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PREFACGE

The present work has originated in connection with courses
of lectures in various branches of chemistry including general,
physical, analytical, inorganic and organic chemistry. The collected
problems are intended to be of use to all students studying
chemistry as their basic or supplementary course, e.g. students of
pure chemistry, chemical engineering, pharmaceutical, agricultural
and medical sciences.

This work is divided info two parts, part I covers various
branches of general and physical chemistry to a level suitable for
students sitting for examinations in preparatory and first year
university courses. Part 1I includes problems in the same branches
at higher level anp also covers the rest of the branches cited above.

Enough problems have been put as solved examples so as to
cover and or supplemient the greater part of each course. In some
cases alternative methods of calculation have heen inserted and,
where defimtions are considered to be advantageous, they have
been included.

The book, for object of integrity, has been supplemented
with an appendix containing tables of necessary data.

For the benefit of the beginners in university education an
Arabic translation ef the headings of the solved problems has
been also added.

Auy suggestions fo improve the exposition or for better
covering of different subjects will be appreciated,

THE AUTHORS
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CHAPTER L
ATOMIC, EQUIVALENT AND MOLECULAR WEIGHTS

1. Lead chloride is found by chenical analysis to contain
745 percent lead and 25.5 perceut chlorine. The alcmic weight
of chlorine is 55.43. The specific heat of lead is approximately
0.0309 cal g-'. Using this information, decide among possible
formulae such as P'h,Ci, PbCl,PbCl,, PICl; and Pb,Cly.Calculate the

atomic weight of lead.

SOLUTION

According to the law of Dulong and Petit, at room tempera-
ture the product of the sapecific heat and the atomic weight of

the solid elements is a constant, approximately 6.4 cal y=!

Atomic weight of lead = 64 _ og7.
0.0309
lead chlotine
Weight ratio T4.5 : 25.5
Ratio of number of atoms 45 : 254
207.1 37.45
or 0.36 : 0.72
or 1 : 2

Possible fromulae of lead chloride are :

Phll, and Pb,Cly

2 The specific heat of a melallic element M was found
to be 0.0304, and when 2.694 g of its anhydrous bromide was
heated in hydrogen 1.254 g of the metal was left. Calculale the
valency and atomic weight of M.



b. The specific heats of a gaseous element ( were found
to be 0.0385 at constant pressure and 0.023: al constant volume,
and 300 ml of the gas at 16°C and 750 mm pressure weighed
1.624 g, Calculate the atomicity and molecular weight of gas G.

SOLUTION

a) According to Dulong and Petit’s law the approximate
atomic weight of the metal M = 6.4 = 00304
= 210.52

Assuming the formula of the bromidz to be M Bry , then
MBI‘F =M+ y Br
2.694 = 1.254 4 y Br
y Br = 2,694 — 1.954 = 1.440
Since 1.440 g hromine combine with 1,854 g of M

1.254 x 80
BO g » » » —1.440

I

69.66 gof M

Equivalent weight of M = 69.€6

210.52
69.66

Valency of M =3

True atomic weight of M= 68.7 x 3 = 208.1

Answer (a)
. s 0.0885 _
b) Ratio of specific heats of the gas = 00951 = 1.66

The gas is monatomic,

Answer (b)

Applying the ideal gas law ;



pv = nBT or pv= iRT
p P Y

750 300 1.62 )
( 760 ) (1000 == X 0.082 x 279

1.624 % 0.082 x 289 x 760
750 x 0.300

»+ The molecular weight of the gag =

- 130
Answer (b)

3. 2.120 g of barium chloride was treated with sulphuric
acid and completely converted to barium sulphate, The weight
of barinm sulphate obtainad was 2.378 g. Caleulate the equi-
valent weight of barium. What is meant by the ‘equivalent
weight of an element, of a radical and of a compound ?

SOLUTION

The equivalent weight of an element (or a radical ) is a
number which represents thie number of parts by weight of the
element (or the radical ) which combine with, or replace,
one part by weight of hydrogen or 8 parts by weight of oxygen
or the equivalent weight of another element.

The equivalent weight of a compound is the sum of the
equivalent weights of the elements or radicals of which it is
composed.

Sulphuric acid reacts with barimm chlioride as follows :

BaCl; + H,80;, —> BaS0, + 2 HCI

Let x — equivalent weight of barium (which is bivalent.)
The equivalent weight of Cl— (which is mounovalent) = 35,5
The equivalent weight of S0,~— ( which is bivalent )

32 + (4 % 16)
2

o 48



Hence wt. of Ba(l, _ Eq. wt. of BaCl,
corresponding wt. of BaSOq Eq. wt. of BaSO,

_ =z + 35.5

x -+ 48

2120  x -} 35.5

2.378  x 4+ 48
" 212 (x+48) = 2378 (x -+ 35.5)
.o = BT.5

Answer

4. The gaseous product of combustion from 0.3660 g of
a metal sulphide was passed into bromine water. This solution
after boiling and adding barivm chloride gave 0.8754 g of ba-
rium sulphate. Calculate the equivalert weight of the metal in
the sulphide.

SOLUTION

The reactions are as follows :
Metal sulphides yield SOg on combustion.
804 + Br; + 2 H,0 = H,804 4+ 2 HBr
BaCl, - H,80, — BaSO, + 2 HCI
Hence S = 80, = BaS0,
Since one mole of BaSO, contains one g atom of S,

The weight of sulphur in original salphide

x weight of BaSO,

BaSO.;

= 52 % 0.5754
1837 -- 32 4 4 x 16

= 0.1201 g

The weight of metal in the original sulphide
= 0.3660 — 0.1201
= 0.2459 ¢



S

Sulphur is divalent in metallic sulphides, hence its equivas

lent weight is 16.

The weight of metal which combines with 16 g sulphur

= 16 x (.2450
0.1201
= 32.8 = equivalent weight of metal
answer

5. Explain what do you understand by ison.orphism.

0.7160 g of hydrated metallic sulphate precipitated
0.7002 g of barium sulphate. On mixing with potassium sulph-
ate and crystallizing, the metallic sulphate yielded an alum iso-
morphous with potash alum. Calculate the atomic weight of
the metal.

SOLUTION

Mitscherlich’s law of isomorphism siates that elements
which possess similar chemical characteristics are able to
replace one another in crystalline compounds with little or mo
change in crystalline shape.

The formula of potash alum is :
K,80,.A1,(80,):.24 H,0 and of aleminium sulpate is
Aly(80,),.18 Hy0

and since the metal M and aluminium are isomorphous, the
farmulae of metallic alum and metallic sulphate are :

K280, M;(S0,);. 24 1,0 and My(S0,)s . 18 H,0 respectively
where the metal is trivajent,

Since M, (S0y,);.18 H,0 = 3 BaSO,
<+ One mole of the metal sulphate = 3 x 233 g BaSO,
aud since 0.716 g of the sulphate = 0,7002 g BaSO,

»*. The molecular weight of the sulphate =
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3 x 233 x 0.716
0.7002
The atomic weight of the n-efal
TIF — [8(3244x16) 4 18 (2+16) ]
2

= TIh

= 51.5
Avnswer

6. 0.2 g of the hydride of the zlement X occupied 318.5 cc
at 100°C and 750 mm pressure. Calculatz the vapour demsity  of
the hydride at 100°C. A calcinm salt Ca ¥; was obtained by

the replacement of hydrogen in the hyd-ide by calecium. On eva-
poration with excess of concentrated sulphuric acid, 1.343 g of
this salt yielded 2342 g of calcium sulphate. Calculate the
equivalent weight of X. Hence deduce the valeney and atomic
weight of X,

SOLU1ION

The volume of the hydride of element X reduced to N.T.P.

e i
= 3i85 x 218 x - 30
373 760
Since one mole of hydrogen occupies 22 4 litres at N.T.P.

€.

= a nl

. Weight of the same volume of bydrogen = a X

22400
=885 x 20 T 2y g
373 760 224010

The vapour density of the hydride
weight of a volume of the hydride

weight of the same volume of hyrogen
(under the same conditions of temperature and pressure)
02
b

= 10.03

=

Answer (1)
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Can Xz + Hz SO4 —> 1 Ca SO‘ + ----- .

1.343 g 2.342 ¢

2,342 ¢ Ca SO, contain 2.342 X I‘;% — 0.6805 g Ca.

This is the weight of Ca in 1,345 g of the salt Gan Xs
The weight of element N in the salt = 1.343 - 0.6895

The equivalent weight of element X is the weight which
combines with 20 g of Ca = 20 X 06385 19.0
0.6395 e

Answer (2)

The molecular weight of the hydride = Vapour density x 2
= 10.03 x 2 = 20.06

Since the formula of the compound is Ca  Xp while Ga is

nx 2

divalent, then the valency of X is = n,

.. The formula of the hydride is Hn X and its molecular
weight = 20.06

It follows that (nx1)4+(ax19) = 20.06
and hence n = 1

The valency of the element X = 1

Answer(3)

and its atomic weight = 19.0 x 1 = 18.0
Answer (4)

7. 1.00 g of the anhydrous sulphate of a metal, when
heated, gives a residue of the oxide weighing 0.298 g. The
specific heat of this metal is 0.21, Calculate the atomic weight
of the element.



SOLUTION

Let the equivalent weight of the metal be x.
The equivalent weight of the sulphate group (30,~7)
96

2

= 48
The eqnivalent weight of oxygen = 8

The equivalent weight of the metal sulphate
The equivalent weight of the oxide

x 48 100
x 4+ 8 028

x = 8.97
From Dulong and Petit’s law, the apparent atomic weight
of the elemrent

the : tcmic heat
the specific hest of the element

==

= —— = 30.48
0.21

The valency of the element = 8.4

8.917

]

2
<
o

]

The esact atomic weight = 8.97xI 26,91

Answer

8. The atomic weight of oxygen is 16 and that of silver,
taking oxygen as standard, is 107.88,

1) It is required to calculate the alomic weights of chlo-
rine and potassiumu {rom the following results.

3.6708 g of potasslum chlorate KClO, were heated to give
potassiun chloride KCl of constant weight equal to 2.2368 g.
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This residue was dissolved in water and the solution treated
with silver nitrate, a precipitate of silver chloride was [ormed
which weighed 4.3002 g when dry.

2) What will be the atonic weights calculated if part of
the material is lost, and KCl after calcination of KClO; weighed
22350 g 2 What will be the relative errors in the alomic weights

with respect to the values caleulated in (1) ?

SOLUTION

KGIOs = KCI -+ —3 0,

One mole of KClO; gives one mole of KGI which precipi-
tates one mole of AgCl. Let the weights be m, my; and m, g
respectively.

Let the atomic weights of chlerine and potassiumi be x aund y.

m - m, . my
x+y+487 x4+ y 7 x4 10788

theg *F¥y+48 __m 48 __m—m

x-y my x4y 0 m
x 4y =48 (;n*il;;,)
Also x+107.88= .
x+y my
then 107.88 - Y Mmp—my

X4y m,

Iy = Iy
m ~— Iy

10788 - y = 48 (
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g — Ny

then y = 10783 ~ 48 (m—m1

and x = 48 (=2} - 107.88

m — ny
Substituting for nr, m; and my

L 4,3002
= 85.46

4.5002— 22368

= 10788 - 48 (oo

= 39.10

The atomic weight of chlatine is 35.46

and the atomic weight of polasgium is 39.10

Answer (1)
If the weight of KCl m; = 2.2350 g
then Am; = m;’ - my = 2.2350 - 2.2368 = - 0,0018 ¢
The relative error

A my 0.0018 _, B

m,  2.2368 ~ — 10000

The masses of KCl and AgCl, m; and m, are proportional

to their molecular weights M; and M,

m, M,
ny — MI
M. M,
Amy _ 4dm, 8

then
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)
The absolute error in the weight of Ag Cl Aw,=— [oo00 ™2
8 ) an
- _ x 4.3002 = -~ 0.0035 g
10000

Weight of Ag Cl precipitate = 4.3002 ~ 0.0035 = 4.2967 g

Then the new atonic weight of chiorine x’

= 48( ) — 107.88

4.2967
= 48 (55763 — 2030 ) ~ 1078
= 35.16

The relative error in the atomic weight of chlorine :

Ax - 85,16 — 35.46 .. 9

x 35.46 1000

Answer (2)

The new afomic weight of potasium :

yl = 10788 - 48 (”"‘2l ‘S‘l )
- 1

4.2967 — 2.2350
= 17088 - 48 ( zarim—570ar

= 39.24

The relative error in the atomic weight of potassium.

Ay _ 3024-3010 _ 4
y T 78610 — 1000

Answer (2)
PROBLEMS FOR PRACTICE

1. A certain element X forms a compound which contains



only oxygén and potassium, in additon to the element. The
compound contains 43.81 o/, of the element. This compound is
isomorphous with potassium perchlorate ( KClO, )., What is the
atomic weight of the element ? ( 80.2)

2. 2.00g of barium carbonate was treated with dilute
sulphuric acid and completely converted to barium sulphate. The
weight of barjum sulphate obtained was 2.37g. Galculate tbe
equivalent weight of barium, {67.2)

3. 2.1g of the carbonate of = metal were heated and gave
668 cc of carbon dioxide measured over mereury at a pressure
of 700nim and at a temperature of 27°C. What is the equivalent
weight of the metal ? (12)

4. One gram of the carbonate of a metal, on conversion
into the sulphate, gave 1.36 g. Find the equivalent weight of the
metal. (20)

5. One gram of a dibasic acid combines with 0.838% g of

caustic soda. Find the molecular weight of the acid. (90.02)

6. The clioride of a metal was found to contain 47.2 ¢/,
of the metal. The specific heat of the metal is 0.094, Find the
exact alomic weight of the metal and its Talency. (63.48 ) (2)

7. When 0.152g of an element is treated by a diluate acid,
106.6 cc of hydrogen, collected over water at 170G and 755 mm
mercury, are liberated. The sulphate of this element forms with
potassium sulphate an alum which gives mized crystals with potash
alum [(E3804.415(804);. 24 B,0)]. What is the atomic weight of
the element ? The saturated wates vapour pressure at 179G is
14.4mm and one litre of hydrogen at N.T.P. weighs 0.0898g. (52)



GCGHAPTER qIT
GASES

t

9. Estimate the number of metric tons of carbon dioxide
over a square mile of the earth’s surface if the atmospheric
pressure is 760 rm and the air conlains 0.045 per cent of carhon

dioxide by volume.

SOLUTION

Weight of air per cm? of earth’s surface = 6x13.6 ¢

1 ”n COZ 1% ” s 1} = TW
100
Weight of CO, per km? - 76"1‘1‘38‘ 0046 1010

= 04T5x 10 g

s s per mile? = 0.475X1010 x

17608233
1000 % 33

=0.475x 1010 (1.61)2
= 1.23X10%0 g

1.23x1010 ¢
106 g ton™?

= 1,23x10' tons

Aunswer

10. (a) How many grams of air are there in the almo-
spehere surroundiug the earth, if it is ‘assumed that the earth
is a sphere with a diameter of 12 million metres and that
atmospheric pressure is 760 mm every where on the surface ?



- 14 —

(b) How many moles of air are there in the total atmo-
sphere if it is assumed that the average molecular weight of
air is 28.8 ?

(¢) How many molecules of oxygen are there in the earth’s
utmosphere if one-filtk of the air by volume is oxygen °

SOLUTION

a ) Pressure = weight of a colnmn of air on 1 cm?® of
earth’s surface

= 76 X 13.6 gram force per cm2,

Surface area of eath = & T 12
= 4 mw {6 x 10° x 100)
= 144 w x 101° em?

Grams of air surrcunding the earth = (14t w x 104%) (16 x 13.6)
= 4.68 x 10% g
Answer (a)

. 21
b) Number of n.oles of air = Y- 4.66 x 10

M 288

= 1.62x 102 moles
Answer (b)

¢ ) Since the moles of oxygen in a:r are one-fifth of the air,
then molecules of oxygen = moles of 0, x Avogadro’s ‘number

< b
- ( 1_‘3?.‘_35‘_1_0-2— x 6023 % 1023

a 1,95 x 1048
Answer (c)

11. Au organic compound of emgfirical fornula C; Hg O
weighing 0.716 g gave 242.6 cm® of vapour at 200°C and 750 mm
pressure. What is the molecular formulz of the compound °
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SOLUTION
pve J_RT s M= wRT
M pv
b DTLEX0082x4T8 416
(-0

—— % 0.2426
760

the empirical molecnlar weight = .2 x 8 + 6 4 16 = 58

The empirical formula should be multiplied by-i—i—g—-x 2

to give the molecular fromula G H,,0,

Answer

12. What is the number of molecules in a one litre {lask
contajning air at 20°C and evacunated to 0.0017mm pressure ?

SOLUTION

pv = n RT
Py
RT

0001 x 1
760<0.082 x 293

= 5.489%10—% moles
The number of molecules in the vessel
= 5,480x1078 x 6.028 x 1022

= 3.31x10'" molecules
Answer

13. Find the vapour density and the molecular weight of
a substance from the followirg data : (Dumas nethod)

Weight of the bulb in air 23449 g
Weight of bulb full of vapour al 15.50G 23,720 g
Teniperature of bath on sealivg of Lulh 1100G
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Barometric pressure during the experiment 759 mm

Weight of bulb full of water + the tip 201.449 g

One litre of air at N.T.P. weighs 1293 ¢
SOLUTION

Weight of water in the bulh = x01.449 - 28.449=178.000 ¢

Volume of the balb = 178 cc
Weight of air in the bulb = 1T 1293-0.2801 ¢
1060
Weight of glass of the bulb = 23.449-0.2301 = 23.2189 ¢
Weight of the vapour = 23.720-23.2189= 0.5011 g
9
Volume of vapour at N.T.P. = 176 x 273 4 i =126.7 cc
383 760
Weight of the same volume of H, = _lgi'?x LI 6.0114 ¢
1000 224
Vapour density of the substance = 0.5011 =43.95
0.0114 ——
Molecular weight of the substance = 43.59 X2 = 87.£0
Answer

14. A glass bulb fitted with a stopcock was evacuated
and found to weigh 46.8542 g without carrecting for bu yancy of
the air. When the stopcock was opeued and dry air was allowed |
to fill the bulb, the weight increased to 47.0465 g. The barometric
pressure was 745 mm, and the temperature was 270C.

(a) Calculate the tolal velume of the bulb from the known
average molecular weight of air 28.8.

(b) Calculate the weight if the bulb was filled ;with dry
hydrogen al this temperatare aud pressure.

SOLUTION

Weight of dry air = 47.0465 — 46.8742 = 0.1923 ¢



a) Moles of air = 0.1923
288
pv = nRT
0-'1333—) % 0.0521 X300
. v s 28.8
745
(o0
= 168 x 1073 litre
~ 168 ni

Answer (a)

b) Since volume, pressure and temperature are

0.1923
the same, then nﬂz = nair - —28.6_
9[
Weight of Hy, = 222 9 - 00134 ¢

188
Weight of bulb - H, = 46.8676 g

Answer (b)

15, What volume of hydrogen gas is necessary to react
with 200 cc of nitrogen gas to give ammonia gas, if the
hydrogen gas is measured at L50C aund under 800 mm pressure
and the nitrogen gas measured at 31°C and under 600 mm
prersure ? What Is the volume of ammonia gas produced at
N.T.P.?

SOLUTION
N +3H, = 2 NH

One volume of nitrogen gas reacts with three volumes of
hydrogen gas to give two volumes of ammonia gas, uunder the
same condit’ons of temperature and pressure.

At 31°C and 600 mm pressure 200 ¢cc of nuitrogen gas
require 600 cc of hydrogen gas to produce 400 cc of amnuoniz
gas,
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<. The volume of hydrogen gas at 15°C and 800 mm
pressure

978 15 600

= 600 x = 426 cc
2718+ 31 800
Answer
and the volume of ammonia gas at N.T.P.
= 400 x 20 5 80 guy e
273431 760
Angwer

16. Assuming that air behaves av an ideal gas, calculate
exactly the weight of 1 cc of air at 25°C and 1 atm if the
relative humidity of the air js 70 °/, and the vapur pressure
of water at 25°C is 23.7 mm. The composition of dry air is 809,
N, aud 209, O, by volume,

SOLUTION

Choosing 1 litre of air as a basis for the calculation.

»*. number of moles of air per litre = RS
RT
1 x1
0.0821 x 298

= 0,041 mole

partial pressure of water vapour
-
vapour pressure of water

Relative humidity

]
0.70 = >
' 93.7

The partial pressurc of water vapour P, = 0,7 x 23.7 = 16.59 mm

n
PW w

But from Dalton’s law ;

Protal Yotal
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n

16.59 w
or— " =
760 0.041
n = A839X0OIL 660089 moleplitre air
w 760
n . == 0.041 — 00008¢ = 0.040{1 mole/l
dry air
Oy = 0.04011 x 0.8 = 0.03209 molefl
2
g = 004011 X 0.2 = 0.00802 mole/i
2

Total weight of 1 litre of air = 000089 x 18
4 003208 x 28 + 0,00802 x 32 = 1.1717 ¢
Weight of 1 cc of air = 1.1717 x 1072 g

Answer

17. The density of helium is 0.1782 g per litre at N.T.P.,
what s its deasity at 25°G and under 740 mun pressure ?

SOLUTION

pv = nRT = — RT
M

2 X —Iiand since d = — = density
T v
p

T

El-‘:o < |

— = constant
d

Pt

pl
dxT df x T/

760 _ 740
0.1782 x 273 d’ x 298
d’ = 0.1588 g/l

Angwer

<

18, What is the demsity of a mixture of methane and
ethane in each of the following cases :



a ) if the two gases are in a nass ratio of their molecular
weights at 100°C and 700 mm Hg?

b ) if the two gases are in a volume ratio of their mole-
cular weights at 100°C and 700 mm Hg ?

SOLUTION

a ) Since the mixture of the two rases is in the mass ratio
of their molecular weights, it must consist of equal volumes
of the two gases ( The same number of moles of different gases
occupy equal volumes under the same condilions of temperature
and pressure ).

The partial pressure of each gas = ‘—(2)0 = 350 mm

The weight of methane ( CHs) per litre of the mixture
may be calculated as follows ;

w

v = — RT
P M
350
— X 1 %16
w pv M 760
CHly= +-—- =__1"7 _ - =0, g/
‘= RT 0,085 % 373 0241 g
Similarly for ethane ( Gyl )
w %% ®x 1 x 80
CHg=e Y | = 0472 g/l
T T0.0827x 813 J
.'. The density of the mixture = grams of methane per

litre - grams of ethane per litre
= 0.241 4 0-452 = 0.693 ¢l
Answer

b) Since the mixture of the two gases is in the volume
ratio of their molecular weights,

_ 100x6
16 +~ 30
= 244 mm Hg

.. the partial pressure of C Hy
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The weight of methane (UH,) per litre of muxture may
be calculated from

w
v = — RT
P M
244 e Y 0.082x373
760 16
w 16 x 244 = 0.168 g/l

CH, = "7¢0 x 0.032 x 373
Similarly
30 x (700 -244)
w =
G:Hs 760 x 0.082 x 813
Density of the mixture = 0.168 - 0.590
= 0.758 g/l

= 0.590 g/l

Answer (b)

19. The weight of a certain evacuated vessel is found to
increase 0,2500, 0.55%35 aud 0.7268 g when oxygen, chlorine, and
a compound of oxygen and chlorine, respectively, are separa-
tely admitted into the vessel under the same conditions of tem-
perature and pressure. Calculate form these data alone the mo-
lecular weights of chlorine and the oxide of chlorine. What
can you say from these data regarding the number of atoms
in the chlorinre molecule ? What is the formula of the chlo-
rine oxide ?

SOLUTION

Applying the ideal gas equation for the 3 gases:
pv = nRT

Since p,v and T are the same in the 3 cases, then n is
the same for the 3 gases.

e n02 = el = "oxide of chlorine



o Yo,  _ Yo Moxide
M()1 MC]2 Moxide
o 021060 0.5535 0.5268
k = Mo, T Mide
o o
The mclecular weight of chlorine M. = —2X0-995 _ goge7
Cl, 0.2500 —
Answer
32 x 0.5268

The molecular weight of the oxide M . oo MenEUE
oxide 0.2500

Since atomic weight of Cl — 35.45
The number of atoms of Cl in a chlorine molecule = égiz
e
= 2
Angwer

Since the molecular weight of the chiorine oxide is 67.45,
it cannoi, therefore, contain more than one Cl-—atom and the
rest 15 oxygen.

Numnber of O -atoms in the compound = -6—"'45 ;6@

8

= — = 2

16

Formrula of oxide is ClO,

oty

Answer

90, One gram of a mixtare of two metals, both of
which give hiydrogen with dilute acids is treated with dilute
hydrochloric acid, an! 650 cc of hydrozen are evolved at 12°G
and 770 mm. Calculate the percentage composition of the
mixture il the equivalent weighis of the metals are 12 and 20

respectively.
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o 278
\% f dat NT.P, = 650 X — X ——
olume of hydrogen evolved a p 650 x w60 = 385
= 631 cc
1 g of metal A (eq. wt. 13) yields 1—1]:?20-9 cc hydrogen at N,T.P,
11200

1 g of metal B (eq. wt. 20) yields cc hydrogen at N,T.P.

If ! g of the mixture contains x g of A and (1-x) g of B,

then hydrogen evolved due to metal A = !—1;220—0 . x cc at N.T.P.
and hydrogen evolved due to metal B = 1-172099 {(1-x) cc at N.T.P,
F4
11200 11200
e (1 - = 631
g ST Ty (1)
“.x = 0.1902 ¢

The percentage composition is 19.02% of metal A
and 80.98% of metal B,

Answer

21. A mixture of 0.1 g of hydrogen and 0.2 g of nitrogen
is to be stored at 760 mm pressure and 26°C.

a) Wha)y must the volume of the container be, if it is
assumed that there iz no interaction between [nitrogen and
hydrogen ?

b) Caleulate the mole fraction of hydrogen.
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¢) What is the partial pressure of hydrogen ?

SOLUTIAON
a) Moles of H; = —0~1— = 004961 nole
2.016
3] " I\72 = "0‘2‘ bad 0.00714 mo]e
25.016

Total noles = 0,04%61 - 0.00714 = 0.0567% mole
nRT _ 0.0RG75%0082x299

Vo= ——
P 1
= _l‘ji‘g litr=s
Answer (a)
b) Mole fraction of H, = 0.04961 = 0.874

0.05675 ———
Answer {b)

¢) Partial pressure of Hy= Total pressure X mole fraction of H,
= 1 x 0.874 = 0.874 atm
Answer (c)

29, Four volumes of a gas di‘fusz in the same time a»
three volumes of oxygen. Find the molecular weight of the gas.

SOLUTION

According to Graham's law of diffosion :

L A P
R, d; M,

where R, aud R, are the rates of diffusion of gases 1 and 2
M, aud M, are their respective molecular weights.

LA
3 M,



18 _ %

9 T~ M,
_82x 9

M= —f =8

Answer

23. Calculate the molecular weight of air saturated with
water vapour at 25°C and 1 atm. The vapour pressure of water

at 2°0C is 23.7 mm aund dry air conlains 80%, nitrogen and 209/,
oxygen by volume.

SOLUTION

Since the vapour pressure of water at 25°C = 23.7 mm

The partial pressure of dry air at 2FeC = 760 — 23.7

736.3 mm
Since dry air contains N, and O; in the volumetric ratio of
80 ; 20,

The partial pressure of N; = 736.3 x 0.8 = 5%9.04 mm

» o» » » 0y = 73683 x 0.2 = 147.26 mm
rl1_120 vap : nN2 : nO; = PHZO : PN; : p02

= 23.7 : b89.04 : 147.26

1 g mole of air saturated with water vapourat 25°C and

1 atmn contains :

23.7

23.7
a) 560 mole of water vapour = g0 X 18 = 056 g
589.04 . 589.04 "
h)_ﬁO_— mole of N, = =50 % 28= 2170 ¢
o 14;E;(2)_s_ mole of O, = B v 32 620 ¢



. The molecular weight of saturated air = 0.56 4- 21.70
1 620 = 28.46
Auswer

24. When 5 g of ammonium carbanate NH,.CG, NH; were
vaporized at 200°C, their volume was 7.66 litres at 740 mm
pressure. Calculate the degree of dissociation according to the
following equation :

NH, CO, NH; = 2NH, 4 €O,
SOLUTION

Let the weight of ammenium carbarrate be w grams and its
molecular weight he M.

wo.
}} is the number of moles.

If o is the degree of dissociation, an] since one molzcule
of the carLamate, on dissociation, gives 2 a molecules of NHg,
« molecules of CO; and ( 1 — ¢ ) molezules of the carbamate

remaining undissociated at equilibrium,
then the tfotal number of molecules at equilibrium
=1-a+3a=1-+4 2 a molecules.

From %;— moles of carbamate, there will be ‘T‘f (1+2a)

moles at equilibrium.
The equation pv = n R T becomes,

“7
PV = o {(1+2a)RT

M=1P = % atm, w5 g, T = 275 4 200 = 470K
R = 0.082 litre atm.

740 5
— %X 766 = — (1 2a) x 0.082 % 473
760 75 (T 20

a -y, 1

L ]

Answer

The compound is almost completely dissociated.



PROBLEMS FOR PRACTICE

1. 45 cc of oxygen gas and 25 cc ¢f hydrogen gas mea-
sured at N.T.P. were mixed together and allowed to expand to
the total volume 120 cc at O°C. Find the total pressure of the
mixture and the partial pressures of the constituents. (443.2)
(284.9) (158.8)

2. If atmospheric air consists of 21%, and 79%/; by volume:
of oxygen and nilrogen respectively, calculate the partial ‘pres-
sures of the fwo gases in air at 760 mm total pressure. ( 159.6)
(600.4)

3. What are the weights of hydrogen, oxygem and nitro-
gen in a 10 litre vessel at 270C and under 750 mm pressnre,
if the composition of the mixture is 10%/y hydrogen, 15%, oxy-
gen and 75%, nitrogen by volume ? (0.08) (1.98) (8.48)

4. If a certain weight of a gas occupies 240 m] at 1.25
atmospheres, what is its volume at 0.75 atmosphere ? {What is
the volume at the latter pressure if the weight is doubled ¢
(400) (800)

5. If the composition of air is 25°/s oxygen and 779,
nitrogen by weight, what are the partial pressures of the two
gases in a one litre vessel containing 2 g of air at 15°C?

(0.3401) (1.2989)

6. 1.531 g of a gas acoupy 612 cc at 10°C and under 2
atmospheres, at what pressure (cm Hg) 0.218 g of the same
gas occupy 150 ce at 259G ? (92.983)

7. Find the volume occupied by 85 g ammonia gas at
100°C and 410 mm pressure assaming ideal behaviour ( 283.48 )



8. A mixture of 0.355 g of gas A (mol. wt. 71} and
090 g of gas B (mol. wt. 90) hLas a total pressure of 0.1
atmosphere. Calculate the partial pressures for A and B.
(0.0383) (0.067)

9. 125 cc of gas A at 0,6 almosphere and 150 cc of gas B
at 0.8 atmosphere are mixed together in a 500 cc vessel, Find

the total pressure of the mixture if the temperature is constant.
(0.39)

10, How much does a litre of octane gas weigh at 150°C
and 1 atm pressure ? (8.29)

11, 150 cc of a gas are collected over water at 25°C. The
total pressure during the experiment is 740 rm mercury. If the
saturated water vapour pressure at 24°C is 24 n'm mercury, find
the volume of the dry gas at 25°C and 750 mm pressure. (181.3)

12, What is the volume of 10 g of helium at 25°C aund
760 mm pressure 7 ( 61.07)

13. Calculate the concentration of a gas in iroles per litre
at B0UOC and under atmospheric pressure. Does the concentration
depend on the nature of the gas ? ( 0.0i58 )

14, Calculate the weight of a gas which occupies 10 litres
volume at 27°C and 780 mm pressure, if 2 g of the {same gas
occupy 3.9 litres at 2800 and 740 mm assuming ideal behaviour.
(5.3)

15. The speeds of diffusion of carbon dioxide and ozone
gases were found to be as 0.29 and 0.27 litres respectively. 1f
the relative density of carbon dioside is 22, find the relative
density of ozone. (25.19)
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16. A certain hydrocarbon is found fo bave a vapour
density of 2.550 g per litre at 100°C ard 760 mm. Chemical
analysis shows that the substance contains 1 atom of carbon to

1 altom of hydrogen. What is its moleculzr formula ? (GgHg)

17. What is the volume occupied by 11 g of carbon di-
oxide at 10°C and under 500 mm pressure ? (8.816)

18, In Victor Meyer experimeut, 0.2350 g of a liquid is
vaporized, and the volume of displaced air measured over water
in a gas burelte is 40,2 c¢ at 23.0°C and 730 mm, what is the

molecular weight of the vaporizod material ? (152.7)

19. If oune litre of sulphur dioxide and of nitrous oxide
measured at N.I.P. weighs 2.9265 auc 1.9777 g respectively,
calculate the value of the gas constani R for both cases if Boyle's
law holds. (0.0801) (0.0315}

20. The volume of a cerfain quantity of gas is 250 cc at
219C and under 1.4 atm. At what pressure does the volume change
to 300 cc if the temperature is raised to 49°G ¢ (1.44)

21, 100 cc of oxygen gas measured at 15YC and under 760
mm pressare are mixed with 8J ¢c nitrogen gas measured at 0°C
and under 700 mm pressure. The mixture is introduced in a
250 cc vessel, and the temperature of the vessel is raised to
40°C. What is the tolal pressure in the vessel 7 What are the
partial pressures of the gases ? (290.3) (33.4) (256.9)

22. An open vessel was hetaed till one third of the air
originally in the vessel at 2000} was expelled. Find the tewpe-
rature to which the vessel was heated. (166.5)

23, The volume of a certain weigkt of a gas is 360 cc at
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15°C at what temperature the volume becomes 480 cc al constant

pressure ? (111)

24. What is the volume of one mole of an ideal gas at
25%C and 755 mm pressure ? (24.6)

25. Ten grams of mercury were introduced into a glass vessel
which was snbsequently completely 2vacuated and sealed, then
heated to 600%C Calculate the pressure in atmospheres assuming
that the molecule of mercury vapour is monatomic and the
volume of the vesse] is 1200 ec. (0.993)

26, In a Vietor Meyer’s experiment 0.241 g of chloroform
replaces 47.9 cc of air (over mercury) at 23¢C and under 764 mm

pressure. Find the molecular weight of chloroform. (121.5)

27. If 2 litres of a gas at 23°C and 740 mm pressure
weigh 1.73 g- find the volmme of 10 g of the same gas at T3°C
and 1000 mm pressure. (10)

28. A gaseous mixture of 0 495 g gas A {mol. wt, 66) and
0.182 g gas B (mol. wt. 45.5) has a total pressure 762 mm, find
the partial pressure of the two gases. (494.61) (267.39)

29. When a piece of metal weighing between 0.5 and 0.6
g is treated with excess dilute acid 181 c¢ of hxdrogen gas is
liberated masured at N.T,P. The atomic weight of the metal
is 63.5. Find the accurate weight of the piece of metal to the
fourth decimal. (0.5131)



CHAPTER 1II1
THERMOCHEMISTRY

25, The heat of dissociation of hydrogen peroxide by pla-
tinum black is—23060 cal. If the heat fof formation of liquid

water i8 —63360 cal, find the heat of formation of hydrogen

peroxide,
SOLUTION
1. HZO’U) = H20(1)+ + Og(g) AH = —23060 cal
2. H’(g) + & O’(g) = H,OU) AHf= — 68360 cal
3. Hz(g) + Oz(g) = Hzoz(l) AHf-—— ?

Subtracting equation 1 from equation 2 we get equation 3
H 0 — H, O = H,0, —H,0,,— 40
tg) T % Oxgy —HaOsgy = Mgy = Ha0y = Oy

o H - H d 4H, = - 6836023060
g T Qg™ MOy T A= - OR0F
= - %5300 cal

Answer

26. The heats of solution of anhydrous magnesium sulphate,
magnesium suphate monohydrate and magnesium sulphate hepta-
hydrate are — 20280, — 13300 and + 3800 cal respectively. Find
the heat of hydration of the following :

a. anhydrous magnesium sulphate to the monchydrate.
b, anhydrous magnesium sulphate to the heptahydrate.

¢. magnesium sulphate monohydrate to the heptahydrate,



SOLUTION

1. MgS0, ®) -+ water MgS0, 4H = - 20230 cal

{a7)

2. MgSo0,. Ho“fs) + waler = MgSO4(aq) A4H = — 13300 cal

3. Mg50,.THO, .

®) + water = MgS0,

(aq) AH = - 8800 eal

Subtracting equation 2 from equation 1

Mg 804(5) + H20 - MgSO4.I']20 = MQSO‘, - PJgSO.;

) (s) {aq)

AH = (- 20280 - 13300)

(aq)

{One mole of HyO is taken from the excess water present )

MeSO, ) + Hz0 ) = MeS0,. B AB = — 6980 cal

0 9 5)

Answer (a)

Similarly subtracling equation 3 from euation 1 :

MgSO,(S) + TH,0,, = Mg80,.7H,0,  AH = — 24080 cal

(s)

)
Answer {b)

Also, subtracting equation 3 from equztion 2 :

= 13804.THZOI,S)AH = — 17100 cal

MgS0, . B0\ -+ 61,0

Answer (¢)
27. Write the thermochemical equation for the formation

of nitrous acid solution and find its heat of formation [{rom the

following equations :



1. NH,NO, (6) = Nz(g) + QHaO:;) AHl= -T1770 cal
2. My, + 02 = 20,0, AH = — 136730 cal
3. Nz(,g)+3Hz(g)+“'ﬂter = 2NH3(aq) AHe ~40640 cal

4, I\Hl(aq)"l‘ HNO?(E([) = NH, ho?(aq) S H= —9110] cal

.U'(

NH‘NOZ(S) -~ water = NH, NO, AH= 14780 cal

{aq)
SOLUTION

The heat of formation of nitrous acid solution can be obtained
from the equation :

O B Mgyt F gy + Oy T water = MRz ) AH = €

Starting by H, and water we Jean Horm

W Ng, 0
@' ) H®
NH41\'O,(aq) by two ways :

Way [ :
Multiplying equation 3 by 4 and addinz it fto equations 4

and 6 we get :
2H2(g)+ Nz(g)—l-oz(g)—f-water = NH.;NOz(aq , AH= -204504-Q cal
Way II :

Adding equations 2 and 5 and subtracting equation { from

the sum we get:
2 N ater = NH,N
H’(g)+ z(g)-!-og(g) -+ water 1\H4I\02(aq) AR = —6210 cal

It follows that :
— 29430 L Q = - 60210

e Q = - 30780 cal

Answer



— 34 —

28. The action of ozone on a solution of polassium icdide
evolves a certain quantity of heat. The action of hydrogen per-
oxide on potassium iodide solution gives a smaller quantily of
heat. The difference referring to one nole of Kl is 4 kcal. On
tbe decomposition of one mole of Hz0, 21.6 keal are evolved.
Calculate the heat of formation of ozone O,

SOLUTION
AH keal

1. O; +2KI1 + H;0 = 2KE0H + 0, -+ I, X
2. H,0, +2KI = 2KOE + |, (=4+8)
3. H,0, = H,0 + 40, - 21.6
4, 0, + 30, = 0, N T
Adding equations 1 and 3 and subtracting equation 2 we get

0; = 0, 4+ 30, AH = — 29,6 kcal

By rearrangement we get :

0; 4+ 40, = 0, Aﬁ}r: + 29.6 keal

Answer

Since both reactions 1 and 2 are exotlkermnic, AH in both
cases has negative values. As a snmaller quantity of heat is
evolved in equation 2, the numerical value of A H is less by 4
for each mole of KI and the absolnte value is therefore higher
by 8 kcal.

29, A certain volume of methane, on complete combustion
in a bomb calorin.eter, produces 2.0194 g of liquid water and
11.95 keal are evolved. Calculate the heat of formation of
methane,

Heat of formation of CO,, Aﬁf = — 94 Kkeal.

Heat of formation of liquid water, Aﬁf = — (9 keal,
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SOLUTION

T20; = COp o+ 20,0,

‘() (g)

In the above equation 2H,0,, formed correspoud o

h
2 X 18 = 36 g liquid water per mwole (16 g) nethane.

2.0194 g of liquid water formed were accompauied by

11.95 keal.

one mole of GH, wheun completely burnt liberates :

11.95 x 2.03169 = 213,03 keal
If the heat of formation of p.ethane ATlf =
(s) - 2H2( )= CH4( ) Aﬁf = x keal
also CH‘(g) +2 Oz(g) o= zH,O“,)—{~ CO,(g)/_\Il = —213.03kcal

By addition

C 20 20 =2 C
() T ey T 20y = 2,0y -k COap
AH=x — 213,03 keal (1)
Al o . Bom= — .
80 G( + O_(c) CO‘(g) AHf 94 keal
2H2(U) + O’(g) = 2H20(1) AR = ~138 keal

o

(s)
A = =232 keal (2)
From equations | and 2 :
x - 21803 = ~ 232
Soox o=~ 18,97 keal
” A ]]f for GH‘(g) = - 1_?_._22 keal

Answer
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30. If the heats of neutralization of NaOH and NH,OH with
hydrochloric acid are — 13680 and — 1%270 cal respectively,
calculate the heat of ijonization of NHOH, assuming that it is

practically not ionized.

SOLUTION

1. ECl o+ NaOH = NaGl oy + HaO

(aq) (a 0

AH = = 13680 cal
= NH,C| @~ HZO( D

AH = = 12270 cal

(aq)

2. HCl | NH,0H
@q -+ NHy

Taking the ionization into consideration, the two equations

may be rewritten as follows :

+ — T, 4 — = Nt
8 M T % T™ag T %@ =™ ag

+ cl—(aq) + HzO(I) A H = — 13€80 cal
. + 1'_ N =N + |t
b Hag T B aq T M 08 gy = RS () + B0y
+H0, A H = — 12370 cal

The ionization of NH;OH could be represented by :

NH,0H . = NA,* _ + OH-

(aq) ¢ (aq) (@) AH=xcal

Subtracting equation 3 from 4 we get :

NH,OH, . - OH-, . = NH,*

(aq) (aq) (aq)

A H= — 12270 + 13640 cal
-
@) T O (aq)
A U=+ 1410 cal
Answer

. NH,OH = NB*

(aq)
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31. The heat of mneutralization of hydrochloric acid by
sodinm hydroxide is 13780 eal and that for monochloroacetic
acid (CH,Cl. COOR) is 14?80 cal, If one g equivalent of hydro-
chloric acid is added to one g equivalent of sodium monochloro-
acetate in a dilute solution, heat is absorbed equivalent to 455
cal, Calculate the amount of acetate decomposed according to
the equation:

CHyOl. COONay, .\ + BCL | o = NaCl .\ + CH,Cl. COOR

(aq) (ap)

SOLUTION

= CH,Cl.COONa, -+ H,0

( (aq)

(aq) (D
AH = — 14980 cal

2. CH,Cl.COOH NaOH
2 (aq)+ “an

Subtracting equation 2 from equation 1 we get equation 3:

. C . NE = Cl. H Na(l
3. CH,CLCOONa, . +HCI CH,CLCOOH, . + NaCl

AH = 4 500 cal

(aq) (ad)
Since the heat absorbed in the reaction is only 455 cal,

455 % 1
500

= 0.3099 g equivalent

the amount of the acetate decomposed =

Answer

32. CQCalculate the heat of formation of CS,,, and H,S

) (8)
using the following information :
AR keal
1. 2 H = 2 H,0 .
19 T Qg = 2 M0 - 18
2. 8+ 0, = 50, - 7108

(8) @ (8
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5, 9H,S 4 80, . =2 [LO. — 280 ~ 267
g —l g) i () (g)

4. (S5 30 = (0 25 — 253
sy T 9% WOrgy T 250y,

- %

5. C 0 -
o T Yy GOy
SOLUTION

Multiplying equation (2) by 2 and adding equation (5) to

the resulting equation then subtracting equation (4). we get :

2 S+ Cq = 8y A= 1484 keal

Amswer

(®)

Similarly dividing eqnation (1) by 2 and adding equation
(2) to the resulting equation then smbtracting equation (3) after
div_.ding it by 2, we get:
H 4-3 . = H,S i, = — 5.58 keal

%(g) Py ABj ot

Answer

(s) g)

83. Calculale the heal of hycration of one mole of
anhydrous copper sulphate by 5 moles of water vapour at 25°C
provided that the heat ol evaporation of water is' 4 10.52 keal
per nole and the heats of solution of anhydrous copper
sulphate and copper sulphale pentahydrale are — 28.97 and
— 10.12 keal respectively.

SOLUTION

1. Hzom = H=0(g) Ae=410,32 keal.

2. CuSO RHLO
W% T Py

-+ waler =

CuS()4.5H20(S) AH=Q kcal

!
o
£
8
Q)

3. CuS0.5H,0 3 “(aq) AHe —10.12 keal

()

4, CuSO4(S) + water = ‘

i
[wp]
=
o
2
>

ag  AH=-28.97 keal
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Multiplying equation (1) by 5 and adding the product to
equation (2) and (3) gives:

5 HgOU) —]—CuSO,,(s) +5 Hzo(g)—{—GuSO,.E-HzO(S) water

= 5 H0

CuS0,.5
@ + CuSQ, H20(5)+Gu804(aq)
AH = (1052 x5 + Q - 10.19)
CUSO-a(s) + water == GuSO.‘(aq) AH=42.484 Q keal

which js the same as equation (4)

42,48 1+ Q = - 2897
Q= — 11.45 keal

Answer (3)

34, The fugion of NagS0,10H,0 at conmstant temperature
gives a saturated solution containing x moles of water for each
mole of NagSO4 and anhydrous No,8O, is precipitated. Dauring
the fusion 16509 cal are absorbed per each mole of Na,Sq,.-
10H,O changing to the saturated solution and the anhydrous
sulphate. If x = 15.6, find :

i) The number of moles of sulphate in the [saturated so-
lution and the moles of anhydrous sulphate resulling from one

mole of Na,80,.108.0.

ii) The heat evolved on the formation of Na,304.10H,0
from one mole of anhydrons Nay80, and a saturated solution of

sodinum sulphate,
SOLUTION

The composition of the saturated solution is one mole of is Na,SO,
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per x moles of water.

For each mole of NagSQ,4.1011,0 on decompasition, 10
X

mole of Na,80, is in solution.

Hence the reaction taking place on fusion could be repre-

serded by the equation ;

X x
gat. solution precipitate
Since x = 15.6
.. The sulphate in the saturated solution = 1%06*“ 0.641 mole
and the precipitated sulphate =1 - 11‘06 = 0.359 nole

Answer (i)

Substituting for x in the above equation:
Na 50,. 10 H,0 = sat. sol. 4 0.359 Nag80; AH = - 16509 cal
<. sat. 50l.4-0.359 Na,80, = Na,80,. 10,0 AH = — 16509 cal

The heat evolved when one mole Na,SO, reacts with the

16509 x —_
0.359

= 4F000 cal

saturated solution of sulphate

Answer(ii)

3% 0 0874 g of iodine replaced 13.7 ¢c of air ina Victor
Meyer’s apparatus at ©1.70C and 72¢ mm pressure. Calculate the
vapour density of the iodine and its degree of dissociation at the
temperature of the experiment.

(Water vapour pressure at 21.5°C = 19-2 mm)
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SOLUTION

Volume of air collected in the experinent at NT,P =
273 >(('7:23» -19.2) o

volume of the vapour at N.T.P. = 13,7 x
204.5 760

which weigh 0.0874 g.

Since the molecular weight of a substance in grams (one
g mole ) occupies 22400 cc at N.T.P.,

0.0574 x 294.5 X T60 x 22.400
13.7 x 273 x 7038
= 1663 g

Mol, wt. =

This is the apparent nwl, wl, of iodine under the con.
ditions of the experiment.

The apparent vapour density of iodine = 166.8 83.15

2z

Answer

The calculated vapour density of jodine

- The actual mol. wt.

2
o 254 e 197
9,
I, e a1
{(l-a) 2a

If o is the degree of dissociation at equilibrium and we
start with one mole of undissociated fodine, then a fraction «
will dissociate and (1—o) mole will remain uudissociated. The
a mole will dissociate to give 2« g atoms of iodine.

The total number of iodine g moles and g atoms at equili-
brium is {1 4+ «).
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According o Avogadro's hypothesis.

Volume after dissociation

Volumre before dissociation

nomber of noles after dissociation

number of 2 oles before dissociation
Since the density is inversily proportional to the volume

. llL_l+a
D, 1

where D; and D, are the vapour densities hefore iand after
dissociation respectively.

12T _ 14«
83.15 1

wa = 0.5273

Answer

a could also be™ obtained by substituting direcily in the
equation :

a = —-D] - D2
Dz (11—1)

where n is the nunber of units produced by the dissociation

of one mole of the reactant.

36. In a series of five eaperiments with Hl 0.96 g of the
latter in each experiment is entirelv ccnveried inte vapour at
the given temperatares and constant pressure and then dquickly
cooled. The amount of jodine liberated in jeach experiment is
determined by titration with 0.1N scdium thiosulphate and the
volumes of the latter at the corrsspending temperatures are
as follows :
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Temperature °G~ 2F0 290 350 360 420
Volumece 13.25 12,4 120 14.6 15.7

Calculate the percentage of HI dissociated at each temperature
and express your results in the form of a graph. What cone-

Iusions could you draw from the fern: of the curve?
SOLUTION

Number of cquivalents of HI = %_: S(i = (.0075.

The nunber of equivalents of T, formed could be obtained
by multiplying the volume of thiosulphate used in cc by the
normality 0.1, and dividing by 1000.

The percentage dissociation could be calenlated by dividing

_the equivalents of jodine by 0.0075 and nultiply'ng by 100.

TemperatureG 2*0 200 320 360 420

Volurre of thiosulphate in cc 13,25 124 120 146 157
Eqaivalents of iodinex 104 13,25 124 12,0 146 157
of, dissociation 17.66 16.63 16.00 1946 20,93

If the curve is drawn it will show a minimum at about
3200C. Below this temperature the dissocialion decreases with
rise of temperature, so the reaction is exothermic. Above the
minimum the dissociation increases with rise of temperature,

showing that the reaction becomes endothe mic.

37. When carbon monoxide, hydrogen and methyl alcohol
are burnt completely in closed vessels containirg ozygen, the
heats evolved are 67700, 68400 and 170600 cal per mnwole res-
pectively. Using these data, find the heat change in the

following reaction :

Go(g) U s;H"”(g) B CHJOHU)
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If this reaction is carried ou! under atmospheric pressure at
8000(, what is the work dome by the atnosphere on the system
per mole of methyl alcohol formed® What is the effect produced
on the heat of the reaction if jt takes place under constant

pressure or at constant volume ?

SOLUTION

1. CO = :

&) + + O2(g) Coz(g) A E = — 67700 cal
2. HZ(g) + % OZ(g) = HJO(I) A E = — 63400 cal
3. CH,0H 1+ O = ( 1

Oy T 1 Oyggy = COs¢y - 2110

M
A E = — 170600 cal
4. CO

+ 2H2 = CHgOH

0y AE=0Q cal

® (£)

A E and Q, are used since the process is czrried ont at
constant volume.

If equation (2) is multiplied by 2 and added to equation (1),
then equation (3) is subtracted from the sum, equation (4) is

obtained.

P GO + 2Ho

@ T Py = CH: O

) A E = — 33900 cal
Answer

The work done by the atmosphere on the system is P AW

where A V is the change in volume.
Assuming the gases to be ideal . P A V= AnRT

where A\ u is the change in number of moles of gases.
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<. /A n= number of moles of gaseous resultants - numrber
of moles of gaseous reactants

= 0~3 =~ 3
The work done = An RT
= — 3 x 1987 x B72 = - 3416 cal
Answer

The negative sign indicates work done on the "system by
the atmosphere.

The heat of the reaction at constaut pressure Q‘p (or AR

differs therefore, from the heat of the reaction at constant
volume Qv by the value of the work done.

AH = AE 4+ PAV

or Qp = Qv +PAV
= Q, + AnRT
= — 33900 - 3416 = -~ 37316 cal

Angwer

38, The heats of formation of NaOH,6 . ,Na NO, and
(am) (aq)
OH-(aq) are — 112.936, — 106.651 and —~ 54.957 keal mole!
respectively. From this data calculate the heat of formation of
NO,”
? (aq).

SOLUTION
1. N H 0 + water = Na OH
o) ¥ Byt & Onggy o+ water = Ba Off
- Nat - ® T oam— ,
Na (aq) +0H (aq) I AH; 112,236 kcal,
(*) The heat of formation of an aqueous strong electrolyte

is the sum of Lhe heats of formation of aqueous ions into
which the electrolyte ionizes.
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3

2. Na(s) 4 %szg) 2( )+ water = l\al\Og(‘([)

= Na* - H, = - !
Na (aq) -+ 03 () AH{ 106.651
3. 0 n -at = H-
+ 2g) + %H“(g) 4+ e + water 0 (a7)
A\Ef = — 54,957

Adding equations (2) and (3) and subtracting (1) :

1 3
) l\z(g) + iy (g) + e 4 water = NO,~ (a®)

ATj= ~ 49.372 keal

Heat of formation of XQ;™ = — 49.872 keal mole™!

(aq)

Answer

39. Calculate the integral hezt of dilution for the addition
of 195 moles of H20 to 1 mole of HCl in 5 meles of H;0.
The integral heats of solution of ECl in 5 moles of water and
200 moles of water are — 13.31 and — 17.74 kcal respectively.

SOLUTION
The integral heat of solution is the enthalpy change for
the solution of [ mole of solute in n moles of solvent.

Integral heat
of solution

1. HOl(gy+ 200 Hy0( =HOLin 200:,0 AH= ~17.74 keal
2 HClgpy+ 5 By =HClin50) AH= 1531 keal

The integral heat of dilution is the enthalpy change when
a solution containing 1 mole of solute is diluted from ome con-
centration o another.
By subtracting equation (2) from equation (1):
1956 H,0 = HCI in 200 H,0 — HCI in 5 Hy0
AB =— 2,43 keal
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or, by rearranging :
HCI jn 5 Hy0 4 1¢5 H,0 == HC{ in £00 H,0

The integral heat of dilution AH =- 243 keal

.

Aungwer

40- From heats of formation data given in Table 1 { see
appendix ) calculate the enthalpy change it 250G per kg of fmel

aud oxidizer for each of the following reactions :

H =
) Hgy T Oy = HO
b 3 =
) CHOH ) + % Oz, = COy ) + 2H,0
! = 2
O gy Ty =
SOLUTION

a) Since AH for a reaction = sum of heats of formation of

products minas sum of heats of formation of reactants

For the reaction :

Hogy T 2 Onyy = HiO,

Heats of formation 0 0 - 578 keal
at 2ke(

o dH = — 57.8 keal
.*. Enthalpy change at 25°C per kg of fuel and oxidizer

— K18 X 10600 = —~ 3210 keal
2 4 4 X 32 Aunswer (a)
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b) CHy O, + 2 Oy = €Oy, + 2H,0,,

(g) )
Heats of -57.02 o — 9405 2 (~57.8) keal

formation at 25e(

AH = — 9405 + 2 (—57.8) — (-57.02)
= = 152,63 kcal

Enthalpy change at 25°C per kg c¢f fuel and oxidizer

- 152.63 1000 = ~ 1908 keal
32148 e
Aunswer (b)
c H F, = 2HF
) Mg+ P ()
Heats of formation 0 0 2{-64.2) keal
at 25°C
s AdH = — 2 X 642 = ~ 1284 keal
.. Enthalpy change at 25°C per kg of fuel and oxidizer
- AL 000 = — 3210 kel
2-L2x19 —

Answer

41, In a bomb calorimeter, the combustion of 1735 g of
sucrose produces a temperature rise cf 2.9070C. The heat of
combustion of sucrose (C;5H200() is 1349.6 kcal mole!

a) What is the total heat capacity of the water and the
calorimeter ?

b) If the calorimeter contains 1850 gramrs of water (specific
heat == 1.0 cal deg™f g~1), what is the effective heat capacity
of the calorimeter ? In this problem , corrections for the
oxidation of the wire and residual nitrogen may be neg]ected.



SOLUTION
heat of combustion per mole

mol, wt. of sucrose
1849.6 keal gt

-

Heat of combustion of sucrose per g =

a) Heat capacity of water and calorimeter X At =
Heat liberated from combustion of 1.758 g sucrose
or heat capacity of water and calorimeter x 2.907
1349.6
342
1340.6 X 1.7953
842 x 2,807
= 2.375 koal deg™

Answer

X 1753

.*» Heat capacity of calorimeter and waler =

b) 2.375x10% cal deg—!= heat capacity of water + heat capacity
of calorineter’

= 1850 X 1 4 heat capacity of calorimeter
Heat capacity of calorimeter == 2375~ 1850 = 525 cal deg™!

Answer (b)

42, C(Calculate the enthalpy chauge for the followiug

reactions :

H N = Na (Ol HB
W HOlqy * M Brony = MGy + Hreg
N N
by Ca Gl’(aq) 4- I\az(303( ) Ca CO, “(¢) - 2NaCl (aq)
: 1 , — Tt -
¢) Li (s)+ {a Cl,(g)-{-“ater Li (aq) + Cl (aq)

Note : data on enthalpies of formation of ions are obtained

from text-books of physical chemistry.



SOLUTION

(a) HCI + Na Br(aq) = NJC](aq) + HBr

(aq) (aq)

No heat is evolved or absorbed in such reaction.

ie. AH = 0

Answer (a)

Reason : Strong electrolytes are completely dissociated and

their heats of dilution are very small in dilute solutions and the

above reaction can be represented by :

ao * Voo ap T B ap Mo

T T Mgt Mag
It is apparent that no heat effect wculd be expected.
b) GaCl, (aq) + Na;CO_;(aq)= Ca 003(5) |- 2NaCl(aq)

This reaction can be written as follows

4 9c1~ oNa* ~-
gy T 2 g T T 007
= Ca CO;(S) -+ 2Na"(aq) + gcl"(aq)
C ++ —= =
or a (aq) 4 G0, (a1) CaCoO, @
- 12977 - 151.63 — 288.45 kcal

Heats of formation

4dH = — 288.45 — (- 120.77 — 1061.63)

4 2.95 keal
Answer (h)

l
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c) LI(B) + % C]’(g)+ water Li (aq) - Cl (ar)
eats of formation Q 0 - 6055 — 40.02 keal
A = - GGBI — 40.02 — 0
=— 106.57 keal

Answer (c)
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PROBLEMS FOR ['RACTICE

1. Calculate the heat of fornation of lithium chloride
in 12 noles of water, if the heat of lormation of lithium chlo-
ride solid at 23°C is — 97 7 keal and the integral heat of
golution of lithium chloride in 12 moles of water is ~ B.011
keal, (- 105.7:1)

2. Calculate the heat of formation of hydrochloric acid
in 200 moles of water, given that the heat of formation of
hydrochloric acid is — £2.063 keal and that the integral heat
of solution of hydrechloric acid in 200 moles of water is
— 17,740 keal. (- 39.803)

8. The heat of combustion at constant pressure aud 259C
of liquid carbon disalphide is 278.6 kcal per nole. Calculate

its heat of forpation Heats of fornation data in appendix. (21.0)

4. The heat of combustion at constaut pressure at 25°C
of liquid toluene is 934.5 kcal per mole. Calculate the heat
of formation of liquid teluene if the heats of formsution of

GO,(g) and H;O(l) are — 24,052 and - 68.317 kcal mole™!

respectively. (2.868)

5. Calculate the heats of hydration of anhydrous calcium
chloride to Ca(ly.6H,0 from the following data :

Ca Cl;(s) + water = Ca G.lz(fl(‘[) AH = - 180 kea)

Ca Cl;.GHZO(‘) fwater=CaCly o) AH = 4 45 kel
(—22.5)

6, Using data on heals of fermation in the appendix,
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calculate the beats of comimstion (4k) at 20¢C of the following

(0
a) u-butane b) methanol ¢) acetic acid.
(—0637.9) (—173.63) (—208.2)

7. For acetone. AI—I‘Jf is — 61.4 kcal nole—?! at 259C

a) Calculate the heat of combustion at conslant pressure.

subtances to Hy0 , and COz(g) :

b) Calculate the heat evolved when 2 g of acetone is hurnt

under pressure in a closed bomb at 25¢C, [—425.65) (14.64)

8. The combustion of oxalic acid in a bomb calorineter

vields G73 cal g~! at 2500. Calculate AE and AH for the
combustion of 1 mole of oxalic acid. {~0605:0) (— 59683

9, Calculate the heat evolved at 25°C in the reaction:

3 Mg(s) + Fe, 05, , = 3 Mg 0(3) + 5 Fe

(s) (s)

When Mg is oxidized to MgQO, 4H = — 145.7 kcal. The
heat of formation of Fe,O5 is — 196.5 kcal mole™ ¢ (240.6)

10. In determining the heat of combustion of naphthalene
in a bomb calorimeter, it was found that ;

G]OHS + 12 02 = 10 CO; + 4H20

(s) (&) (8) (&

Find (a) the heat content change ir the reaction and (b)
the heat of formation of naphthalene from its elements at 2500,
Use data given in table 1. (-1235.17) (21.38)

11. a) Galeulate the heat evolred when 1 gram of
ethylene is exploded at constant pressure at 25°C with an excess

of air.
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L) Calculate the heat evolved when 1 g of ethylene is
exploded with an excess of pure oxygen at 20 atm pressure in
a closed bomb. (— 12.02) (12.0)

12. Calculate the heat of formation of PCls () given the

heats of the [ollowing reactions at 25°C :

D 2+ BClyy = 2Py, 4L =~ 151800 cal
C G = N AH = 32 v
2 PCly )+ Ol = PO | 32810 cal
( ~108.7)

13. 1 the heat of solation of barium chloride is — 2070
cal and the heat of hydration to BaClz, 2H,0 is—~6970 cal, find
the heat of solution of the hydride and write the necessary

equations, (4900)

14, The vapour density af vaporized SOy at 630°C and
atmospheric pressure is 9.27x (074 gfee. Calculate the degree
of dissociation of the gas. (0.03528)

15. Phosphorous pentachloride, on evaporation at 127°C
dissociales to the extent of 20% . Calculate the work done in
calories, when 104.3 g of phosphorous pentachloride are evaporated

at the same temperature. (480)

16. Ii the heats of combustion at 270C for “carbon mono-
xide and carbon to carbon dioxide are — 67950 and — 96950 cal
respectively under constant pressure, find the heat of formation
of carbon monoxide under constunt pressure and under constant
volan e. (—29300) (~ 29000)

17, When 10 g of sodium are dissolved in a big quantity
of water 18800 cal of heat are evolvel. When 20 g ‘of sodium



oxide are dissolved under the same conditiohs 20400 cal are
evolved. Find the heat of [ormation of sodium oxide if the heat
of formation of liquid water from oxygen and hydrogen gases
is — 63000 cal. (— 91240)

18. Given that :

K H,0 = H 3+H AH = - 481 keal
1) (5) + 2 U) _l-aq. I(O (aq)+‘2' l(g) ca
3) KOH(S) + af = KOH (aq) AU = -153 kcal

Find the heat of formation of KOH from its elements,
( — 1032 )

19. CQCaleulate the heat of tbe reaction :

g T OO, = AlOs o+ 2Cr

( (s) )

il the beats of formation of aluminium oxide and chromium

oxide are — 380 and — 270 keal respectively. (—110)

20. If the heats of combustion of carbon, hydrogen aud
formic acid are — 97, — 68 and — 66 keal respectively. find

the heat of formation of formic acid. (-~ 99)

21, In an adiabatic calorimeter 0.4362 g of napbthalene
caused a rise of 1.707°C in temperature. The heat capacity of
the calorimeter and water was 2460 cal per deg. If corrections
for the wire and residual nitrogen are neglected, what is A E

for the combustion of naphthalene per mole ? (- 1232)

22. Calculate the amount of work and heat produced, at

constant volume at 327°C, for the following reaction :
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CH,0H , + +0, @ = Oy T SHZO(g)

AH = — 196400 cal

(B

( —199400)

23. How many litres of methane, measured at N.T.P.
must be present to raise the ten perature of 2 kg of water from
20°C to 30°C. The heat of combustion of methane is 213 keal

( 2.1)

24, 1f the heat of combustion of diamond and graphile
are — 945 and — 94.05 keal respectively, what is the heat of

transformation of graphite to diamond 7 (450)

25, 1f the heat of combustion of carbon, hydrogen and
ethyl alechol are ~ 94,05, — 68,32 and — 826.7 keal rzspectively,
find the heat formation of ethyl alcohol. (- 66.36 }

26. If the heat of neutralization of sodium hydroxide with
hydrochloric acid is — 13680 cal, with acetic acid is — 13400
cal and with butyric acid is — 13800 cal respectively, find the
heat of ionization of the two latler acids. (280) (- 120)

27. 0,702 g of henzoic acid ( heat of combustion = 6234
calfg) are burnt in oxygen under pressure in an adiabatic calori-
meter, The teinperature is raised oy 1.263°C. When 0.621g of a
fuel oil is burnt under the same conditions the temperature is
raised by 1.68200, What is the heat of combustion of the fuel
oil 2 {9385)

28. 1f the heats of formalioa of {erric oxide and aluminium

oside are -~ 195.6 keal and —3881.) respectively, find out the heat
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of reduction of ferric oxide by aluminium. Is it an endothermic

or exothermic reaction ? (— 185.4)

29. Gold hydroxide dissolves in lhydrochloric acid
according to :

AU(OH)Q(B) + 4HG](aq)'ﬂAu Gl‘(aq)—]- EH’O(O AH= —25000cal

and in hydrobromic acid according to :

Au(OH);, . + 4RBr

® (aq) =HAu Bl‘q(aq)"l- 3 H:O(U AH= - 36800cal

If one mole HAuBr, is mixed with 4 noles of hydrechloric
acid heat equivalent to 510 cal is ahsorbed. What percentage

of bromo-auric acid changes to chloro — auric acid ? (3.7)

30. The heats of combustion of ethane, ethylene and
hydrogen are — 370440, — 333350 anc — 68400 cal respectively,
Find the heat of reduction of ethylene to ethane according to
the equation :

C2H4(g) + Hz(g) = C'2H6 (' 31310)

()
31 HCI, + AgNO, = AgCl(B)+ HJ\‘Os(aq) AH= ~15800cal

(aq) (aq)

KGI(aq)+ Agl\'();(a(n = AgCl(s) + Ehog(aq) AH: -15800¢al

3BaCly, -+ AgNO;, = AgCl .+ 3 Ba (NOy),

(aq) (aq) (s) (aq)

AH= -1:800csl

Give reasons for the counstant enthalpy changes in the above
reactions and find the enthalpy change for the following reaction:

CB,CO0Cs
T Mg
(—15800)

Os Ol oy -+ CH,C00Ag, .\ = AgCi

(aq) (s)
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82, Find the heat of formation of carbon disulphide if
the heats of formation of sulphur dioxide and carbon dioxide
are— 71 and —94.3 kcal respectively ani the heat of combustion
of carbon disulphide is—265.1 keal. (28.8)

33, The heat of neutralization of nitric acid by sodium
hydroxide is— 13680 cal an] that of chloroacetic aeid (CHCl,CO0H)
by sodinm hydroxide is —14330 cal, If one equivalent of sodium
hydroxide is added to a dilute solut.on containing one equivalent
of nitric acid and one equivalent of chloroacetic acid and - 13360
cal are evolved, find the distribution ratio of the sodiuw hydroxide
between the two acids, (3.1:1)



CHAPTER 1V

SOLUTIONS

43. A solution of KNO; coutains 192.6 grams of salt per
litre of solution. The density of the solution is 1.1432 g ml™l,

Calculate the voncentration in terms of :

(a) molality (1) nolarity (¢) mole fraction (d) weight per cent.

SOLUTION

Molecular weight of KNO; = 39 4+ 14 + 48 = 101

Weight of a litre of solution containing 192.6 g of ENO,
= 1000 x 1.1432 = 1143.2 ¢

Weight of solvent in a litre of solution = 1148.2 — 192.6
= 950.6 g

192.6
moles solule ) 701
1000 g solven: — 950.6
1000

= 2.005 molal

a) Molality =

Answer (a)

192.6
moles solntf,__ 101

b)Y Molarity = ———
) l litres of solution 1

= 1.905 molar

S ey

Answer (b)



c) Mole fraction { of solute)

moles of solute
moles of sojute-+- moles of solvent

192.6

= 101 = 0.0348
192.6 95(.6
101 + 18 Aswer (¢

grans of solute

d) Weight per cent
100 grams of solution

192.9 x 100 — 16.85

1143.2 s
Answer (d)

44. Solutions of hydrogen chloride in chlorobenzene obey

Henry’s law. In dilute solutions,
K =L =043
m

where K is Heury’s constant, p is ziven in atmospheres and
m is the molality. What is the partial pressure of HCI in mm

over a 1 per cent by weight solution of HCI in chlorobenzene ?

SOLUTION

Weight of HGI in 1000 g chlorobenzene = 100:)9><1 = 10.1g

Molality of BCl = -;—g—; = 0.277 mole per 1000 g solvent,
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But K = 2 =0.438
m

p = 0.438 m = 0.433 x 0.277 aim

0438 x 0.277 x 760

= 92-1 mim

Answer

45. A 10 litre tank of methane at 470 mm total pressure

and 25°C contains 1 litre of water. How many grams of methane
are dissolved in the water?

Heury’s law constant for methzue at 25°C :

K, = Py _ portial pressure of gas in mm (&)
’ s,  mole fraction of gas in solution
= 31.4 x 106

and the vapour pressure of water at 25°C is 23.76 mm.

SOLUTION

Substituting in Henry's law : K; = i

760 - 2
31.4 % 10€¢ = u
Xg
716-24
— [ . -5 — H
X2 = ar i 106 = 22.8 x 10 mole fraction of

methane in aqueous solution.

(%) The Subscript 2 indicates solute ; a subscript 1 indicateg
sovent,
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02 — M2

n, +n; 7 ong

—

x:.—

Ng
dilute.

negligible compared to n; becausz the solutioun is very

n, = 228 x 107% x n,

= 228 x 10-6 x l-glg—q = 1.27 » 10=2 moles

Grams of methane dissolved in waler = n, x mol, wt. of CH4
1.27 x 1072 x 16
0.02(3 ¢

1

]

Answer

46. Dry air is drawn in succession through a series of bulbs
containing 4.257 g of a substance X dissolved in 52.68 ¢ of ethyl
alcohol (C,HsOH) and then througl: a similar series of bulbs
containing pure alcohol. The indrawn air and the two sets of
bulbs are at the same constant temperature. The loss of weight
in the first series of bulbs is 1.292 ¢ and in the second series

0.0313 g. Calculate the molecular weight of X.

SOLUTION

Raoult’s law can be expressed a3 :

wa

pO - p — n, — Ma
POy s
MM,

Where pP is the vapour pressure of the pure solvent, p the
vapour pressure of the solution, w, ‘he weight of the solute, M,

its molecular weight, w 1 the weighs of the solvent and M; its
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molecular weight. The loss of weight of the first series of bulbs
is proportional to the vapour pressure of Lhe solution (p) and the
loss of weight of the second series of hulbs is proportional to

the lowering of vapour prrssure (p° — p).

4.257
0.0313 _ M,
0.0313 + 1.292 ~ 52.68 N 4,951
46 M,
M. = 1635
Answer

47 The vapour pressure of a solution containing 6.69 g of
Ca (NOs); in 100 g of water is 746.9 mm at 10000, What is the
degree of dissociation of the salt ?

SOLUTION

Ga (NO;y), - Ca** 4+ 2NO—-,

1l -o o 2

Mol. wt. of Ca (NO;), = 164.1

Moles of Ca (NOs), in 100g water = 000

164.1

Moles of HyO in 100 g water = _1_082
1

Raoult’s law can be approximated since n, <<<< n,.
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If o i the degree of dissociation of Ca(NOj';, then at
equilibrium, the total number of units present in solution are

1+ 2a).

Since the initial number of moles of the solute is n,, then,
at equilibrium, it will be ny (1 4+ 2 2.

6.69
760 - 74690 _ 1641 'L T 2)
760 - 10C
18
a = 0.675
Answer

48. A mixture of ethylene dibromide (C;H,Bry) and waler
boils at 9100, What is the percentage composition distilled over

on steam — distilling the mixture ?
(saturated water vapour pressure at 91°C is 545 mmy)
SOLUTION
The molecular weight of ethylene dibromide = 188,
From Raoult’s law :

The moles of the component A .n the distillate n )

B

The moles of the component B in the distillate n

The vapour pressure p A

The vapour pressure Pp

at the temperature of distillation.

wA[MA PA

WB / MB PB
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M, and M, are weights in grams and

A VB A B

molecular weights of the components A and B respectively.

where w

The total vapour pressure over the mixture at its boiling

point is equal to the atmospheric pressure 760 mm,

The vapour pressure of the bromide at the “same tem-

perature = 760 - 545 == 215 mm.

“HO0 545 x 18 _ 412
¥ romide 215 x 188 1
2-4.12 2
The percent weight of bromide = h12- 410 :."X 100 =19.5

41241 @
Answer

49. An aqueous solution of a non-volatile solute freezes
at — 0.200°C. What is its boiling point ? What %is its vapour
pressure at 100°G ? The molal boiling poiat constant for water

15 0.51 and the molal freezing point constznt is 1.56.

SOLUTION

The molal freezing point constant far water I\'f is the

lowering in the freezing point of an aqueous solution containing
one mole of the non-volatile solute in 1000 glof water, and the

molal boiling point constant K is the cise of the boiling roint

of the same solution.

s Abp = K MW“ X 1000

3 Wy
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= K ——=— x :000
alse At b b My
Aty K
Aty Kg
At X Kh
SNl = —
K
f
B!ll Atf = 0-2 ' Kh = 0-51 and Kf = 1.86
02 x 0.51
ty, = —— " = 0.055
Aty 1.86
. The boiling point of the solution = 100 4 0.055
= 100.055°C
Answer
Alp = Ky X m
where m is the molality of the solute in water.
0055 = 0.51 X m
= %055 0.1078 mole per 1000 g water.
0.51
0.1078 = —22 % 1000
h‘Iz“’l
= 2. x 1000
Wy
. 0.1078 n,
) 1000 Al
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.. SR MS x My

1 WM, 1000

__ 0.1076 x 18
_' 1000

But from Raoult's law:

R __ P—p

oy p°
L0107 x18 o p
© 1000 po

The vapour pressure of pure water p® == 1 atm at 100°C

, _ 0.1073x18
1000

'p_

= (.998 atm
Answer

50. A hydrocarbon of the type H(CHz‘n H ie dissolved in

thylene bromide, which freezes at {0.00°C. A solution which
ontains 0.81 gram of hydrocarbon per 190 grams of ethylene

wromide freezes al 9.47°C. Calculate the value of n.

SOLUTION

At = 10 — 947 = 0.530

Kf ( for ethylene bromide ) = 12.5der muJd™ ( appendix
able 11),
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0.81 y 160

053 = 12,5 x
M, 1000

M, = 100.5
But the n.olecular weight of the hydrocarbon H(Glflz)n H
= 2 +4 l4n
<2 4 ldn = 1005

n =17

Answer

51 Ten grams of benzene, 10 grams of toluene arnd 10
grame of naphthalene are added together to give a hon oge-
neous solution, If it is assumed that the solution is ideal, how
many grams ol toluene will be vaporized by passing through 10
litres of air at 30°C if the vapour pressure of toluene at this
temperature is 36.7 mm, that of benzene is 118.5 mm and that

of naphthalene is negligible ?

SOLUTION

The mol. wts. of benzene CgHg, toluene CgHsCHy and
naphthalene C;oHy are 78, 92 and 128 respectively.

Moles of benzene == ’;——g = (0,128

10

» » toluene - — = 0,109
92

»  » naphthalene = :ng 0.078

Total moles = 0315
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Moles of air =27 = L %10 0408
RT = 0.082 x 703

Since the solution is assumed to be ideal, then Raounlt’s law

can be applied to each of the components in the solution.

plzpl)x"'

Partial vapour pressure of benzene = 1i8.5 x0—'1—28 =48.2 mm

]
Partial vapour pressurne of toluene = 36.7 x((—))'—lg-?— =12.7 mm

"» e »  naphthalene = 0 mm

' " yw o air =760 - (48.21-12.7)=699.1mm

But from Dalton’s law of partial pressures :

H - . == 1 B H 2
pbenzene ptoluene Pair benzene toluene alr

where p is the partial pressure of the component and n

is the number of moles of vapour of the component carried
by the air.

. partial pressure of toluene  moles of toluene

* » " ail‘ " " air
or _12_7_ - moles of toluene
699.1 0.403
.. Moles of toluene Vapol‘iZEd - 0.403 X_‘I_Q._t_
699.1
= (,00732

* The mole fraction of a component in a solution is given

the symbol x, while in vapour it is given the symbol y.
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¢, Grams of toluene vaporized = 0.00732 x 92
= (.673 g

Answer

%2.  Aqueous solutions of dichloroacetic acid ( molecular
weight 129 ) of strength (a) 0.1 molal and (h) 0 01 molal have
freezing points —C.278 and -0.033°C respectively. On the
basis of Arrhenius theory, whal is the degree of ionization in

each of these solulions ?

{Molal boiling point constant K[ for water == 1,85°C)

SOLUTION

12.9 g of dichloroacetic acid in 1000 g water lowers the

freezing point 1.85°G.

.. For the 0.1 molal solution :

12.9 g dichloroacetie actd in 1000 g water lowers the

freezing point by Atf oC

129

At = 185 X — = 0.185°C
129

f, cale.

Similarly for the 0.01 n:olal solution.

¢ = 185 x 122 _ 001850
f, cale. 129

From Arrheniug theroy we can deduce :

Atf. obs. . i—1
=1 also a = ——
n-1

4t f, cale.
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where ‘i’ is van't HofP’s factor, ‘n’ 15 the number of iotd

resulting from the ionization of one molesule and ‘o’ is the

degree of jomization.

a) For the 0.1 molal solution :

0.185
and a == 1.503_1 = 0.503
Auswer

b) For the 0.01 molal solutien :

0.033

i ——— = 1.783
0.0185

17831
% -1

= (.783

Answer

53. Calculate the osmotic pressure of 0.312 g urea in
100 cc of water at 250C. The nwolecular weight of urea is 60.

SOLUTION

Van’t Hoff's law for osmotic pressure is :
n V=nunRT

where w is the osmotic pressure. V is the volume of solution in
litres containing n moles of the solute, R is the gas constant

and T the absolute temperature.
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- 0.312 . 0.082x (273425
60 0.1
= 137 atm
Auswer

54. Sodium chloride in 0.2 molar solution is dissociated
to the extent of 80% at 1B°C. What will he the concentration

of a urea solution {NH,CONH,) which is isotonic witlh the salt
solution ?

SOLUTION
i—1
a ==
n -1
since n for NaCl = 2 and ¢ = 0.8

ima(n-1)+1

=08 +1 =18

The osmotic pressure of the solution T == : n‘l’. T

=18 x 0.2 x 0082 (273 + 18)
= 859 alm

The isotonic urea solution has the same osmotic pressure,

Sinece urea does not ionize, then i = 1

S 859 = n x 0.082 x 291
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B.50
P (I m == 036 molell

Amount of urea = 0.36 X 60 = 21.6 g/l

Answer

55. The osmotic pressure of 0.5 N solution of NaCl is 20,29
atmospheres at 189C. Calculate the degree of dissociation of
the salt.

SOLUTION

nV =nRT for n moles of the solution in V litres of

solution.

If the solute is ionized then the osmotic pressure increases
according to the number of units present.
S i-1
The degree of dissociation a = a= 1
the ohserved osmotic pressure

where I ==
the calculated osmotic pressure

If one mole of the solute is dissolved in 1 litre of the

solution, then :

1 x 0.082 x (18 -} 278)
T - i

~ 2386  atm

20.29

= 5386 x 05 = 17

Since n = 2
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K &==1.7-1=-_Q._?_

Answer

56. A 0.08 molal solution of n.onochloreacetic acid ( mo-
lecular weight 94.5) is 13%, ionized. Calculate (a) the boiling
point (b) the freezing point and (¢) the vapour pressure at 250C
of this solution. The vapour pressure of water at 25°C is 23.7¢6 nm.
(The molal boiling point constant of water is 0.520 aad the molal

freezing point constant is 1.85).
SOLUTION

i -1
o = _1=0.13

=

n for monochloroacetic acid is 2

i= 0138 + 1 = 1.13

0.
A tb, obs. - A bf, obs. (p p)Obs.

At cale. A tf cale, p° _p)calc.

] ==

The ohserved elevation of boiling point = 1.13 x 0.80 x 0.52
= 0.047°C

The boiling point is 100.047° G

Answer (a)

The observed depression of {reezing point = 1.13 x 1.85x0.08
= 0.167°C

v The freezing point is — 0.167°C
Answer (b)
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P’—p_ _ M
p° n; 4 ng

Since

[L¥

PP =P

Since 1, <C<C n; , then n; in the denominator can be

omitted.

For the molal solution at 279C, provided no fonization

takes place :

L

1000
18

p® — p = 23 Th6 X

_ 23.7h6 x 18

1000 = (L4277 mm,

The observed lowering of vapcur pressure for the given
solution = 1,13 x 0.08 x 0.4277 = 0.0387 mm.

The vaponr pressure of the solution = 23.76 — 0.0387
= 23,7173 mm.

Amswer (c)

57. The freezing point of a solution of 0.684 g of cane
sugar in 100 g of water is - 0.037°G and that of a solution of
0.585 g of sodium chloride in 100 g of water is —0.342°C. Calcu.
late the n.olal freezing point constant of water, the apparent mo-

lecular weight of sodium chloride anc its degree of dissociation.

SOLUTION

Molecular weight of cane sugar G;,H,,04,= 842

0.684

Moles of cane sugar = = 0.002 noles in 100 g water
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»*. The molal freezing constant of water K, = 0.087 x 10
f 0.002
= 1.85°C
Answer

0.585 g NaCl in 100 g water produces 0.342°C depression

x g « « 1000g water « 1.850G  depression

1000 185
-] 5 M — ——— —] -
x = 0.585 x 457 %X pagp = 31°

.. The apparent molecular weight of NaCl = 31.5

Anawer
58.5 g  NaCl in 1000 g water produces 1,8:°C depression

0.585 NaCl in 100 g water « A\ t; depression

0.585 1000
E B! ——— == =0,
185 x X 160 0.1830C

A Y, eale. 58.5

At :
The vant Hoff’s faclor i == f, obs. - 8?;3
A Y cale, -1009

= 1.843

i—-1
The degree of ionization of NaCl x = L-—i

Since n for NaCl = 2

o ow W1 oo

2 -1 E—
Answer
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PROBLEMS FOR PRACTICE

1. By dissolving 0.116 g of anthranilic acid ( Mol, wt. 137)
in 20g of naphthaleme (M.P. 80.1°C) the freezing point in lowered
by 0 278°C.

Assuming that anthranilic acid molecules are not associated
or dissociated, calculate the molal freezing point constant for
naphthalene, (6.89)

2. The boiling-point of pure acetone is 56.38C at normal
pressure. A solution of 0.707 g of a compound in 100 g of acetone
boils at 56.880C. What is the molecular weight of the compound?
Use data in table II. (24.18)

3. A solution of caleium ferrocranide Ca,Fe ( GN )4 cont-
aining 313.9 g in 1000 g of waler, has a vapour pressure of 4.434
mm at 0°. Calculate the osmotic pressure of the solution if

the vapour pressure of water at 0% is 4.580 mm. (40.4)

4, The vapour pressure of sucrose ( Cpy Hi, Oy, ) solution
containing 1 mole in 1000 g of water at Q0C is 4.489 nm. Find

the osmotic pressure of the solution. (22.4)

5 The density of an aqueous solution of sodium chloride
containing 8.000 g of salt per 100 g of solution is 1.8541 gjec at
259C. Calculate the concentration of this solution on the (a) molar
(b) mols] scales. (1.44) (1.49)

6. The vapour pressure of the immiscible liquid system
diethylaniline-water is 760 mm at 92.4°C. The vapour pressure
of water at that temperature is 744 mm. How many grams of
steam are mnecessary to distil 100 ¢ of diethylaniline CgH N-
(CaHs),. (563)
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7. A solution of 0.855 g of a metal in 100 g of mercury has,
at a given {emperature, a vapour pressure of 752.6 mm, that of
pure mercury at the same femperature heing 738 mn. Calculate
the molecular weight of the metal, taking jthat of mercury as
200. (240)

8. A solution of 9.21 g of Hg (CN), dissolved in 180 g of
waler has a vapour pressure of 7552 mm at 100°C. Find the
molecular weight of the dissolved salt. What inference may be

drawn as to the electrolytic dissociation of Hg (CN); in water ?
(259.72)

9. The vapour pressure of ether at 25°C is 537 mrm. What
is the vapour pressure of a solution containing 2¢ of benzaldehyde
(CgHsCHO) in 100 g of ether ( C;Hs), O at this Llemperature ?
(529.61;

10. The vapour pressure of a solution containing 13 g of a
nonvolatile solute in 100 g of water at 28°C is 27.371 rrm. Calcu-
late the molecular weight of the solute. The vapour pressure of

water at this temperature is 28.065 mm. (92)

11. The boiling point of chloroform can be measured with
a particular appiratus with an aceuracy of 0 010C. Calenlate the
number of grams of an impurity of mol. 100 which would be
required to raise the hoiling point of 50 g of chloroform by this
amount. (0.0138)

12, If 68.4 g of sugar (mol. wt. 342y is dissolved in 1000g
of water, what are (a) the vapour pressure and (b) the osmotic
pressure at 20°C ? (c) What is the freezing point ? (d) What is
the B,P. of this solution ?

The density of the solution at 20°C is 1.024 g/cc.
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The vapour pressure of water at 20°C is 17.863 mm. (17.3)
(4.61) (~ 0.372) (100.102)

13. Given a 001 molal solution of urea in water at25°C,

calenlate :
a) The B. P, of the solution.

b) The vapour pressure of the solution if the vapour

pressure of pure water is 23.756 mm.

¢) The osmotic pressure ( assuming that the densily of
the solution is practically 10 gjce)

(100.51) (23.7517) (0.2445)

14. The vapour pressure of water at 25°C ( 23.756 mm) is
lowered 0.071 mm by the addition of 1.53 g oi a nonvolatile
sabstance to 110 g of water, Calculate the molecular weight of
the solute using Raoult’s law. {92)

15. Purified nitrogen gas is slowly bubbled through a
solution of 8,00 g of a nonvolatile organic compound dissolved
in 200 g of benzene and then bubbled through pure benzene. The
solution is found to be 2.1450 ¢ lighter while the pure benzene
suffered a loss in weight of 0.0160 g. What is the apparent

molecular weight of the dissolved substance ? (157.3)



CHAPTER V.,
CHEMICAL EQUILIBRIA
58. If the velocilty comatant for the hydrolysis of ethyl
acetate at 25°C according to the equation :

CH;COOGH; + H;0 > CH,COOH + C,H;0H

is 2.5 x 10™* litre mole™, and the velocity constant for the

back reaction (esterification) in the same units is 6.25 x 10-5.

Caleunlate the value of the equisibrium constant.

SOLUTION

At equilibrium :
k, [CH;CO0C,H;] [H,0] = k, [CH,COO0H] [C,HsOH]
where k; and k, are the velocity ccnstants for the forward and

back reactions.

..k _ [GH; COOR [C,H;0H)
"k,  [CH; COOG,Hs] [H;0]

The right hand side of the equation is equal 10 the equi-
librium constant K.
3 =4
ky 2.5 x 10 4.00

o K= = reeioes = A0
Answer

It should be uoticed that K in this case is dimensionless,
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50. A mixture of nitrogen and hydrogen in the n.olar
ratio 1 : 3 is heated to 500°C under 10 atmospheres till equi-
librium is attained. At eqamilibrium the percent molar ratio of
ammonia in the mixture is 12%,. Vind the pressure at which
the mixture is in equilibrium at the same tewperaturc and
containing 10.4 molar percent of ammonia.

SOLUTION

Let the initial number of moles o nitrogen and hydregen
be a and b, If x is the number of meles of nitrogen consnmed
in the reaction, then at equilibrium :

N, -+ 38H, P 2NIl, Total moles

(a-x) (b—38x) 2x a+b—-2x

From Dalton’s law, the partial pressures of the gases in
the mixture at equilibrinm are :

Py, = a—x
Ne P a-l-b—2x

N b-x
H!—p at+h-2x

_ 2x
pNHs— P at+h=—2x

where P is the total pressure of the mixture.

_ _Pp'NHS (P Z+§x—2x y
P PN: CPH, T a—x h—-3x §?
(P a+-b — 35 )(P atb—29x )

(452) (a+-b—2x)2
pi(a—x)(b—3x)?




I a=1 and b = 3 moles.

2x 1.2

alb—2x 100

s o o= 0,0237 mole.

L (x0.028) (4= 2009877
p 100 (1—0.0237) (3—3x0.0237)3

= 1.43 x 103

I 2x _ 104
a+b—-2x 100
2x _ 10.4

1+3-2x 100
x = 0,1884 mole

Since Kp is constant at constant temperature and substituting

for x in the equilibrinm constant equation,

{4x0.1884%) (4 -2x0.1 884)7

1.43%10*5 =
p2(1—0.1884)(3 — 8 x0.1884)®

P2 = { — 11x16* and P == 105 atm

Answer

60, One mole of a gas AB occupies a 40 litres vessel at

400°K, The percentage dissociation is 2°/,. Calculate:

a) the total pressure at equilibrium in atmospheres,
b) the constants Kp and Kc"



- 83 =

SOLUTION

If the degree of dissociation at equilibrium is o, then :

—
AB " A+ B
1 —«o a o
7} 7] v
l1—-a = o .
where i and - are the molar concentrations of

A B, A and B at equilibrium,

_ [A)IB]

K, TAB)

where [A], [B] and [AB] represent the respective molar

concentrations,
x «
« K F)_ ) d = o?
¢ 1-« (\-a)v
fo)
a = 0.02
- o0 = 1.02 x 197
¢ (1-0.02) x40 —
Answer (5)
Since Kp = Kc ([’6’1‘)An where 4n is the difference

between the number of moles of products and reactants.

An = 2 = 1 =1

Kp = 1.02X 1078 x 0082 x 400 = 2.35 x 10~
Answer (b)
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where P AB and PB are the partial pressures of the three

constituents AB, A and B respectively.

1-«a a o
§] —_ — —
IAB—PI G’PA—pHdande—pl S

where P is the total pressure at equilibrium.

o o
P . P 9
Kp= 1+C‘1 1+G=P lq -
pl—¢ —a
14+«
. P=K 1_:a2 _ 3,35x10 7 x(1- 0.0004)
" T Tp @ T 0.0004

= 0.837 atm

Answer (a)

Another solution :

Sincs PV = nRT for an ideal gas,
then assumiug the gaseous mixture at equilibriuin to be ideal,

n is the number of moles in the gaseous mixture, and

P=nRT
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If we start with one mole of AB, .l o is the degree of
dissociation, then, at equilibrium there are (1 — o) moles undis-
socialed AB, o moles A and a moles B. The total number of
moles is ( 1 4+ «) which is n. The total volume of the mixture

is v = 40 litres and o = 0.02.

- 1.02 x 0.082 X 400 — 0837

p atn.ospheres
40
Auswer (a)
P, » P
Kp = AP b
AB
l _ _a_— N o _ 1‘-' [a 4
but.PA—Pl—*l—G’pB.- l_l_aﬂndPAB—‘Pl_i_CI
a [0 4
c o Tra P ie_ P
, =
I 1 —« l—a?
P
1+«
. 0887 x (0.02)2 = 8.35 x 10
1 - (0.029)
Answer (b)

- dn
o Kp = Kc (RT)

"
s K = PA but dn =2 - 1=1
(RT)™"
_ 8.35 x 10—

s K = 1.02 x 10-3

Answer (b)

= "0.082x 400
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61. Water vapour reacts with red hol iron according to

the equalion :

3FB+4H203F6304+4H2

At equilibrium at 200°C the partial pressures of water vapour
and hydrogen are 4.6 aud 95.8 mm respectively. Calculate Kp

for the reaction.

If the partial pressure of water vapour is 6.9 nm, what
is the partial pressure of hydrogen gas ? Find the partjal

pressures of the two gases if the total pressure is 760 mm,

SOLUTION
—> F H
3 Fe‘s) + 4H20(g) = Fey 04(5) + 4 H,(g)
9ﬁ8 Q i *
K, = ( = 1.88 x 10

)L
H
Answer

The value of Kp is constant as long as the temperature is
constant,

It follows, therefore, that the partiul pressure of hydrogen

at 6.9 mm partial pressure of water vapour is :

4
Py = \/1.85 X 10% X 6.94
2

= 143.6 mm

Answer

s  Partial prassures of solid reactants and products are

neglected in the equilibrium constant relationship.
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Assuming the initial moles of water vapour « are moles, and

4 x moles are consumed in the reaction at equilibrium, then

4 x moles of hydrogen will be formed.

4 4
K= M P

( 43: )4
p Pie o T Pt (a-4x ‘o - dx
2

Since the total pressure P has no effect on the reaction as
shown above, the ratio of the partial pressures of the two gases

is the same at constant temperalure for any value of the total
pressure.

P, =760 x —0% _ — 348 mm
0,0 6.9 4 143.6 ==
and P = 760 — 348 = 725.2 mm
H2 LarmmTnEE
Answer

62. The equilibrium constant in terms of partial pressures
at 7500C for the reaction :

i’ Snol(s) + HZ(g) = %’ SI‘.’I(B) + Hzollg)

i8 2.85 The equilibrium constant at 750°C for the reaction

Big) T 0y = €Oy + 1O,

i 0.771. Calculate K for the reaction :

* Sn()g{s) -+ CO(g) = Sn( + Coz(g)

8]

at the same temperature,
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For the reaction :

L Sy = H,
¥ 80y My =F S 4+ O,

K/ =285 = H,0 e - . (D

For Lhe reaction :

H C0,. . = CO H,O

g T Ve @ T Bl
P + P

K/ =001 = to ' H0 ... O
Pu, * Pco,

Dividing equation (1) >y equation (2) :

K!p _ PGO, _ 2_,8§ _an &
K”p Pco 06.771
For the reaction :
Sn0, co = S CO,
b S0y + COy = Sy + 00y
p
K o= 02 S )]
P Peo
From (3) and (4) :
P
«. K = COy = 3.7
P pGO =

Anaswer
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63. When sulphur dicxide is oxidized to sulphur trioxide

in the presence ol a catalyst at 727°C the following relation

holds :

P
pSOz V pOZ

a) What ie the ratio of SO; to SO, when the partial

E =1.85=(

pressure of oxygen at equilibrium is 0.3 «tm ?

by} What is the ratio of 8O, to 350, when_ the partial ]
pressure of oxygen is 06 atm at equilibrium ?

c) What js the effect on the ratic S0;/SO; if the total
pressure of the mixture of gases is increased by forcing in

nitrogen under pressure ?

SOLUTION

gy + B0y = 50y,

At T270C K = P__S%_. - 185
so,To,?

2

Moles of S0, _ Fso,
Moles of SO, Pso
2

]

1.85 X pt,
2

- 185%(0.3%7 = 1.01

Angwer (a)

P
(b) 780,

Pgo,

- 185 x 0% = 1.43

Answer (b)
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30
( 2;_ " P)

(c) E =

() (529)

nSQz'(nOQ)Jf ( Zn

where 2 n is the tojal number of moles at equilibrium.

30, P —
) +

At constant volume, an increase in X' n due to the addition

of nitrogen will result in an esactly proportional increase in the

total pressure P and taerefore the ratio will remain the

n

same.

. The position of the equilibrium will rerain unchanged
i.e. the ratio of 80;/50, will not be affected by the addition

of nitrogen :

64. At 12730 K anp at total pressure of 30 atm the equili-

brium in the reaction:

GOsg) T Gy = % €Oy

is such Lhat 17 molar per cent of the gae is CO,.
a) What percentage would be CO, if the total pressure

were 20 atm ?

b) What would be the effect on the equilibrium of adding

nitrogen until the partial pressure of nitrogen is 10 atm ?

¢) At what pressure will 2N per cent of the gas be CO,?
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SOLUTION

—> 2
Gy + Gy = g

Let the total moles at equilibrium be 100 moles.

*»+ Moles of CO, at equilibrium = 17 moles.

ad ,, ., CO . =100 - 17 = 83
83 _ o)
2 ——
K - Tco, _ (60 * 7
P P -1
o 100
0.83)2 P
0.17

At a total pressure of 30 atm K == (088)2 x 30
2 0.17
= 1215

(a) Let x be the molar}percentage of CO, ot a total pressure
of 20 atm .

*. Molar percentage of CO = 100 ~ x

(100 - x)g‘ p
- 100
P LI
100

K

(100 — 5)2 P
106 <

1215 — (100 - x)! 20
' 100 x

6076 x = 104 ~ 200 x - x?
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o 32 — ¥075 x + 164 = 0

« — 80751 | BUTER — 4 x 10
p

sox = 795 or 12.5
The first value is impossible as a melar percentage.

.. Molar percentage of CQ); = 12.5.

Answer (a)

(2 vy
2 2
K -0 _ %" Yoo (P
P p n T Z’n)
co, GOz p O,
Z'ﬂ

when X n = total number of moles. At equilibrinm, adding
nitrogen will canse P and Z'n to increase in the same ratio and,

therefore, will have no effect on the equilibrium.

(¢) If 25per cent of the gas at equilibrium is COg :

(100— 25 )2 0
K = - 100 ’F (0.75)*
P _EP 0.25
100

P = 1215

Wb e BLEXOB

{0,752
Answer (¢)
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65. The reaction CO,(D_) + Ha COz(g) + H0
o

—
3 (g)
was investigated Dy passing mistures ¢f CO, and H; over a
catalyst at S00°C at 1 atm pressure. The resulting gas ‘was
chilled quickly to room temperature hy passage through a capils

lary and was analyzed. In one experiment the partial pressures
were as follows :

CO2 == 0. 2142, H,; = 0.2549, H,0 = 02654 and
GO = 0.2654 atm. Calculate the number of moles of hydrogen
present in arother equilibrinm mixture comtaining 0.2272 mole
of CO, 0.2272 moles of H,0 and 0.4350 moles of CO,.

SOLUTION

(-2p) (F0p)

K - 0. PHO _
P Pco,. P, ( “co, P) ( "H, p)
Zn
_ "co - "mo
Ico, - "H,

From the data given :

0.2654 x 0.26E4

= — = 1285
P 0.2142 x 0.2548

Since the temperature is constant, the value of K  will
be the same,

0.2272 x 0,2272

0.4850 X nH2

s 1285 =

I-I n

f, ™ 0.082.‘5_ mole

Answer
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66. For the the reaction: N,04y —> 2NO,, K at 250(

<
is 0.141. What pressure would be expected if 1 gram of liquid

N0, is allowed to evaporate into a litre vessel at [this tcm-
pereture ? Assume that N, and NO, are perfect gases.

SOLUTION

MOI. “‘t- Of N204 == 92

N0 — 2NO
e < “(e)
L x 2x
92
Total moles at equilibrium = 512— +x = 00109 + x

where x is the number of moles N,O, dissociated.
Since K = K (RT)An
p c

and Kp = (0.141, An = 1, T = 29°K

0.141 = K_ (0.082x298)
K = 0.00578

&

But K = N0
¢ [N0,]

-.' [The volume of the vessel == 1 litre

2x .
[NOQ] = —i' = 2x mOIeﬂltre
[N.O4] = 0.0109-x = (0.0109 - x) mole/litre
K o= &P A 000578
¢ 00109 - x 0.0100-x

c.oo4x2 4 0.00578 x ~ 6.5Bx 1075 = ()



- 0.00378 - ¢/ (0.00578)2 — 4x4x6.28x1075

e X o= . e ¥
2 x4

= (.0033
The negative value of x is meaningless.

.. Total moles at equilibrium = 00109 -}- 0,0033

= (.0§42
PV =aRT
Px1 = 0.0142x0.082x 298
.. P = 0347 aim
answer

67. The value for the dissociation constant Kp for the

dissociation of phosphorous pentachlorids at 2500C is 1,78,
Caleulate the degree of dissociation at equilibrium if 0.04 mole
of PCls is allowed to evaporate in a vessel containing 0.2 fmole

of chlorine, previously put in it, under the followiug conditions.
a) A constant pressure of 2 atmospheres.
b) A constant volume of 4 litres.

Compare the results obtained with those oJtuined under the same

couditions in absence of chlorine.

SOLUTION

PCl; = PCl; + Gl Total moles at equilibrium

(a—x) x x a4 X

g - _‘rci.Por,
d Ppci;
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X X

1 .
K = ! £4x P e+ x 'sz
p b a—-x a? - x?
a--x

In absence of 7l,

a. At a pressure of 2 atm .

Substituting for ibe values of Kp and a In the above

equation :
;2
178 = 2%
0.042 — x?
5
- The degree of dissociation == %73 = (.686

Answer (a)
b. At a volume of 4 litres:
K =K @nan
B ¢

since An =2 -1 =1

[PCls] [ Cl1 v 'y _ o x2

¢ [ PCly) . a-x v (a—-x)
¥

Substituting for Kc ., v and a in the ahove equation :

x2
0.0415 w-= -
{4 (004 -x)
. x = 0.0334
. The degree of dissociation == Oﬁﬁi‘i = .85

Answer (b)
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In presence of Cl, :

a. At a pressure of 2 atmospheres :

2x (x + 0.2)
L8 = 5oir 52
e X = 0-00669
L0058
~. The degree of dissociation = 0-00063 0.1673
0.04 s
Answer (a)
b. At a volume of 4 litres :
~ _3X(x+02)
00415 = 002 = 1)
Sox = 0.0065
. The degree of dissociation == OS%T = 0.1625

68. If 3.6 g of PCl; is heated to 2000(, it volatilizes com-
pletely and the vapour occupies a volume of one lifre under 1
atm. At the same time it dissociates partially into PGly and Cla
Calculate the degree of dissociation and the dissocialion coustant

Kc of phosphorous pentachloride at this temperature. LExpress

the conceuntrations in moles per litre.

SOLUTION

Auswer

PCl; —— PCl; + Gl Total moles ot equil.

f,._-
i -« a o 14«

where a is the degree of dissociation.

The tota! number of moles resulting from the dissociation
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of one mole of POl is (1 4 ¢), bt starting with %r[ molee of

PClg the total numuer of meles al eqailibrium will be ;; (14)

Assuming ideal gas conditions :

w PV

n= 5 (1+ta)=4x

MPV 208 x 1 x 1
C=SRT T 1T s o084~ =Ly
Answer

Since the concentration of each of the components in the
mixtare at equilibrium is equal to its number of woles divided

by the total volume in litres, then :

=4

- = mole/litre.

[PCly] = M

Similarly [Cl3]1 = o % mole/litre.

and [PCI] = (1-a) .‘—]} mwolsflitre.

.. The dissociation comsfant at 200°G :

R __ [PCly] [Clg] L v o2
¢~ [PG] ~ M-
_(0.49)% X 3.6
7208 » 051 x 1

Answer
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PROBLEMS FOR I'RACTICE

I, Carbon dioxide gas dissociates to zarbon monoxide and
oxygen to the extent of 0.003 %/, at 1000¢C and under atmos-
pheric prssure. If oxygen gas is passed over carbon at 10000C,
the gaseous mixiure, at equilibrium, consisis of 99.3 9/, carbon
monoxide and 0.7 %, carbon dioxide. Find the partial pressure

of oxygen if the total pressure is one atm, (7.9 x 10719)

2. Water vapour dissecintes at 1981°C and under atmospheric

pressure to the extent of 1.7 9/, Iind Kp . Kc atel the

partial pressures of the constituents of the mixture.

(285 X 10=%) (L.54 x 1078) (0.9783) 0.01755) (0.00877)

3. What is the degree of dissociation of nitrogen tetroxide

at 35°C and under 10 atm, if the equijlibrium constant Kp'

is 0.310. How far does the result agree with Le Chatelier's
principle if the degree of dissociation for the same reaction at

the same temperature but under one atm ie 0.270 ? (0.088)

4. Water vapour is 1.0l ¢/, dissaciated at 1006°G awd under
one atm. Calculate the equilibrium constant of the dissociation Kp‘

(5.15%10-7)

5. Galcnlate the concentration of mitrogen dioxide in a
solution of 0.5 mole nitrogen tetroxide in 450 cc chloroform at
8:2°C if the dissociation constant I{c = 1.08 x 10-2 (0.00852)
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6. The following reaction takes place at 850°C and under
one atm .
c CO — 2 CO
© 7 n = "
If the composition of the misture at equilibrium is 93.77¢/,
carbon monoxide and 6.23%/, carbon dioxide, calculate :

a) the equilibrium constant Kp_

b} the compostion of the mixture at equilibrium at 2atm
(3.577) (61.4%)

7. The equilibritm constants at 2C0°G are given for the
following reactions :

—_ .o "

Lo Hy o+ Dy Z K, = 3.27

2. H,0O D.O ? K, = 3.8
Oy T D0y = 2HDO ) 2

. —> D K, = 3

) Hzo(g) + HDg H O(g) -+ HQ(g) 3 3.4

Find the equilibrium ccnstant for :

— D 8¢
a0y T iy = PO,y 4 By (1189)

(8)

8. Under what pressure must FPCl; be placed 2t 2£0°C in
order to obtain a 30 per cent conversion into PCl; and Cly ?
For the reaction :

PCl;, . —> PCl;

1 , E = 178 8.
& < + O p = LT8 (80

()

8. For the gaseous reaction COCl, = CO + Cl, at 1€0°C,
the dissociation constant Kp is 6.7 x 1079, Calculate the partial

pressure of carbon momnoxide in equilibrium with phosgene at this

temperature under a tctal pressure of 2 atm. The dissociation



— 101 -

is 50 slight that the purtiz] pressure of phosgene may be taked
as equal to the total pressure. (1.16Xx10-4)

10. Amylene CsH;q and acetic acid react to give the ester

according to the reaction ;

GsHy, + CH,G00H —> GH,COOCH,,

What is the value of KG if 0.0064% mole of amylene and

0.001 mole of acetic acid mixed in 845 ec of a certain inert
solvent react to give 0.000784 mole of ester 7 (540)

11. The vapour density of uitrogen peroxide N,0, at 49,7°C
and under 182 mm pressure is 1.89, while the density of undis-
sociated peroxide is 3.18, Find the degree of dissociation and the

value of Kp . At what pressure (mm) is the gas half dissociated ¥

(0.6825) (0.8354) (476.2)

12, When one mole of carhon dioxide is heated with one
mole of hydrogen in a one litre vessel at 1005¢C, 0.56 mole of

water is formed., Find the equilibrium constant Kp_ (1.619)

13. When 1.19 moles hydrogen gas are mixed with 069
mole iodine at 450 mm pressure 1.26 moles of hydrogen iodide
are formed at equilibrium. Find the amount of hydroger iodide
preseut in the equilibrium mixtere if 2 moles of bydrogen are

mixed with one mole of iodine at the same temperature. (1.86)

14. If the percentage dissociation of N3O, gas at 25°C and
under atmospheric pressure is 20%,, what is its degree of dis-

sociation at the same temperature and under 4 atm ? (0.2587)

15, 1I the equilibrim constant K for the esterification
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of acetic acid with e.hy! alcohol according to the equation :

CH,C000 + G.H,00 = CH,GO0G,H;s - H,0

is 4, find the quantity of ethyl aleohol present at equilibrium,

when one mole of acetic acid reacts with ;

a) 0.5 mole ethyl alcohol.
b) 8 moles alechol.
¢) one mole aleohol in presence of one mole water,

(0.423) (0.967) (0.543)

16. When one mole of phosphorous pentachloride is heated
under constant pressure in a vessel previously evacuated, the
degree of dissociation is }.70 What is the degree of dissociation

if 1.13 moles of chlorine are intrednced into the vessel before

dissociation ? (0.5)

17. If 9.2 g of nitrogen peroxide (N;O,) occupy 2.95 litres

at 2790 and under atn ospheric pressure, to what extent does it

dissociate ? (19.840/)

18, Ii the percentage dissociation of phosporous penta-
chloride is 80 at 250°C and under almospheric pressure, find :

a ) the equilibrium constant

b ) the density ol Lthe dissociated gas, (L.778) (H7.88)

19. The value of Ep for reversible reaction :

H — 2N

N
{6
is 1.44 x 1075 at EQDoC' calenlate Kc for the reaction,

(5.79 x 1072
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90. A mixture of 1.24x1072 moles hydrogén and 2.46x10 2
moles iodine is heated at 457.6°G to equilibrium. Calculate the
number of moles of hydrogen iodide formed if the equilibrium
constant K for the reaction at the given temperature is 48.7.
(8.08 x I(IJ) T8

21, For the reaction SOz(g) 4 %Oz(g) - SOg(g)
Kp = 1,7 X 1012 a{ 250C, Calculate Kp and K0 at 25°C for the

reaction :

—
‘ SO’(g) = 280y + Oxy (0,95 x 10, (1.4 10—26)

23. Nitrogen tetroxide NyO, dissociates into NO:» according

to the reaction :

— 7
N,O, &) ~— 2NO, ()

If the average molecular weight of partially dissociated

nitrogen tetroxide at 1 atm and 55°G is 61.2, calculate :
a) the degree of dissociation.
b) Kp
c) the degrée of dissociation' at 0.1 atm and 550C,
(0.508) (1.86) (0 879)

23. Hydrogen and nitrogen in the ratio 3 : 1 by volume
react at 3559C and 50 atm to give a mixture containing 25.119f,

ammonia. Calculate the equilibrium constant. (1.9 x 1072

24. If the equilibrium constant Kc for the reaction :

—_
2 SO’(g) + Oz(g) - 2SO,(8)

is 274 at 723°G, find K_ for the reaction at the same tem-
perature, (3.34)



COHAPTER Al

ELECTROLYTIC COXNLUGTANCE AND ION EQUILBIRIA

69. The ratio of distrilution of aniline between benzene
and water is 10,1 : 1. When a litre of aniline - hydrochloride
solution, containing 0.0997 mole of the salt is shaken with 59 ec
of benzene at 25C, it is found that 30 cc o henzene takes up
0 0448 ¢ of aniline, Find the degree of hydrolysis of aniline
hydrochloride in the solution aud caleulate the disscciation constant

of aniline as a base.
SOLUTION

Molecular weight of znilinz (UgllsNHL) =95

Moles of aniline dissolved in ©Q ce lienzene = O—%i%?
] LY
Moles of aniline dissolved in 59 e¢ benzene = gggﬁx%

= 0.00082 mole

0 (648

Aniline dissolved m 1000 cc aqueous solution =
93 % 50

% 1000 x IOL = 0.00188 mole

.. Total amount of aniline = 0.00082 4 0.00158
= (.0022 mole = total H(I

Anvant of unhiro.ysed aniline - HCl = 0.0997 -~ 0.0022
= 0.0975 mole

v Aniline hydrochloride - water = aniline - HCl

¢(l-a) ca co
where « is the degree of hydrolysis and ¢ is the initial
concentration in moles per litre,

_ [aniline ] | HCl ]

Kh = [aniline . 1IC1)
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where Kh is the hydrolysis coustant.

_ [aniline in water] [HCl in water]

Ky = " funhydrolysed amline - HCl]

_0.00138 X 0.0022

= 50975 = 3.117 x 10-3
_cx.ex _
Kh Ted-a  “

Since « is negligible with respect to 1 @

.o = 8117 x 1078 = 0.01768
0.099%

Answer

For the salt of a strong acid and a weak base :

K_
K, = ——
A
K -
K o= = 107" 5008 % 10-1s

b K 811 x1ws

Answer

7C., How many moles of dry sodium acetate salt shonld be
added to one litre of 0.1 N hydrochloric acid to change the pH
value to 4.47

( The jonization conmstant for acetic acid Ka =18x 1073)
SOLUTION

The pH of 0.1 N hydrochloric acid solution is — log [H*]
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of the solution. Since the acid is a strong electrolyte it ionizes
completely to give 0.1 g ion of H* per litre.
pH = — Jog 0.1 =1

Hydrogen ion concentration for a solution of pH 44 is
[H¥] = 10744 = 8.98 x 10 ~5 ¢ ion per litre. Sodium acetate salt
should be added to hydrochloric ac.d solut'on so that part of
it reacts with all the acid to gve acztic acid and a certain excess
remains in solution so that the final result is the change of pH

from 1 to 4.4.
o+, Salt added = 0-1 + c, & eqoiv
where ¢ is the excess salt present.

After the addition of sodium. acetate the solution will consist
of acetic acid of concentration ¢, = (.1 g eguiv par litre and

sodium acetate €8 equiv. per hitre

GH;COOH _— CH,G0G~ + H*
— of 5 !
¢y (t-af) 3, G c, «!
CH,C00Na -—» (H,C00™ 4+ Nat
c c c
8 8 8

Acetic acid, being a weak acid i.e. a weak electrolyte,
jonizes partially and its degree of ionization is smal.. Applying
Ostwald’s law of dilution :

c a’. c o
K = ————
a c, (1 -af
where « is the degree of ioaization of acetic acid, while

af is its degree of ionization in presence af excess sodium acetate,
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¢ is the concentration of the acid in g equiv per litre and Ka

is the ionization constant.

Sodium acetate, being a salt, ionizes completely. I its concen-

tration is c, 8 equiv per litre, the acetate ions will be c. 8

ions per litre. The acetate jons, heing common, depress the jon-
ization of acetic acid. Its degree of ionizatian hecomes a/ much
smaller than a. The total cou:entration of the acetate ions will

not be much different from LA Applying Ostwald’s Jaw, we find:

c al. ¢ [H7] . ¢
a 5 8

4
a ¢, (1 - o) a c (1-a”)

Neglecting a/ in comparison to 1, we get :

G
a

¥
[ ]

Substituting for Ka , C and [H*}:

[H*] = Ka

0.1

c
8

3,08 x 10°5% = 1.8x10™5 x

SoooC = 4.5 X 1072 g equiv.

. The total sodium acetate to be added = 0045 1+ 0.1
= 0}_:.5::)_ g equiv/litre (or mole/litre)
Answer

71, 1If 5.85 g sodium chloride are dissolved in a litre of
saturated silver chloride solution, calculate the weight of silver
chloride which precipitates. The solubility of silver chloride at

room temperature is 1 X 103 mole/litre.,
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Molecular weight of AgCl = 108 4 355 = 148.5
Molecular weight of NaCl = 28 4 355 = 8.5

Moles of sodium ctloride = _E?éS% = 0.1

. . - + -
The solubility predust SAgGl = [Ag") [C17]

In aqueous solution [Agt]=[Cl~)=[A¢Gl)=1x10~5 mole per litre
. — =532 = —-10
By (X107 =1 x 1071
1x10—10
[Gl=

s [Agt] =

When sodium chloride is added, it ionizes con.pletly and

the chloride jons given szre of the same concentration as NaCl.

The chloride ions cue to the soluble AgCl are very low in
concentration with respect to those resalting from the ionization
of NaCl and could he omitled.

Q-1
S [AgT] = % = 1079 g ionfliter

Since silver ions are the result of the complete ionization of

AgCl in solution,
oo [AgCl] = [Ag*) = 10-°
AgCl precipitated = 105 — 1C™® —~ 10~% mcle/litre

= 10~5 x 1435 = 0.001345 gflitre

Answer

Note: All silver chloride is nearly precipitated.
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72. Tbe specific conductance of a saturated solution of
silver broride at 209C is 1576 X 1076 ohm™ cm™!. The spe-
cific conductance of the water used in the solution is 1.519x10-°
ohm™1 em™L

Assaming that silver bromide is completely ionized, find
the solubility and the solubility product of silver bromide.

The equivalent condustances at jnfinite dilution for KBr,
KNO; and AgNO, are 137.4, 131.3 and 121,0 em? ohm™ eqniv™!
respectively.

SOLUTION
The specific conductance of AgBr=the specific conductance
of the solution--the specific conductance of water.
= 1.576 X 107¢ -~ 1.519x1{78

= 0,057 x 10~° ohm™! ¢m™!

Since AgBr is assumed to be completely ionized, its equivalent
conductance calculated from the speciflic conductance becomes

equal to the equivalent conductance at iufinite dilution A, .
Ao for AgBr = ?\"Ag* + )"Br—'

= Qoggr + Poyo ) + Puge + Roge )=
Chog+ + Aoxo =)

Asgon0, T MogB, TA%%No,

121 4 1374 — 131.3

I

[}

127.) cm? ohm=! equiv—!

1000 K
¢

f\u“
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where K is the specific conductance and ¢ thz concentra-
tion of the conducting sclufion in nioles per litre. (the equivalent

weight of AgBr is the same as its molecular weight.)

100 x 0.057 x 10—6
[+

L1271 =

¢ 1000 x 0.057 x (="

= 4.49x10—=7 mole/litre
127.1

<. The solubilily of Ag3r = 4 49x i(~7 molefiltre

Answer

Since AgBr is completely ionized,
So[AgBr] = [Apt*] = [Bi= ] = 4.49%x10=7

. s - 712
. The solubility product SAg Br (4.49%x1(6=7)

= 2.08 x 10—=3

Answer

3. a) CGalculate the solubility product for Mg (OH), if
the solubility of this base is 0.01166 g per litre, assuming that

any bage in solution is completely jonized.

b) If the iontzation constants of acetic sznd formic
acids are 1.8X 10" and 21.4 X0~ respectively, what iz the ratio

between the strengths of the two acids ?

SOLUTION
a) Mg(OH), — Mgt+* 2 OH=-

The molecular weight of the base = F8.32
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00186 o & 16— mole/litre

the solubility =
58.3¢

8 = [Mg++] [OR=]

Mg OH),
== (2 X 10=4 (2 x 2 x 1(=42

= 3.2 x 10=H

[l

Answer (a)

The strength of the acid depends on its degree of ionzation

strength of acetic acid ©acetic
strength of formic acid

o .
formic

V_Ka K,
a o, a
acetic formic

Taking the two solutions of the same concentration for

comparison,

strength of acetic acid _ V Ka ace'ic

strength of formic acid K .
a formic

~ J3xi=s _ 1
3.45

21,4 x 10=
Answer (b)

74. Calculate the pH value for the following aqueous

solutions ;

1) Hydrochloric acid of concentration 0.01 mole per litre.
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2) Acetic acid of_ concentration 0.001 mole per litre.
(B, =17 x 107

3) Ammonium aydroxide of concentration 1 mele per litre.
(K, = 1.8 x 10-%

4) A mixture of 001 mole scetic and (.05 mole sodium
acetate per litre.

5} A mixfare of 0.005 mole acetic ackl and 0.05 mole

sodium chloride per litre.

SOLUTION

1) Hydrelloric =zcid, bzing a strong clectrolyte, ionizes

completely.
HGI — H* 4 CI™
(.01 0.01 0.01
pH = — log [H®] == — log 0.01 =-—m2i_
Avswer (1)
2) Acetic acid, being a weak acid and, therefore, a weak

electrolyte, ionizes pactially and an equilibrium is established

between the nonionized molecules and the ions.

CH,(C0o0n — CH,C00™ + ==

¢ (1—a) e o c «
a a a
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Since a is very small compared to one, it could be omitted

i

v K mc ol or ao=YV\V_<
a a

and [H™] = €% = VK; ¢

a

= 1.7 % 10— x 0.001 = 0.1804 x 1=
g ion/litre

pH = -~ log (H ] =- log (1.8304 x 1(—")
= (4.1152) =— (—35.8848) = 3.89
Amswer (2)
3) Ammonium hydroxide, being a weak base, ie. a weak
electralyte, it is treated exactly in the same way as acetic zcid,
NiH,0 = NH,” + OH-—
°y (1-o) ¢y o ¢,

N s
- a = \/ b o \/@1E 4.242 x 10~

[OH=] = ¢ & = 1 x 4.242 x 10=3
POH =~ log [OH—] = — log [4.242 x {C—%] = 2.37
But the jonic product of water Kw = [H¥)(OH ™) == 1014
PKw = pH 4 pOH = 14

S pH = 14 - 2837 = 11,63
Answer (3)
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9 CHCOOH > |~cprorn T
€ (1 - o c, ! ¢ o
CH;COO0Na CH,C00— 4+ Nat
C c G
5 8 ]

Acetic acid is partially ionmized, but sodium acetate, being a
salt, is completely ionized. If the salt concentration is ¢, ~mo-
les per litre, it gives c 8 ions per litre of acetate ions.  This
high councentration of the common acetate ion will depress the
degree of ionization of the acid tc a value af less than a. The
concentration of the acetate ioms from the jomization of acetic
acid (ca a') is, therefore, negligible compared to that from the
salt { e ). Applying Ostwald’s law of dilution to the equilibrium

_ [CH,COO-JiE*] % - (H¥)
a [CH,CO0H] c,
cﬂ
A H =K —
]
= 1.7 x 10—% x ‘g_g:“ = 1.7 X 10=5% g ion/litre

pH = 4.77
Arnawer (4)

5) Sodium chloride in solution iomizes completely to Na+t
and Gl— iong whic are mnot comrmron with the ioms of acetic
acid and at the same time bave no effect on the H* or OH™
jous in solution. This solution can, therefore, be treated as the

pure acetic acid solution,
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+ = TR T0—=S w 0 O0S
B} = K . = ¢ L1X10~"x 0,005
= 2.916x 16— g ion/litre
Pl = 354

Answer ()

75. The equivalent conductance at infinite dilution for
acetic acid is 883 ecm? ohm=! equiv—l. The equivalent conduc-
tance of a solution of 0.3 g of the acid in 50 cs water is 46 cm?
ohn— equiv—=!, Find the f{reezing point of this solution, the

molal [reezing point constant Lein 1.8G°C,

SOLUTION

Ao = 388 cm? ohm—! equiv—! and g = 4.6 cwr? chn =1 equin—!

o= o A8 o186
A0 388
ht a = -1
n—-1

where ““1 ' is vant Hoff's factor.

[y

0.01186 ==

|

V]
—

i = 101186

mf , obs.

Atf , cale,

Mol. wt. of CH,COOH = 60

60 g acetic acid in 1000 g water depress the freezing point 1.86°C
0.3 g acetic acid in 50 g water depresses the freeziny point x°C
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.*, x the calculated lowering of freezing point of the solution,

Atf _ 1.86x0.8x1000 = 0.186°C
, calc. €0x50
WA e TR XA e
o At e 1,01186%0,1%6
f, oba,

<+ The freezing point = — 0.1880C

Answer

76. The dissociation comstant of a monobasio acid at a
certain temperature is 21.4 x 1(=% Find the degree of dis-
sociation for a 0.1 N solution of the acid at the same ftempe-
rature. Find also the normality of the acid solution of pH 2.

SOLUTION
+ -
HA = BY + A=
s (1-a) S, B
Let the concentration of the monobasic acid HA be c, moles

per litre, and the degree of dissociation a,

At equilibrium, applying Ostwald’s dilution law, we get:

g o [EY (a7
a [HA)
C a.cao e aq?
K = -2 2 .2 = 214 X 10~
a ca (1- a) {(l-a)

c, = 91 N or 0.1 mole litre, since the acid is

monobasic ,
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914 X 10=5
0.1

ol

« is neglected in comparison with 1 as it is very small.

soaom 214 x 1070 = 004626

Answer

+ pH =— log [H*] oo [HY] = 10(-pH)

The hydrogen ion concentration of the acid solufion of
pH = 2 is, therefore, 10~ g ionflitre.

But [H¥] = c & from the above equation,

¢ o = 10=2
a
¢ .Cc «
a a
- —
a -
ca‘ (1-a)
Neglecting o with respect to 1, and substituting for Ka and
c, a with their respective values,
c,a’c —2 o 2
o K e A 10 X 07 o 10—
a c G
a a
¢ 107 04673 mole/litre
« 21.4x 10~

.. The solution is 0.4673 N

Auswer

77. One hundred grams of of sodium chloride is dissolved
iu 10000 litres of water at 23°C, givirg a solution which may
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be regarded in these calculations as infinitely dilute.

a) What is the equivalent conductance of the solution ?

b) What is the specific cond.ctance of the solution ?

¢) This dilute solution is placed in a glass tube of 4 cm
diametsr provided with electrodes filling the tube and placed
20 cm apari, How unch current will flow if the potential drop

between the electrodes is 80 volts ©
(Ao for NaCl == 136.5 cm? ohm==! equiv—!)

SOLUTION

a) Since the solution is considered infinitly dilute its equi-

valent confuctance = 126,85 em? ohp.—! equjv=—!

o

Answer (a)

b) Equiv, wt. of NaCl = 58.5
A = KVe

where Ve = volum in cc containing I g equiv of

electrolyte .

THR.E
1265 = K (10000 X 110?100 % [58.5 )

I3}
O K = —-L%—— = 2,16 x10—* ohm=—' cm—!

10°x58.5

Answer (b)

c) | m (Obm's law)

and B = -]1 % where [ is the distance between the
I

electrodes in cm and A is the area of the electrode in cm? .
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Ly . EKA _ 80 X 216x10°5 (v« 2
T ] - 20

= 1.8 X 1073 amp
Answer (¢)

78. The resistance in a conductivily cell, containing 0.02
molar potassium chloride solution is 85.16 ohm. It is 179 ohm
if the cell contains 0.1 molar acetic acid solution. What is the
degree of ionization of acetic acid if its equivalent conductance
at infinite dilution is 370 cn? ohn=! equy=l. (The specific
conductance of a 0.02 molar potassivm "chloride solution is
0.002394 ohm—! cm—Y)

SOLUTION

. K

Gooo 1 o 1. Lo L
1TICE H=K‘A K

where K = _zi which Is constant for each cell,

E =R x K
From the measuremrents on the 0.02 molar ECI solution :

K = 85.16 X 0.002394 cm=!

K for 01 molar acetic acid solution

K _ 3516 x 002394

R 179

= 0.0004701 ohn~! cm~!

The equivalent conductance of a solution A = K X V'3

where Ve is the volume in cc containing the equivalent weight,
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A _ 4.701
Ao 370

= 0-01343

Answer

79, Ten amperes of current flowed for 1 hour through
water coutaining a little sulphuric acid. How many litres of
gas were formed at both electrodes at 270C and 740 mm

pressure ?

SOLUTION
B0y = Hypy + F Oy,

From Faraday’s law :
w = It x eqniv. wi.

where w is the weight of gas liberated at the electrode in
g, 1 the current passing in amp, { the time in seec during
which the current flows and F is the faraday which equals
96500 coulombs,

« 10 x 3600 x 8 _ .0
96500
PV == nRT
740 2.98
X V= 222 . 0082 x 200
( 760 g 0082 X

.+ Volume of oxygen at 27°C and 740 mm
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2.98 x 0.082 x 300 x 760
32 x 740

2,36 litres

[0

Volume of H, = 2 X volume of oxygen
= 2 X 2.36 = 4.72 litres
Total volume of gas formed at hoth electrodes

= 236 - 472 = 7.08 litres

Answer
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PROBLEMS FOR PRACTICE

1. If the solukility of silver chloride at 199C is 00015 g

per litre, calculate :

a ) the solubility product of tke salt AgCl,

b ) the salt remaining in solution after the addition ef

0.058 g eodinm chleride per litre of solution,

(L.10 x 10=1) (1.38 x10~)

2. The solubiiity of caleium sulphate at 20°C is 2.036 g
per litre. The specific conductance of a saturated solution of the
salt at the same tenrperature is 1908 x 10— ohm=' ¢n.~!. The
ionic conductance for (4 Ca++) at 15%C is 52 cm? ohm~! equiv—!
and its temperature coefficient is 0.0238 ohm—' [deg~' . The
ionic conductance for { & SO~ ) at 180C is 68.3 ecm? ohm=!
equiv—' and its temperature coeffic.ent is 0.0227 chm—! deg—!,

Calculate :

a) the degree of ionization of calcium sulphate in its

saturated soluation,

b ) the solubility product of the salt at 20°C,
(274 x10—3) (6.72 x 10~}

3. At a certain temperature a litre of silver bromate
AgBrO, dissolves 0.0031 mole par litre. Calculate the solubility
of the salt after adding 0.0035 mole silver nitrate to the litre of
solution, assuming the two salls to be completely ionized.

(8.96 x 10~3)

4. The specific conductance of a saturatel solution of
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silver chloride is 1.33 X 1C=% ohn=! co~' at 209C, and the
equivalent conductance at infinite dilution is 1255 ¢m? ohm—!
equiv—! at the same lemperature, Calculate the solubility product
of silver chloride at 20°C. (1.12 x 10—'0)

8. The solubility of calcinm fiuoride is 0,0002 mole per
litre. What is the solubility produet of calcium fluoride ?
(3.2 x 10—1)

6. The first ionization constaunt of carbonic acid is 8 x10=7

at 18°C. Find the degree of ionization according to the equation,

3

H,c0, = BT 4 HCO™

at 20 litres per mole dilution. If the ijonic conductance for
hydrogen ions and bicarbonate jons at infinite dilution are 315
and 40.5 cm? ohm—! equiv—' respectively, calculate the specific
conductance of the solution. (2.5 x 10~3) (4355 x 10=3)

7. The equivalent conductance of an acetic acid solution
contaiing one mole per 32 litres is 9.2 ¢m? ohm—! equiv—!. The
ionic conductance at infinite dilution for the hydrogen and acetate
ions are 318 and 71 cm? chm—! equiv=' respectively. Calculate
the ionization constant of acetic acid and the pH of a 0.02 N
acetic acid solution. (1.75 X 10—3) (3.213)

8. The equivalent conductance of a 0.01 N ammonium
hydroxide solution at 18°C is 9.6 ¢m? chm=' and the equivalent
conductance at infinite dilation for ammonium chloride is 130 em?
ohm=' equiv=i. If the ionic conductanca at infinite dilution of
the hydroxide and chloride ions are 174 and 66 c¢m? ohm=!

equiv=! respectively, calculate ;
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a) the equivalent conductance at infinite dilution for an.mo

nium hydroxide,
b) the degre of ionization of ammoinm hydroxide,
¢) the ionization constant. (238) (4,04 x 10-2) (1.7 x 10—%)

9. At 25°C the equivalent conductance at infinite dilution
of sodium monchloroacetate is 89.8 c¢r2 ochm—! equiv—". Calculate
the equivalent counductance at infinite dilution at 259G for mono-
chloracelic acid. given that Aogy and AneCr "are 426.1 and
126.5 cm? ohn~! equiv—! respectively. (389.4)

10. The equivalent conductance of an infinitely dilute solution
of ammonium chloride is 149.7 cm? ohm= equiv=! and the
jonic conductances of the hydroxide and chloride jons are 198.0
and 76.3 cm? ohm~=! equiv=! respectively. Calculate the equiv-
alent conductance of ammoninm hydroxide at infinite dilation.
(271.4)

11. At 25°C the equivalent conductance of propionic acid
at infinite dilution is 38%.6 cm? ohm—' equiv—!, and the ion-
ization constant is 1,834 X 10=3. Calculate the equivalent eondu-
ctance of 0.05 N sgolution of propionic acid at 259C. (6.32)

12. The molecular conductance of acetic acid at infinite
dilation is 387 c¢m? ohm—' mole=—!. At the same temperature
but at the dilution of one mole in 1000 litres, the molecular
conductance is 55 ¢cm? ¢hm=' mole=—!, Find the percentage ion-

ization of 0.1 N acetic acid solution. (1.55)

18. The specific resistance of a solution of sulphuric acid
containing 14.5 g acid per litre is 18 ohm cm, The equivalent
conductance at infinite dilation is 384 cm?® ohnm~! eqniv—?. What
is the pH of the solution ? (0.5386)
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14, The specific resistance of a 0.0 N lithiun: chloride
solution i8 1064 ohm cm. The equivalent conductance of the same
compound at infinite dilution is 10¢ em? ohm=! equiv—!. Find

the degree of ionzation of the solution ¢ (0.931)

15. The specific conductance of a 0.5 N potassium fluoride
solution is 0.0413 ohm—' em—'. If the equivalent conductance
at infinte dilation is 111,85 em2 obm—! equiv—!, calculate the

concentration of the fluoride ions, (0,371)

18. If the pH value of 0.1N acetic acid is 2.872, calculate
the ionization comstant of the acid. (1.8 x 10-5)

17, Chloroacetic acid GH,Gl.COOH is a monobasic acid, its

jonization constant ch = 1.6 X 10-5. How many grams of the

acid should be dissolved in 800 cc of solution in order to prepare
0.5 N solution ? What is the pH value of this solution ¢ (14.175)
(1.09)

18. A conductivity cell cell was calibrated by filling it with
a 0.02N solution of KCG1 (K = 0.002768 ohm—! cm—!) and
measuring the resistance at 25°C, it was found to be 457.3 ohms.
The cell was then filled with a calcium chloride solution cov-
taining 0.555 gram of calcium chloride per litre. The measured
resistance was 1050 ohms.

Calculate

2. the cell constant for the cell,
b. the specific conductance of the calcium chloride solution,

c. the equivalent conductance of calcium chloride at this
congentration, {1.266) (1,206 x 10~3) (120.6)
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19. A conductivity cell with two circular electrodes fixed
horizoutally, the distance between them is 1.72 cm and the
circumference of each of the two is 1.34 cm. The cell is filled
with 0.05 N sodium nitrate solution, If an EM.F. of 0.5 volt
allows 1.85 miliamperes of electricity to pass through the solu-

tion, find the equivaleat sondwctance of the solution. (890)
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TABLE 1

Formation at

A Hep in keal mole !

255G

Elerents and Inorganic Compounds ©

Os () 84.00
B0,y - 5780
Oy - 6332
HCl ., - 2206
Bra ) 7.34
HBr - 866
H'(g) 6.20
S(monoclinic) 0.07
SO’(g) — 70.96
803(g) — 94,45
g - w2

H2 804, - 193.91

NO
(g) 21.60

1\?O’(g) 8.09
NHa(g) — 11.04
HROspy - 4140
l)(g) 75.18
Payy  — 1322
Plsgy - 9535
G(S,diarr.omi) 0.45
CO(g) - 26.42
CO:e) - 94.05
Pbo(s) ~ 52.5

Pbo’(s) — 66.12

PbSO, oy - 219.50

H
Erz) 1454

Agzo[s) - 731
Aglly  — 2036
Fe0sy  —196.5
F‘e,O,,(S) —967.0°
AlOsy - 399,90
ey - 505
UFery - 51T
Ca0y  — 1519

(8) — 136.0
NaCl(s) 98 93
Kl ~134.48
KCly  —104.18

* Elements in states other than the standard state.
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TABLE 1I

Molal Boiling - point and Freezing — Point Constants

Solvent

Acetic acid
Acetone
Benzene
Bron.oform
Gamphor
Chloroform
Cyclohexane
Ethanol
Ethylene bromide
Ethylether
Naphthalcne
Tribromophenol

Water

B.P. oG

K

b f
113.1 2.93 17 3.9
5.0 L.71 — -
80.2 2.53 5.4 512
E— I .8 14.4
— — 173 40
G1.2 3.63 E— -
6.5 20.
783 1.22 - E—
- i 10 12.5
84.4- 2.02 — E—
— — 20 6.3
— E— 45 20.4
100 0.61 0 1.860



Aluminivm
Antimony
Argon
Argenic
Barium
Beryllinm
Bismuth
Boron
Bromine
Cadmivm
Caleium
Carbon
Cerium
Cesium
Chlorine
Chromium
Cobalt
Copper
Fluorine
Gold
Helium
Hydrogen
Todine
Iron
Krypton
Lead
Lith inum

Magnesium

Symrbel

Al
Sh
A
As
Ba
Be
Bi
B
Br
Cd
Ca
C
Ce
Cs
Cl
Cr
Co
Cn
F
Au
lle
H
1
Fe
Kr
Pb
Li
Mg

- 130-!

TABLE

11

Atomic Weigh's

Atomic
weight

26.78
121.%76
39.94
74.91
137.56
901
2G69.00
10.82
19.92
112.41
40.08
12.01
140.13
132.91
35,46
52.01
5%.94
63.54
19.00
197.00
4.00
1.008
126.91.
R5.83
88.20
2001
6.94
24,32

Synbol Atomic

Nanganese
Mercury
Molybdenum
Feon
Nickel
Nitrogen
Cxygen
Palladium
Phesphorus
Flatinum
Potassium
Radium
Fadon
Selenium
Silicon
Silver
Sodinm
Strontium
Sulpbur
Thorium
Tin
Titanizm
Tungsten
Uran;om
Vanadium
Xenon
Zinc
Zirconium

Mn

Hg
Mo
Ne
NI
N
0
Pa
P
Pt
K
Ra
Rn
Se
Si
Ag
Na
Sr
8
Th
Sn
Ti
w
U
v
X
In
Ir

weight

54,94
200.61
95,05
10.18
F8.69
14.00
16.00
106.70
30.98
195,23
89.10
226,05
9222
78.96
28.09
1067.88
23.99
8%7.63
32,07
2532.05
118.70
47.90
183.92
258.07
5(.95
131.3
65.48
91.22
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