalent weight ?4( i :
and one 2
ma;:cular formula of (A)? C.H.CONH

i ¢ water at 25°C to make
issolved in 100 mL 0 3
472, How many grams of CaF, must be d o (166%107°8)

ate =39x%10
» soluti turated? K CaF,) | | ‘
the EPluuﬂn sa KSF( d also 0.1 M in Na,(50,) 15 treated wﬂh. 5(:1:!
N;z“ PbSO,, will precipitate first? What is t
or b

ich is 0.1 M in
A solution which is
2.?3’. Jeast soluble compound when the more soluble one

concentration of anions of the

i
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starts precipitating?

KplPBL) =87 10", K, (PbSO) = 1.8 x 107" (PbSO,, 0.021 M

274. The SDIubﬂit}' product of Ca(OH), at 25°C is 4.42 x 107° 500 mL of saturated
solution of CafDI'i}r is mixed with equal volume of 0.4 M NaOH. How

Mich
Ca(OH), in mg is precipitated?

(747 mg)
275. Calculate the amount of (NH,),50; in grams which must be added to 500 m of
0.2 M NH, to yield a solution with pH =9.35. Ky(NH,) = 1.78 % 107",

(10.254 g

276. The CIO radicals decay by second-order reaction. If the initial concentration jg
25x107° mole dm ", calculate its (a) first half-life, (b) second half-life, ang

(c) concentration of ClO radical after 4 min. The rate constant of the process is
2.25x10° dm™ mol ™ 's™". (a) 1.778 milliseconds (b) 3.556 milliseconds

L’c} 7.69% 10" mol dm * J

277. The data of a chemical reaction is plotted as 1/C vs time and the plot is a straight

line. If intercept is 2 x 107 mol "' dm’ and slope, 2 x 107 mol™' dm® ™!

. calculate
the half-life period of the reaction. s

(0.1 s)

278. A reaction is 50% complete in 10 minutes. It is allowed to proceed another

5 mirmtes- How much of the reaction would be complete at the end of these
15 minutes if the reaction follows zero-order kinetics? (75 %)

279, For the gaseous reaction, say, A — product, the rate is often described in te
d(P,)/dt instead of d[A)/dt or d(n,)/dt. What is the relation
expressions? [

rms of
among these three

4Py} 1 dm) 1 d[a)
di- Vo dt  RT di

280. A certain mass of a substance in 100 g of C.H, lowers the f.p. by 1.28°C. The same
mass of the substance in 100 g of water lowers the Ep. by 1.395°C. If the substance
has a normal molecular weight in CH, and is completely dissociated in water,

calculate the number of moles of ions produced by the dissociation of 1 mole of
the substance in water, K¢ for H,O and C,H, are 1.86 and 5.00 respectively. (3

281. A solution of 3.795 g sulphur in 100 g of CS, (b.p.=46.3°C) boils at 46.66°C.
Determine the formula of sulphur molecule in the solution. Kp(CS;)=242. (S

282. An aqueous solution of cane sugar (mol. wt. = 342) has an osmotic pressure of

1.5 atm at 18°C. If 100 g of this solution is cooled to ~3.0°C, what mass of ice will
separate out? (94.10 g)

283. A{laquemxs solution of mannitol in water has a vapour pressure of 17.504 mm at
._gﬂﬁﬁ:,gt"-whir:h temperature, the vapour pressure of pure water is 17.535 mm. What
igthefp depression for this solution? K¢ (H,0) = 1.86. (0.183°C)

MPWUMEUIPMIE is a strong electrolyte which dissociates completely in aqueous
solution. Urea 15 a nonelectrolyte substance. A 0.01 molar solution (aq) of potassium
An evaluation version of novaPDF was used to create this PDF file.
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Ep. of water by

: 0.0558°C
solution of yrea? P38°C. What

will be the depression
(0.0186°C)

dr - kIH] [Brﬁ!".

reaction? is
action? Is this an elementary reaction?

5 286. Find the 1
| te law of the reach
o 0
which is el&mentar}r. R rar
(R =k[HJ [Ax])
of zero-order with k= 5% 107% mole it s

287, A chemical reaction is known to be
(a) How long does it take

(b] WI.H the hmE to dE’CTEESE the reactant concentration from 2 x ln—!

e 3 mol lit" " to
110 ° mole lit ! be the same as in (a)?

(410" s, No)

288. What is the ratio of tiptot,,; for a first-order reaction? (1-71)

[

290., Calculate K, and K, of the reaction: I, +* 2I when 1.513 x 10" mole of iodine is

heated to 1073 K if its vapour occupies a volume of 2493x107°m’ at

5.81 x 10* Pa. (0.01113, 0.1264)

289. Calculate the average life for a reaction undergoing a first-order reaction.

291. At 525 K, the equilibrium constant of the reaction PCl, = PCl;+Cl, is 1.78 atm
(KF}. At what pressure should an equimolar mixture of Cl, and PCl, be taken for

the pressure of PCI; to be 5 10* Pa at equilibrium, volume remaining constant?
(28.99 x 10* Pa)

291- The pressure dependence of the equilibrium conditions for the equation
- 3 Ny(g) +3 H,(g) = NHy(g)

was studied by measuring the mole fraction of NH, produced at various pressures
fm- 1 31mxrure5 of N, and H, at 500°C. K}, was found to increase with the increase
in pressure. Why is K;, pressure dependent?

. _mole sample of NO, was placed in a 10-litre container and heated to 750 K.

293. A 0.1 e i It of the decomposition
S ; ossure of the equilibrium mixture as a resu ;
T s O,(g) was 0.827 bar. What is the value of K, at this

tem: per' .:t:re? ﬁt amount of NO, must be placed in this container to obtain an
equilibrium concm&alion of NO, of 0.1 mole per litre? (0.704, 1.61 mole)
294, waw=the mass of NH,Cl that must be completely dissolved in 1 litre of aqueous

' - i 8 K. Assume ideal behaviour.
solution to attain an osmotic pressure of 5 atm at 22 B4 )
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295. 10 g of a substance was dissolved in water and the solution was made
Ll

. t
250 em”. The osmotic pressure of the soltuion was found to be Exl[}‘-'mmﬂ !
288 K. Find the molecular weight of the solute. (119 ?;;

[Hint: 1 ec =10 °m?)

296. A solution of crab hemocyanin, a pigmented protein extracted from crabs, wag

prepared by dissolving 0.75 g in 125 cc of an aqueous medium. At 4°C, an OSmotic
pressure rise of 2.6 mm of the solution was observed. The solution had a dens;
of 1 g/cc. Determine the molecular weight of the protein. Solve this problem e

C.g.5. units. (5.4 x 10° g/ mole)

297. 4.0 g of a substance, A, dissolved in 100 g of water depressed the f.p. of water by
0.1°C, while 4.0 g of another substance, B, depressed the f.p. by 0.2°C. Which of
the two substances has the higher molecular weight? (A)

298. Calculate the pressure in pascal (Pa) by a 760-mm Hg column.
(101328 Pa)
299. Dibutyl phthalate is commonly used as a liquid in manometers. What pressure in
Nm ° is equivalent to a centimetre of this liquid? The density of the liquid is

1.0465 g;"rﬂ'.‘. (102.63 Nm-z]
300. What is the approximate mass of the atmosphere of the earth? Assume the radius
of the earth to be 6370 km. (5.27 x 10" kg)

[Hint: Surface area of the earth = 4nr® and
atmospheric pressure = 1 atm = 101325 Pa]

301. A commercial gas cylinder contains 75 litres of helium at 15 bar (gauge pressure).
Assuming ideal gas behaviour for the isothermal expansion, how many 3-litre
balloons at a pressure of 1.1 bar can be filled by the gas in this cylinder?

(340 balloons)

302. A diver at a depth of 45 m exhales a bubble of air that is 1 cm in radius. Assuming
ideal gas behaviour, what will be the radius of this bubble as it breaks at the
surface of the water? (1.8 cm)
[Hint: p, = pgh +atm. pressure; p, = atm. pressure

Apply p,V, =p,V,, calculate V, and then the radius]

303. 0.001 mole each of Fe’* and Cd** is present in one litre of 0.02 M HCl, saturated
with H,S. Find whether each of these ions shall precipitate as sulphides. Calculate
[Cd**] in the solution at equilibrium,
K,(H;S) =1X107%, Kyp(CdS) =8x 1077, K, (FeS) =37 x 107 ".
| g (CdS precipitates, [Cd>"] =3.86 x10°° M)

304 A solution contains both Ag* (0.30 M) and Ba®" (0.05 M). s
hp (i) If solid Na,SO, is added very slowly to this solution, which will precipitate
A di, ~ first, Ag,SO, or BaSO,? | e
(i) The addition of NaSO, is continued until the second cation just s
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Precipitati A
Hating as gyl s : F
s : ulphate. Whiat 15 the concentration of the first cation at this ﬁh

splAgS0)=12x107%, K(BaSO) = 15% 10°° 3
| " (BaSOys, 1.15% 1075 R
e b o (BaSOy, 1.15% 107° M)

1.0 bar, an ilibn ilue
B equilibrium exists at 2000 K bet 5
r(g). 0.75 mole of F.(g) and 0.497 s ween 0.25 mole of

each gas after the {(g). What will be the amounts of
o ressure 3 RO
E‘ilmhbrium at EDDE}FK m-est:;\uﬁ};f stem has been increased to 2.0 bar and the
r(g) + 3F ] i
A8 AB) — Eiirﬂig) (0.189 mole, 0.567 mole, 0.619 mole)

306. i
06. For lh{f equation CaCDﬁs}—rCaﬂ{s}%—CDligL Kip=0.059. Exactly 10 g of
CaCO, is placed in a 10-litre

container at 1000 K. After equilibrium is reached,
what mass of CaCO, remains? (9.29 g)
307.

Hot copper turnings can be used as an ‘oxygen getter’ for inert gas supplies by
slowly passing the gas over the turnings at 600 K:

2Cu(s) +3 Oy(g) = Cu,008); K, =75%10°

How many molecules of O, are left in one litre of a gas supply after equilibrium
has been reached? (217 =2)

308. For O,(g) + OH(g) = H(g) + 20,(g), K=0.096 at 298 K and K=14 at 373 K. Above
ill the reaction become thermodynamically spontaneous?
what temperature wi i

[Hint: For spontaneous process Kp>1. Use Equation 11, Chapter 15]

i !i wWas 11 L i h.:.

tion
f the system at 279.0°C for the equa
T, D R S = function of time. Find the order of
' Cly(g) was observed as a functi
SO,Cly(g) — SO:8) *

the reaction. g
' 204 3270 7500 8400 :
Time (s): 15 365 415 475 5942 (First)
o 1
p (mm . on reaction was doubled as the initial concentration of a reactant was
el f:rl:i gghﬁnt is the order of the reaction for this component? (Zero)

he rate
. . ; temperature dependence for t

. eaction will have the greater

312. ‘Which rea

with a small value of energy of activation (E) or one with a large
_D.m

constant (Large value of E)
value of E?

RS e B
[Hi"“ LTS Ry km‘}

The half-time of the first-order decomposition of nitramide is 2.1 hour at 15°C,
. NH,NO,(aq) - N:O(8) + H0()

1f 62 g of NH,NO, is allowed 10 decompose, calculate
(i) the time taken for 99% decomposition, and
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(ii) the volume of dry N,O produced at this point measured at STp

[(i) 21 hours (ii) 2.21?5]',““]
314. A t?y ballmg originally held 1.0 g of helium gas and had a radiys of 10 h
During the night, 0.25 g of the gas effused from the balloon. Assuming j :i;_-IE cm,

rr - I
behaviour under these constant pressure and temperature conditions, what 525

the radius of the balloon the next morning? ks

315. Assuming ideal gas behaviour, how many atoms of Ar are contained in 5 typical
human. breath of 0.5 litre at 1.0 bar and 37°C? Air consists of 1% A atoms
Assuming that the argon atoms from the last breath of Plato have been distribygey

randomly throughout the atmosphere (5x 10" m?), how long would it take ¢,

breathe one of these atoms? A typical adult breath rate is 10 min "',

(1x10™ breath™’, 19 min)

316. The total pressure of a mixture of H, and O, is 1.0 bar. The mixture is allowed +,
react to form water, which is completely removed to leave only pure H, at a
pressure of 035 bar. Assuming ideal gas behaviour, and that all pressure
measurements were made under the same temperature and volume conditions
calculate the composition of the original mixture. (0.78, [122‘;

317. A mixture of He and CO, has a volume of 63.5 mL at 1.0 bar and 28°C. The system
containing the mixture is cooled in liquid nitrogen, and the remaining gas is
evacuated. The system is restored to 1.0 bar and 28°C, and the volume is 40.5 m[.

Find the composition of the original mixture. (0.638, 0.362)
318. The average molar mass of the vapour above solid NH,Cl is nearly
26.5 g mole . Find the composition of the vapour. (0.5, 0.5)

319. The escape velocity is given by
v=\N2gr

where r =6.37 x 10 ° m for the earth. At what temperature will the rms velocity of
an H, molecule attain the escape velocity? (1.02 x ll];‘ K)

320. An He atom at 25°C is released from the surface of the earth to travel upwards.

Assuming that it undergoes no collisions with other molecules, how high will it
travel before coming to rest? (9.47 % 10° m)

[Hint: Use 2 kT = mg]

321. Addition of 0.643 g of a compound to 50 mL of benzene (density = 0.879 g/ mL)
lowers the fp. from 551°C to 5.03°C. If Kf for benzene is 5.12, calculate the
molecular weight of the compound. (IIT 1992) (156.06)

322. A solution of cane sugar at 27°C develops an osmotic pressure of 4.93 atm.

Calculate the £p. of this solution (molecular depression constant for 100 g of water
is 18.6). (0.372°C)

323. What relative proportions of ethylene glycol C,H,O, and water (by weight) should
b‘? mixed to form an antifreeze solution that will not start to freeze until the
temperature reaches - 37°C? K for H,O = 1.86. (1.23:1)
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g }"Cﬂ] is used Eels fmzen Caiic .t‘
as : using d; 3 : i
added o 4 : antifreezing agent. Ca] v:%n Ia:m::-.gL to the radiator of a car. Ethylene L 3
B of water to -~ the amount of ethylene glycol to be ¥
1.85 K -1 Prevent it from freezing op _ eo B i3
\ mol™" kg Ng at -6°C. Krfor HO is &
25. From the fullawing data f Ghsp P
—-—-_._________‘_____-_' or the reaction betwm A and B: .
[A], mol 1! B ) :
I mol L [B], mol ! Initial rate, mol L™' 57!, at
e | :
25%10-4 — 300 K 320 K y
5‘ -4 2010 50x 107" 20x107 -ﬁl‘
0x10 6.0x 1075 40x107 — S
L 10x10 6.0x10°* 1.6x107? — 5
Calculate

{t} the order of the reaction with respect to A and with respect to B, .
(ii) the rate constant at 300 K, j?

(iii) the energy of activation, and

(iv) the pre-exponential factor. (IIT 1994)

[G) 2, 1 (ii) 2.67 % 10° (iii) 55.3 KJ (iv) 1.145 x 10"] .

326. Show that in case of a first-order reaction, the time required for 93.75% of the :
reaction to take place is four times that required for half of the reaction. .

327. What will be the initial rate of reaction if its rate constant is 10"  min " and the >

concentration of the reactant is 0.2 mol dm ~? How much of the reactant will be
mﬂVETtEd into PIMUCE in 200 minutes?‘ {20“ “]—‘- miol dm-ﬁ- min‘ l' 15%}

1 if i i bring about decomposition
rder reaction A — P, if it takes 20 minutes to _ :
328. {I:; g{]rfj,f::-_?ﬂle initial substance, calculate the time to decumpasi 5{;}360":’? of it, a::;
min, infini
(ii) all of it.

5 , e
329, What is the pH of a 1.0 107° M solution of NaOH? 7.021)

2 —
‘What is the pH of a 0.1 M solution of Na,SOQ For HSO, K, =1x10% (751
330. a '

50-mL aliquot of 0.01 M solution of HCOOH was titrated with 01 M NaOH.
m -
i ;redict the pH of the solution

(.} at the beginning of the reaction,

{:} at the half-equivalence point,

. int, and
(c) at the E‘i““"d?ﬁﬁw hias been added.

¥ (2.88, 3.75, 7.86, 11.92)
librium constant of ‘the reaction: 20,0=D,0"+0D" (D is deuterium) is

i 7.435

e The Eillﬂ'“ at 25°C. Calculate pD of the heavy water at 25°C. (7.435)
o . ; ‘ ‘ :
lﬂi 1 water should be added to 10 g of acetic acid to ;;we a hydmger:. ion
e mut{n w:qual to 1% 107 M? Ka{CH_,,CDDH} =18x107". (3.0 litres)

= ?at 20°C. If
534, For the equilibrium: NH,HS(s) = NH,(g) + H:5(@); Kp=005atm" at

I An evaluation version of novaPDF was used to create this PDF file.
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0.06 mole of solid NH.HS is placed in a 240-litro flask at 20°C, ca In 1
percentage of the solid decomposed under equilibrium, RN e : H']

| (37.18%; [

335. The progress of the reaction A == nB, with time is presented in the f; ]

Determine T 346 oo
(i) the value of n -al
(ii) the equilibrium constant K " s
(iii) the initial rate of conversion of A (LT 1994) (2, 15 e
i 12, 0y (
[Hint: At equilibrium: Kﬂ[
l | _1 | | Rate (forward) = Rate (backward) 348. The
0.5 T B Lt vo!
_ o = 5 5 5N is 1
I_. E
E- For the eqb.: A= 2B, K= ”_6‘ i Kf |
= — 0.3
=~ /_ I A Initial rate = change in concentration of A; 9. A7
é -7 the 1st hour] o o anc
0.1 :
A55
1 3 5 [
Time [ Hour =
336. Calcul 1550C -
culate the per cent dissociation of H.S(g) if 0.1 mole of H.S is kept in a 0.4-5¢ act
vessel at 1000 K. K £a
For the reaction L1
2H,S(g) = 2H,(g) + S.(g),
the value of K, is 1.0x 10°%, .
(2%) oy
337. Find the am i ' ' i
: _-::Tunt of time expressed in units of ty, at which A/A,=0.125. o
[Hint N=2""N_ n=no. of (A SbZ..
- 3)
338. A radioisotope has a half-li {
-life of 900 seconds. Calculate th i
: . i . ! ‘ e fraction of the origi =
isotope which will remain behind after four half-life periods T{llglf?;; “f
. x {
339. What is the minimum halfif i
-life of i
el e an 1sotope needed so that not more than 0.1% of the 2
uclei undergo Yy during a 3-hour laboratory period?
(88 days) 353. G

340. Isotopes of oxygen with mass number less than

m a - 14 A
ﬂn::::t':oiarfmlttct;re of "Oand ::{l find the ratio of the nuclides at the end of
o ;5 1pfor '0O=71s, i, for "O=124 5. At what time will the ratio of MO
nuclei to “O nuclei be equal to 0,257 7 g
(3.02x 10 7,332 5)

solution (d=1.18) containing 36% HCl by

16 undergo " emission. Assuming

341, W?mt volume of concentrated HCJ
weight is required to produce 6.55 lit

" . res of a solution with pH 1.85?  (7.88 mlL) 2. F
éﬂ mma solution is 9.9% ammonia by mass and has a density of 0.99 g/mL. {i
Calculate the pH of the solution. Kp(NH,OH)=1.7x 107°. (12.0) i

343. How much (volume) of ‘ 4

| W r 0.001 M HCI (aq) should be added to 10 mL of 0.001 M ]

NaOH to change its PH by one unig? n[ﬂ.iﬂ mL) -

m A-’ e ; e - | .

A current of 1 amp is passed through one litre of 1.0 M HCl solution for one day. : g

AN

-3
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. Find th
F 5] . . ] . M
PH of the solution after electrolysis. Assume no change in volume.

2 (0.98)

345. In how r litres i
10w many litres of water, 10 g of CH,COOH should be dissolved to give

H1=107 2 k. (CH.COOm - 1 ;
a(CH,COOH) = 1.8% 1075 (3.0 litres)

346, Fi 5 A
46. Find the pH of 0.4833% K ¢ (0.824)

aq) solulion,

34?- -‘ . . Ty i
Calculate the PH at the equivalence point when a solution of 0.1 M CH,COOH is

titrated with a solution of (.1 M MNaOH.

Ka(CH,COOH) = 1.8 x 1075 (8.66)

348. The ¢ ; i i
€ coolant usually contains a solution of antifreeze prepared by mixing equal

W J Sgy x ene eluenl i [ T
I :u umes of Lt}ll-ll h_ ne :'1[_!""“:-" le']ﬂ{_—“'l}_, and water, The tfl.-l!:.‘-i]t:r' L!lf 1_'*[!'!}-’]!._'[':‘_" f.',]"-"ﬂ':ll
is ]_.113 g/mL. Calculate the f.p. of the mixture
K;’ for ]f:{_]‘ is 1.86,

(=33.4°C)

9. A 7.64p s > of the s : ; )
349. A 7.64 B sample of the sal} MF, (at. wt. of M =96) is dissolved in 100 g of water

and rh.e rp of the solution is found to be 268.69 K. Find the formula of the salt,
assuming ideal behaviour Ke(HO)=1.8 {MF.)
i 'S

350. The fp. of nitrobenzene is 3°C. When 1.2 g of chloroform (mol. wt. = 120} is
dissolved in 100 g of nitrobenzene, the £.p. of the solution is 2.3°C. When 0.6 g of
acetic acid is dissolved in 100 & of nitrobenzene, the £.p. of the solution is 2,64°C.
FI;qlcuinte the molecular weight of acetic acid. What conclusion can be drawn from
it? (116.6, dimer)

. 351. By dissolving 0.517 g of nitrogen sulphide in 18,25 g of chloroform, the b.p. raised
by 0.6°C. Nirogen sulphide contains 305% S. Find the molecu!
molecular formula of nitrogen sulphide.

ar weight and
(184, N.S,)

352, Cﬂnsiderz the LiCl- 3NH,(s) = LiCl- NH,(s) + INH (g) with
KF=9 atm™ at 40°C. A S-litre flask contains 0.1 mole of LiC] - NH,. How many

moles of NH, should be added to the flask at this temperature to drive the
backward reaction practically to completion?

equilibrium;

(0.7837)
: 353. Given that
' S+5 52 K;=17
S£S53-s252" K;=3.1
J Calculate the equilibrium constant for
i | 25+5" =52
(5.27)

| 354 For the equilibrium: 2NOfg) + O,(g) < 2NOL(g), K. = 6.45 x 10°
(i) At what O, concentration is the NO, concentration equal to the NO
concentration?
| (ii) At what O, concentration is the NO, concentration 100 times the NO
concentration? 2
\ (1.55x 107,155 x 19°3)

355, For the gas reaction: 3H, + N,=2NH;, the partial pressures of H, and N

2 are 04

o %
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and 0.8 atm respectively. The total pressure of the entire 1:7.:,’5'-"21’11 La i.&lnlm_ What
will be the value of Ky if all the concentrations are given in terms Of.a mosphere?

(50)
356. What is the value of K, such that K, for an acid 5 equal to Kp for its conjugate
base at 25°C? (1x107)

357. A solution contains 0.1 M H.S and 03 M HCL Calculate the mr:‘mtratmn of 88~ and
= -7 - =0 L ol ;
HS" ions in the solution. For HS, K, =1% 107, Ky, = 13 x10
(334 % 107* M, 1.447 x 107 M
358. Calculate the molarity of an aqueous solution of ammonia of pH 93. K}, for

ammonia is 1.8% 10 and Kp=1x% 107 (1.95% 1073 M)

359. 0.98% (by wt.) H,S0, is 96% ionized. Find its pH. (0.71)

360, What volume of N/20 CH,COONa should be mixed to 250 mL N/10 CH.COOH
ok =5

to get a solution of pH =5. K (CH,COOH) = 1.8 x 10 (900 mL)

361. Calculate pH of the following mixtures: =
(i) 0.4 litre of 0.1 M NaOH and 0.2 litre of 0.05 M C;H.COOH

(i) 0.2 litre of 0.1 M NaOH and 0.4 litre of 0.1 M Gt lECD(JI-I
(iii) 0.4 litre of 0.1 M NaOH and 0.4 litre of 0.1 M CH.COOH

KAC,H,COOH) =5.6 %10 K;, =1x 107" (12.67, 5.25, 7.97)

362. COF, gas passed over a catalyst at 1000°C comes to equilibrium:
2 COFy(g) = COs(g) + CF(g)
Analysis of the equ.librium mixture (after quick cooling to freeze the equilibrium)
shows that 500 mL of equilibrium mixture (NTP) contains 300 mL (NTP) of
COF, and CO,. Taking the total pressure to be 10 atm, calculate K, (4.0)
[Hint: Ategb.: 2COF, = CO, + CF,
100 mL 20mL 200mL
363. When 0.5 mole of H, and 0.5 mole of I, react in a 10-litre evacuated vessel at
450°C, HI is formed. K. for H, + I, = 2HI is 50.
(i) Calculate K,
(if) Calculate moles of I, which are in excess.

(50, 0.11 mole)

364. The value of K. for 2HF(g) = Hy(g) + F)(g) is 1.0x 10 at a particular temperature.
At a certain time, the concentrations of HE, H2 and F!. were found to be 05

1% 10 *and 4 x 107" mole/litre respectively. Is the react

ion at equilibrium? If not,
what would be the direction to attain equilibrium? €q

(No, towards right)

365. Find out the number of waves made by a Bohr electron in one complete revolution

in its third orbit. T 1999
S s 2mr 2mr
.[Hmt: o = MY ey _HJ
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366. The

c“m k: it - u =
o Position of a sample of wustite is Felel Onis Whiat percerinags oF o is
= in the form of Fe (111)? GXT 15583 (5.05%)

Hint: £
[Hint: Let the moles of Fe in FeO and Fe,0, be 1, and n, respectively. Thus,

molesof Fe  n,+n,
molesof O = 3y, = 093]
ny +—=
2
367. A

is a binary compound of a univalent metal, 1.422 g of A reacts completely with
0.321 g of sulphur in an evacuated and sealed tube to give 1.743 g of a white
crystalline solid B, that forms a hydrated salt C, with AL(SO,);. Identify

A,Band C. (IIT 1994) (KO, K5O, K,50, - AlL(50,), - 24H,0)

368, A 1.345-g sample of a compound of barium and oxygen was dissolved in
hydrochloric acid to give a solution of barium ion, which was then pn‘_‘cipiml?d
with an excess of potassium chromate to give 2.012 g of barium chromate, BaCr(),.
What is the formula of the compound? (BaO.)

369. Haemoglobin is the oxygen-carrying molecule of red blood cﬂ-!.15, consisting of a
protein and a nonprotein substance. The nonprotein su‘;-:latunc-: i5 called haeme. A
sample of haeme weighing 35.2 mg contains 3.19 mg of iron. If a
contains one atom of iron, what is the molecular weight of haeme?

haeme molecule
(616 Ay

in the Balmer series of hydrogen is 15200 cm .

almer series of Be'? o
(243 x 107 et )

370, The wavenumber of the first line e B
What is the wavenumber of the firct line in the B

[Hint: [ﬂm}_ = z‘{ﬂ"]

371. Sufficient NaCN was adde -
0.1 Min CN. What is the concentration of |
: rit Kf for the complex ion Ag(CHY,

d to 0,015 M AgNO, to give a solution that was initially
Ag+ in this solution after Ag(CNJ, forms?
N 6 e 1013‘
The formation consta is 5 PRy
Ag + ICN = Ag(CN); 55 x
Arrhenius’ 3= 4™ A may be termed as the rate constant o i
g nr ppsenscn e ; (IIT 1997)  (infinite temp.)

vessel, the work done is ...

i id in a closed
olved in aqueous acid 1 e )

373, When Fe (5) is diss

ich i led is frequently called a ......
474, A liquid which is permanently supercooiets q i R T
property. (IIT 1997) (extensive)
thalpy is an ... A = ‘
iz P}" f0.25 M NaOH is added to a solution containing 0.15 mﬂi.ar D‘E acehsc
a76. ﬂ.faﬁ:%:a] < olume of the solution is 375 mLand the pH of the solution is 4.45.
acid.

i sodi etate?

: is the molar concentration of sodium ac |
ket dded to the original solution?
ion of the acetic acid?

Ka) 0.048 M (b) 1.9 x 10% mL. () 0.81 M]

(b) How many mL of NaOH were a
(c) What was the original concentrat

An evaluation version of novaPDFE was used to create this PDF file.
Purchase a license to generate PDF files without this notice.

o .


http://www.novapdf.com/

7E4 Modern Approach to Chemical Calculations

377. What are the concentration and percentage of Ag' ion remaining after
pl’n.‘:.‘ipi.l'.ﬁh."‘:i when 25 mL of 0.10 M r\HNU; is added to 25 ml of 0.10 M

K,, (Ag,CrO) = 1.1x 107

Ag.CrO,
K.Cro2
(6.6=x10" M, 0.013%)
378. The pH of a white-vinegar solution is 2.45. This vinegar is an aqueous solution of

acetic acid with a density of 1.09 g/mL. What is the mass percentage of acetic 2

z cid
in the solution?

(4.19%)
379, A chemist needs a buffer with pH 4.35. How many mlL of pure acelic acid (density
= 1.049 g/mL) must be added to 465 mL of 0.0941 M NaOH solution to obtain
such a buffer? (9.1 mp)y

380. Calculate the pH of a solution which has a hydronium-ion concentration of
6x 10" M. (7.22)

381. Calculate the per cent error in the hydronium-ion concentration made by neglecting
the ionisation of water in a 1 x 10" M NaOH solution. (1%)

382. Calculate [CH,COOH]/[CH,COQ] in a buffer solution whose pH is 7.0. Explain
how it is possible to have any acid in a neutral solution.

(5.6 x 107, possible when some base is present)

383. Calcuiate the molar solubility of AgCl in 1.0M NH,. K (AgCl) = 1L.8x 107", K
(Ag(NH,)) = 1.7x10". (0.050 M)

384. An acid solution of a KReQ, sample containing 26-83 mg of combined rhenium
was reduced by passage through a column of granulated zinc. The effluent
solution, including the washings from the column, was then titrated with 0.1 N
KMnO,. 11.45 mL of standard permanganate was required for the reoxidation of
all the rhenium to the perrthenate ion, ReO,. Assuming that Re was the only

element reduced, what is the oxidation state to which Re was reduced bv the zinc

column? (Re = 186.2) (=1 oxd. state)

385. A diver quickly ascends to the surface of the water from a depth of 4.08 m without
exhaling out the air in her lungs. By what factor would the volume of her lungs
increase by the time she reaches the surface? Assume constant temperature and
ideal gas behaviour. The density of sea water is 1.03 g/cc and g = 980.67 cm s .

(1.4 times)

386. The density of dry air at 1 atm and 34.4°C is 1.15 g/L. Calculate the composition

of air (% by weight) assuming only N, and O, to be present and ideal gas
behaviour. (N, 72.4%)

[Hint: First calculate mol. wt. of air by using p = %I

387. At what pH will 1 x 10 M solution of an indicator with K, =1 x 10 "“change colour ?

(4)

[Hml:.-. The indicator changes colour when the conjugates are of equal
Tﬂflﬂ;ﬁeﬂh&ticnj

388. Which has greater molarity in water, AgCl or Mg(OH),? Can the relative solubilities

be predicted on the basis of the values of K, alone? [Mg(OH)2, Nol
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389, ;}n electrochemical cell is made by placing a zinc electrode in 1.0 litre of 0.2 M
“n30, solution and a copper electrode in 1.0 litre of 0.015 M CuCl, solution.

(a) What is the initial voltage of this cell when it is properly constructed?

(b) Calculate the final concentration of Cu® in this cell if it is allowed to produce
an average current of 1 amp for 225 seconds. Given that E° ol =11V,
[(a) 1.07 V (b) 0.014 M]

pentoxide, N,O;, undergoes first-order decomposition in chloroform

solvent to yield NO, and O,. The rate constant at 45°C is 6.2 x 10" min'. Could

the volume of O, obtained from the reaction of 1 mole of N,O. at 45°C and
780 mmHg after 20 hours, be calculated?

390. Di nitrngen

(Insufficient information)
391. What wm‘:ld you expect to be the general temperature and pressure conditions

for an optimum yield of nitric oxide, NO, by the oxidation of ammonia?

4NH, () + 50, (g) = 4NO() + 6H,0(g); AH <0

(Low temperature and low pressure)

392, AF 850°C and 1-atm pressure, a gaseous mixture of CO and CO, in equilibrium

with solid carbon is 90.55% CO by mass.

C(s) + CO,(g) = 2CO(g)
Calculate K, for this reaction at 850°C. (0.153)

393. The following equilibrium exists in a closed system at 25°C:
NH,HS (s) = NH,(g) + H,S (g)
(a) When a sample of pure NH,HS (s) is placed in an evacuated vessel and allowed
to reach equilibrium at 25°C, the total pressure is 0.66 atm. Find the value of

K.

(b) '?ﬂ this system, sufficient H,S (g) is injected until the pressure of H,S is three
times that of the ammonia at equilibrium. What are the partial pressures of
NH; and H,S?

(c) In a different experiment, 0.75 atm of NH, and 0.5 atm of H,S are introduced
into a 1-litre vessel at 25°C. How many moles of NH,HS are present when
equilibrium is established? [(a) 0.1089 (b) 0.19, 0.57 (c) 0.5672 gl

E’qml volumes of 1.0 M Na,CO, and 1.0 M HCI are mixed. Calculate [CO5] at

~ equilibrium. K, and K, for H,CO, are 45x10 7 and 47x10 " respectively.

~ [Hint: Solution is 0.50 M NaHCO, (plus 0.5 M NaCl). Now see Example 71, Chapter

te pH of a 0.1 M Na,HPO, solution. K;, K, and K, for H,PO, are
63x10™° and 45x10 " respectively. Which approximation is

"-_gai_lquaﬁon? (10.10)
for H,PO, is very low compared to K,, assume no acidic ionisation.

only the equilibrium,

An evaluation veréion of novaPDF was used to create this PDF file.
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at equilibrium results in ...... in K. (IIT 1996)  (No ¢h

ﬂ!]gv]
397. The reaction

Sb,S, (s) + 3H, (g) = 25b(s) + 3H5 ()
was studied by analysing the equilibrium mixture for the amount of H.S prodyceqd

A vessel whose volume was 2.5 litre was filled with 0.01 mole of sh S, and
0.01 mole of H,S. After the mixture came to equilibrium in ﬂ"_t‘ closed vesse] 5
440°C, the gaseous mixture was removed and the H,5 was 11155*1_'1'-"-"-1 in water,
Sufficient Pb™ ions were added to react completely with the ”.-i"'ll_“ Precipitate
PbS. If 1.029 g of PbS was obtained, what is the value of K at H0°C2 (0 43

398. An aqueous solution containing 288 g of a nnﬂf“mmu compound havin
composition C,H,,0, in 90 g of water boils at 101.24°C at I-atm pressure. What
the molecular formula of the compound? K, = 0.512°C fm. (CaaHgz04)

399. Although AgCl is insoluble in water, it readily dissolves upon the addition of
ATNMONIR :
AgCl(s) + 2NH, (aq) == Ag(NH,); (aq) + Cl (aq)
(a) What is the equilibrium constant for this dissolving process?

(b) Ammonia is added to a solution containing excess AgCl (s). The final volume
i5 1 litre and the resulting Equilihl‘hlt‘ﬂ concentration of NH, is 0.80 M. Calculate
the number of moles of AgCl dissolved, the molar concentration of Ag(NH,);
and the number of moles of NH, added to the original solution.

K, (AgCl) = 1.8x 10 and K; [Ag(NH,);] = 1.7 x 10
[(a) 3.1x 107 (b) 0.045 mole, 0.045 mole, 0.89 mole|
400. From the dissociation constants K, and K, for an acid and its conjugate base, show
that K, . K, = K,

[Hint: See text, Chapter 16.]

401. The tallest trees known are the redwoods in California. Assuming the height of a

redwood to be 105 m, estimate the osmotic pressure required to push water up
from the roots to the treetop. (1.029 % 10° Pa)

402. A sample of impure cuprite, Cu,0, contains 66.6% copper. Calculate the percentage
of pure Cu,0O in the sample. (75%

403. How much Ag® would remain in solution after mixing equal volumes of 0.08 M
AgNO, and 0.08 M HOCN? K, (HOCN) = 33 x 10° K,, (AgOCN) = 23x107.

(5x 107" M)
[Hint: See Example 66, Chapter 16.]

404. The following equilibrium was studied by
‘the amount of HCI produced.
LaCl,(s) + H,0 (g) = LaOCI (3) + 2HCl (g)
A vessel whose volume was 1.25 litre was filled with 0.0125 mole of lanthanum
HII} n:hlmde and 0.025 mole of water. After the mixture came to equilibrium in 2
ed vessel at 619°C, the gaseous mixture was removed and dissolved in more

- water. Sufficient silver (I) ion was added to precipitate the chloride ions completely

analysing the equilibrium mixture for
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1 S'i.]_'l.'(_\-[ CI'I.! 3
Tide. If 359 o
S of r\il{ | Was ﬂt}tqli.n{q! whiat is the value of K. at 619°C?
d i of K a ,

405, S
::] iﬁu!utmn i5 0.10 M Co* and 0.1 (0.04)
f One ar 10 i =
K ¥ One of the metal sulphides M Hg". Calculate the range of pH in which
# (CO8) = 410 nd k@1 precipitates when the solution is saturated in HS.
and K_ (HgS) = 1.6 %10 (pH less than 0.8)
= of

. l:l"-":tﬂ]{'hu
Ag’ solution and

406. A sta

« & standard .
2 t?";al cell is made by dipping an Ag electrode into a 1.0 M
i clectrode into a 1.0 M Cd™ =olution.

(a) What
is the spontan :
aneous che e ls S : y
produced by the cell? chemical reaction and what is the maximum potential

(b} What w > i
P F:n;l;! be the el!le on the potential of this cell if Na,S were added to
i alt cell and CdS were precipitated? Why? -
(c) What w o
) What would be the effect on the potential of the cell if the size of the silver
electrode was doubled?

- )
See E° values from the table if required.
[(a) Cd () + 248" = 2Ag (5)+ Cd™%; 120V |
| (b) It would increase (c) No effect 1
407. A sample of impure ore contains 42.34% Zn. Calculate the percentage of pure ZnS

in the sample. (67.10%:)

s was found to contain
ight of the enzyme?
(27 % 10%

408. A peroxidase enzyme isolated from human red blood cel
0.29% selenium. What is the minimum molecular we

(Se = 78.96)

charge on an electron, the following values of

' _24x10™, 4.0 x 10" (in coulomb).

indicated by these resulis?
(-08x10™ C)

409, In an experiment to measure the
charge were found on oil droplets: 1.6 10

What values of electronic charge would be

[Hint: Find the largest common factor.]

10. A diatomic molecule has a dipole moment of 1.2 D. Ifits bond distance -s: 1.0 A,
what fraction of an electronic charge, g, exists on each atom? (1 D= 10 esucm
(25%)

and e = 48x107° esu)

ced from 2 litres of 1.5 M CuSO, solution

411. How many grams of Cu will be repla o

by 40 g of Al?

412. At the top of a mountai
710 mmHg. At the bottom of the

n a thermometer reads 0°C and a barometer reads
mountain the temperature is 3°C and the
t the top with that at the

mfe is 760 mmHg. Compare the density of the air a sies
: o Jution? pk, of CN is 4.70.
| 413, What is the pH of 2 0.50 M aqueous NaCN sG1ior P maee  (115)

414, Tn the reaction I + I, —> F, the lewis adid 5 - arr 1999 ()

of +2. The nucleus of
us is 1.21

the ion has a mass number

times that of protons. How

. ber of the element?
tomic num {IE. 28)

415. A munoa!:cﬁ'hic_.iﬁti has a charge
of 62. The number of neutrons in the nucle
many electrons are in the ion? What is the a

=

=
-

5N
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788 Modern Approach to Chemical Calculations

416. Potassium superoxide, KQ,, is used in rebreathing gas masks to generate ox
4KO, (s) + 2H,0 () — 4KOH (s) + 30, (g)
If a reaction vessel contains 0.15 mole of KO, and 0.10 mole of HO, what is th
limiting reactant? How many moles of oxygen can be produced?
(KOz, 01125 mole)

417. A 0.288 g sample of an unknown monoprotic organic acid is dissolved in wate,
and titrated with a 0.115 M sodium hydroxide solution. A[.ter _ihE addition of
17.54 mL of base, a pH of 4.92 is recorded. The equivalence point is reached whep
a total of 33.83 mL of NaOH is added.

(a) What is the molar mass of the organic acid?
(b) What is the K, value for the acid? The K, value could have b&n determineq
very easily if a pH measurement had been made after the addition of 16.92 .

yEen.

of NaOH. Why? [(a) 74, (b) 1.3 x 107
418. How many grams of NaCl can be added to 785 mL of 0.0015 M AgNO, before a
precipitate forms? K, (AgCl) = 1.8 x 107", (55x10" g)

419. Metallic Ba has a bﬂd}'—cenlred cubic structure (all atoms at the lattice points) and
. a density of 351 g/cc. Assume Ba atoms to be spheres. The. sph?res in a
ke body-centred array occupy 68.0% of the total space. Find the atomic radius of Ba,
i ' (3.14x 10 cm)

-420. In a reaction:
2CI0, (aq) + 21 (aq) — 2CIO; (ag) +1; (aq)
the order of the reaction with respect to ClO, was determined by starting with a
large excess of I', so that its concentration was essentially constant. Then
Rate = k[CIO,]" [T]" = k' [CIO,]"
where k' = k[I']". Determine the order of the reaction and also K’ from the

following data:
' Time (s) [C1O:] (mol/L)
0.00 477 %107
1.00 431%x10™
2.00 3.91x10™
3.00 353%10™

(First, 0.101s7)

- X gﬂl.A 0.1 M solution of an acid (density = 1.01 g/cc) is 4.5% ionised. Calculate the
~ Ep. of the solution. The molecular weight of the acid is 300. K, = 1.86. (-0.199°C)
422, How much heat is required to change 10 g of ice at 0°C to steam at 100°C?
AH (total) = AH, .. + OH e t ‘t‘HwP-.J
= 10(80 + 1 % 100 + 540) cal

2 3‘1‘5’* carbon reacts with oxygen originally occupying 21.2 litres at 18°C
nHg, the cooled gases are passed through 3 litres of 250 M NaOF

nine the concentration of NaOH remaining in solution which 91; !;:;
O, a.

s used to create this PDF file.
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"-C‘-:'Iianmus. Probleme for

a cubj b Revision
ic box of o
Side [ by,
i p
) ducing th Size 50 that each side -
measunes {2,

(8 times increase)

and K values -
] ues for three reaction systems are given below:

Heo | a
HCOOH ; g . 20 +HPO; K =69x10°
2~ = HO 4 HCOO K, =17x10"

(a) Which
(b)

CONjuRate pair
Ugate pair would be best for preparing a buffer with a pH of 2.88?

mL of a buffer with a pH of 2.88 assuming that
0.1 M solution of each pair?

How would yo
You prepare 50
¥ou had available 1

[{a) H,PO, and H.PO; (b) 8 mL H,PO, and 42 mL H.PO

426. Tartaric acid is a weak diiﬁrnti.: acid with K,=1x 10 T K,=46%10%,

(2) Letting the symbol H.A represent tartaric acid, write the chemical equations

that represent K, and K. Write the chemical equation that represents K, = K

: f * and HO'
(b) Qu“ma“"r't‘]}' describe the relative concentrations ol HA, HA ; AL and L

in a solution that is about 0.5 M in tartaric acid.
(c) Calculate the pH of a 0.025 M tartaric acid solution
concentration of HoA.

and the mw.i.'ﬁbrium

i » AT entration?
(d) What is the A" conc oot -
!-':Iﬁ- + H:U o
HA +2HO =

(b) [HA]>> [HO']=
(¢) pH = 2.34; [H,Al

(d) 46 % 10°M

-

427. Tritium, ’H, is a radioactive n
dials. Tritium deca}rih}r beta e
constant (ins )7 What is the actt

gfect:iyﬁum? The atomic mass of tritium is

mission with a
the activity (in
302 amu.

and K, values for three

equi]ibrium equations

NH, +HO = . 2
HCID, +HO = HO * wao-
HZPU; s HO = HO * HPOL

Which conjugate pair would be th
& 6.967 why?

[(2) B2COs and HCO3 L
dver could be plated out on a
s in +1 oxid

K,
K

K,

ml .T'he ]'!3 ¥ HHE.I.'

4]

1]

mL of a buffer with 2 pH
each pair?

I
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ucleus of hydrogen. It is used
half-life of 12.
Ciyofa sampl :
A79x10° /s, 0.024 CD)
reaction systems arc given below.
56x10°
43%107
62%10°

e best for preparing a

(b) HzCO3 — 204

ation state for a perie

HO 4 HA
1-.!\(:}' A
HO" + A
[HA] = [A%]
= 0.0205 M

in luminous watch
3 years. What is the
e containing 25 ug

puffer with a pH of

of £.96 Sssuming that

ml, HCOs -79-6 ml]

oo tray by electrolysis
e 3l EE 8.0 hours at a
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current of 8.46 amp? What is the area of the tray i1f the thickness of
plating is 0.00254 cm? Density of silver is 10.5 g/cm’. the Silve,
(IIT 1997) (27165 2 1
')

heated to 95°C by burning 200 litres of methane at NTP? ﬁH%C c:m be
= 211 keal/mole, sp. heat of water = 1 kcal/kg K. “n (CH,)

431. The rate of reaction:
CH,C(S)NH, (aq) + H,0 — HS(aq) + CH;C(ONH, (ag)

is given by the rate law:

Rate = k[H,0'"] [CH,C(S)NH,]

Consider 1 litre of solution. that is 020 M in CH,C(SNH, and 015 M in g =
25°C,

(a) For each of the following changes, state whether the rate of reaction iNCreages
decreases or remains the same. :

(i) A 4 g sample of NaOH is added to the solution
(i) 500 mL of water is added to the solution
(iii) The 0.15 M HCI solution is replaced by a 0.15 M acetic acid solution.
(b) State whether the value of k will increase, decrease or remain the same,
(i) A catalyst is added to the solution
(i) The reaction is carried out at 15°C instead of 25°C
[(a) (i), (i) and (iii) decreases (b) (i) increases (ii) decreases]

432. What per cent of a sample of nitrogen must be allowed to escape if its temperature,

pressure and volume are to be changed from 220°C, 3 atm and 1.65 litre to 110°C,
0.7 atm and 1 litre respectively? (81.8%)

433, The vapour pressure of water at 20°C is 17.5 mmHg. Calculate mass of water per
litre of air at 20°C and 45% relative humidity. (7.8 mg)

[I;linf: Relative humidity is the ratio of the partial pressure of water in air at a
given temperature to the vapour pressure of water at that temperature|

434. A gas is composed of 30.4% N and 69.6%
2.5 atm. What are the empirical and mol

435. The active ingredients of an antacid tabl ’ _
t H |' de
and aluminium h et contained only magnesium hydroxi

: ! ydroxide. Complete neutralisation of the sample of the active
Egz'ﬂdlmts+'mqu'imd 48.5 mL of 0.187 M hydrochloric acid. The ciflnﬁde salts from
d "E“mhﬁihﬂn were obtained by evaporation of the filtrate from the titration;
_ﬁ’lei’ nghed 0.42 g. What was the percentage by mass of magnesium h}rdmxidf-'
in the active ingredients of the antacid tablet? (61.7%)

436.In a reaction:
CH,COOCH; (aq) + OH (aq) — CH,COO" (aq) + CH,0H (aq)

Th: mﬂ UrdEr of the reaction was determined by starting with methyl et
and hydroxide ion at the same concentrations, so

. - [CH,COOCH,] = [OH] = «
ﬁ An evaluation version of novaPDFE was used to create this PDF file.

Purchase a license to generate PDF files without this notice.

O. Its density is 11.1 g/L at -20°C and
ecular formula of the gas? (NOz, N20%)

=1

&

3

445,
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Then =
Dlz‘temr?jte = : [CH,CO0CH,}* [OH" = k"
ne the oy
data: erall order and the value of rate constant, k, from the following
_-___-_‘_-—-_
= Time (min) [CH;COOCH,] (mole/litre)
0.00 0.01
3.00 0.0074
4.00 000683
5.00 0.00634

(Second, 11.61 L mol™" 57)

437. A sample of natural gas is 85.2% methane, CH,, and 14.8% ethane, C;H,, by mass.
What is the density of this mixture at 18°C and 748 mmHg? {071 g/L)

438. If the rms speed of the NH, molecule is found to be 0.51 km/s. what ﬁﬁ:gi
temperature? (-9
439. The disintegration of PPy is accompanied by the loss of 5.24 MeV /dis. The half-life

: e from 1 g sample of
of ’Pu is 24400 years. Calculate the energy relcased per day (103 = 1?]” MeV/d)

Py in MeV. [
i - = of a nucleus having a cross SECIion
440. Calculate the effective neutron capture radius o o fag
of 1.0 barn.
[Hint: 1 barn = 10 cm® and area of circle = r]

“1‘ ew II:{!.I..'ISII 1a an f[}l tic ac d readc 1 L'I'i me L | ‘ W lth LA h-CI- MO0 e

in the presence of a catalyst.
COOH .
CH,OH + €O — CHy B i edlin

: nd 10 g T
, 15 g of methanol and © . acd? If the actual yie
What is the theoretical yield of acetic agid G114 g 891%)

i 7107 Ci decaying by
hnetium-99 has an activity of 1 :
T for plc ? .0x10™" /3)

emnission (1.4%}) with a hali-life

1.0-mg sample of
& ;mi.';:il:n. What is the decay constant

jesi Ya) OF & 3
o 2T oes P emission (986 4 00317 yr )
i e e gzt‘:mmuneﬂg Ac) and A(B)- (4510 yr o
g be removed from black-and-white photographic fim BY
of Agbr can

444. Coys 11; the AgBr with sodium ﬂ'tiﬂﬁulphate;- £
AgBr (s) + 2505 (@) = [Ag(S0M" (@) * 1
1 his dissolving P 2
ilibri tant for t ‘ o
o Whamdert : u*dwﬂmhb;ﬁ“’;;“ fg,B:'m a 1-litre Euiuhm}hfﬁ\;:f‘?; un-.oh:r;. g
E mm‘ Ilw ::ded? Sie s e~ Iltau 145 (b) 0.03 molel
3 generation of g and its subsequent

jon is the
hazards of uces EIP‘E;‘E haﬁls a half-life of 28.1 years. Suppose one
: nuc
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_Calcu
microgram was absorbed by a newborn child, how much *Sr will remain in b ;55 at
bones after 20 years? (IIT 1995) (0,061 Hglj an
446. A 0.239 g sample of unknown organic base is dissolved in water and titrated Wi 456- Wha
a 0.135 M HCl solution. After the addition of 18.35 mL of acid, a pH of 10 ?31, ' reach
recorded. The equivalence point is reached when a total of 39.24 mL of E'fCI 3
added. The base and acid combine in a 1 : 1 ratio. 7 Une
(a) What is the molar mass of the organic base? 457- spor
| (b) What is the K, value for the base? The K, value could have been determ;
| very easily if a pH measurement had been made after the addition of 1943 ml
| of HCL. Why? [(@) 4512 (b) 472 x 194 If [k
reac

447. A solution is 1.5x 10" M Zn™" and 0.20 M HSO;. The solution also contains Naso)
What should be the minimum molarity of Na,SO, to prevent precipitation of 21-.:5 J 458. An

when the solution is saturated with H,S (0.1 M H,S)? K, (ZnS) = 1.1x 1077, 52;;
(018 M) 45

448. A 0.50-g mixture of Cu,0 and CuO contains 0.425 g of Cu. What is the mass of :
CuO in the mixture? (0.21 g) 459. Ar
the

449. An alloy of iron (54.7%), nickel (45.0%) and manganese (0.3%) has a density of
8.17 g/cc. How many iron atoms are there in a block of alloy measuring 10.0 cm
x 20.0 cm x 15.0 em? (1.45 % 10%)

450. (a) Calculate the equilibrium constant for the following reaction at 25°C,
Sn(s) + Pb* (ag) — Sn* (aq) + Pb(s)
The standard emf of the corresponding voltaic cell is 0.01 V.

(b) If an excess of tin metal is added to 1.0 M Pb”, what is the concentration of
Pb** at equilibrium? [@) 2.2 (b) 0.3 M]
451. (a) Calculate the equilibrium constant for the following reaction at 25°C.
Ag’ (ag) + Fe* (ag) > Ag(s) + Fe” (aq)
The standard emf of the corresponding voltaic cell is 0.03 V.

. {b] Whe:: equa] volumes of 1.0 M solutions of Ag" and Fe®* are mixed, what is
R lhe equilibrium concentration of Fe*™? [(a) 7.11 (b) 0.31 V]

: | energy yield on combustion of hydrogen atoms to steam
@ on combustion of an equal mass of hydrogen molecules to steam?
w for H, = -241.81 kJ, (2.80)

JNIH;':‘INEW“W'E equal moles of each gas and has a total mass of
density of this gas mixture at 500 K and 10 atm? (5.88 g/L)
onium-ion concentration and the sulphide ion concentration of

Kl =1x Iﬂ-’ and Kz =1x lﬂ_" (1 w lﬂ-lln 1x 10-“]
due to the first step of ionisation while [S*] is due to the

An evaluation version of novaPDFE was used to create this PDF file.
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Misc
ellaneoys Problems for Revision

—
455. Calculate SO g
4 1in 0] ] : :
and the M HS0, solution if the first step of jonisation i «
second STEp KE =100 % 102 T of ionisation is mmplele =

456. What is the limiting valye of (8.9%107)

reach its maxq e the time required for the radioactive daughter to
imum activity as the value of t, . (parent)/ t, , (daughter) in%mm?

o B oF &

(==}
457, Under ETal'ldard e, .
spontaneous at 15‘“';::“ nditions for all concentrations, the following reaction is

RS

O,(8) + 4H' (3q) + 4Br (aq) = 2HO(l) + 2Br, (1)

S
If [HL]. is decreased so that the pH = 3.6, what value will E.4 have, and will the ;
Teaction be spontaneous at this [H']? (-0.05 V, No) ;t,
*

=i {lm electrode is prepared by dipping an Ag strip into a solution saturated with s
silver thiocyanate, AgSCN, and containing 0.10 M SCN . The emf of the voltaic
cell constructed by connecting this electrode as the cathode to the standard
hydrogen half cell as the anode is 0.45 V. What is K, of AgSCN? (1x107)

R

459. An ideal gas with density of 3.0 g/L has pressure of 675 mmHg at 25°C. What is
the rms speed of the molecules of this gas? (3.0 % 10° m/s)

460. Determine the emf of the following cell:
Pb | PbSO, (s), SC (1.0M) |1 H' (1LOM) | H; (1.0atm) | Pt

The anode is essentially a lead electrode, Pb IPb™ (aq). However, the anode s,alut‘.:;‘n
is saturated with PbSO, so that Pb™ ion concentration is determined by the

2 ) (= . B values from the table if required.
solubility product of PbSO, (=1.7 % 10°%). See E” values from 036 V)

461. Under standard conditions for all concentrations, the following reaction is

spontaneous at 25°C. e |

E 2Br, (I E =017V

+ 4H' (ag) + 4Br (aq) — 2H,0 () + 2Br, :
If (I?Il‘*fg:s adjusted by adding a buffer of 0,10 M NaOCN and 0.10 M HOCM
: 10 4, what value will Ey have, and will the reaction be spontaneous
(K‘ﬂ: a{f-:]v i (-0.042 V, No)

at this :

462. How many moles of N
reduce the Ag" concentra

H. must be added to 1 litre of 0.75 M ﬁgNEilg_ in order to
J -
von to 5x 10 M2 K, [Ag(NH ;3] = 1x107 (1.9 mole)

mﬁmaﬁa on of a mole of i i f 4 amp of
i Je of iron metal will be pmdu-:ed by passage 0O
: t mmughfl litre of 0.1 M Fe* solution for 1 hour? (0.025 mole)
curren

nd a density of 1.74 g/cc.
i has a hexagonal close-packed structure a
2 .ﬂ;ﬂ: I!;Ig atoms to begﬂspheres with radius r. Because Mg has a close-packed

tructure, 74.1% of the space is occupied by atoms. Calculate the volume of ?Ch
:tﬂm ﬂrm‘ld &1-En E-l'";i ﬂ'le atﬂl"ﬂic Tﬂdius s Uﬂ?zx lﬂ—ﬁ cx, 1-63{ .“]--]_ m]

" : MB;.(NDJ_}EisaddedeHmL
ion is 0.10 M in Na,SO, When 50 mL of 0.1 s
465. A solution is 0.10 : te jon is not precipitated? K, (BaSO,)
' . hat fraction of the sulpha
diﬁﬂt‘f‘“" 3 21x107)
- = ke £ =

466. A metallic element crystallises into a lattice containing a sequence of layers

| An evaluation version of novaPDFE was used to create this PDF file. -
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ABABAB... . Any packing of spheres leaves out voids in the lattice. Wh,

t
by volume of this lattice is empty space? e lggﬁfﬂ;;:;t;;;e
[Hint: The empty space in hcp. or c.cp. arrangement is same 5. i 294%)
Chapter 19.] 5 e

467. A sample of "CO, was to be mixed with ordinary CO, for bigl,

experiment. In order that 10 cc (NTP) of the diluted gas 5]‘1uulglml tracer

% & - - £, d ha\'{! 1.[!1-
disintegrations per minute, how many microcuries of radioactive

needed to prepare 60 litres of the diluted gas? Tz‘;" f_:n:
Hi)
468. Which state of the triply ionised beryllium, Be”, has the same radius as thy
the ground state of hydrogen atom? {Sf-‘cung:
469. At what temperature would the average translational kinetic energy
hydrogen molecules equal the energy required to dissociate the
atoms, i.e., 104 kcal per mole?

of Easeoug
molecules ing,

(34900 k)

470. Calculate the pH of a 0.005 M Na,S solution. K, and K, for H,S are 1 x 107 and
1x10™" respectively. (11.70)
[Hint: The first step of hydrolysis, i.e., 5 + H,O & HS + OH is predominant
and hence K; value is used in the calculations.]

471. A voltaic cell whose cell reaction is

2Fe” (aq) + Zn (s) = 2Fe™ (aq) + Zn™ (aq)

has an e.m.f. of 0.72 V. What is the maximum electrical work that can be obtained
from the cell per mole of Fe (II) ion?

| (69 kJ)

L1 472. The di?ule moment of HBr is 2.6 x 10 C m, and the interatomic spacing is 1.41 A,

‘ What is the per cent ionic character of HBr? (11.5%)

: 473. How much AgBr would dissolve in 1 litre of 0.40 M NH.? K pi
_ , , (AgBr) = 5x 10

K, [AgINH,)] = 1 x 10™ e g{:*_8.3 %107 M)

474. An electron beam can undergo diffraction b

stals. Th :
should a beam of electrons be accelerated myﬂmcrsr rough what potential

: its wavelength beco |
to 1.54 A? See values of m, and h from the table. gﬂ" mﬂm?ﬁ;gu;}
[Hint: See Example 28, Chapter 11.]

475. Calculate the wavenumber
series of atornic h}'dr:;m. g e sharest wavelength transition in the Balmer

(IIT 1996) (27419 cm™)

476. What is the solubility of CaF, in a buffer solution containing 0.45 M HCOOH and

020 M HCOONa? K, (CaF,) =

1.7x 107 34X107, K (HF) = 6810, K (HCOOH) =
2.75x 107" M)
(Hint: 2[Ca™] = [F] + [HF] ) Gy

B e in a buffer solution containing 0 OOH
~ and 020 M CF : g 045 M CH,C
e COONATK, (MgF) =65 107, K (HF) = 68x 10%, K (CH,COOH)

An evaluation version of novaPDFE was used to create this PDF file.
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Misce]
laneoys Problems for Revision £k

478. The pe;

ction

LaCli(s) +
. \ " HO (g =
15 taking place n a closed .;;m{ﬁiu

15 reached et o
+ MOre water + lemperature. After the equilibrium
i ﬂp':. e
equilibrium state ur is added and the reaction shifted to a new

E iy
t e = i T .'-.._
doubled. Cﬂlﬂllat:ﬂ; i;:::!: Iht:-,', cm;mnlrntmn of water vapour is found to be . :
the < i or 0y which the = ; . e =
he second equilibrium state. ¢ concentration of HCl is m-cm.xsm:\‘r;_; : -
479 HF}\._.:I- - 3 "
% 1as a half-life SRl 3
alf-life of 22 years with respect to radicactive decay. The decay follows . i §

two pa : L3
parallel paths, one leading to ““Th and the other to “’Fr. The percentage yields

of th T L] s =
; tl.. Ithﬂ daughter nuclides are 2.0 and 98.0 respectively. What are the decay
onstants (L) for each of the separate paths?

*

$

3

(IIT 1996) (6302x107 yr', 3.088x 107 yr') g
<

LaClO (s) + 2HCl (g)
T at a constant

[Hint: See Example 66, Chapter 11,]

480. A space capsule is filled with neon gas at 1 atm and 290 K. The gas effuses through
a pinhole into outer space at such a rate that the pressure drops by 0.3 mm/second.

If the capsule were filled with 30% He, 20% O, and 50% N, (mole %) at a total
pressure of 1 atm and a temperature of 290 K, calculate the rate of pressure drop.
{029 mmi/s)

[Hint: Use Equation 10, Chapter 12.]

481. Find the equivalent weight of Br, in each of the following reactions:
(a) Br, + 2e = 2Br or 5Br, + 10e = 10Br
(b) Br, + 120H = 2BrO, + 6HO + 10e
(c) 6Br, + 120H = 10Br" + 2B1O; + 6H,0
Equation (c) is the sum of equations (a) and (b)- .
What is the relationship between the answer to (c) an
(Br = 80.0) |

[Note: The equivalent weight of Br, |

two half-reactions (for a species W

: in the reaction:
: ivalent weight of KMnO, in the n
482. Find the e;';unM e MnO, + H (unbalanced)
} oo, is oxidised by 125 g of KMnOZ (527, 179°®)
What mass int § of oI5
[Hint: Eq. of MnSO, = Eq. of KM“GI'I has an apparently constant activity of
saactive material ha g : ions, one
483. A sa?'n]ﬂ'{ oi]; rﬂ}i:;ﬁ:c:;’ means, the material 15 separated Emﬁm: {;:f:[at;':[:iim a
2000 dis/min- }"E'ﬁﬂi activity of 1000 dis /min. The other acq;} e
of whichhl:; 1?[-: sttimate the total activity in both samples (2000)
24-hour ST imate
.. Explain your eshmate. . me as the
ey ity when the samples ore separated will be (0 52
[Hint: The to

s AL8] :l‘HEfE!“E t’ﬂ ﬂ'ﬁE

activity.] torder reaction at 298 K is equal

7 completion of a firs : ’
454 The time lfq;re:; ﬁ.}:s 1% mm‘;i&h‘}n 2t 308 K- 1[ the Pre.ﬁ:pﬂ]‘l_ﬂ'l‘lhﬂ.ll factor tor

the answers to (a) and (b)?
[(a) 80.0 (b) 16 (c) 96 |

in the overall reaction is the sum of that of the
hich disprﬁpottiﬂnatﬁ}.]

K and also the energy
to that requ CH | te its rate constant at 318 SRy
the reaction is 356x10° s, calculate (IIT 1997) (18.67 keal, 6352 107 s7)
of activation.
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: 4 .2.303 10
[Hint: &, /k, = 25 log 3 /=7 log 5 now use eqn. (12), Chapter 17 ¢ Caleyly,
E and then Arrhenius’s equation to calculate k (318 K).]

485. For a gaseous reaction 2B — A, the equilibrium constant K is...... to/than g

(IIT 1997 Ii;ﬁ}
486. When an aqueous solution of sodium fluoride is electrolysed, the gas liberagy
the anode is ...... (IIT 1997 {Gj

487. When 10 mL of ethanol of density 0.7893 g/L is mixe:d with 20 mL of Water o
density 0.9971 g/L at 25°C, the final solution has a density of 0.9571 g/L. Cﬂlmlﬂg
the percentage change in total volume on mixing. (3.05%,

488. In a Cu-voltameter, mass deposited in 30 seconds is m gram. If t‘hE time-gy; "
graph is as shown in the figure, calculate the electrochemical equivalent of Cy.

200 mA

m
{E'l

489. A litre of CO, at 15°C and 1-atm pressure dissolves in 1 litre of water at the same
temperature when the pressure of CO, is 1 atm. Calculate the molal concentration
of CO, in a solution over which the partial pressure of CO, is 150 mmHg,.

(0.0083 m)
[Hi.'l“: mml o Fm!]
490. The voltage of the cell,
Pb (s) IPbSO, (s)INaHSO, (0.6 M) | | Pb™ 25x 10™%) I Pb (s)

- 3

is 0.061 V. Calculate K, = .[_*ﬂfﬂtl_
[HSO]]

Given PbSO, (s) + 22 = Pb(s) + SO ; E = -0356V

Pb™ + 2¢ = Pb(s) ; E' = 0126V ©.7%10%)

491. 0.75 g of solid benzoic acid was placed in a 05-litre ressurised i
ﬁl'led with O, at 10-atm pressure and 25°C. To the Exteﬁt of a\railabtifl!::;hzfn {;ﬁtﬁ
acid burmed to give CO, and H,O. What were the final mole fractions of CO: and
H,O vapour in the resulting gas mixture brought to the initial temperature? The
vapour pressure of water at 25°C is 23.8 torr. Neglect the volume occu md b
nonaqueous substances and the solubility of CO, in H,0. E /

(CO, 0213, H,0 0.0033)
[Hint: Benzoic acid is the limiting reactant.]

mﬂ Sﬂﬂlt electnc discharge was passed through 100 mL of air when 95 mL of
- ©ozonised air was formed. The ozonised air took 48.7 seconds to diffuse through a
wﬁﬂﬂﬂho!e If 100 mL of air diffused through the same hole under the identical

An evaluation version of novaPDFE was used to create this PDF file.
Purchase a license to generate PDF files without this notice.

cﬂndiﬁﬂﬂ-ﬁ
to contain

[Hint: Co

An elemt
493

first oxid
oxide is

1-litre v
half the

4.95_ A Sﬂ'l.ut
it is fo
the m
pressu

4%. A cer
fertilis

497. How
and 7

498. Calca
tons

499. Hon
can
limn

500. In «
by



http://www.novapdf.com/

193. An element

L"-".iﬁi:e]!ﬂni‘r 5 9
s I"n s I

‘ : ‘.'bil..m.*-.- for Rr\';:-:iq_;n

kﬂﬂdltlurﬁ. it tm:lk 20 Sp

Lo congaj
n 799
o N, and 219, 0, of ozone assuming air

[Hint: Composition of 95 mL of 0zonised )
5 SStd AIr is N 79 mlL, 0, 10 mL and ©, 6 ml

: O < ., 6 mL.]

forms two oxides, the
nd y:xin the second
33, what is the equiv

CO |
nds. Find the molecular weighi

first oxide 5

Per cent composition in them A0 = x {4 in: the
oxide is 10.

oxide. If the equivalent weight of A in the first
alent weight of A in the second oxide? (6.19)

equilibrium process A + B

and second- —+ Products, the rate is first-order wirt. A

ord
it er w.rt. B. If one mole each of A and B were introduced into a
= Vs SHEEEh
half theubm.la and the initial rate were 1x 10°% mol/litre 5, caleulate the rate when
reactants have been turned into products. (12x 10~ mol/L 8)

495. A %‘-ﬂluiinn of the two liquids A and B obeys Raoult’s law. At a certain temperature,
t 15 found that when the total pressire above the given solution is 400 mmHg,

the mole fraction of A is 0.45 and that in the liquid is 0.65, what are vapour

pressures of the two liquids?

{277 mm, 629 mm)

496. A certain fertiliser is advertised to contain 12% K,O. What percentage of the

fertiliser is potassium?

(9.96%

497. How many grams of excess reactant will remain after the reaction of 125 g of Ca0

and 75.0 g of HCIO,?

498. Calculate the number of moles of NaOH required to re

tons of atmosphere if the SO,

! 2NaOH + SO, — NaS0, + HO

wiches, each containing 1 slice :Ij!’- ch
th 30 slices of bread and 20 slices ©

499. How many s.andl
can you make wi

limiting quantity?
certain areas wh _
o :;- the ‘water gas’ reachon

C(s) + H,O (g

ing that coke
?;;ml{m?rﬁm the combustion
maximum heat obtainable at

1.0 kg of coke:
Heat of combustion of

respectively:

Cconcen .
A Cfﬂl;“;é:ﬂ;fﬂ dissolved in sufficien
n fl

tration of
te the final concen
i fnﬁ:ed with 3 litres ©

- mwgﬂfﬁpmi

503. What is the ((a) The reaction can pr
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ere coal is cheap, artificial gas is produced

}__L“I.E.-; H, (g) + CO®)

i rbon, calculate th
4o :fi 1.0 kg of coke and compare

298 K from bumning, the water

C, H, and co are
(More_energy is obtaina

tration of all the ions
t water

all ions in solution after
f 2.0 M HCL
tive sign for (a) 2 cell

(304 g)
move the SO, from 10 metric
i ic ton = 10° g.
0.1% by mass. 1 metric ton = 1.0x10° g
> } (312 mole}

eese and 2 slices of bread,
§ cheese? Which is in the
(15, bread)

for household use

i inable at
maximum heat obtainab

; this value to the

gas pm-duoed from

keal /mole
-94.1, 684 and —68.0
ble from the water gas. 11366 keal)

in solution if 1 mole of HCl and 2 moles
to make 6 litres of @ single solution. *
(017M H, 050M 1, 033 M Na’)
7 litresof 13 M Ba(OH),
(0.16M H', 052M Bat*, 12M CI)

potential, and (0) 3 half-cell
oceed as written. (0) N
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504. A solution of silver benzoate has a pH of 8.63. K, (CH,COOH) - 6.5 x 105

Calculate the value of K for silver benzoate,

(1.4 x ]H'E]

1
[Hint: Use pH = 5 (pK,, + pK, + log C).]

505. The rate constant for the first-order decomposition of a certain reaction is d‘-"ﬁfribl
by the equation &

125 % 10° K

logk(s") = 1434 - T

(i) What is the energy of activation for this reaction?
(ii) At what temperature will its half-life period be 256 minutes?

(IIT 1997) (23934 k] mole™, 669K)
[Hint: See Example 51, Chapter 17.]

506. A compound of vanadium has a magnetic moment of 1.73 BM. Work out 1},
electronic configuration of the vanadium ion in the compound. (V = 23)
Sl
= vn(n+2) BM, forp = 1. =
(IIT 1997) [“ 2) V.,._mz . =)
15" 25~ 2p” 3s° 3p° 3d‘]
507. Thedeaompusi_tinn of N;O into N, and O in the presence of gaseous argon follows
second-order kinetics, with
k= (5.0x10" L mol™ s7") ¢ ™% T

What is the energy of activation of this reaction? (241 kJ/mol)

[Hint: Compare the given equation with Arrhenius’s equation.]
508. K, for the reaction
N0, (g) = 2ZNO, (g)

is 0.66 at 46°C. Calculate the per cent dissociation of N,O, at 46°C and a
pressure of 380 mm. What are the
equilibrium?

total
partial pressures of N,O, and NO, at
(0.168 atm, 0.332 atm)

309. An excess of liquid mercury is added to an acidified solution of 1x10™ M Fe*.
It is found tl::at 5% of Fe™ remains at equilibrium at 25°C. Calculate
Ejig. e assuming that the only reaction that occurs is

2Hg + 2Fe” — Hgl' + 2Fe®
Given Ep 3 o2 = 0.77 V.
[Hint: See Exampie 28, Chapter 18]

510. Calculate t!'IE PH of an aqueous solution of 1.0 M 4
complete dissociation. pK, of formic acid = 3.8 and

(IIT 1995) (0.792 V)

mmonium formate assuming
PK, of ammonia = 4.8.
(IIT 1995) (65

_decomposition of H,0, is
15 200 k] mol™. Calculate the
(IIT 1995)  (20.34 min)

511 At 380°C, the half-life period for the first-order
3‘6{}_ minutes. The energy of activation of the reaction

time required for 75% decomposition at 450°C.

mﬁa having 1,,, = 364d emits an

B @ particle to f 220 Lo
iz = 3455. Given that the P o form “GRn, which  has

molar volume of radon under these condtions is
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5 14_ The COI
1200°C,
observe
krypton
molecul

(See EX

515. A 5—CC
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516. A 20
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13 cc.
KOH
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352 dn?®
: ; dm’, what volume

of radon ic ;
15 1IN secplar equilibrivum with 1 & of radium?

513. Fi 4 &
3. Find the Taho of the mase needed e
had | for 1 uCi of (o T O generate 1 uCi of *5Ra (1,,, = 1622 yr) to that
12 = 3825 d). (158 % 10°)

514. T-hl'_r oom iy
_pn::mtmn of the equilibrium mixture CL < 20T whick i ’
1200°C, is determined b : ure Cl; + 2Cl, which is attained at
observed that at 180 ¥ Measuring the rate of effusion through a pinhole. It is
krypton effuses ur mmHg pressure, the mixture effuses 1.16 times as fast as
molecules di 3 .undET the same conditions. Calculate the fraction of chlorine
s dissociated into atoms. (At. wt. of Kr - 84 (ITT 1995)  (0.14)

(See Example 33, Chapter 12.)

f 315. A 5-cc solution of H,0, liberates 0.508 g of iodine from an acidified KI solution
Calculate the strength of H,0, solution in terms of volume strength at STP.
(IIT 1995} (DB V)

the [Hint: See examples 25 and 29, Chapter 7.]

. 516. A 20-cc mixture of CO, CH, and He gases is exploded by an ulrzctﬁ.c discharge at
1 room temperature with excess of oxygen. The volume contraction is found to b:.;
; 13 ce. A further contraction of 14 cc occurs when the residual gas is treated wit

iti i s Tume
i i tion of the gaseous mixture in terms of vo
;E[':I'.‘rffﬂl;;mn‘ e = (IIT 1995) (5{]"\.; 200, 306)

[Hint: See Example 19, Chapter 3]

5 N solution? pK, of CN is 4.70.
d 517. What is the pH of a 0.50 M aqueous NaCN so PK; B

i f the unit

¢ cell of sodium chloride has four farn?uia umls.:l'l::.e edge length ©
= 564 nm. What is the density of sodium chloride? %
e (11T 1997) @216 x10° kgm™)

pter 20.]

s See Brample5, & thod for the

ectro i ] ic acid is a me
lysis of a solution of MnSO, n aqueous sulphuric a
519. El aration of MnQ, as per themma;: 1
; h t is the value
S s .ves one kg of MnOy Wha

ILA fﬂ:’}i“‘::ﬁf;g taking place at the cathode and at the
i 7 Write

i (T 19970 (95.09%)
; there in 98 8 of H,SO, in the following reaction?
re

100
(s) + oH' (ag) + H, 4]

V) man ""-"l“walenﬁ 2 AZn? + 4
520. How EH"}' + HSO, + 420 -"“'_:hifc; H.50, in this reaction. (8 eq., 12.25)
the equivalent W&l 1
flete ; ing reaction?
i ‘ Jarity of 4N HS0, 10 e followae 05 M)
521 What is the 70 HS + 4t

clion is & function of 1 alone.

65 ) gH’ + HSO, + 8¢ —

: for an nth-order rea
i that the ratio t-»‘;ﬂ% e
I: e - nd has a density
"ﬂ'f} 2 - cous solution contains 10% ammonia by Iass 2
nif 523. An aq
w ——— ———
-

4
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Calculate the hydroxyl and hy droger-ion concentration in  this solutior,
K, (NH}) = 5x107° M (1.08 x 1072, 9.28 5 1013 M
524, 0.15 mole of pyridinium chloride has been added into 500 cc of 0.2 M PYriding

solution. Calculate the pH and hydroxyl-ion concentration in this resulting solutin

y =
assuming no change in volume. K, for pyridine = 1.5 10" M. (5, 10° M)

: 3 i soluti wt
525. Calculate the amount of ice that will S:EParﬂl'C{ﬂut on cool;rlirﬂ: ; Bﬁzl.mma-!:“ng
50 g of ethylene glycol in 200 g water to -9.3°C. K; for w s mol % |

[Hint: See Example 41, Chapter 13.]
526. Calculate the equilibrium constant for the reaction
Fe* + Ce™ = Fe” + Ce”
Given Bl or = 1.44V; Er =068 V. (IIT 1997) (7.6 %17

[Hint: See Example 12, Chapter 18]

527. Chromium metal crystallizes with a body-centred cubicllattir:a_z. The length of the
unit-cell edge is found to be 257 pm. Calculate the atomic radius. What would be
the density of chromium in g/cm iz (IIT 1997)

[Hint: See Example 8, Chapter 20.] (124.27 pm, 7.32 g/em )

528. Anhydrous AIC, is covalent. From the data given below, predict whether it would
remain covalent or become ionic in aqueous solution. (Ionization energy for Al =
5137 k] mole™; AH, g for AP* = —4665 kJ mole ’; AH, ., for CI” = -381
mole ™). (IIT 1997)
[Hint: Total energy evolved due to hydration = —4665 — 3(-381) = -5808 k] /mole.

As this released energy is greater than ionization energy (5137 kJ/mole) of Al,
AICl, can be icnic in aqueous solution.]

529. Write a balanced equation for the reaction of “N with « particle.
(N + He — 0 + 1H)
530. Isotopes of oxygen with mass number less than 16 und

: ! ergo B* emission. Assuming
an equimolar mixture of “O and "0, find the ratio of the nuclides at the end of

one hour, Given that f,/,("0)=71s and t,, ("0)=124s. At what time will the
above said ratio be equal to 0.25? (3.29 x 1077, 332 5)

[Hint: Use Equation 25, Chapter 11.]

531. What is the minimum half-life of an i :
of the nuclei undergo decay durin 150tope needed so that not more than 0.1%

g a 3.0-hour laboratory period? (88 days)

532. Calculate the percentage of h is i
ydrolysis in 0.003 i b
K, for HOCN = 3.33x10™* M. i N;C:}(;:”

[Hinl:OCN*+H,D#HDCN+DH‘}

333. A sample of **U (half-life = 4.5 x 10°
20.6 g of ™*Pb. Calculate the age of
[Hint: See Example 48, Chapter 11]

yr) ore is found to contain 23.8 g of “"U and
the ore. (4.489 x 10° years)
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MiSCu],

langg
s th!e'ms for Revision

534. An aqueons : 801
S0lutin -
Concentratio n of aniling
aton of goq; e of concentrat;
concentratio }um h!’dmxid.: is nmi:an?mh?n 024 M is prepared. What
| N r'emaing a 1 *x102 in this solution so that anilinium ion

£ i)
M? K, for CHNH] = 24%10° M. (1%107 M)

- _“‘d in A sample of gas at 27°C and 760 torr.
(312 g/L}

pour j‘lbﬂ"t' solid NH,Cl is nearly 26.75 g mole .
of this vapour? (NHz 31.8%, HCI £8.2%)

537. When 1
2  of carbon reacted with oxygen to form CO and CO, at 25°C and constant

F:I[ i3 2 h.?a! of heat was liberated and no carbon remained. Calculate the mass
Of oxygen which reacted. Given,

C+0, — CO, ; AH = 9405 kcal/mole
1
C+ 30, — CO ; AH = -2641 kcal/mole (275 g)

336. The dvera

Be molar mas 4
What is t mass of the vy

he composition (by wi.)

538. A proposed mechanism for the catalysed decomposition of aqueous H0, is
k
H,O, + T —s HO + 10
K, :
HO +I0 — HO+0, + I
where k, >> k;. Derive the rate law for the reaction. L— EE&%DLI = ky [H:0:2] U_]]

the reaction

191.78 K] e
vsed and catalysed reactions 2

539. Prepare a reaction-coordinate diagram for
2EECL — 2H.O, + I[::I2 ; fbH .—.n;at.ﬂ
i ich ene of activation for un Akt
l'?r; BNET;I':C:—'EE" ﬁ}::l 56.6 k] mole ' respectively at 208 K.d e
. i ¢ for the forward catalyse
i tio of the rate constan
(a) What is the ra

.d reaction? i

I’W.ﬁrd unc.]t-ﬂl)'ﬁ't- £ ction increase
e 11 the rate constant for the reverse catalysed rea

|“ tht Ia ’SEd r.}acﬁﬂln?

(b) By what IACIOE for the reverse uncataly

and reverse reactions

red to that rd
ﬁeﬂﬁempa prove that the catalyst increases bt el [(a) 1970 (b) 1970}
2 by the same factor. acid. The pH at one-fourth

a5 titrated against a SUORE 2% dded (6 me) 1o

540. A weak base FDH v.a;%r Enough strong base We‘: ;‘:‘;‘:‘;’ E:LQPH at this point.

" equivalence Pmntt:;:;ﬁs.aﬁ The total volume aE 2 )

onver j 112
cﬂﬂ"PlEt&]}f 2 g{ﬂ .:al Kb “

54-924) = Pks + B ) 1t & the weak base. Thus

ded, is used 10 convert the 52 he base were 6 and 18

of the strong base, 20 n‘ pase, m.e. Of the = md'ihethe same number of

A2 ok the s t%ong pase shall combine wE!vDH _ 6+ 18=24and

gively. As 0 ™ s “‘E ine. of BOH, total m-&. of 3
ISP the salt ¥ Pmdu':f calculate the pH.]

- [Hint: (1

mee. of 24 sing K, value,
i - - --'M Hﬂw i hﬂﬂtﬂd
mﬂ.‘lﬂﬂt}r - ) la wel ht = 114[}} was
thus s 0108 EC"IDE' (formu’a : HCL The lih-e:at_ed

was acidified with

; i :
jution conta solution the blue starch-iodine

aqueo Jution. The s lourise
' 541. An 24 excﬂﬁ55':]f:{-i; rlrdosulphate solution to deco
med 4
I conett
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complex. Calculate the molarity of the sodium thiosulphate solution,
(IT 1998) (0,06 py,
[Hint: KIO, +5 Kl =3K,0 + 31,]

542. Calculate the equilibrium constant for the reaction 2Fe™ + 3 = 2Fe™ L. The
standard reduction potentials in acidic-medium conditions are 0.77 and (54

respectively for Fe™'/Fe’ and I, /I” couples. (IIT 1998) (6.07 x 117

[Hint: Apply Equation 2, Chapter 18, n=2]

Y F T N N

543. From the following data, calculate the enthalpy change for the combustion o
cyclopropane at 298 K. The enthalpy of formation of CO,(g), H;O(l) and propene (g)
are -393.5, -285.8 and 20.42 k] mol™ respectively. The enthalpy of isomerisatiop
of cyclopropane to propene is —33.0 kJ mol ™. (IIT 1998) (-2091.32 kp)

544. The degree of dissociation is 0.4 at 400 K and 1 atm for the gaseous reaction
PCL, = PCl;+ Cl,.
Assuming ideal behaviour of all the gases, calculate the density of equilibriym
mixture at 400 K and 1 atm. (ITT 1998) (4.535 g/

[Hint: Apply F=":g]

545. Given: Ag(NH,); = Ag'+2NH, K. =62x 10° and KH:- of AgCl=18x10" 3
298 K. Calculate the concentration of the complex in 1.0 M aqueous ammonia,
(IIT 1998) (0.054 M)
[Hint: Let the concentration of the complex, [Ag(NH,),ICl, be ¥ mole per litre in
1 M NH,; and concentration of Ag" be y mole/litre
Ag(NH,); = Ag’+2NH;K =62x10"°
At egb.: x y 2y+l=1
AgCl = Ag’ +Cl; K,=18x10"
At egb.: ¥ X
546. A solution of a nonvolatile solute in water freezes a

of pure water at 298 K is 2351 mmHg and K, for water is 1.86 degree/molal.

Calculate the vapour pressure of this solution at 298 K, (IIT 1998) (23.44 mm)
547. ' = |

:Jo:} the ;‘Eﬂmﬂﬂp N,O.(g) = 2NO,(g) +05 Oy(g). calculate the mole fraction of

N, &fgg] ecomposed at a constant volume and temperature, if the initial pressure

;haﬁﬂTHg and the pressure at any time is 960 mmHg. Assume ideal gas

(IIT 1998) (0.25)

[Hint: If ‘¢ mm of N,O, decom th =
25 POses then 600 p+2p+=;-=gm:[

t~0.30°C. The vapour pressure

548. Find the solubility product of a sat ;
A the?elljj urated solution of AgCrO, in water at 298 K

Ag|Ag’ (satd. Ag,CrO, soln.) [ Ag’(0.1 M) | A
is 0.164 V at 298 K. 2
(IIT 1998) (2.44x10™)

549. What will be the resultant pH when 200 mL of an aqueous solution of
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HCl(pH = :
=20)is mix
s
With 300 mL of ap, “aueous solution of NaOH (pH = 12y2
: 550. The rate constant of o
| Evaluate 4 i

G (IIT 1998) (11.3)
: on is 15x 1 g
¢ Arhenius parameters 4 ang . o C ™ 4531075 at 100C

int; (T 1 47
(Hint: r":.PI:'l‘!r' Arrhenius’s equation] 998) (219 10* J/mol, 5.4 x 10™s )

551-1- Huw man LTI
¥ millilitres of
Eﬂtbﬂnatﬁ? G-E M Hﬁ* are needed to dissolve 0.5 g of copper (1)
552. Nitrobe (11T 1999) (809 mL)
» NItrobenzene is formed as :
. : as the major product along with a miner product in the
reaction of benzene with a hot . ¢ ek

: mixture of HNO, and H,SO, The minor product
consists of C:42.86%, H:240%, N:1667% and O:3807%. (i) Calculate the

empirical formula of the minor product, (ii) when 55 g of the minor product is
dissolved in 45 g of benzene, the b.p. of the solution is 1.84°C higher than that_of
pure benzene. Calculate the molecular weight of the minor product and determine
its molecular and structural formula. K(CH) =253 K kg )

(ITT 1999) (C,;HNO,, 168, m-dinitrobenzene)

i indri i 50 A in
553. A plant virus is found to consist of uniform cylindrical particles of 150

- ] 3 tha
diameter and 5000 A long: The specific volume of the virus ¥ El'l,?'ﬁtcm /g U
virus is considered to be a single particle, find its molecular weight.

7
(ITT 1999) (7.0939x10)

[Hints: Mol wt.= Mass of 1 molecule X Av. constant.]
ints: :

; o flask at 27°C,
S into a two-litre evacuated
4 NH.HS is introduced in : te K. and K
554. When 3.06 § U:zﬂyd :_:L .05 into gaseous NH, and HS () Tfmm when‘ rnanpe
' 0 ihbnum
30% of the 5_01 = E;;:'E"C.i (i) What would happen to the equit
for the reaction

is i into the flask? 2 (3i) No effect]
solid NHHS is mtmjﬁ: ;9991 (@) 8:1 10 mole/L, 0.045 atm A

: inhole,
¢ 0.6 atm takes 38 s to dl-ffl.téﬂ' lﬂhrﬂwl:i?:f; Zt?[.ﬁ e

nitrogen gas *:_ "n compoun d of xenon W ith

f an UNKNow

la of
the molecular formul
me hole. Calculate sl XCE)

555, One mole of

diffuse through the 52
- = i ture °C in'a vessel of
12 g of an ideal gas at temperd
d by
re pxerte

ture !
.. one atm. When t = 10%. Calculate the tempera
i il
I.'E'E‘S'um incre

e P
. (Mol wt. of the ga5 = 120)

ins 1 M AR
2+ | Cu, initially contains I

er a8 355 V)
11 - 1 after the passagt 6 T 1999 (01

A cell, Agl A8 1| potential 2 IT 1999

557- ¢ in the ce po

| the chand

jos 31 and 32 Chapter 18.]
p

solubility of
See jculate the i
Hint: X R «10° M. Ca S
: 0. il :j £ :'.-E..
The lu:b ll; puffer colution of pH

' pb(OH),
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559, Estimate the average S-F bond energy in 5F,. The standard heat of formation valyes
of SF,(g), S(g) and F(g) are: —1100, 275 and 80 k] mol ™ respectively.

(IIT 1999) (309.6 kJ mol )

560. The rate constant for an isomerisation reaction A — B is 4.5 %107 min™. [ the

initial concentration of A is 1 M, calculate the rate after 1 h.
[Hint: See Example 3, Chapter 17.] (IIT 1999) (3.43 %107 M/min)

561. A metal cystallises into two cubic phases, f.c.c and b.c.c. whose unit-cell lengths
are 35 and 3.0 A. Calculate the ratio of densities of f.c.c. and b.c.c.
[Hint: Apply Equation (1), Chapter 20.] (IIT 1999) (1.259)

562. “2U is radioactive and it emits o and P particles to form “;Pb. Calculate the number
of o and P particles emitted in this conversion. An ore of “aU is found to contain
zfgu and _Pb in the weight ratio of 1:0.1. The half-life period sz 15 4.5 x 10°
years. Calculate the age of the ore. (IIT 2000) (8, 6, 7.098 x 10° years)
[Hint: See Example 36 and 40, Chapter 11.]

563. The average concentration of SO, in the atmosphere over a city on a certain day
is 10 ppm, when the average temperature is 298 K. Given that the solubility of
S0, in water at 298 K is 1.3653 mole lit" and the pK, of H,SO, is 1.92, estimate
the pH of rain on that day. (IIIT 2000) (0.913)

[Hink: [SO,) = [H,SO,] = 1.3653 M, H,SO, == H'+ HSO3; K,=12x107]

564. Calculate the pressure exerted by one mole of CO, gas at 273 K if the van der
Waals constant a = 3.593 dm” atm mol ™. Assume that the volume occupied by CO,

molecules is negligible. (IIT 2000) (0.9922 atm)

[Hint Apply [p - %J V=RT; V=224 dm’ (suppose)]

565. The figures given below show the location of atoms in three crystallographic planes

in an f.c.c. lattice. Draw the unit cell for the corresponding structure and identify
these planes in your diagram. (IIT 2000)

% w 2

[Hink: The atom at the face centre in f.c.c. touches the 4 corner atoms on that face

but the corner atoms do not touch ea
. ch other. Th
at right angles touch each other.] S5 SR 2foms at the centre of the faces

566. A hydrogenation reaction is carried out at 500 K_ If the same reaction is carried
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e &
* ',
Miscellane
Neoys th!f_-ms for Revis;
on
Caleulate g 2 805
C € activatip
barrier b "L ETRTRY OF the e -
¥ 20 XJ mol! = Teaction if the cat
¥ alyst lowers the activar
activation

Hint: .
| Frm_'n Arrheniug’s ¢ quation, urg (IT 2000) (100 & mol™)
» unde

- _I:_ S E-2 T the given condition, we hate
RT, "Rt |

56?1- {:ﬁ = - -

PPer sulphate solution (250 mL) was electrolysed e - .
copper cathode. A constant ysed using a platinum anode and #
found that after el L current of 2 mA was passed for 16 minutes. It was =
i electrolysis the absorbance of the solution w 5 LT b SR o L

g~ 3 ." atue. Calculate the concentration of copper sulphate in the solution =
to begin with. :

(7.958 % 10 M) (11T 2000)

[Hint: Initial mole of CuSO, per 250 mL ?
— 2 3 mol of CuSO, lost LS
=2 x mol of Cu deposited] =
568. Calculate the energy required to excite 1 litre of H, gas at 1 atm and 1_% K;;ﬂ‘ﬁ é
first excited state of atomic hydrogen. The energy for ‘E‘E dissociann = '
bonds is 436 k] mol ™. Rydberg constant for H = 109679 cm |
C=3x10"ms".

= 6626 107" Js and B
(ITT 2000) (98.19 KJ)

' 2rpeyid
[Hint: Mole of H=2xmole H,=2X T

M _ per[=-
atom =hv="7"= IIkr.rL

1-H bonds + energy 1@ excite

27°C expand

at 1-atm = thalpy chan

569. A sample of azgu:- ?gasd 5 10 250 . Calculate the en Elﬁ’r 2000) (1176 )
: - from 2. A al?

adiabatically .. 1248 JK mol -

for argon 15 & o

Tl ; El RiCy e
K, cal- T; using — |V,
Hint: T, =3 T

1
?1: l-

Energy o excite 1 H
energy to break I

H atom]

< reversibly and
ge in this

Tﬂtﬂl Energy 3 Pn“gsﬂl'ﬂ and

Pm-cE:SE- ':V. m

L _
~Ty ) ;2 ptic acid 15
—aiCyt R}[TE i ol acetic ac
aH =nC(T2~ LR 5 Lo of acetic acid 1S add?dﬁl:c Zjnd 3:::'61"-'&’ Gl WAl
E i nt? -
oic 3 of watel Eﬁt tp pn 1N fm"z'mf; po! i (IIT 2000) (0228 K) -
To will 3 >ctively £3
SW diﬁocia ’ A i:)-II—'I. and [I Eﬂ? E‘ 11 m E. s Spﬂnmgquﬂ ﬂ.‘l'l‘d- ‘:E"
4 cow 3 i mol K The SR 22, =
ow that the reacton entrop¥ chang® 1 o _394.4 and 1372 K mol {?
5?1* Sh the sta ard for and CO are il a—
exﬂthEﬂni-Cr w rgles {J‘f fo ation AH“ g _1354 'I'Lj {g}iﬂ'ﬂhﬂlm“: '.11:
Gibbs free =
ively: — 5= -
d pective EI'IT 2000 [,5.(;” =
AR~ TAS')
int: AG'= ica
[Hin 5 Ec“ochem
2  Ce
. gouo:;"eﬁnm plice
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E°(Fe*/Fe') =077 V, E*(Ce*'/Ce™)=1.61 V |
If an ammeter is connected between the two platinum electrodes, predict the
direction of flow of current. Will the current increase or decrease with time?

(IIT 2000) (Right to left, decreace,

573. Diborane is a potential rocket fuel which undergoes combustion according to the
reachion,
B,H,(g) + 30,(g) — B,O4(s) + 3H,0(g).
From the following data, calculate the enthalpy change for the combustion of
diborane.

(i) 2B(s) + % O,(g) = B,Oy(s); AH=-1273 K] mol”

=

J i

I

/)

(ii) Hy(g) + %O:{g} — H,O(l); AH =-286 k] mol

(iii) H,0() — H,0(g); AH = 44 k] mol”
(iv) 2B(s) + 3H,(g) — B,H (g); AH =36 K] mol ™’ (IT 2000) (2035 K mol™)
[Hint: Apply inspection method: (i) + 3 (if) + 3 (iii) — (iv)]

574. The following solutions were mixed: 500 mL of 0.01 M AgNO, and 500 mL of 3
solution that was both 0.01 M in NaCl and 0.01 M in NaBr. Calculate [Ag’], [C1]
and [Br ] in the equilibrium solution.

i =13 =
K (AgCh)=1.0x107", K (AgBr)=5x 10 (2.0 % 10° M, 0.005 M, 2.5 x 105 M)

575. 1.1 g CH,(CH,),COOH was burnt in excess of air and the resultant gases

(CO, + H,O) were passed through a solution of NaOH. The resulting solution is
divided into two equal parts. One part required 75 m.e. of HCI for neutralisation
using phenolphthalein as indicator. The other part required 100 m.e. of HCl using
methyl orange as indicator. Find n. (2)

576. The hﬁ'ne_f.;l‘ formed on strong heating of a sample of MnSO, 4H,0 was dissolved
in 100 cm” of 0.1 N FE?G, containing dilute H,SO,. The resulting solution reacted
completely with 50 cm” of KMnO, solution. 25 cm” of this KMnO), solution required

30 em’ of 0.1 N FeSO, solution for complete reaction. Calculate the amount of
MnSO,4H,O in the sample. (1338 g)

[Hint: See Example 55, Chapter 7.]

577. Determine the number of moles of Agl which may be dissolved in 1.0 litre of

1.0 M ??N - solution. K for Agl and K, for [Ag(CN),” are 1.2x107" M and
7.1x 10" M respectively. (0.49 mole)

[Hint Agl = Ag'+1 ;K =12x10"
Ag'+2CN” = Ag(CN); K, =7.1x10"
s Agl+2CN = ABCN;+ K=K, - K,
(1-2x) x x (x-solubility of Agl)]
>78. x g of a nonelectrolytic compound (molar mass =200) are dissolved in 1.0 L of
0.05 M NaCl aqueous solution. The osmotic pressure of this solution is found t©

be 4.92 atm at 27°C. Calculate the value of x. Assum ‘esociation of
: 1 tion O
NaCl and ideal behaviour of this solution. & SRR dismlillg,ﬁ £)
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M:scellanmus Problems for Rey
1510m
I,H'i.l"qt: DF = {-—-'E._ + % er
200 * 2005 0.0821 30y
579. 016 g of Ny 4.0 s SRS
Caleuy 2% are dissolved in wage SN
ate the Percentage of N 1 hr " the toal volume made Upto 500 mL. =
Kh{NzHl‘j:é,Dx 10® M. =% 18t has reacted with water in this solution.
[Hint: N.H_ + ¢ ] G
’ =M tHO S NHOH « N + OH')
580. Determine

the value
90.0 g of water at of AE and AH for the reversible isothermal evaporation of

L ) 100°C. Assume that water vapour behaves as an ideal gas and
o EVaporation of wWater is 540 cal g-:, (44,87 keal, 486 keal)
S g of an impure sample of arsenious oxide was dissolved in water containing

7.5 g of sodium bicarbonate and the resulting solution was diluted to 250 mL.
25 mL of this solution was completely oxidised by 22.4 mL of a solution of iodine.
25 mL of this iodine solution reacted with same volume of a solution containing

24.8 g of Na 5,0, -5H,0 in one litre. Calculate the percentage of arsenious oxid.e
in the sample. (As="75) {9.24%)

i id
582. Two buffers, (X) and (Y) of pH 4.0 and 60 ws.pecl'twcly, are pn:;_:an.;: i:-r:;w a.;LH
HA and the salt NaA. Both the buffers are 050 M in H.ﬂ\.; Wt;a'r.“t;ﬂuwﬂ e
of the solution obtained by mbdng equal volumes © s
K (HA)=10x10".

i i it} and
[Hint: Calculate [salt] in X and Y using Henderson equation. Find {saltl..
ks i -
| again apply the same equation]

; = INH(g) a B°C
. N,(g) + 3H,(8) o
lue of log K, for the reactiort: = ard entropies O
BB Caln ﬂ'i; :’:;lp}' of fﬂimatinn of NH,(g) 15 _-1-16- k] H.ﬂ:-i 5:2: ar
i StandMNH 2ses are 191, 130, 192 JK ' mol r-:iﬁpecKTe y st
Ny H; and éf'_ AHE - TAS® and AG? = —2.303RT log, | il i
Loy ﬁppl? e f NH solution, one litre of which can
n o 3

ﬁ 2 _ﬂ lﬂ"m M?- ﬂnd
584, Determine the Concenﬂaf IaﬂsgCi nd K, of Ag(NHy, aF ia
= 0

27 M)
0.10 mole AgCl Kep
16107 M respectivel

NH o prﬁduce 'D..-!. M COm'P‘E?'L Wh'l.'Ch “.'I.El'l.
i 1 ﬂ.z M <
+ combines with
1 - 1 M AE
[!'l'l-l'lt; ur

hite(s) is 10 atm
(NHJ =Y L and excess hot gr2P ressure
e (or the reaction peass Cc:::ﬂif-‘ gases at BITC 20 8 total P
ions
g17°C. K 'O concentrat!
585. At re €q

s =
E

..
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(b) At what total pressure, the gas contains 5% CO, by volume?

(a) 0.0167, 0.041 mole /.
(b) 0.554 atm

586. 1.4 g of acetone dissolved in 100 g of benzene gave a solution which freezes 5

277.12 K. Pure benzene freezes at 2784 K. 2.8 g of a solid (A) dissolved in 109 595
of benzene gave a solution which froze at 277.76 K. Calculate the molecular weight
587. The rate law of the reaction is given as 2A + B — product |
Rate =k[A]* [B] |
[A ] inia [Blinitiat tisa(s) i 56
30%x10° M 40x107° M 60
3.0x10* M 6.0x10° M X

Find x. (60 s) |

[Hint: In a reaction with more than one reactant, ¢, of the limiting reactant is
b, of the reaction.]

588. A 0.025-g sample of a compound that is composed of B and H, has a molecular
mass of about 28 amu and burns spontaneously when exposed to air, producing
0.063 g of B,O,. Find the molecular formula of the compound. (B2Hg)

589. Excited hydrogen atoms with very large radii have been detected. How large is
an H atom with an electron characterised by a quantum number of 1067 How
many times larger is that than the radius of an H atom in its ground state?

[11236 times larger (106%)]
590. One molecule of haemoglobin will combine with four molecules of oxygen. If 1.0 g
of haemoglobin combines with 1.53 mL of O, at body temperature (37°C) and a
pressure of 743 torr, what is the molar mass of haemoglobin?

: ﬁﬁ.ﬂ x10* g mol ™)
991. What is the half-life for the decomposition of NOCI when the concentration of NOCI
15 0.15 M? The rate constant for the reaction is 8.0 x 10 L mol ™ s,

592 If both the functional groups of salicylic acid, HOC.H,COOH,
K, =1x10 for the <COOH group and 4.2 x 10"
of the saturated solution of the acid (solubility

(83x 107 5)
ionise in water, with
for the ~OH group, calculate pH

=18 g/L)? (2.45)
593. The density of trifluoroacetic acid vapour was determin
ed at 117°C
and found to be 2.784 g/L. Calculate K_for e 4?3:0:;
0—H =0
2CF;CO,H(g) == CF,C :: %EGFE{E]
Ng .. H—o

994, The following equilibria exist simultaneously in a vessel.
2NO,(g) = N,O,(g); K, =6.8 atm”
1
and  NO(g)+NO,(g) = N,0,(g); K,z (say)
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: 1ally r_'u-n'[}r NO and M oL
equilibr : and NO, are
puilibrium g 5.05 atm and‘ :: presentin1:2 mal N
equilibe t : : e ratio and e E
quilibrium partial pres partial pressure of N.O, is e e ' -
(Hi ssure of NO and K 0, is 1.7 atm, calculate the = Hﬂé
' . - -
it S'L“E E‘.ﬁ'.i'l.m e 5 " "2 (1.0 atm, 343 atm':} o .
595. In Ple 31, Chapter 15] : s
- IN a reaction of the type e i
Als x t -
the tquﬂibrilfr; 2B(g) = Cig) + Dig), : ‘;_ s
respectively, hrtr;:li‘::i;tralmns of A, B, C and D are 1, 2, 5 and 6 mol/ 4 =
: 3 en introd = Pk 2R mol f litre 2 -
uced at equilibrium at constant volume. Calculate i

the conce z
ntrations s
ons of A, B, C and D at the new equilibrium position
an.
(Eqb. concs. do not change)
oduck

596. The rate 1
C aw S '
e of the reaction given below is given as A b

_Rate = HAT [B]
[l [ Al wissa | (Bl i' HAAe) |
t 50x10° M \ 3.1:+x1u‘m_r_ﬁ___|
100%10°M | 30x10°M | x =
{200 5)
of the limiting reactant gives

Find x.
[Hint: In a reaction with more than one reactant, b,

the t,, of the reaction.]
M ammenia in a three-step process.

597. (a) Nitric acid is prs.»pared fro
(i) 4NHs+ 50 — 4NO + &H70 (fast)
(if) 2ZNO + O — 2NCh {slow)
(iii) N0 + H20 FHNO: + NO {fast)
3 can be produced from 10° kg of mmonia assuming
late the rate
nitric oxide

Calculate how much HMO
¥ in each of t i
first-order 10 (O, calcu
is 0,50 M and the

100% efficienc I
If equation (ii) is cpcond-order 11 _
! of?grmatiﬂn of HNO3 when oxygen concentration
M. k=58% 16 1f mol” S .

[(a) 247 % 107 kg (b) 163%10 ]
tals of a compound

niration is 0.75
es black crys
of this compound, when
chloride,

1, Al at about 400°C giv
A sample
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rical
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ungst
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(WCka)
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601. The rate constant for the first-order decomposition at 45°C of N,O,, dissolveq in
Ellinrﬂfﬂm_ is 6.2 b 4 1“ ~ "]in :- ZNE{'—}!- =¥ 4ND}‘ + ':):

(a) What is the rate of decomposition when [N20s] =0.40 M?
(b) What are the rates of formation of NO2 and of Oz when [N20s] =0.40 M?

[(a) 2.5 % 107 (b) 5x 107, 1.2 %1074

602. A balloon weighing 50 kg has a radius of 10 m. What will buj its payload if it i5
filled with He at 1 atm and 25°C. Density of air =122 kg m . Also calculate jig
payload if H, is filled in place of He. (4372.8 kg, 47154 kg)

[Hint: pV = ﬁ RT: w-wt of He in g

Wt. of balloon + &’

Volume of balloon
w'~wt. of He for the balloon to just lift from the ground.

Payload = (u/ - w)]
_m Calcu.late th.’e ED{:‘fﬁl’.‘i('l!t nf V]Sl.‘ﬂf-it}r l‘.ir C{_}E ﬂt m} K on thE' baﬁiS uf kint‘h{‘ thE@I}r
of gases. Molecular diameter for CO,=3.64x 10 " m. (2.37 % 10°* poise)

= density of air

604. Show that the excluded volume is four times the actual volume of a molecule.

4
[Hint: Excluded volume per two molecules = 3 m(2r)]

605. A gas dimerizes to a small extent as
24(g) = A,(8)
Show that to a first approximation
AL
RT v
B06. A vessel contains three gases A, B and C in the equilibrium
A= 2B+C
At equilibrium, the concentration of A was 3 M and that of B was 4 M. On doubling
the volume of the vessel, the new equilibrium concentration of B was 3 M.
Calculate K. and the initial equilibrium concentration of C. (285, 5.4)

607. The average velocity of the molecules of a gas is 400 m/s. Calculate its rms velocity
at the same temperature. (434.26 m/s)

608. The wavelength of high energy transition of H-atoms is 91.2 nm. Calculate the
corresponding wavelength of He atoms. (22.8 nm)

609. You are given marbles of diameter 10 mm. They are to be placed such that their
centres lie in a square bound by four lines, each of length 40 mm. What will be
the arrangements of marbles in a plane so that maximum number of marbles can
be placed inside the area? Draw the diagram and derive expressions for the number

of molecules per unit area.
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i UCES to 0,49, Calculate the ‘."-IITE-}!:I;:'- area of
charcoal = 301 % 107 1h3“_ J molecule of acetic acid. Surface amea of
k.

[Hint: No (5% 107" m* /molecule)

- of molecules of CH,COOH adsorbed

611. T = 0.001 % Av. constant) é.,p;
- IWO students use (he % = ; g
Shliof bre el ;35sz stock solution of Zn30, and a solutien of CuS0,. The ¥ =
cell with hi L higher than the other. The concentration of CuSO, in the . S
1 igher emf value is 0.5 M. Find out the concentration of CuS0O, in the E __",-._"1'-
i

other cell [LBﬂ;i‘ﬂ = 9%11

: 5
(0.05 M) =

w-l'. e

612. Match the fn'llawing if the molecular weights of X, Y and Z are the same.
l l Boiling point || K \

| x 100 \ﬂ.ea
| ¥ 7 053 _
| Z 253 1 0.98 {Same as given)

3R/2 but the C, value of H, 15 3R/2 at low

613. The C, value of He is always than 5R/2 at higher

T g b

temperatures and 5R/2 at moderate temperatures anji mc;:ﬂ e )
. Explain Rotational and vi : “ﬁm“e]l
B freedom for diatomic molecules cor |
towards Cy at high ke mperature. |

500 min at

- if-life of
& with constant hali-i S if

: i woeed :
the inversion of sucrose pre ~ 4 for any concentration of

d with half-life of 30 min at pH
the reaction is given by

> ﬂfﬂsl_i“ﬂ - k [sucrose]’ HY (.0

614. At 298 K,
PH — 5 an
the rate law for

: - d at
] d . alhe hite to diamon
find x and ¥ o for the conversion of e 225 and 351 /¢

ilibrium pressure = be taken to Rt
§15. Calculate :‘En:ﬁ:; of graphite and diamond may in AG with pressul® B
25°C. The ¢€ "

o change ;
vely, independent of pressure: The 2 (52x10°Pa)
regpectl""‘e 4 AG,— AG,

=1
_-Eml:.]mol 2 i tal..' gf}:‘, P"'T—._.—-—L'I,_"_-
(Hint: 6G=-55T* vip: [ 48C —f;l -

il

; » giverl.
_, products, the following data w:.::‘;tiil rate
reaction: B [nitial cﬂnccntmhﬂﬂ (mol 12 s)

the giver -
616.FOT = - 12 concentration (mol /L)

(mol/ L) (B) 005
(Al 0.1 0.1
0.1 0.1 0.05
0.2 0.2

=%
(Rate = K[AIBY K 055 )

¢}
£ rate
2 ‘E;Eu‘;;fe the rate constont
®)

[Hint: See
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§17. 100 mL of a liquid is contained in an isolated container at a pressure of 1 bar. The
pressure is steeply increased to 100 bar. The volume of the liquid 15 decreased by
1 mL at this constant pressure. Find AH and AU (0, 102 kfy

[Hint: AH =AE +pAV, (Eal)
AM =0, AE=—paAlY
1atm - mL=10"kj]

618. The crystal AB (rock-salt structure) has molecular weight 6.0Z3y amu, where y is
an arbitrary number in amu. If the minimum distance between the cation and
anion is ¢ 'nm and the observed density is 20kg/m’, find (a) density in

kg,fm’{ and' (b} type of defect. {5 kg,-"rnl, melal excess)

M . :
[Hint: p = ,ZW; s=4 V=910 m’
] .

M=6023yx 10 kg/mol
Observed density (20 kg/m’) is greater than calculated density.]

619. (a) The Schridinger equation for the hydrogen atom is
PR |
1 f 1 Y ( r T2

- — m— —
¥zs 42 2 la) |7 a0
where a4, is Bohr's radius. If the radial node in 2 s is at r then find r in terms
of a5

(b} A baseball having a mass of 100 g moves with velocity 100 m/s. Find out the
value of the \i'.;qt'q_’]l.:n;;lh of the baseball.

(c) iﬂﬁ %& ¥. Find out the atomic number and mass number of Y and identify
k [(2) 22, (b) 6.626% 10 m (c) “5Po]

[Hink (a) v’ =0 at node .. {Z— nLJ has to be zero,
V.

ool
(b) Apply A=-—]

620. (a) In the following equilibrium
N20s () = 2NOs (g)
When 5 mole of each are taken, the temperature is kept at 298 K. The total
pressure was found to be 20 bar. Given: AGHN:O:)=100k] and
AGHNG2) =50 K, '
(i) find AG of the reaction, and
(ii) the direction of the reaction in which the equilibrium shifts.

(b) A graph is plotted for a real gas which follows van der Waals equation with
pVi, taken on the y-axis and p on the v-axis. Find the intercept and the slope
of the line. V,, is the molar volume.

.[c:t} +56.03 L atm, reverse

RT and - ——
{b) RT and BT
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g21. (1228 €
(i) In 1

(ii) In |

" Find ou

the res

(b) 1f 0.1 B
Ka(HA

[Hint: (a
(L
622. Find the

given th

[Hint:
623. Fill in

(@) 23t

(b) £26,

624. Calcul
PO,

[Hint:

625. An el
maxi
disto
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Miseella
= NG |
i Ihrnhl”““" ror Kevision 213 e, -
l]:]i“l.
+ (a ]
) NO, ()«

= 2:\\:{ }.I |;-_1-J
1) bay =t

= mitial(1 bar = 1 atm)
10 bag : : :

T\'.L‘.-"u.‘til.m qQuotient (0) = _jp

10

= 10bar
AG =2 %50 - 100 = 0
\-'-ﬁn: tﬂwtt':::!::l: :1:“_-"".'?']“.‘ a:.u_i the slope, 11u-_ pressure has to bv. :
be -‘."'“1fi<."ivuti~.e i,:; 1L. "h‘»; ;nu 1|f1.1 Hu-l.:lll .:.tl_'in'uht:u:u, “"-1.: I.:lﬁ":j-ll.-_' T-'dlll]t
8L, A i van der Waals equation could b

neglected.
| [ il y
i-I!;' i 'IE; |V'=RT
621. {"1} 1.22 5 CeHsCOOH is added to twao solvents.

(1) In 100 g CHyCOCHA : AT =017, Kp=1.7 kg K mcl L

(ii) In 100 g CeHg - ATp=0.13, Kp=26 kg K mol "’

" Find out the molecular weight of CéHsCOOH in both the solvents and interpret

p+RT)

thie result. |
(b) If 0.1 M HA is titrated with 0.1 M NaOH, calculate the pH at the end point

KoHA)=5x10"and a << 1. N
[{a) () 122 (ii) 244, C,H.COOH dimerises in C;H, |

b2

[Hint: (a) Apply AT, = K, - nt in both cases.
! o,
(b) Apply pH = 3 IpK,.+ pK, ¢ logal,a== Mj

622. Find the equilibrium constant for the reaction

Cit+Int =Cu + In™
= i = : ‘"r
given that, Eei2¢ cu’ 0.15
E‘,Ltz-lh,a =04V
| Ea oy =-042V

10"

[Hint: Example 11, Chapter 18]
ill i blanks.
623. Fill in the 0 |
(a) %Uq-"]n_;lgarrwﬁt.. S

fb}é’iﬁe =y ,?E-I-..,

f calcium oxi when it reacts with 852 g of
mount of ca ciu

de required
624. Calculate the a (1008 8)
P,.Dm'
PO,
= D “+ F D ﬂ—-'} C’al{ 411
[,Hl!'l-t= E,:;.p]y [-:Da‘ll'ic for Ca and P atoms.] th 400 pr. Calculate the
- in fec. lattice having edge 108t 7Bl P thout

Jement crystallizes 1n & hich can be placed in the inte

625 An €€ Liameter of the atom WiE (117.1 pm})

shructure.
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A14 Modern Approach to Chemical Calculations

[Hint: See pg. 711 and Eqn. 4 on pg, 706.
a
r=0414 R and H=TI

626. 20% surface sites have adsorbed N,. On heating, N, gas evolved from sites gnq
was collected at 0.001 atm and ‘ZE-‘E K in a confainer of volume 2.46 cm”. The dfl‘m:lh
of surface sites is 6,023 x 10" /cm”. Density of surface area is 1000 cm’. Fing oy
the number of surface sites occupied per molecule of N,. @

[Hint: No. of surface sites per molecule of N,
no. of surface sites used to adsorb N, on a surface area of 1000 cm’

total no. of adsorbed molecules

627. For the reaction: 2X (g) = 3Y (g) + 2Z (g)
Time (min) 0 100 200 ]
p, (mm Hg) 800 400 200

Assuming ideal gas condition, calculate

{a) order of the reaction

(b) rate constant

(c) time taken for 75% completion of reaction

(d) total pressure when p; = 700 mm @1, (b) 3.46 X 10> min”’
(c) 200 min (d) 950 mm
[Hink: (2) * 1, is constant, order is one. (b) k= 25—
i/2
(b) Time for 75% completion of the reaction =2¢,,,

£00 mm
(© 2X -3 3Y + 27 800-p=700]
(800 = prmm %Emm pmm

r=ap=053x10"m.
(b) Find the de Broglie wavelength of the electron in the first orbit.

(¢) Find the orbital angular momentum of the 2p orbital in terms of k/27 units.
((2)2.18x 10° m/s (6)33x 10 m () ﬁi"_}
T

[Hint: (a) nivr= g;n =]

h
L
I :
(c) For 2p, I=1; L=AI{I+1) i (pg. 247)]

: {a;;:a:eulare AG’ for the following reaction.
. Ag' (aq) +CI' (aq) — AgCl(s)
Ewan. .qu‘,_mgcn =109 kJ/mol

An evaluation version of novaPDFE was used to create this PDF file.
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628. (3} Calculate the velocity of electrons in the first Bohr orbit of hydrogen atom.
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Miscellaneous Problems for Revision g

AG (CT) = -129 kJ/mol
AG] (Ag) =77 KJ/mol
REpre_sent the above reaction in the
and find log K., of AgCl.
(b) 6.539 x 1072 8 of metallic Zn (6539 amu) was added to 100 mL of saturated
solution of AgCl. Calculate log ([Zn®]/[Ag ).
Given: f\g* +e=Ag; E'=080V
Zn*t +2e=7n; E®=-076V
Also find how many moles of Ag will be formed.
(a) Ag | Ag’ (aq), AgCl (5), CI (aq) | Cl, (),
059 V,-10
(b) 52.79, 10 mol
[Hint: (a) For Ag’ +Cl = AgCl; AG’=-109-(-129+77)
AG® = —nFE" and AG" =-2.303 RT log K

form of a cell. Also calculate E” of the cell

1
Calculate K and then apply K (AgCh =+
(b) 2 Ag’ +Zn=2Ag + Zr"; E_, =080 (-076)=136V
ApplY Ecy =—L'9291 log (1Zn*1/1A8T)

Again, K,, (AgQ)) =[AgICIT =S
g =10 = 10" mol/L
- mol of Ag’ per 100 mL :lzﬂ_&
- 6.539 x 10° -107
and mol of Zn="—"gc=5

* is the limiting reactant and the r:elldb
f Ag formed =10 3

reaction is feasible in the
As Ag
forward direction, mole 0 L
CI (1 M) is 0.22 V. What shou
: : i half-cell Ag | AgCl | :
m-ﬂleelectmde potential ﬂft::f e e D et
| be the electrode poten Ag'. AR s

Ag | AgAgCL I A M2

Qoo
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CHAPTER TWENTY-TWO
MISCELLANEOUS OBJECTIVE QUESTIONS

T —

e

1 Jlr;{ '

el
ok {

bl

L. The degree of dissociation of 100 mL of pure water at 25°C is

(a) 1.8x 10" (b) 1x10" (c) 1.8x10° (d) 1.0
2. The pH of 10 M NaOH aqueous solution at 25°C is
(a) 7.02 b) 7.0 (c) 6.89 (d) 6.0
3. The effect of temperature on the equilibrium constant is given by
H {Tz = T'|:|
a) log K, -logK, = :
0.108 K, ~ 08Ky FEiER T
E (1,-T))
log k, = log k, = - —
®) logha=log k=5 m R T
AH ':.Tj o _-[11]'

) 2 | K —I':IFK, = E
(c) log 10K, 538 T

(d) none of these

4. The rate constant of a first-order reaction of the type2A = Pis 1.5x 107% s The
half-life period of the reaction is

(@) 231x10°s  (b) 462x10%s () 924x10°s - (d) 15x107s

5. For the following reaction:
Initial concentration: 10 mol/L 2 mol/L
2A + B — product

t,» of the overall reaction is the time when

(a) half of A changes to product

(b} half of B changes to product

(c) halt of each of A and B changes to product

(d) 6 moles of A and B changes to product

6. From the following half cells a galvanic cell is made,

As2e=aA .. E{=08V
B=B"+3e .. E=-03V
E" cell is
GE =T, DIEE e (¢) 3E,-2E; (d) 3E] + 2E2

7. An inert gas is added to the following equilibrium,
A(s) + 2B(g) == 3C(g)
at constant pressure. The equilibrium
(a) is not affected (b) shifts to right
(c) shifts to left (d) may shift right and left both

8. The rate of the process: Cu— Ni+ je
(a) changes with the change in pressurs

816
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Misce])
! ANeQyg Obieci:
Jective Questiong 817
(b) ¢l
AT 3 i
e 1805 with the Cchange ;
- -‘ : i L 1
& Changeg With the cha 24 e
i s ANFE in Press
iy S5Ure and e i
- Pendent of Pressure and 1o e
* A succesg; i ol
5‘::_-.1% radmactiw disinte rrat
ﬂ .".l }ﬂ !., SLEON
—a R — s C
|\r| NH
: ) 2 --= NO. of nuclic T
N which the p e

arent has 5

Which of the ‘onger but

¢ P : not much longer half-life ; . b
nllm-v. ng l._'HprE'sﬁmnﬁ 15 Correct? g i dﬂ“hhh i
N, A
. i v T s -
'.:d.} IJ-_ - ;_I (b} E 1 "j"':_ A, ( N| :‘-.I .'\"I A, - ;‘.,
2 Ay N, T c} Y (d) N

10. Which of the following curves represents

R : : 4 second-order reaction?
(‘a’ is the concentration of the

reactant)
(a) )
d a -
i iy =
t‘fz R t:ll.zx d i—t—. —
i —
o L =
e
11. For the equilibrium: : e - —
05M 0 0 ... Initial concentration -—-:2-::
PCl(g) PCly(g) + CL{g : :__\
0 ;M 0.2 M 02M ... Equilibrium concentration g_:_:'ﬂ-—u —
. caciation of PCls is ' =
the degree of dtbsmﬂﬂ‘g';] 5 © 01 (d) 04 i:?
(b) U. ‘ s ; -
e drolysis of a salt of weak acid and strong base is TD.S. .Th; -
12. The degree o . beg to calculate the accurate value of the degree c —
uation to be U —

h},dml}rﬁiﬁ (h) is i :_ . :
\/'KT' ® =Ngc

@ k= N% K J
K (d) none of these
@ k= N%g.-C

H,O which is the correct mole relationship?
: .5 .
For CuSY;

of Cu = mole of O

- le
@ 9.:1: l:;ie of Cu=mole o9
®) X7 cu=mole of O;
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818 Modemn Approach to Chemical Calculations

14. The shaded plane in the simple cubic crystal is designated by

\I'
Sy
Ty
~

{a) (101) (b) (104) (c) (111) (d) (010}

15. If a reaction is represented by
2A + 3B - product
(a) the order of the reaction w.r.t. A and B may be 2 and 3 respectively
(b) the molecularity may be 5
(€) both order and molecularity are same
(d) the choices (a), (b) and (c) are Wrong

16. The crystal witha#b#ca=F=y=90°is
(a) cubic (b) orthorhombic (c) tetragonal (d) hexagonal

17. The reduction potential of Cu™|Cu at pH =14, if K, (Cu(OH),) =1 x 107" and
Eguz',ﬂ'uz H34V, is :

(a) 022 V (b} +0.22 V (c) 0.059 V (d) -0.059 V
18. What is the thermodynamic condition for the feasibility of a process?

(a) (A5),,,>0 (b) (AG),,, >0

(9) (8S),, +(45),,,>0 @) (AG),, + (AG),,. <0

19. If m, is the initial mass of the nuclei the mass :
21, of undecaved r: active ic ;
alt the end of the nth halélite i yed radioactive isotope

(a) 2°m, (b) 2"m, (c) nm, (d) n’m,

20. Dry air is bubbled successively through (i) a solution, (ii) its solvent, and (iii)

through CaCl,. The lowering of vapour pre
of solute is equal to & 01 vapour pressure of the solvent due to the addition

loss i > '
e e
loss in wt. of soluti i
O Y Lo o
21. The number of 2-fold axis of symmetry in a cubic crystal is I
(a) 10 (b) 13 (c) 23 (d) 9
22. The nuclide lying below the stability belt in n-p graph does not disintegrate by
(a) o-emission (b) B-emission
(c) ’B-emission (d) K-electron capture

23. The osmotic pressure of glucose solution (400 mm), on dilution, decreased to
100 mm. The extent of dilution is

(a) two times (b) four times (c) one-fourth times (d) eight times
24. The molal depression constant for water is 1.86. The depression constant for 100 g

of H,O is

(a) 1.86 (b) 18.6 (c) 0.186 (d) 186
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25 Ures s 819
- T4 is addeq to 2 i
/1 € Weight r.:;mﬁ of water ¢ such an exy
(@) 06 ¢ [b}'-‘:%; added i xient that AT, /K, becomes equal to
26. The eqy:it: -
® Value of K. for the rraeore N H, and NH
8) /s P (b) 1H£:ber’5 PTOCess in apm ! 5'15“3 %4 and 8 atm respectively.
! 27. 5 moles {c) 4
f of - (d) 2
. (@) =1 4 gas Occupy 100 litres at NP The ; }
{b} ~1 { = cmnp!"E'sstbﬂtt}' factor of the Bas is
28. A gas ab o @0
50
x10° Pa, rbﬁeq?r?tir?-;?ﬂat and expands by 2x 10 m’ against a constant pressure
(a) 200 enerIgy of the gas js
| (c) 600 ] E:: ~200 ]
cannot be «calculated
29, 4 E of He i x
7 15 expanded from 1 litre to 10 litres isothermally. The change in entropy
a) 19.
(@) 19.15 J/K (b) 766 J/K (© -1915]/K  (d) ~76.6 /K
30. 1.5 moles of electrons are passed through 1 litre of 1 M Fe™ solution. The number
of moles of Fe produced is
| (a) 0.25 (b) 0.50 (c) 1.0 (d) 15
31. In which case, a reaction is impossible at any temperature?
(a) AH>0,A5>0 (b) AS>0,AS5<0
(c) A5 <0,A5<0 {d) In all cases

33. Which of the following equations gives the ¢

Misceyy
aneous Objective Questions

ressure method, is found to be different from its actual molecular weight (M).
Which of the following relationships is correct?
(a) Obs. mol. wt. = (1+x) M (bY M=(1+x)xobs. mol. wt.
(c) Obs. mol. wt. = xxM (d) M =xxobs. mol. wt.
ombined form of the first and second

rmiod mics?
laws of the yna Ty

9 (d) AH=AE +AnRT

mperature, which of the following facts is not correct?

iven te
ot focd waliges = 2 g;Iwiut]'u the increase in pressure

may Increas : ;
@y may ecrease with the increase in pressure
| wil :
b vn‘l{nit change with the change in pressure

(c) pV will no e increase in pressure
will increase W1 | | ;

@ p/V - of air is 20 J/K/mol. The amourt of hea, m;ulﬁ t i:m g
i e capac;tz' gssuming the amount of air in the room to m]g‘

i miﬁt}r of 4 N H;S0, in the following reaction 1s
. mmH’+H290‘+Be'-rH,25+4HID 0

: ) 8M @ 2 M
(a) 2 M ]
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37.

39,

41.

43.

44.

Modern Approach to Chemical Calculations

Phenol associates in benzene to produce
associates if van't Hoff factor is 0.54?

{a) 0.54 {b) 0.92 (c) 0.98 (d) 046

double molecules. To what degree pheng)

- A mixture of He{4) and Ne(20) in a 5-litre flask at 300 K and 1 atm weighs 4 ¢

The inole % of He is

(a} 2 (b) 0.02 {c) 20 (d) 4

The pH of the solution when 0.2 mole of HCl is added to one litre of a solution
containing 0.1 M CH,COOH and 0.1 M CH,COO is

(@) 0.7 (b) 457 (c) 3.8 (d) 1.0

. 100 mL of an O, =0, mixture was passed through turpentine, and 20 mL was

reduced. If 100 mL of such a mixture is heated, the increase in volume will be

{a) 110 mL (b) 10 mL (c) 90 mL (d) 100 mL
Which of the relationships is wrong?

(2) rms speed =vp (b) Diffusion rate =p

(c) Diffusion rate =T (d) rms speed T

The heats evolved and absorbed when 100 g each of CuSO, and CuSO, - 5H,0
are dissolved in water are 41.7 and 4.7 k| /mole respectively. The heat of hydration
of CuS0, is (in K] /mole) '

(a) -66.59 (b) +11.72 (c) -78.2 (d) +78.2

The energy of the second Bohr orbit of the hydrogen atom is —3.41 eV. The ener BY
of the third Bohr orbit of the He" ion will be :
{a) -30.69 eV {b) -13.64 eV c) -7.67 eV (d) -6.06 eV

It requires 40 mL of 0.5 M Ce" to titrate 10 mL of 1.0 M Sn™ to Sn"'. The oxidation
state of Ce in the reduction product is

(a) +2 (b) +3 c) +6 (d) none
45. From the following reaction sequences
2A=B+C
5B+D=2E+F
E+G=4H +]

calculate moles of H produced by 10 moles of A
{a) 20 (b) 10 (€) 5 (d) 8

46. If T, and T, are the temperatures of the heat source and sink respectively, the

efficiency of a heat engine may be expressed as

(a) T (b) T ©) —

Tz —= Tt TJ T:l e Tl

i L
{‘-}‘TT

1 1

47. Which of the following, when mixed, will give a solution with pH greater than
77

(a) 0.1 M HCl+02 M NaCl
(b) 100 mL of 0.2 M H,S0, + 100 mL of 0.3 M NaOH

(c)
(d)

100 mL of 0.1 M C,H,0, + 100 mL of 0.1 M KOH
100 mL of 0.1 M HCi + 100 mL of 0.1 M NaC;H0,

48. In

49. A

5[}. F¢

51. W

52. T

53, C

54. 5

55. 1
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15 Objective Questions 2l

48. In the reaction:
3 z 1
A+2B4 4 4
the limiting e
(a) A

: .-~ initial no, of mioles

—s D
actant may be

(b ]

49. An element o & )
: . Nt forms ! ides F
e Tt o ﬁhrh:? oxides, the weight-ratio composition in them is
of A in the first oxide OXide and y : x in the second oxide, If the equivalent weight
| el : de is 10.33, the equivalent weight of A in the second oxide is

. : (b) 1033 (c) xty (d) wix
50. For the cell: A|A™| |B” |B: E_ =13V
] | o=

(a) right electrode is cathode
(b) the cell shall not operate
(c) left electrode is cathode
(d) electrons flow from left to right in the external circuit
51. Which of the following concepts is (are) wrong?

{a) If for, A—B AH=+qcal

then for, B— A AH=-q cal
(b) If for. A = B eqb constant =K

1
then for, B == A eqb. constant =—
(¢) If for, A—B rate constant =k
then for, B— A  rate constant #k
(d) If for, A—B energy of activation =E
then for, B— A  energy of activation = -E
F ont is
52. The wrong statemen | S
(a) heat of neutralisation is always negative
(b) resonance energy is always negative

isation I ays positive
of atomisation 1s alw .
O s negative

(d) heat of combustion is alway

given amount of hydrogen.

wers for.a
correct ans fb:l Eq_ of ]..1:| =eq. of H

53. Choose the

= le ﬂ{ H
(a) Mole obd= i (d) Mole of H=eq. of H
(c) Mole of H, =eq. of H, —
|. 5_.4- 5 mﬂ]ﬂﬁ ﬂ‘f H:SD; cﬂ'ntﬂlﬂ lb':l 5 ml.'liﬂ'b— DI’ 15 ::.;‘__ e
(a) 5 eq. of H (d) 10 eq. each of H, S and O —
: Df Q weibility factor Zofa real gas -
) Gla resenting variation of the compressibility
' 55. In the figure rep
with Fres&uﬂ? c
7 E
| P
b
P i
hat the gas 15 more compressible than an ideal 25
y aly shows t :
(ﬂ] ab sh
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Modern Approach to Chemical Calculations

(b) be shows that the gas is less compressible than an ideal gas

(€) ab may be explained by pV =RT - =

B, A Y

pV

(@) Yat Ty ®) A at T, () Bat T, (d) A at T,°
59. For the electrode process, l
1
H'+E:EHI; Ey w = x volt
then for 2H +2e=H,; .!.’3.,!-_,1l is equal to

<
(d) be may be explained by pV =RT + ;Er
56. Which of the following galvanic cells has no liquid-junction potential?
(@) Zn-Hg|ZnSO, solution | Zn - Hg
(<) (C)
(b) Cu|CuSO, solution : CuSO, selution | Cu
(C,) (G
(c) Agl| AgCl| HCl solution : HCl solution| AgCl | Ag
(C;) ()
(d) Zn | ZnSO, solution | | ZnSO, solution | Zn
(<) (C)
57. In the Nernst equation, we substitute
23“}?” - 0.059]
where,
{a) R=8314], T=273K and F=96500 C
(b) R=0.0821 L. atm, T=298 K and F =96500 C
(c) R=8314], T=298 K and F=96500 C
(d) R=20cal, T=298 K and F=1C
58. :;f:: ;; E; is condensed to liquid following the path XYAB. The liquid appears

() x volt () 2x volt (© -z’fuon (d) 0 volt
60. For the cell;
Cu{lﬂg} | CuSO, solution | | ZnSO; solution | Zn(10 BL.E,=EV
©) ©) TR

= . .

«eu for the cell: Cu(20g) | CuSO, solution | | £nS0, solution | Zn(20 g), is

(C,) ()

(a) E volt b) 2E volt (c) gvnlt (d) 1.1 volt
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uestion

61 In an, s 823
The Eluctml}rgiﬁ pr
(a) x X N SLISUAN i5 Ave d deposit x kg of a univalent metal M.

62. |f B) xxN 1 Badro constant.)

- Ifa s : : : :
> - B35 gets half o (€) xx N0t (d) xx10°
Zis g Mpressed
q_l.lﬂ] to > ’ Cﬂ‘l'ﬂp.‘q[ed to an 1 | -
st ideal gas, the compressibility factor
(@) 1 % !
) 2

63. TThe temperatyre at which th % (d) none of these
(a) Critical temperature = second virial coefficient of a real gas is zero is called
(c) bDiling point (b) eutectic point

64 Alsaa : (d) Boyle temperature
5 g oS Mixture of 2 moles of A 3 : B :

15 contained in a voce » 3 moles of B, 5 moles of C and 10 moles of
pressu £ C s SR iCESe Assuming that the gases are ideal and the partial
e 0O {: 15 1 :
@) 3 at » 1.2 atm, the total pressure is
A (b) 6 atm () 9 atm (d) 15 atm

ﬁs. > i o1 5 . 5 ru S
'T.]-“_ I."I'Iaxlmuft‘l. L!’Elfle’nf_‘}r ﬂi a St‘:."-am Engh‘lﬂ' ﬂpt’:’ﬂtmp‘, bet‘-‘-‘k"{‘l'l IE}":I-\L -'\ﬂ'l.d 1:‘-:{_ %
(@) 20% (b) 22.2% (©) 25% (d) 30%

66. The entropy change accompanying the evaporation of 1 mole of water at 100°C,
assuming, that the latent heat of vaporisation of water is 540 cal g, in cal/K/mole
is
(a) 20 (b) 25 (c) 26.06 (d) 30

67. The compressibility factor of a van der Waals gas at the critical point 15 o
@ 0 () 1 (9) 0375 (dycan} e

68. The equivalent volume of CO, in the following reaction is
| INaHCO, — NaCO; + 0+CO,

(a) 22.4 litres (b) 11.2 litres (c) 5.6 litres (d) 22 litres
a -

i following reaction is
v olume of CO, in the
69. The equiv EIEHLZHCDS + HCl = MalCl + H;!D +CO, Tl
litres (b) 11.2 litres (c) 5.6 litres
(a) 2241

70. One coulomb 1
ole of electrons

¢ of
s the charg o) 1 ole of electrons

(a) 1M ¢ electrors (d) none of these fo b oM e
. ntration @,
(c) 96500 2 Sy tion, with the initial reactant conce
[RILH
71. For a Zer%% f}:e tE:ctiDﬂ is (c) 2K/ 0
" completion & ) ok o a real gas is {are) Wrong’
ol
(a) kA ont(s) about Eeb® s toan ide“'dg'“i ot
’ m re idea
72. which st2t€ erts MOre Pr d more % itm:':t s, is highly liquefiable
(@) A gas ex e mm?l-esse an der Waals consta 'a; ideal gas at ordinary
®) A& caf:]., high valve o ressible compared {©
5 wi comp e 7. of a gas.
{C} :[5. n He 2 on the L'Dﬂ'lPreﬁﬁlblht}' factor, £
(d) ::'l Peratt.lfe of !:ll"-"'-""""""Lj
e
re ShOWs
o fIgUTE
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B24 Modern Approach to Chemical Calculations

The wrong conclusion(s) is (are), ,
{a) the curves AE and BC can be explained by pV =RT
(b) the curves AF and CD can be explained by pV = RT + Pb :
{c) the curve AB can be explained by pV =RT —-;—
(d) all the three curves AF, AE and AD show the real gas behaviour

!

74. Equivalent weights of CO, in the following reactions
2NaHCO, =Na,CO, + H.O + CO,
and NaHCO, + HCl = NaCl + H,O + CO,

are respectively,
(a) 22 & 44 (b) 44 & 22 (c) 44 & 44 (d) 22 & 22

75. According to Faraday’s laws of electrolysis, the discharge of one electrochemical
equivalent of ions should involve

(a) 1 mole of electrons (b) 96500 moles of electrons

1
{c) 96500 mole of electrons (d) none of these
76. In which of the fﬂllnwing cases a gas is more compressible than the ideal gas?
(a) pV>RT (b) pV =RT () p¥ <RT

77. ::htj?: ﬂﬁ::lﬁlli : ;g ;ﬁﬁtﬁ;ﬂl .;:é:::-?m electrodes, using 1 F of electricity,
(a) 1 eq. of Cu is deposited at the cathode
(b) 1 eq. of O, is liberated at the anode
(€) 1eq. of OH is discharged at the anode
(d) 1 eq. of H,S0, is produced

78. On electrolysis of 500 mL of an aqu soluti i ] i
the nnrmali?!;y- of which is found mflbgﬂﬁi;ﬂ%l:::uii!;ﬂ;‘l E:’r f;?lg.:_l 515 E;duéucm’
{a) 0.25 (b) 250 {c) 500 (d) Imf?’ RS

79. 10% of a reactant decomposes in 1 hour, 20% in 2 hours :
’ rs : A
order of the reaction is and 30% in 3 hours. The

(a) O (b) 1 (c) 2 (d) 3
80. One way of writing the equation of state for real gases is

—

= B
V=RT|l+=+...
P [ + 7 +
The constant B is equal to
P ol 8 a
(a) ( - RTJ (b) (H v RT} © [u+ RT] (d) [b —ﬁ]

[Hint: Example 66, Chapter 12]
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ber of

reaches o .., OF Moles of

equ : A and B are allowed to react with each other till it

The Value of K

2A+B—-'n
f 4 = C+D
(ﬂ] 51 OF thl.’gl,‘_-q

uilibrium can never be
In Ca(OH). w.... Sk () =1 )=
H}z.r mluh

on (; :
%, the s“""J.l:ﬂilil],r of CaEE;J‘Hu;U}‘b}— the molar concentration of OH is found to be
[a} 2 3N mOlESﬂHm is

For a reaction of R () x/2 (d) 4x

the rate ™ of the order of 0.5, when the concentration of the reactant is doubled,
(a) doubles

(b) increases four times
() decreases four times (d) increases ¥2 times

Ez;

84. In the decomposition

decreases from E, to
of the catalysed reac

of H:‘CI2 at a given temperature T, the energy of activahion

E, by the use of a citalyst. How many times does the rate
tion increase?

E . e
{a} {E'l“ EE} {h} T‘I’ [l;'] {:RE' (@) P61 .
o |

85. A gas can be condensed to liquid through the paths 1, I and 1II, as shown in the

figure. THe path(s) through which the gas changes to liquid abruptly is (are)
Lig.

pVv

(b) 11 & Il (c) 1 & Il (d) 1l

1& 1 - AL
5 of 1 mole of a gas at NTP is 20 litres.

86. The volume

as is ideal. 3 ; S ——
{31 T‘[‘: ias deviates from ideal be:mvmur- | i“:::
Eb]. The ,-umPressibilit}F factor, £>1- é‘} S
c e e
“0). is titrated by HCI using '
(d z<1 : taining Na,CO; and S il'b ::lt;:d i}rr'-tl The first £ _
[ of a solution con methyl orange (added after firs F;“ £ N/10 HC) b
B?-. 10 m I h!halﬂ:in aﬂd then fﬂl..'lnd aﬂe; 3 d::lmg 10 mL ancl 15 “;- -;.Un . K
P econd end pointS B2 ¢ s €O, and NaHCO, in T;S‘: o —
= oly, The ratio of & (© 5/1 —
hvel}?. 2 i T . —_
) 2/1 b ¢ x and Y were 2 and 4 moles/litze xespect AR
3 initial €0 ntrations ¢ ==
88. - ' |

librium concentrations of b A

(@ X1>1¥l (@ [Y1>=<Z]
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| 89. For an ideal gas

| av ’ 3E) 3E)
(a) ('_'] = b ."]ﬁ 5 : d_L.J = (d) [.—' (]
(9T v L a7}, 0 ) aVv s ; '}TJ v
0. x g of a 8as is absorbed Pper m grams of a solid. A plot X/m Vs pressure P at two ;

different temperatures T, and T, shows

3|
-

What we conclude is

.
(a) Pl p", where n=0 at low pressure

(b) ﬁu ¢, where n=1 at high pressure

(€ T,>T,

(d) T,>T, !,
91. In the above problem (90), the plot of log % vs log p should be a straight line '

(a) with a negative slope (b) with a positive slope

(c) passing through origin (d) parallel to -;-:-?-axis

92. The initial concentrations of A and B were 2 and 4 moles/litre respectively for
the following equilibrium. '
A+2B = C
If at equilibrium, [B] =[C], [C] must be equal to

(a) 2 moles/litre (b) -g moles/litre

e ————————————

4
(c) 3 moles /litre (d) none of these

93. The number of molecules of the sweetener saccharin, which can be prepared

P

H C
NN .-fcx
c G SN= )|
L5
. 7N N
W N¢7 %
Jiet i
Hi00 50
from 30 C-atoms, 25 H"i_ﬂﬂmsr 12 O-atoms, 8 S-atoms and 14 N-atoms is
(@) 7 (b) 5 €8 (d) 4
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M. The equ;r; 1 :
- © Squilibriy, Part;
the “quilibriyy, S

The Vil At
.' 4 ’“flhum.- "'BF'.C
to half i feaction Quotient just afeer i
o Eb reducing the volume of the container
) 2

95. For a sves 5y
i b}’_bti.l‘l"i at equilibrium the =y ; it
a) maximum entropy ystem acquires a state of
e entropy (b) minimum entropy

el (d) optimum entropy
: E Of an element X combines with 1 i
SR ab e o > With 16 g of oxygen. The element X could have
a) 14 ; i i
(a) 'lﬁd-lt.?- oxide the formula XO
(b) 7 and its oxide the formuyla X0
) 7 and its oxide the formula J{IEJ
(d) 14 and its oxide the formula XO,

97.

2 volumes of a diatomic gas of an element combine with 5 volumes of O, to give

2 Ulﬂlu‘“f-’ﬁ of its oxide. The equivalent weight of the element is 2.8, the atomic
weight of the element is

(a) 32 (b) 14 (c) 355 @ 1
98. The vapour densit}- of a volatile chloride of a metal is 55.5. When 40 £ of the
metal is dissolved in the acid, 22.4 litres of H, is liberated at NTP. The valency of
the metal is
(@) 1 {b) 2 {c) 3 (d) 4 .
99. 0.09 g of a trivalent retal (M) combines with 56 mL of O, at_b:‘n'_ﬁ._Thu vapour density
of its chloride is 1335. The molecular formula of the chlorice is "
(a) MCI (b) M.CI, {c) MCl, (d) M.Cl,
2 2
i i ighs d 1120 cc of a gas
id i due left behind weighs 2 g an .
100500 g 0”2 Sﬂlgjﬂésah:datfci;tiisfm:n;:ed, The molecular weight of the gas is
o
a : .
101. A compound i found to contain 5.47% nifTog

2 : lecular weight is
which can be assigned to its MOEE (c) 130 (d) 65

n by weight. The minimum value

®) 0 < os with three volumes of
22 ~28) combines wit
(a) 2 ¢ a diatomic 825 (mol. wt. 23; o Bl
102. One yolume 0% a s (mol. wt. =2) and forms
anothies dlamm:-ﬁegi .t of the gas is 30 (d) 32
The mnleclllﬂl' ) 17 (c) S ate O
(B 10 zonisation formed 1915 mL of o2
9 00 ir on 0Z0
h sy i 170 mL
L ozone formed 15 2 ol () 495 mL (d) |
| (@) g5 mL (b) Ex olete combustion of 20 cc of a gaseous
- a com
{ needed for
| _ The volum¢ of Dx?iﬁen ¥ (d) }-[x‘i'ﬂcc
lﬂ"-hdrocarbﬂncrﬁy y ©) Zﬂ[x""“ C 2 ]
' ’ (b) [’ B

|

|
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628 Modern Approach to Chemical Calculations
I. 105. At high_ternp-emtum, 5,N, decomposes into sulphur vapour and nitrogen. If 1 m[
| of 5N, is decomposed and 2.5 mL of mixture are obtained, the formula of sulphur 115
) vapour is
(@) S, ®) S, (c) S, (d) S
106. The approximate atomic weight of an element is 26.89. If its equivalent weight is 1
8.9, the exact atomic weight of the element would be
(a) 26.89 (b) 89 (c) 26.70 (d) 17.8
107. The oxide of an element possesses the formula MO;. If the equivalent weight of . 116
the metal is 9, the molecular weight of the oxide will be
(a) 54 (b) 102 (c) 120 (d) 200
108. A container contains a certain gas of mass m at high pressure. A little amount of
the gas has been allowed to escape from the container and after some time, the
pressure of the gas becomes half and its absolute temperature two-third. The mass
of the gas escaped is
2m m m i
a —_— —_— p— Eam
(a) 3 (b) 5 {c) 4 (d) 3 5
109. Two vessels A and B contain the same gas. If the pressure, volume and absolute
temperature of the gas in A are two times as compared to that in B, and if the
mass of the gas in B is x grams, the mass of the gas in A will be
X
(@) 4x g ®) 58 (€) 2xr g (d) xg
110. The vapour density of undecomposed N,O, is 46. When heated, the vapour density 5 11
decreases to 245 due to its dissociation to NQ,. The per cent dissociation of 1
N,O, at the final temperature is !
() 88 (b) 60 (c) 40 (d) 70 |
111. The energy of an electron in the first Bohr orbit of H-atom is ~13.6 eV. The possible ;
energy value(s) of the excited state(s). for electrons in Bohr orbits of hydrogen is
(are) 11
(a) —3.4 eV (b) 4.2 eV (c) —6.8 eV (d) 4+6.8 eV
(IIT 1998)
- 112. Which of the following statement(s) is (are) correct? |
(a) The coordination number of each type of ion in CsCl crystal is 8. 3
(b) The metal that crystallises in b.c.c. structure has a coordination number of 12.
(€} A unit cell of an ionic crystal shares some of its ions with other unit cells.
(d) The length of the unit cell in NaCl is 552 pm.
(ry.* =95 pm, I~ =181 pm) (IIT 1998)
113. The standard reduction potential values of three metallic cations of X, Y and Z 12
are (.52, -3.03 and -1.18 V respectively. The order of reducing power of the
corresponding metals is ;
(a) Y>Z>X (b) X>Y>Z
(@ Z>Y>X (d) Z>X>Y (IIT 1998)
114. Decrease in atomic number is observed during 12
- (a) ceemission (b) p-emission
~(¢) positron emission (d) electron capture (IIT 1998)
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115, g
o -{'ﬂ-.d 2
(@) the degr.e::;;“

dissociaty
4 plot 7 tation =
line Of reciproca)

action

- E-t 'II'

\‘.I-.F COnCe 3
‘| . -
‘tration of the reactant vs time gives a straight

Ed 4 erl
) :ht_ Preexpones o tion of 75% reaction is thrice the b, of the reaction
Ime, T €10r in the Arrhenius’s equation has the dimension of
116. Accmriing to Grah e
i ; rahiam s i
iffusion L = law at a given temperature the ratio of the rates of
3:- Ba5es A and B s given by
(a) [.Eﬁ (‘Mﬂ )’
Pg I.Mu ) [%][%I
i B [
N . ta
mkiia My | )
Pe )\ M, D%, _|
M, |, | (IIT 1998)

117. Ft}rlthe_reuctmn: CO(g) + H,Og) = COy(g) + Hy(g) at a given temperature, the
equilibrium amount of CO, can be increased by :

(a) adding a suitable catalyst

(b) adding an inert gas

(€) decreasing the volume of the container

(d) increasing the amount of CO(g) (IIT 1998)

118. Which of the following statement(s) is (are) correct?
(a) the pH of 1 x10™" M solution of HCl is 8.
(b) The conjugate base of H,PO, is HPO, .
(c) Autoprotolysis constant of water increases with temperature.
(d) When a solution of a weak monoprotic acid is titrated against a strong base,
at half-neutralisation point, pH=1/2 pK,. (11T 1998)

The number of neutrons accompanying the formation of ';;Xe and Sr from the

absorption of a slow neutron by 2, followed by nuclear fission, is
(a) 0 (b) 2 () 1 (d) 3 (ITT 1999)
a

119.

—
; i i t -
12, A o il e s S
: temperaturc : ;
[a; ilg:; tcmf:erature and high PW‘:*““’E E =,
high temperature and low Il“"'i'b‘*'*“""";e " .§H
Egl} high temperature and high pressi (T 1999 t;":’
: M phosphorus acid (H,POy) is
1 121, The normality of “‘?h ;‘dﬂg P (© 03 (d) 06 (T 1999) &
: (a) 0.1 iber of 2 metal crystallising in a hexagonal close-packed i-\;‘,_,
! rdi_nﬂtlﬂn e 4_.:_;:_'_
gz Jhe = (© 8 () 6 :
tructure = 4 : |
T; .E 12 ®) ugh a solution containing a mixture of IMY %
@ is bubbled 'hm~ ial of Z>Y > X, then I
at 1 atm 15 eduction potentiat 0 - ——
) 123. ,q,ga;’_-x AR 25°C. Ifﬂt&rz (b) Y will oxidise Z and not X Sy
" = and1M d and not (d) Y will reduce both X and Z (IIT 1999) —
e ;
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830 Modern Approach to Chemical Calculations

124. The pH of a 0.1 M solution of the following salts increases in the water,
(a) NaCl<NH,l < NaCN <HCl
(b) HCl < NH,Cl < NaCl < NaCN
() NaCN < NH,Cl < NaCl < HCI

(d) HCI < NaCl < NaCN < NH,Cl (T 1999)

125. For the chemical reaction 3X(g)+ Y(g) = X,Y(g) the amount of X,Y at equilibriym,
is affected by

(a) temperature and pressure

(b) temperature only

(¢) pressure only

(d) temperature, pressure and catalyst (IIT 1999)

126. One mole of calcium phosphide on reaction with excess water gives
(a) one mole of phosphine
{b) two moles of phosphoric acid
{c) two moles of phosphine
(d) one mole of phosphorus pentoxide (IIT 1999)

127. The oxidation numbers of S in S,, S,F, and H.S respectively are
(@) 0, +1 & -2 (b) +2, +1 & -2 (c) 0 +1 & +2 (d) -2, +1 & -2

128. Which of the following statement(s) is (are) correct?

(a) A plot of log KF v::rj];. is linear.

(b) A plot of log [X] vs time is linear for a first-order reaction, X — p-

By
(c) A plot of log p vs T is linear at constant volume.
|
(d) A plotof pvs Vs linear at constant temperature,

129+. In depr&&sion—cfwﬁeezing-paint experiment, it is found that the
(@) vapour pressure of the solution is less than that of pure solvent
(b) vapour pressure of the solution is more than that of pure solvent
(€) only solute molecules solidify at the freezing point

(d) enly solvent molecules solidify at the freezing point (IIT 1999)

130. A buffer solution can be prepared from a mixture of
(a) sodium acetate and acetic acid in water
(b) sodium acetate and hydrochloric acid in water
(e) ammonia and ammonium chloride in water
(d) ammonia and sodium hydroxide in water

131. The AH? for CO,(g), CO(g) and H,0(g) are ~3935, 1105 and -241.8 kJ mol”
respectively. The standard enthalpy change (in kJ) for the reaction,

CO,(g) + Hy(g) — COg) + H,O(g), is
(a) 524.1 (b) 41.2 (c) -2625 (d) 412  (IIT 2000)

An evaluation version of novaPDFE was used to create this PDF file.
Purchase a license to generate PDF files without this notice.

12

14

14



http://www.novapdf.com/

Miscel el
laneous Objective Questions 831

132, TI‘he fate constant for
| 15 240 % 107 o)
! (@) 14 (b) 12

133. For the elec
: trochemical
E'X/X)=033V. From this o

@ M+X M 4+x
(b) M +%X SMaex
(€) E=077 v
d) E ,=—077 V

the reaction 2§

BEY 5 then the m“zc}g-* 4NO, + 0, is 3.0x 107 57\, If the rate

centration of N,O; (in mol L™ is

(c) 0.04 (d) 0.8 (11T 2000)
MIM'IXTIX, E(M'/M)=044V and
data, one can deduce that
is the spontaneous reaction

is the spontaneous reaction

(IIT 2000)

.1 w ¥ » - -
34. For the reversible reaction N,(g) + 3H,(g) = 2NH,(g) at 500°C, the value of K, is

= %
144X 10™ when partial pressure is measured in atm, The corresponding value of
K., with concentration in mol L™ is

(@) 1.44x10°/(0.082 x 500 * (b) 144 10°*/(8.314 x 773)
(c) 1.44 % 10°7°/(0.082 x 773y (d) 1.44%10°%/(0.082x 773) 2
(IIT 2000)
135. The rms velocity of hydrogen is V7 times the rms velocity of nitrogen. If T is the
temperature of the gas,
(a) T(H,)=T(N,) (b) T(H;)>T(N,)
(¢) T(H,) <T(N,) (d) T(H,)="7 T(N,) (IIT 2000)

136. The compressibility of a gas is less than unity at STP. Therefore,
(a) V. >224L (b) V. <224 L () V. =224 L (d) V. =4481L
(II'T 2000}

137. At 100°C and 1 atm, if the density of liquid wateris 1.0 g cm” and that of water
- 3

vapour is 0.0006 g em ", the volume occupied by water molecules in 1 litre of
steam at that temperature is : 1
: i 0.6 cmy (d) 0.06 co
m (b) 60 cm (c)
2o (IIT 2000)

odal planes in a p, orbital is
= ;il;elnumber g (b}PZ (c) 3 (d) 0 (IIT 2000)

When two reactants A and B are mixed to give products C and D, the reaction

i initial stages of the reaction
ql;c'r;i‘:ﬂ? & i (b) decreases with time
::} is mdependent of time (d) increases with time
40. Which of the following mixtures will have pH equal to 2.0 if the normalities of
' 140.
| HCI and NaOH are 0.1 N?
| (a) 50 mL HCl + 50 mL NaOH
| (¢) 75 mL HC1+25 mL NaOH -
ilibri tant depends only on temperature because
| 141. The equilibrium cons ank e e
the energy of activation of 10 reacti
@ backward reaction
) | rtain change in tempera
) :;.?tz:‘;‘atkw;ud reaction do not

139.

(b) 55 mL HCl +45 mL NaOH
(d) 60 mL HCl+ 140 ml NaOH

ture, the rate of the forward reaction and that
change by the same amount
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(c) ratte constants of the forward and the backward reactions change to differeng
extents

(d) every reaction is caused by heating
142. K, and K_ are related by K,=K(RT)". Under what practical condition /g

K.=K?
(a) RT=1 (b) T=12K (c) An=0 (d) Rﬂ*l
T
143. The equilibrium constant shall not depend on tem ature if
. - - E
activation) &= perature 2t (E-energy of
. (@) E=E, (b) E>E, (©) E>E, (d) (AH), . =0
144. The pK, of an indicator is 4. Its pH range is
(a) 1-3 (b) 3-5 (c) 5-8 (d) 8-12

145. 'II'!:DEFE?CL u;;ft ]:;lﬂséﬂ; is 334.7 | g, The entropy change in ] K™ kg™ in melting of
(a) 1.226 (b) 0293 (c) 293 (d) 1226

146. Which statement is not correct about internal energy?
(a) ;Tnﬂi ::;ig:EletI:;Es:g t‘g'::::, kinetic energy and potential energy of the
(b) Internal energy of the system can be measured.
(€) Internal energy is a state function.
(d) AE is the heat of reaction at constant volume.

147. At what temperature does an a - i
queous solution containing 3 x 102 molecules
nonelectrolyte substance in 250 g of water freeze? (K, = 1%&}_ olecules of a

(a) 269.28 K (b) 271.14 K (c) 271 K (d) 276.72 K
148. A plot between time and the amount of reac
: ; 1t tant consumed is found t '
line passing through origin for a reaction. The order of the re:;iunnize S
(@) 0 ®) 1 © 2 (@) 3
149. The unit of rate constant is the same as that of the rate of the reaction of order
(a0 (b) 1 (c) 2 (d) 3
150. The time required to decompose half of the rea
] ctant fi ion i
inversely proportional to (a is the initial mncmtralicn?r SR
(a) a" (b) a" 2 (e}lgs= (d) a"*!

151. For a chemical change A - B, it is found that the ra
: : 7 te d
concentration of A is increased 4 times. The order in A is oubles when the

@) 2 (b) 1 (© 0 () %

152. A metallic element exists as a cubic lattice. Each edge of the unit cell is 288 A
and the density of the metal is 7.2 g cm™”. The number of unit cells in 100 g of
the metal is

(a) 582x10°  (b) 608x10° (c) 852x10®  (d) none of these
153. The vapour pressure of a solvent decreased by 10 mmHg when a nonvolatile

solute was added to the solvent. The mole fraction of the solute in the solution
is 0.2. What would be the mole fraction of the solvent if the decrease in the vapour

pressure is to be 20 mmHg?
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(d) 02

OCCupies an interstitial site
umber of catio -

: ns ; s .
() density of the crystal and anions are missing from the lattice

A : 15 increased
. equal number of cations and anions are missing from the lattice
35. The face diagonal leng

is 110 pm, the radius th of f.cc. cubic cell is 508 pm. If the radius of the cation

of the anion i
(a) 288 o e Pmmn is

(c) 144 pm (d) 618 pm
156. Haemoglobin contains 0.334%

L of Fe by weight. The molecular weight of
haemoglobin is approximately 67200. The number of Fe atoms present in one
molecule of haemoglobin is

(@) 1 b) 6 (c) 4 (d) 2
157. Given that
2CO0 +0,=2C0; AH=-y K
The enthalpy of formation of CO will be

(@) (y-2%) (b) @x-y)2 (©) (y-2x)2 (d) (2x-y)
158. E° for some half reactions are given below:
Sn** +2e=5n"' ; B=015V
, 2Hg" +2e=Hg; ; =092V

PbO, +4H +2e= Pb™ +2H0O ET'= 145 "»’?
Based on the given data which statement 15 c:::‘n'ECL
(a) Sn*' is a stronger oxidising agent than HPbl:

(b) Sn** is a stronger reducing agent than Hg;.

idisi than Pb'".
(c) Hg'' is a Stronger oxidising agent

| — i i‘la-.‘.'- I.'I-!t c':‘“ 'Bdg
e[n I'It { tﬂmic ma‘SS 1m g..l'rlllﬂle} ha\'l“ﬁ h.l:.c. El'ruttl.ll‘-E 11
o

.o i o fcc of the element s Sl
4.00 A. The density (;‘; 8 (©) 7289 (@)
{a} lﬂ.ﬂ?ﬁ

carbamate dissociates as follows:
jum

¥ = (0]
160. Sofid ammﬂ“;q‘;{zcmm{#} 2 m{tﬁ; ;E 0.3 atm at a given temperature. e

3
value of KF;S (b) 0.108 atm
o d) 0.158 atm
(a) 03 alﬂrj atm’ 2 that of
(€) 497 of pressure are eSS E° L er urit volume
The dimensio™ = me &
161 (@) force PeT unit vO (d) energ 167
() force 2 gnergy — K8 s pressite R ; Jec and cell
e Force kg M S , energ ke crystal, with density 10 8
[ i 100 g 4] A=
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(@) 3x10% (b) 4x 10° (0 1x10% (d) 2x 107

fmjﬁll’"

N . .
[Hint: No. of atoms per g =5 Apply Equation 1, Chapter 20]

163. Consider the following reactions occurring in an automobile
25
CH,(g) + 53 O,(g) — 8CO,(g) + IH,O(g)
The sign of AH, AS and AG would be respectively,
[‘H} + =T ':b} =r {C] —PATT LT {d.:' s e

164. 8 moles of SO, and 4 moles of O, are mixed in a closed vessel. The reaction
proceeds at constant temperature. By the moment when equilibrium sets in, 80,
of the initial amount of SO, enters into the reaction. The equilibrium pressure

would be
(a) 2.17 atm (b) 8 atm
(c) 12 atm {d) cannot be calculated

165. For the adsorption of a gas on a solid, the plot of log = vs log p(x-axis) is linear
with slope equal to i

(a) k (b) log K {c) n (d) :—!
166. Select the rate law corresponding to the data for the following reaction.
A+BC

Al Bl Initial Rate
0.012 0.035 0.10
0.024 0.070 0.80
0.024 0.035 0.10
0.012 0.070 0.80

(a) Rate =k[B]’ (b) Rate =k[B]*

(¢) Rate = KA][BJ (d) Rate = k[AF[B]

167. Under what conditions will a pure sample of an ideal gas not only exhibit a
pressure of 2 atm but also a concentration of 2 mole/litre?

(a) at STP (b) when V=224 L

(c) at 12 K (d) impassible under any condition
168. At NTP, 0.5 mole of H, and 1.0 mole of He gas
(a) have equal kinetic energy (b) have equal molecular velocity
(c) occupy equal volume (d) have equal diffusion rate
169. In which of the following solvents will AgBr have the highest solubility?
(a) 10° M HBr (b) 10° M NaBr
(c) 10° M NH,OH (d) pure water
170. Based on the following thermochemical equation:

H,0(g) + C(s)=CO(g) + Hi(g) ; AH=131kJ

1
CO(g) +35 O,(8) =CO,(g) ; AH=-282 K
H,(g)+ % 0,(g) = H,O(g) ; AH=-242 k]
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Miscellaneous o

ve Questions

C(s) + O,(p) =
value of “f:ﬁ]beﬂoz{g} i AH=—x k]

(a) 393 i ® 3931

(<) 655 k] (d) 655 k
171. Th i ]
€ equivalent mass of NOJ in the following reaction is

NO; - NH'
(a) 775 ®) 31 ‘
172. The molarity of (.56 |, of w

(a) 0.089 M

(c) 62 (d) 15
ater vapour at STP is
(b) 0.045 M (c) 045 M (d) 022 M
173. If the compressibility factor, Z, of a gas increases with the increase in pressure
(usually at very high pressure),
(a) 5:_ is negligible in comparison to p

(b) b is negligible in comparison to V
(c) both are negligible
(d) none of them is negligible

174. For an acid, it is always true that lower the
(a) pH value, higher the acid strength
(b) molarity, higher the acid strength
(¢) K, value, higher the acid strength
(d) pK, value, higher the acid strength

175. The hydrogen-ion concentration in weak acid HA of dissociation constant K, and
concentration C is nearly equal to

d : {Cl Kl Ly! C {'d.'] UK o [:

176. For pure water at

_order reacti i d
-,m ion is carried i initial concentration of 10 mol/L an
e o Enged im:u t;ew;:ﬂr:;;:ct Now if the same reaction is carried

(c) <7 (d) any of them

. 80% ?mﬁlcﬁmﬂ'ﬂm of 5 mol/L, the percentage of the reactant
out with an | o
L. i to the product will be

I (a) 44U =

. 7 its pH is equal to
Rl ) s s T i Al buffer is A when its p
puffering action of an addic BEE! 0 @ pK,

If'-%]srﬁiisvalid for |

(b) 2 moles of an ideal or real gas

{ﬂi % mole of real gas only

, closed vessel is heated through 1°C, its pressure

orature of the gas was
T (9 250°C (d) 25°C
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181. Which of the following relations is correct for the
(m and M are the molality of the solution and molar

respectively.)
M mM
(8= 1000 + mM blxs 1000 - mM
_1+mM 1=mM
9 2= mM (0); =

mM
182. The correct statement(s) of Charles's law is (are)

¥

(a) pressure remaining constant, all gases expand (or contract) by the same

fraction of its volume at 0°C for 1° rise (or fall) in temperature.

i) The volume of a given amount of any gas at constant pressure increases

linearly with temperature at any scale, i.e., °C or K.

(©) In the plot V vs T at constant pressure, a straight line of positive slope is
obfained. This line passes through the origin only if the temperature is in the
Kelvin scale.

(d) For any number of gases of the same volume and at the same temperature,
the slopes of the above plot (¢) would be same for all these gas samples.

183. The volume of 0.1 M HCI required to neut

ralise completely 2 g of an equimolar
mixture of Na,CO, and NaHCO, is

(a) 318.76 mL (b) 325 mL (c) 215 mL {d) 225 mL
184. The diameter of molecule B is half that of molecule A. The ratio of mean free path
(A /A5 will be
1 1 2 4
@ 3 ®) 3 © T (d) 7

185. Which of the following is not a state function?
@ @G+ ) © E+py) @4

186. Two moles of an ideal monoatomic

gas are allowed to expand adiabatically and
reversibly from 300 K to 200 K. The

work done by the system is (C, =125 J K

mnl"'j
(a) +2.5 k] (b) 25K (c) +6.25 k] (d) -50 kJ
187. The work required to raise a mass of 0.5 kg through a height of 1 m is
(a) 49 ] (b) 49 ] (c) 490] (d) 4900 ]
188. Entropy change for an adiabatic reversible process is
(a) positive (b) zero (c) negative (d) infinite

189. Three engines A, B and C take steam at 130°C and reject it at 20°C, 40°C and
50°C respectively. The most efficient engine would be

(a) A (b) B (¢) C (d) all same
190. One mole of an ideal gas is expanded isothermally from 1 dm’ to 10 dm® at 300 K.
AG will be equal to
(a) 5.744 kJ (b) 57.44 ] (c) 5744 ] (d) 5744 |
191. Which of the following relations gives the mathematical expression for the
‘combined first and second law of thermodynamics?
(a) AG=VAp-SAT (b) AA=-pAV - SAT
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N€ous ey
tive Q‘-iﬂ'.'iliﬂlui 837
(€) AE=
192, F
‘ For the ExF'T'ESsinn; 4G =g (d) AH=TAS+ Vap
i e R F‘_ ) b . -
Eﬂ} %?] = V ; h[f?, “hl[‘h of thl:: f“”-ﬂWiTlg is cOrrect?
ok (b) iﬁ' -
( oG dp |,
"C'] ‘aTI_-] =1 3o
s @ (5] =
193. Which of the following will ; I
(a) Surface tenc & Will increase with the increase in temperature?
=PaiOn (b) Viscosity
() Molality ?
(d) Vapour pressure
194. One -
mul% of an ideal gas expands reversibly and isothermally at 300 K from 5 dm’
to 50'dm’. The work done by the gas for the process is equal to
(@) ~1.382 kcal  (b) +1.382 keal  (¢) -13818 keal  (d) +1382 keal
195. The equilibrium constant for the reaction
A+B = C+ D
is 10. AG® for the reaction at 300 K is
{a) —0.6 kcal {b) -116 kecal {c} —691 keal {d) —1.382 kcal
196. For the reaction
3Br, + 60H =5Br + BrO; + 3H,O
Equivalent weight of Br,(mol. wt. M) is 3
‘M oM i
M A el == "_} ()=
(@) 7 ®) 19 © 12 10 6
i i o xidation and reduction) its
. ¢ Ae Br, disproportionates (simultaneous oxidation & :
i :;I.Ii-.-aient Ereight is the sum of equivalent weights of the two half
reactions.]
. in low. If the molecular
i E th'i'l t}.-PQ ane g_l.\.l'.*l'l. h"l'-" ; i
Note: Some mhe:]::f;:;‘gi:? 4 substance is M, the equivalent weights of

\—///’—’tﬂ:_:':m in the fﬂiIﬂWlﬂg reaction is
| weight of CuyS (M9

s
g7. The ivalent L0, =Cu" +50;# Mn
‘ equlvﬂ 1 + M 1
- : i,, M Gl @ 7
Y ; idation.]
(a) 2 cipnnd g in CwsS undergo OX
L - mth u
[Hint
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31 +6DH':51'+105+3H:D: eq. wt.=[
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M, M
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30H " +3H0= 3H,PO; + PHy eq. wt. = [T 2
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= H,50,= 3KHSO, + HCIO, 2010, + HO;
3K Cl0; * 3 4 g5
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N
N

—

Note: Snrfw other reactions of this type are given below. The equivalent
weight of the underlined substances (mol wt. = M) are as follows:

Cu,S +450; +2H' = 2Cy® +55(]‘§'+}-1?{}; eq. wt. '—-E;‘

AS,5; + TNaClO, + 12NaOH = 2Na,AsO, + 7NaClO + 3Na,S0,;

gt
2 ST

198. The equivalent weight of HNO, (mol. wt. =63) in the following reaction is
3Cu + 8BHNO, = 3Cu(NO,), + 2NO +4H,0

4> 63 63 63 63
@)= ® & (© 3 d) =

M =8 e
E=M+==M;M=63]

199. The equivalent weight of H,SO, in the following reaction is
Na,Cr,0, + 350, + H,S0, = 3Na SO, + Cry(S0,), + H,O

(@ 98 ® 7 © 3 @ 3

[Hint: 6 moles of electrons are involved with 1 mole of H,S0, in this redox

reaction. |
200. The largest diagonal in a cubic crystal of edge length a is
(a) V3a (b) V2a (¢) V3a (d) ¥2a
201. The decreasing order of density of different crystals is
(a) fc.c>b.c.e>simple cube (b) b.c.c.>f.c.c.>simple cube

I:c? simple cube > f.c.c. > b.c.c. (d) hep.>fec >simple cube

202. The empty space left between the spheres in
The decreasing order of the size of voids is

(a) cubic > octahedral > tetrahedral > trigonal
(b) octahedral > tetrahedral > trigonal > cubic
(c) tetrahedral > trigonal > cubic > octahedral
(d) trigonal > cubic > octahedral > tetrahedral

203. One unit cell of NaCl contains
(a) 1 Na" and 6 CI (b) 6 Na* and 1 CI”
(c) 4 Na' and 4 CT (d) 6 Na" and 6 C1°

204. In a close-packed structure, if r is the radius of the spherical void and R is the
radius of the spheres forming voids, the critical r/R value for the tetrahedral void
is equal to
(a) 0.155 (b) 0.225 (c) 0414 (d) 0.732

205. A reaction A + B— D +E takes place as

closé-packed structure is called voids.

k
AP o0

#
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Miscel)
ANROUS Oy o
Dbji'chve Questions =
= C+A -ji_,, 2
€ rate of dis-appearance
- s of C

at = ABIICY + kAYC) - gy

ar ~%lBlC) +k Ay

_4¢C]
© == =KDl +k[E]-k[C)

d
A —L‘f—‘ =k, k[DJ[E]
F

o CN
In the NaCl crystal, the coordination number of each ion is 6. How can the
change to 8?

(a) By increasing temperature
(b) By keeping it for some time
(c) By increasing pressure
(d) CN does not change by any way ‘ , Sore]
~ reasing termnperatu
[Note: In CsCl: 8 :8 CN changes to e ﬂ'?' ﬂ:ﬁ ‘Ih-:-gp[—i of gastric juice in the
B s as irin) is 3.3. : <piri
27, The pk, fox ﬂ‘:}fﬁ}"aﬂtg 1111:3&:::1 Ehﬁepgllrill zn the small intestine 15 about 8. Aspinn
human stomach 1S
will be - . d in the stomach
s i the small intestine anc & ; = h
(a) un-jonised IT‘ :scd in the small intestine and 1T1 the bmtlicinmstine
(b) completely ion tomach and almost un-ionised m-the fhmtt-,ua stomach
(<) jonised m t:: Sﬁ;ﬂ“ intestine and almost un-ionised in ;
(d) ionised in 7€ ¢ an electrolyte does not deper on
on -0 (b) catalyst
(d) temperature

: jati
dE Qf dlm
208. Eenatﬁrfzeﬂf electrolyte

3 : rrect relation is
() dilution between Z and p for @ real gas, the ¢
1 the gi\rﬂn Plﬂt Ta Ta
[ 209. From Ts Ta
Z e,
-2
p 2 ?
oS (d) Tl.sﬁ b
. a © T:=Rp —
() 127 Rb : —
‘ e 2 . 1 mole of §25
{a} 1~ Rb qumuﬂn fo
¢ 4 w 2\ w-h= RT
u ,-rh_e. va [F + vi ire
& deal volume respectively
ure
prest
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(b) (V- b) is the real volume

(c) [,U B -;—] is the ideal pressure

ey TP S T R T P e,

(d) [p + "I.%J is the real pressure

, 220.
211. A mixture of H, and O, taken in a bulb in 2:1 mole ragiq 15 allowed tg g;
through a fine hole. The composition of the gases (mole ratio) coming o ::‘_ ._:l_rus{-
is 8 : 1. The composition of the gases after some time may be 5 Out initially 3 ;
(a) 8:1 (b) 9:1 (c) 7:1 (d) 4:1 22
212. For a dilute solution, |
lowering of vapour pressure « mole fraction of the solute |
or, lowering of vapour pressure = K X mole fraction of the solute where K is
{a) a constant for the solute (b) a constant for the solvent : 4
{c) a constant for the solution (d) vapour pressure of the S :
213. For ideal binary solution, -
22

P=xn'pi +-T|3'.'-’g

This equation reflects
(a) Boyle's law (b) Charles’s law
(c) Dalton’s law of partial pressure  (d) none of these

214. Dry air is passed through a solution and then through its solvent and finally
through CaCl.. The ratio of weight loss in the solvent to the weight gain in CaCl, :
gives . |
(a) relative lowering of vapour pressure :
(b) lowering of vapour pressure
{c) mole fraction of the solute
(d) mole fraction of the solvent

215. The relative lowering of vapour pressure of an aqueous solution of urea is 0.018.
IE K, for H)O is 0.54° m”, the elevation in boiling point will be
(a) 0.54°C (b) 0.18°C (c) 0.54 K (d) 018 K

216. 1 mole of A is allowed to decompose in a 1-litre container. 0.4 mole of B was
produced at equilibrium. The equilibrium constant K. for the equilibrium
Ag) = 2B(g) + Clg), is
(2) 0.04 (b) 0.053 (c) 0.08 (d) 0.106

217. V, mL _t}f. SO, filled in a tube at 1 atm between a movable frinctionless piston
.ancf_a_pqmus :p!ug. The tube is left in air till the piston stops moving. The volume
V, Eifm to increase to V,. The volume V, contains
:{;). air only (b) SO, only
(c) both air and SO, (d) neither air nor 50,

218. The g'qi_._uih',lqrium: PCl(g) = PCli(g) + ClL(g), may be shifted to the right if
(a) an inert gas is added at constant volume
(b) an inert gas is added at constant pressure
(c) pressure is increased
(d) PCL; and Cl, are added

M‘l'wlaﬂasks A and B of equal volume containing 1 mole and 2 moles of (7

An evaluation version of novaPDFE was used to create this PDF file.
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220.

221,

227.

. Which

Miscely
ANeq e Obiocs:

: re heated 4
Practically stops, the pog, tTE kg mperature. When

) the same ratio: [0,1/10] s

the reaction 20, =30,
(c) ﬂnl}r {)2

(b) the same ratio: [0,1%/10,))

For a oam aqueo

: s i
Approximately Bl solution of weak acid, HA (K,=107), the pH is
(a) 9

If 720 litr o (€ 11 (d) 10
"-"ﬁhu‘m:lﬂsﬁth:: {air}gas W‘-"—:"f‘mﬂ‘ollm over water at 25°C and 720 mm then the
f Bas a 5 : j 2 e
water at 25°C =23.ﬁgmm} € same temperature and pressure is (aq. tension of
(a) 696.2 litres

(d) the same time to reach equilibrium

{b) 360 litres () 743.8 litres (d) 1440 litres

Which of the tollowing values of heat of formation indicates that the product is
the least stable?

(a) —94 kcal (b) =231.6 keal  (c) +21.4 keal (d) +64.8 kcal

. In a first-order reaction of the type: A(g)— 2B(g), the initial and final pressures

are p, and p respectively. The rate constant can be expressed by

1 E
(@ k=-}ln—-m—- ®) k=7in——

2P'I. — P 5 4 _!.i': - P-
1
A (@) k=
=—In——
. k ! . I ture
The pH of a 0.1 M solution of a weak acid HA is found to be 2 at a temperature
T 'Ill:e osmotic pressure of the 21cid solution would be equal to

(a) 011 RT () 022 RT @ 2RT = () RT

lnﬂ
P

For a first-order reaction of the type

nA — product : ession for the
.31 concentration of F.-:k is “a" moles/litre. The correct expression TGt
where imha

rate constant or half-life is
2.303 a
[a} k = ;I'JI Qg {ﬂ g x}
0.6932 (@) th="7

(@ ="k . the strength of the acid of base?
(a) PH (d) Dissociation constart
g :esociation =5
dﬁsn{‘iﬂ : i
(c) Desre® E roct statement about ﬂ-;e eg{ugl;"ﬂ““
. Clg)* , ant
Croose 26 )+ 250 o e f o UL e
. c}-;a_ngﬂ"; fat of El.llb- & K
tempP ges both t:ef{m;ant but not the state of eqb.

4 tE nf 'L'qb'
. . constant or 5t
affect either €4

@ S e
I{:c) chang® i“ temp*
eqb. has to change-
’lhli' eqb. constant has to change:
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(©) The acid with a low
2 er pK. value has h; id stre ' i
Ll I P&, value has higher acid stre ngth than the acid with
(d) Two acids of the same PH are

|
E 229. x and Yy moles/litre of A
= A+2B =

always of equal acid strength

and B respectively were allowed o react

1 e T

3 C. At equilibrium, the concentrations of A, B
be 4, 2 and 2 moles/litre respectively. x and y are

(@) 6 & 4 (b) 8 & 10 (c) 6 & 10 (d) 8 & 4

230. 116 g of A;B, has 1.5 moles of A. M
(a) 164
(c) 77

and C were found to

olecular weight of AB, is
(b) 232
(d) cannot be calculated

TERIELIFELE

231. G'..E & of silver salt of a dibasic organic acid on ignition yielded (.54 g of metallic
silver. Molecular weight of the acid is (Ag = 108)

(a) 106 (b) 108 (c) 320 (d) 85
[Hint: See Example 12, Chapter 5]

232. 0.80 g of chloroplatinate of a monoacid organic base on
Pt. The molecular weight of the base is (Pt= 195)

(a) 624 (b) 214 (c) 107 (d) 312
[Hint: See Example 14, Chapter 5]

ignition gave 0.25 g of

233. One volume of a gaseous organic compound of C, H and N on combustion
produced 2 volumes of CO,, 3.5 volumes of H,O vapour and 0.5 volume of N,
under identical conditions of temperature and pressure. The molecular
of the compound is

(a) CHN (b) CH,N, (c) CH,N, (d) CH,N,

234. In a gravimetric determination of phosphorus, 0.248 g of an organic compound
was strongly heated in a Carius tube with concentrated HNO,. Phosphoric acid
so produced was precipitated as MgNH,PO, which on ignition yielded 0.444 g of
Mg,P,0;,. The percentage of phosphorus in the compound is
(a) 25 (b) 5.0 (©) 75 (d) 50

235. The empirical formula of a substance whose composition includes H, C, O and
N in the mass ratio 1:3:4:7 is
(a) HC,O,N, (b) H,CON, (c) HC,ON, (d) none of these

236. 500 cc of a hydrocarbon gas burnt in excess of oxygen yielded 2500 cc of CO, and
3 litres of H,O vapour, measured under identical conditions of temperature and
pressure. The formula of the hydrocarbon is

{a} Cﬁl’-[u {b] CS'I"IID (C] C.{Hm (‘d} none ﬂf thﬂﬁ{.‘
237. The minimum weight of H, filled in a balloon of weight w, kg to just lift it from
the ground is w, kg. If w, kg of H, is filled into this balloon, the payload of the
balloon will be (the volume of the balloon is supposed to be same with w, or
w, kg of H))
(a) w,-w, (b) (w,-w,-w) () (w,—-w,) (d) (o —w,-1w,)
238. Thedegrm of dissociation (¢) can be calculated using the formula,
di -d,
(n—1)d,

.An evaluation version of novaPDF was used to create thi_s PDF file.
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ThiS fﬂn—nu £
a 15 a =
(@) constang Pplicable ay

nd
(b) constant constant temperature

volume 5 :
(€) constant nd variable temperature

Pressure and cong
stant tem
(d) all the above conditione e

239. For a react: | dx]
ction a graph plotted between !ﬂg]%{;}and log, (a — x) along y and x axes
respectively shows a straight line with a positive slope of 45°. The order of the
reaction is
@ 0 (b) 1 (©) 2 (d) 3

240. The pH of an aqueous solution of HCI is 2. Its osmotic pressure at a temperature
T would be equal to

(a) 0.01 RT (b) 0.02 RT (c) RT {dy ZET

241. The K_ value for a homogeneous gaseous reaction is found to vary with the change
in pressure. The correct conclusion is
(a) the gases behave ideally |
(b) the gases deviate from ideal hehavmur
(c) the gases ina reaction do not behave icteally s
(d) K, variation with pressure is a consequence of expe

F P i 5 al to
h‘ﬂr‘.f ”! d!S&I()CI- Lo 15 ‘.‘,'qt'l

; .1 i
# ® 1-¢" © ¢ ket
(a) € 4
LM ; X _ g1 -
B integrate
int: For A = ;
[Hin i 5

i ore allowed to react.
in a one-litre bulb “.Lr 0 foe
e-?if :lqix:-#'lli:ium, two-thirds of D converted to :

d 3 moles , =
2431 ek o e ade in the bulb, the mole ratio of the gascs
i

paction attained ! hem
Whena::'{“ﬂ.; onNH,). If2 hole is _t?:u - would be ffﬁp{_}{:'\fﬂh{-
'l:'*Tz -;'1 am:I NH, offusing out iNibaky o) 1B 7 ‘”i
ar L02 -

: T
(a) 1;3.41 1 @
© 5B W

bﬂ\re Pﬂ?bl’em [2

to the state of equilibrium during the
be tO

4‘1} “rh,ﬂt WI:'FL'I.!d

a : ifts right
cou NS gaime (d) Frst ¢ & order in B 1EEyn
() Rematn - qerin A amid secom
(c) ghifts lef , product, first ;n
Th reactic® he L2 of the i ﬂ}; [A it = [Blisa e
245. 1he Ais c B is the limiting <2 : i
W ! ?IB]W'“" tant ) ree Of dissociation CAre
(a) [A] g i acts ctions, the deg
is h u.gu'ing dt—
© A’ e fo =
: whic o Lh ﬂ]'l-l“a': ﬂ_-ﬁ_l-:_i-ﬁ; H
245- For \ying the fo (b‘} mﬁ-p = H:+3‘ 2
calcul? appy ) @ X 0, = 9K Cl + 30;
o @ P
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247. In an f.c.c. unit cell, atoms are numbered as shown below. The atoms not touching
each other are

de o

Z
(@) 3&4 b) 1&2 () 1&3 (d) 2 &4

248. In a b.c.c unit cell, atoms are numbered as shown below. The atoms touching
each other are

4

o

(a) 1 &2 (b) 2& 3 (c) 3& 4 (d) 1&4

249. The coordination number of h.c.p. or c.c.p. structure is 12, that is, one atom touches
12 other atoms. The 12 atoms lie as

{a) 8 atoms are on the same plane, 2 above and 2 below the plane
(b) & atoms are on the same plane, 3 above and 3 below the plane
(c) 4 atoms are on the same plane, 4 above and 4 below the plane
(d) 2 atoms are on the same plane, 5 above and 5 below the plane
250. In a simple cubic crystal, the comner atom touches
(a) 3 other atoms (b) 4 other atoms
(c) 6 other atoms (d) 8 other atoms

251, In a simple cubic crystal, each atom is shared by

(a) 2 unit cells (b) 4 unit cells {c) 6 unit cells (d) 8 unit cells
252. In an fe.c. crystal, which of the following shaded planes contai i
ey g p contains the following

©

(d)

e

253. In which of the following aqueous solutions, the degree of dissociation of water

An evaluétion version of novaPDFE was used to create this PDF file.
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255.

256!.

257.

259.

261.

Mis
ellangg,, Objective Qu
EStiong

(a) NH,C] solution i)
(c) Cl{aC{'}GNHi solution (b} CH

.‘1{: ] Na ¥ |
When 4 dro (d) s4 ]

me in all

d t“ O :
Eny the © litre of Pure water

CArops to abogy oo SrOP of the same HCI
(®) 2 {c) 1
The quantum ! |
: numbers +~
mbers + > and - = for the

(a) rotation of

{d) 0
electron spin ren
Prese
_ the electron in clockwise T
(b) rotation of the electron in anticlocks

and anticlockwise directions respectively
(c) magnetic mome

vise and clockwise directions respectively

nt of the ! inting
electron pointing up and down respectively

d i w -
(d) two quantum mechanical spin states which have no classical analogue

(IT 2001}
Which one of the following statements is false?

{a) Work is a state function.

(b) Temperature is a state function.

(c) Change in the state is completely defined when the initial and final states are
specified.

(d) Work appears at the boundary of the system. {IIT 2001)

In thermodynamics, a process is called reversible when

(a) surroundings and system change into cach other

(b) there is no boundary between system nlnd :ut1r-:'Du::ilrl|:;lﬁ.t=m

(c) the surroundings are always in t‘-tht?num_wnh he :.-,;‘:_t

(d) the system changes into the surroundings spontANeoLs

the corners of the cubic
are removed then the

(IIT 2001)

i : A atoms OCCupy

. 1+ + A’ having the NaCl structure, £ :
In isnlllld [ii?l the f agz—ccntred atoms along one of the axes
ik cell. diatay
resultant stoichiometry of [:h., solid is e

(b) Aq

A 1 H ] P
. 1 § 6.3 g oxalic acid dihydrate Lsmrr?
UOI:};; n;qu.lired to completely neutraiis
Na

(d) AB, (IIT 2001)

de up tc-_ﬁ._l mk: 'ﬂre
i 10 mL of this splubion
An agueous SO
]
volume of 0.1 N s e
- c

is mk
{b} 20 K:CT:U.'

(a) 40 mL . of NaS,0; using
da rdizﬂtl'-‘“ 0 .
In I.'.he' ShATY .

by iodomelry. the equivalent

'ﬂl_ghﬂ.l'lf'

; .F chr:(}? i5 {h} Lmﬂ]L‘cu!ﬂr ‘:mﬂ;:r “'Ei.f.',ht {HT ?.ﬂﬂl}
WEIEE  ular wieight)/2 (d) same SO of AB for the
(a) {mole':ﬂl:r weight) /3 4/t is the “mﬂl-nmt::iﬁ + ' directly
(c) (molectt . of absorbed light, M:he rate of formatiot
1 s the IMtETS Y g i ok )l o (2

hemical P 2 R
Fhﬂtﬂcﬂiﬂm1l: tﬂ {c} : - 1te d'i.iuﬂ['l-ﬂ ol 1.“_!; :\.ﬂ-
IJI'OPO {b} I du{:mﬁue at infini

' tC =
(a) C < ar of equﬁaleﬂ asN ACl> Ltf-l_‘ (11T 2001)
The cgrreﬁt o (b) K‘Cl S KCI > NaCl
KCl iﬁc] _ NaClZ KCl @
w ‘C_‘I
(a) Lt KCl > Ly
i Ltﬂﬁl =
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263. At c:llrnstant temperature, the equilibrium constant (K)) for the decomposition
reaction N,O, = 2NO, is expressed by K =(dx'p/l - x’), where p=pressure.

= e P .
* =extent of decomposition. Which one of the following statements is true?

(a) K, increases with increase of p-
(b) K, increases with increase of x.
(c) K, increases with decrease of .
(d) K, remains constant with change in p and x. (IIT 2007)

264. The root-mean-square velocity of an ideal gas at constant pressure varies with
density (d) as

@ o ) d (&) Vd (d) ;.IE (11T 2001)

265. The wavelength associated with a golf ball weighing 200 g and moving at a
speed of 5 m/h is of the order (Planck constant, ki = 6.626 x 10°™* | s)

(@) 10" m (b) 10 m (c) 107 m (d) 107 m (IIT 2001)
266. The set with correct order of acidity is

(a) HCIO < HCIO, < HCIO, < HCIO,

(b) HCIO, < HCIO, < HCIO, < HCIO

(©) HCIO < HCIO, < HCIO, < HCIO,

(d) HCIO, < HCIO, < HCIO, < HCIO (IIT 2001)
267. The reaction 3CIO,,, — CIO, +2C1,, is an example of

{a) oxidation reaction {b) reduction reaction

(c) disproportionation (d) decomposition reaction (11T 2001)

268. Saturated solution »f KNO, is used to make ‘salt-bridge” because
(a) velocity of K is greater than that of NO;
(b) velz-ity of NO; is greater than that of K'
() velocities of both K* and NO; are nearly the same
(d) KNO, is highly soluble in water (LT 2001)

269. For a sparingly soluble salt A B, the relationship of its solubility product (L ) with

its solubility (S) is
(@) L=5"1-p -4 (b) L=5""%-p' -
@ L=5"7"¢ (@) L,=57- gy (LT 2001)

The questions below (270 to 279) consist of an “assertion” in column 1 and
the ‘reason’ in column 2. Use the following key to choose the appropriate

ANSWEL

(a) If both the assertion and reason are correct, and the reason is the correct

explanation of the assertion.
(b) If both the asserfion and reason are correct but the reason is not the correct

explanation of the assertion.
(c) If assertion is correct but reason is incorrect.
(d) If assertion is incorrect but reason is correct.
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270.

271.

272,

273.

274.

275.

276.

277.

278. The nuclide f';ﬁl is 1

da i

Assert:’un (colump 1)
'_]“h-z Pressure of
ideal gag is

a fixed AMount of an
temperature.

Proportional o it

The
isothe

heat  absorbeq

fermal expansion of
4ganst vacuum is zerp,

during the
an idea] gas

In any ionic solid [MX]
defects, the number of
negative ions are same,

with S-chnltky
positive and

Wheq HS is passed into an aqueous
solution of Zn™ in the presence of
NH,OH, ZnS gets precipited.

The time for completion of a first-order
reaction is infinite.

The addition of an inert gas at constant
volume may affect the state of
equilibrium:

PCl (g) = PCl{(g) + CL(g)

Fe +e=Fe'; E°=+077V
Fe*' +2e=Fe; E°=-044V
- Fe” +3e=Fe; E°=-004V

van der Waals equation describes the
behaviour of real gases.

ess stable than
2Ca-

als constant
The value of van der Waa i

for ammoni

847

Reason (column 2)

E{IEEUQltc‘}' of collisions and their impact
th increase in Proportion to the
Square root of temperature.
(IIT 2001)

The volume occupied by the molecules
of an ideal gas is zero,

(IT 2001)

Equal number of cation and anion
vacancies are present.

(II'T 2001)

Common-ion effect supresses the

dissociation of weak electrolytes.

The time for completion of any definite
fraction of the reaction is constant for
first-order reaction.

The addition of inert gas at constant
volume increases both the number of
molecules and pressure to the same
extent.

E? is an extensive property

The kinetic theory postulates of
negligible volume of gaseous molecules
and intermolecular forces of attraction
do not stand correct at high pressure
and low temperature.

Nuclides having odd number of
protons and neutrons are generally

b (IIT 1998)
; | 4

Hydrogen bonding 1998

ammonia. L !

it is larger e
nitrogen- ing tyPes of reactions does 1, 80 o1 decreasing wi
w -
280. For which i?f t]'rerefﬂ::m? . Wi e
PIOEIESE £ {b} First order : G N
(a) Zero order s rUSE;;H:,-. b
Wher in first
| ; .mcpu:;%am i mr:;r reactions.
(a) b2 = on decreasing ]: "E“*E;m
2 o
(b) t2 & decreas g = d-order o e
Dt ; > Hows the
[ o —»2AB fo
alaly 50"5 reactiont ‘“2‘; L AA (fast)
282, A h
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A+B, - AB+B (slow)
A+B — AB (fast)

The order of the overall reaction is
(a) 0 (b) 1 (c) 2 (d) 3/2

283. The internal energy change when a system goes from the state A to B is 40k] / mal
If the system goes from A to B by a reversible path and returns to the state A hx:

an irreversible path, what would be the net change in internal energy?
(a) > 40 k] (b) < 40 k] (c) Zero (d) 40 kj

284. If at 298 K the bond energies of C-H, C-C, C=C and H-H bonds are respectively
414, 347, 615 and 435 kJ mol ™, the value of enthalpy change for the reaction giver,

below at 298 K will be
H,C=CH, (g) + H, (g) —» H,C-CH;(g)

(a) =250 K] (b) +125 K] (c) -125 K] (d) +250 kJ

285. One mole of the complex compound Co(NH,).Cl, gives 3 moles of ions on
dissolution in water. One mole of the same complex reacts with two moles of
AgNO, solution to yield two moles of AgCl (s). The structure of the complex is

(a) [Co(NH,), Cl,] - 2NH, (b) [Co(NH,), CL]CI - NH,
(c) [Co(NH,), CIJCL, - NH, (d) [Co(NH,), ClICL,
286. How many unit cells are present in a cube-shaped ideal crystal of NaCl of mass
100 g?
(a) 5.14 x 10 (b) 1.28 x 107 () 1.71 x 10™ (d) 2.57 x 10

287. In an irreversible process taking place at constant temperature and constant
pressure and in which only p-V work is being done, the change in Gibbs free
energy (dG) and the change in entropy (49), satisfy the criteria
(@) @9y >0, (dC); <0 (b) (@5)y,£=0, (@0, =0
(€) @9y, ¢=0,(dG),>0 (d) (d9), <0, dG); <0

288. What volume of hydrogen gas at 273 K and 1 atm pressure will be consumed in
obtaining 21.6 g of elemental boron (atomic mass = 10.8) from the reduction of
BCl; by hydrogen?

(a) 67.2 L (b) 448 L (c) 224 L (d) 89.6 L

289. Standard reauction electrode potentials of three metals A, B and C are respectively
+ 05V, -3.0 V and -1.2 V. The reducing powers of these metals are
(a) A>B>C b)C>B>A (c)A>C>B (dB>C> A

290. If liquids A and B form an ideal solution,

(a) the entropy of mixing is zero

(b) the free energy of mixing is zero

(c) the free energy as well as the entropy of mixing are each zero
(d) the enthalpy of mixing is zero

291. The rate law from a reaction between the substances A and B is given by
rate =k [A]" [B]"

On doubling the concentration of A and halving the concentration of B, the ratio
of the new rate to the earlier rate of the reaction will be as

"= m 1
(C] 2':' : [d} z[ru + )

(a) (m+n) (b} (n—m)

An evaluation version of novaPDFE was used to create this PDF file.
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N, (8) + 31, (g)

(2) 100-folg iNcrease jn, g
() no change in g I
X
293, The addition of one g
(@) always shiftg e o

5 T 10N at lib

always at tmst;tt‘thhnum e o

(b) always shifts
always at

(b) 10-folq increase in
(d) 10-fold decrease in L;

CHvy ;
C’Dn&taﬂt vﬂ"ume 'I_il"dﬁ Pl'ﬁdur_l at constant P'h-’iﬁ'ur(' but

c) alw hi ilibri
(c) ays shifts the equilibrium towards product eiti
at constant volume S

nok

(d) does not shift the equilibrium either at constant pressure

294. A crystal of t'c-rmu_ia .-‘J_«;Iil_1h has A ions at the cube comers and B jons at the edge
centres. The coordination numbers of A and B are respectively

(a) 6 and 2 (b) 2 and & {c) & and 6 (d) B and 8

or at constant volume

295. The rate of a first-order reaction is 15x 10 mol L at 0.5 M concentration of the
reactant. The half-life of the reaction is

{a) 0.383 min (b) 23.1 min (c) 8.73 min (d) 7.53 min
The standard emf of a galvanic cell involving cell reaction with n = 2 is found to

o ilibri of the reaction would be

be 0.295 V at 25°C. The equilibrium constant :

(a) 20x 10" (b) 4.0 x 10" (c) 1.0 x 10" (d) 1.0x 10
. ; ic poi sid-base titration is

i = the stoichiometric point of an acid-base titra
e mE]d *;ﬂ?ﬁﬁiéfi;:;gn The pH of the solution is relat-::cli:ﬂ_raj;g ;}!:rt:fr
: = » in or b
imfazn:t of the conjugate acid (HIn) and base (In") forms ot e

ression
the exp ) o5 {HIn] _ pK,, - pH

n"] _ k.-pH [in]
(2) log [Hin] B In] _ _1-_pk =
=pH=P%a __—
HIn] _ 1ok (d) 198 THn] | %
{C} IDE === P o Eai]sﬁi'm"=4tan.=,lm
(In] Siation emitted when the Eledﬂ S 18 10" atom* and
The frequency of ra“;ﬂbe (given jonization energy e
5 dmgenﬂa‘t‘:')?ﬁw ( 308 x10°s” (d) 200x10°
= 6625 % 1 152 c)
; T;xiﬂ“‘ S () 103%10°F
(a) 1- fod L
) o 6dm
_.-__]ﬂﬁE R ]umeﬂf‘ldm o
' [Hint: AE m T2 pansion of a 5#%_ﬁﬁ:::: 10132 1)
.' K ¢ during E;E:;urﬂ of 3 atm ¥ ( (d) 304 0
299. The WO'B tant Ex%p )+
-6 ] |
ﬁeeﬂdof e cell 1 11 e ( 'm::l cell reaction 15

300. 7n | zn’“*{a;q iibrium conS12" 0 (/07

FER T |
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301. HX is a weak acid (K, =107). It forms a salt NaX (0.1 M) on reacting with caustic
soda. The degree of hydrolysis of NaX is

(@) 0.01% (b) 0.0001% (c) 0.1% (d) 0.5%

302. Spnntarj.mn.n-;. adsorption of a gas on solid surface is an exothermic process because
(a) AH increases for system (b) AS increases for gas
(€) AS decreases for £as (b} AG increases for gas

303. For a monoatomic ¢as, kinetic energy is equal to E, its relation with rms velocity

is
_JE -~ |BE s AR s LAE
(@) =N+ ®) C= N7 () €=z (d) C="N o=

304. The pair of compounds having metals in their highest oxidation state is
(a) MnO,, FeCl, (b) IMnO,]", CrO,Cl,
(¢) [Fe(CN),I™, [Co(CN),) (d) [NIiCLJ", [CoCL]

305. The spin magnetic moment of the compound Hg[Co(SCN),] is
(a) ¥3 (b) V15 (c) V24 (d) V8
[Hint: y = Vie(n + 2) BM]

306. Which hydrogenlike species will have the same radius as that of the Bohr orbit
of the hydrogen atom?

(a) m=2, Li* (b) n=2, Be" (€) n=2, He' (d) n =3, Li*
5 nh
[Hint: r=mj
307. ;gﬂ;g !:.-!iSI"'n.'.ELISG:t is isotonic with 0.01 M glucose. Degree of dissociation of
(a) 75% (b) 50% (0) 25% (d) 85%
[Hint: (T + 20)0.004 = 0.01]

308. ﬁvap;m kl/mol and AS, =75 mol” K™. Find the temperature of the vapour
at 1 atm.

(a) 400 K (b) 350 K (c) 298 K (d) 250 K

[Hint: See pg. 414: T=%l

309. 2 mol of an ideal gas expands isothermally and reversibly from 1 litre to 10 litres
at 300 K. What is the enthalpy change?

(a) 4.98 K] (b) 11.47 kJ (€) ~11.47 kJ (d) 0 k]

310 (A) follows a first-order reaction: (A) —: Product, and the concentration of A
changes from 0.1 M to 0.025 M in 40 minutes. Find the rate of reaction of A when
the concentration of A is 0.01 M.

(a) 347x 10" Mmin” (b) 347 10° Mmin

PRI, TP Ty i ¥, PR (d)173x10° M min '
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(a) 1O nQ
SN ]_1 ®) L + In ap alkaline medic
: ch of the follow: =
(a) KI J l“w’“E will no 910

t be gxid:

' B OXidige 0
[Hint: ] [ i m dby |
L n KMHG_‘, Mn is inJ‘ AxXimum ].
| | X

hich of the f;uilnwin f o

i 1 Structures
BMag nS

ll'llnt: S{.’L“ Pe. ?]D‘] {C} NEE{-}

i (d) K;MnO )
ation cf ﬂt-::_]

Possible Oixid

31 . T X g H i {d} C I

4. The elevation in boiling poing h <
: When 13.44

to one kilog
gram of water ; g of f
(a) 0.05 eris (K, =052k freshly prepared Cyc
(b) 0.1 gK mol”, mol.wtofc uCl, are added
: -wtof CuCl, = 134.4)

315. The h: 5 :
e half-cell reactions of rusting of j (c) 0.156 (d) 021
21+ 1o S
2-:t225HO; F=u23y
Fe*' +2e — Fe: i
G e; =
AG' (in kJ) for the reaction is il
(a) 76 (b) -322 (©) =122
= (d) <176

[Hint: Fe+2H' ++ :
+2H +2{}2—1-Fez +HO: B, =167V]

316. The number of radial nodes in 3s and 2p respectively are
{a) 2 and 0 (b) 1 and 2 {c) 0 and 2 f (d) 2 and 1

[Hint: See pg. 247, Chapter 11]

317. F}.l mole of CH, - NH, (K, =5X 107" is added to 0.08 mole of HCI and the solution
is diluted to one litre. The resulting [H'] is 5
(a) 1.6x107" (b) 8x 107" (c) 5% 107 (d) 8x10°

[Hint: The resulting solution is a buffer solution.]

318. If He and CH, are allowed to diffuse out of the container
of temperature and pressure then the ratio of the rate of d

ander similar conditions
iffusion of He to CH,

Is
(a) 2.0 (b) 1.0 (c) 05 (d) 4.0
319. Which of the following i correct for lyophilic sols?
i ible.
(a) They are irreversible A

are formed by inorganic st
ily coagulated by ad

5tabi|izﬂd.

dition of alectrolytes.

(b) They
(c) They are read
(d) They are self
320, Which of the following S22 o rat
fargm::tiﬂﬂ 15 .o perms in £
U U f the power o cOne- tml:lﬂ"' :ric coefficients-
(b) It is the sum O iy depend O stoichiome = e
ot necessartly actionali e
.(f:}_ It does b reaction can not : batically at
(d) The order of 2 s adiab e litre to
- : ic i
: fa monoatorm
321. Dneff‘pleo ntextel'ﬂal presst L atm K
T against 2 = 0%
out the final temperature
An evaluation version of novaPDF was used i
! to create this PDF fi
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ofa reaction?
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2
(d) T+ 3700821

; it
(@) T (b) o (€ T-33 00821

[Hint In adiabatic expansion, g =0
=~ AE=g+w= ==y fvz = VI}

Also AE=nC, (T~ T,) (Eqn. 6, Chapter 14)

Answers
I-¢, 2-a, 3-d, 4-a, 5-b, 6-b, 7-b, 8-d, 9-b, 10-b, 11-d, 12-d, 13-3, 14-d, 15-d, 16-b, 17-a,
18-c, 19-b, 20-a, 21-a, 22-b, 23-b, 24-b, 25-d, 26-b, 27-a, 28-d, 29-a, 30-a, 31-b, 32-b,

| 33-b, 34-c, 35-a, 36-d, 37-b, 38-a, 39-d, 40-b, 41-a, 42-c, 43-d, 44-b, 45-d, 46-c, 47,
48-c, 49-a, 50-c, 51-d, 52-d, 53-b & d, 54-b & d, 55-All correct, 56-a & d, 57-c, 58-d,
' 59-a, 60-a, 61-c, 62-b, 63-d, 64-b, 65-a, 66-c, 67-c, 68-b, 69-a, 70-b, 71-b, 72-a & b,
| ;3';' 78-a, 75-c, 76-c, 77-All correct, 78-a, 79-a, 80-d, 81-¢ & d, 82-c, 83-d, 84-d, 85-b
» 86-b & d, 87-a, 88-c, 89-c, 90-¢, 91-b, 92-¢c, 93-d, 94-a, 95-a, 96-b, 97-b, 98-b,
r 99-d, 100-3, 101-a, 102-b, 103-d, 104-c, 105-d, 106-c, 107-b, 108-c, 109-¢, 110-a, 111-a,
112-a & ¢, 113-a, 114-a, ¢ & d, 115-a & d, 116-c, 117-d, 118-¢c, 119-d, 120-c, 121-d,
122-a, 123-a, 124-b, 125-a, 126-c, 127-a,128-a, b & d, 129-a & d, 130-a, b & ¢, 131-b
1 132d, 133-b, 134-d, 135, 136-b, 137-c, 138-a, 139-d, 140-b, 141-a, b & o 142-;
1432 & d, 144-b, 145-d, 146-b, 147-a, 148-a, 149-a, 150-c, 151-d, 1522, 153-1;,' 154—::1:
155-¢, 156-c, 157-c, 158-d, 159-b, 160-c & d, 161-b, 162-b, 163-b, 164-a 155-‘; lﬁﬁ-af
167-¢, 168-d, 169-c, 170-3, 171-a, 172-b, 173-a, 174-d, 175-d, 176-d rwmbrws d,
179, 180-, 181-a, 182-All correct, 183-a, 184-b, 185-d, 186-b, 187-, 188-b, 1890,
‘l 190-d, 19-¢, 192-b, 193-d, 194-3, 195-d, 196'c, 197-c, 198-a, 199-b, 200-c, 201-a 20 ®
203-c, 204-b, 205-a, 206-c, 207-d, 208-b, 209-b, 210-c, 211-c & d 2]2_;:, - j‘ 21-::3.
214-a & ¢, 215-a & c, 216-a, 217-a, 218-b, 219-b, 220-a, 221-a, ézz-l; 223-"1‘ 224 C,
225-a & d, 226-c & d, 227-a & d, 228-b & d, 229-b, 230b, 231-a, 232-.:’ 233: 234 c:
235-b, 236-a, 237-a, 238-c, 239-b, 240-b, 241-b, 242-b, 243-d, 244-c 245{' 245-” 24?- ’
248-a & d, 249-b, 250-c, 251-d, 252-a, 253-c, 254-a 255-d, 25ﬁ-a,’25?-c ’255-5 ) 259-]3’
260-b, 261-b, 262-b, 263-d, 264-d, 265-c, 266-a, 267-c, 268-c. 269-a, 2'?0~:: z?t-bf z?z'a,
273-b, 274-a, 275-d, 276-c, 277-a, 278-a, 279-a, 280-a, 281-c, 282-d, 253-:1 2'34-1::; 235:::
286-d, 287-a, 288-a, 289-d, 290-d, 291-c, 292-a, 293-a, 294-a, 295-b, Eﬂﬁ-r.ii, 29?-!:; 293.,:,
.'29‘9-b, 300-b, 301-a, 302-c, 303-a, 304-b, 305-b, 306-b, 307-a, 308-a, 309-d 3‘!1}3’ 311-;1!
312, 313-b, 314-c, 315-b, 316-a, 317-b, 318-a, 319-d, 320-d, 321-c, j , :
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This book is indispe ovel especially for

i diate)
the +2 (interme i
fr:ose who are preparing for the entrance

inati ineering and medical
aminations of enginé _
cﬁ:lélreges. This book highlights the 1rnpor1ancle of
the concept of mole in solving problems quickly
and easily. Some of the key features of the

book are:

Detailed discussions on the fundelnmt:amm
principles have been given. These principles
have been reduced to the form of rules or
equations. These rules and equations are
referred to while solving a problem. This will
help students quickly understand the various
steps of a problem’s solution.

« A wide variety of solved and unsolved
problems, including multiple-choice questions,
has been given. The guestions have been
graded and arranged in the increasing level
of difficulty.

« The book covers problems from all branches
of chemistry prescribed at the +2 level.
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