
Q 2.1) If 22 g of benzene is dissolved in 122 g of carbon tetrachloride, determine the mass percentage 

of carbon tetrachloride {CCl4) and benzene (C6H6). 

Answer 2.1: 

M t fB (CH) Mass of C6H6 X l00 ass percen age O enzene 6 6 = Total mass of the solution V

= 22!;22 X 100

= 15.28% 

Mass percentage of Carbon Tetrachloride (CCl4) = Mass of CCl4 x 100Total mass of the solution 

= 22�i22 X l00 

= 84.72% 

Q 2.2) If benzene in solution containing 30% by mass in carbon tetrachloride, calculate the mole fraction 

of benzene? 

Answer 2.2: 

Assume the mass of benzene be 30 g in the total mass of the solution of 100 g. 

Mass of CCl4 = (1 00 - 30) g 

= 70 g 

Molar mass of benzene (C6H6) = (6 x 12 + 6 x 1) g moz-1 

= 78 g moz- 1 

Therefore, Number of moles of C6H6 = �� mol 

= 0.3846 mol 

Molar mass of CCl4 = 1 x 12 + 4 x 355 = 154 g mo[-l 

Therefore, Number of moles of CCl4 = 1
7
5°4 

mol 
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Therefore, mass percentage of the solute in the resulting solution = ��� x 100

= 33.57% 

And, mass percentage of the solvent in the resulting solution is: 

= (100 - 33.57) % 

= 66.43% 

Q 2.8) The vapour pressure of pure liquids A and B are 450 and 700 mm Hg respectively, at 350 K. Find 

out the composition of the liquid mixture if total vapour pressure is 600 mm Hg. Also find the 

composition of the vapour phase. 

Answer 2.8: 

It is given that: 

PA = 450 mm of Hg 

Pe = 700 mm of Hg 

Ptotal = 600 mm of Hg 

According to Raoult's law: 

Therefore, total pressure, ?total = PA + PB 

=> Ptotal = P'JixA + PB-PBXA 

=> 600 = (450 - 700) XA + 700 

=> -100 = -250XA 

=> XA = 0.4 

Therefore, x B = l -x A = 1 - 0.4 = 0.6 

= 450 x 0.4 = 180 mm of Hg 



= 700 x 0.6 = 420 mm of Hg 

Now, in the vapour phase: Mole fraction of liquid A = PA
PA+Ps 

= 180 
180+420 

= 180 
600 

= 0.30 

And, mole fraction of liquid B = 1 - 0.30 = 0.70 

Q 2.9) Find the vapor pressure of water and its relative lowering in the solution which is 50 g of urea 

(NH2CONH2) dissolved in 850 g of water. (Vapor pressure of pure water at 298 K is 23.8 mm Hg) 

Answer 2.9: 

It is given that vapour pressure of water, Pi° = 23.8 mm of Hg 

Weight of water taken, w1 = 850 g

Weight of urea taken, w2 = 50 g

Molecular weight of water, M1 = 18 g moz-1

Molecular weight of urea, M2 
= 60 g moz-1

Now, we have to calculate vapour pressure of water in the solution. We take vapour pressure as p1. 

Now, from Raoult's law, we have: 

po_pl => _l_

po 
1 

=> 23.8-Pi
23.8 

=> 23.8-Pi
23.8 

=> 23.8-P1 

23.8 

0.83 
47.22+0.83 

0.0173 













= 55.56 mol 

Therefore, mole fraction of the solute in the solution is 

X2 = l+l5.56 = 0.0177

It is given that, 

Vapour pressure of water, Pt = 12.3 KPa 

Applying the relation, Pi-!1 

x2P1 

=> 12-3-pi = 0 0177 12.3 

=> 12.3 - P1 = 0.2177 

=> P1 = 12.0823 

= 12.08 KPa (approx) 

Hence, the vapour pressure of the solution is 12.08 KPa. 

Q 2.18) Calculate the mass of a non-volatile solute (molar mass 40 g mol-1) which should be dissolved 

in 114 g octane to reduce its vapour pressure to 80%. 

Answer 2.1 8: 

Let Pt be the vapour pressure of pure octane. 

Then, after dissolving the non-volatile solute the vapour pressure of octane is 

Molar mass of solute, M2 = 40 g moz-1

Mass of octane, w1 = 114 g 

Molar mass of octane, (C8H18), M1 = 8 x 12 + 18 x 1 = 114 g moz-1 

Applying the relation, 

Pi-P1 _ w2 xM1 

P1 M2XW1

=> Pi-0.8pi w2xl14 
p';_ 40x114 



=> W2 = 8 g

Hence, the required mass of the solute is 8 g. 

Q 2.19) A solution containing 30 g of non-volatile solute exactly in 90 g of water has a vapour pressure 

of 2.8 kPa at 298 K. Further, 18 g of water is then added to the solution and the new vapour pressure 

becomes 2. 9 kPa at 298 K. Calculate: (i) molar mass of the solute (ii) vapour pressure of water at 298 K. 

Answer 2.19: 

(i) Let, the molar mass of the solute be Mg moz-1

Now, the number of moles of solvent (water), n1 

And, the number of moles of solute, n2 = 

M 
3
!:Z 1 

P1 = 2.8 KPa 

Applying the relation: 

_ p�-2.8 
->--

P1 

=> 1-2.8
= 

30 
p1 5M+30 

=> 2.8 
PI 

=> 2.8 
P1 

=> p� 
2.8 

1 
30 

-5M+30

5M+30-30 
5M+30 

5M 
5M+30 

5M+30 
� (i) 

After the addition of 18 g of water: 

n1 =

9o+139
= 6 mol P1 = 2.9 KPa18 

Again applying the relation: 

90 g = 5 mol
18 g mol 

30 
molM 



=> P1-2.9 30 

P1 6+� 

=> 1 _2.9 30 

P1 
-

6M+30 

=> 1 _2.9
-

30 
P1 

- 6M+30

=> 2.9 
P1 

1 
30 

6M+30 

=> 2.9 6M+30-30 
P1 6M+30 

=> 2.9 6M 
P1 6M+30 

0 6M+30 => EL (ii)2.9 � 

Dividing equation (i) by (ii), we have: 

2.9 
2.8 

=> 2.9 X 6M +30
2.8 -6-

5M+30 
5 

=> 2.9 x 5 x (6M + 30) = 2.8 x 6 x (5M + 30)

=> 87M + 435 = 84M + 504 

=>3M= 69 

=>M=23g mo[-1

Therefore, 23 g moz-1 is the molar mass of the solute.

(ii) Putting the value of 'M' in equation (i), we have:

po 
1 -

2.8 

=> P1 
2.8 

5x23+30 
5x23 

145 
115 

=> p� = 3.53KPa 



Q 2.20) A 5% solution (by mass) of cane sugar in water has freezing point of 271 K. Calculate the 

freezing point of 5% glucose in water if freezing point of pure water is 273.15 K 

Answer 2.20: 

LlT1 = 273.15 - 271 = 2.15 K 

Molar mass of sugar (C12 H22011) = 12 x 12 + 22 x 1 + 11 x 16 = 342 g moz- 1 

5% solution (by mass) of cane sugar in water means 5 g of cane sugar is present in (100 - 5)g 

= 95 g of water. 

Now, number of moles of cane sugar= 3�2 mol = 0.0146 mol

Therefore, molality of the solution, 

m - 0.0146 mol - 0.1537 mol kg-l- 0.095 kg -

Applying the relation, 

LlTt = Kt x m

= -�2._15�K��
0.1537 mol kg I 

= 13.99 K kg moz-l 

Molar mass of glucose (C6H 1206) = 6 x 12 + 12 x 1 + 6 x 16 = 180 g moz-1 

5% glucose in water means 5 g of glucose is present in (100 - 5) g = 95 g of water. 

Therefore, number of moles of glucose = 1�0 mol = 0.0278 mol

Therefore, molality of the solution, m = oi��� 7::1

= 0.2926 mol kg-1 

Applying the relation: 





















Then, mole fraction of A. x A = ______!1'.A._nA+ns 

0.714 

0.714+5.556 

= 0.114 

And, mole fraction of B, x8 = 1 - 0.114 = 0.886 

Vapour pressure of pure liquid B, p13 = 500 torr

Therefore, vapour pressure of liquid B in the solution, 

= 500 X 0.886 

= 443 torr 

Total vapour pressure of the solution, Ptotal = 475 torr 

Therefore, Vapour pressure of liquid A in the solution, 

PA = Ptotal-PB 

= 475 - 443 

= 32 torr 

Now, PA = PA XA

=> PO

A 
= PA 

XA 

= 32 

0.114 

= 280.7 torr 

Hence, 280.7 torr is the vapour pressure of pure liquid A. 

Q 2.37) Vapour pressures of pure acetone and chloroform at 328 Kare 7 41.8 mm Hg and 632.8 mm Hg 

respectively. Assuming that they form ideal solution over the entire range of composition, plot ptotal, 

pchloroform, and pacetone as a function of xacetone. The experimental data observed for different 

compositions of mixture is: 

0 11.8 23.4 36.0 50.8 58.2 64.5 72.1 

100 X Xacetone 

0 54.9 110.1 202.4 322.7 405.9 454.1 521.1 

Pacetone I mm Hg 

632.8 548.1 469.4 359.7 257.7 193.6 161.2 120.7 

Pchloroform I mm Hg 

Plot this data also on the same graph paper. Indicate whether it has positive deviation or negative 



deviation from the ideal solution 

Answer 2.37: 

From the question, we have the following data 

100 X Xacetone 

Pacetone I mm Hg 

Pchlorofor-m I mm Hg 

Ptotal 

(mm Hg) 

t: 
I wo "---_;:;=---
! SO() 

i -IOO 
[loo 
J 200 

;.,, 100 

JO 20 lO <40 � 60 ,0 

100 _.
IICCICIM 

___...,. 

0 11.8 

0 54.9 

632.8 548.1 

632.8 603.0 

23.4 36.0 50.8 58.2 64.5 

110.1 202.4 322.7 405.9 454.1 

469.4 359.7 257.7 193.6 161.2 

579.5 562.1 580.4 599.5 615.3 

It can be observed from the graph that the plot for the Ptotal of the solution curves downwards. 

Therefore, the solution shows a negative deviation from the ideal behaviour. 

72.1 

521.1 

120.7 

641.8 

Q 2.38) Benzene and toluene form ideal solution over the entire range of composition. The vapour 

pressure of pure benzene and toluene at 300 Kare 50.71 mm Hg and 32.06 mm Hg respectively. 

Calculate the mole fraction of benzene in vapour phase if 80 g of benzene is mixed with 100 g of 

toluene. 

Answer 2.38: 

Molar mass of benzene (C6H6) = 6 x 12 + 6 x 1 = 78 g moz-1

Molar mass of toluene (C6H5CH3) = 7 x 12 + 8 x 1 = 92 g moz- 1 

Now, number of moles present in 80 g of benzene = �� = 1.026 mol 

And, number of moles present in 100 g of toluene = 1
9°2° = 1.087 mol

Therefore, Mole fraction of benzene, Xb = 1.ol6�
2
1\87 = 0.486

And, mole fraction of toluene, Xt = 1 - 0.486 = 0.514 





= 1520 mm Hg 
3.30xl07 mm Hg 

= 4.61 X 10-5

For nitrogen: 

= 6004 mm Hg 
6.5lxl07 mm Hg 

= 9.22 X 10-5

(Given KH = 3.30 x 107 mm Hg) 

Hence, 4.61 x 10-5 and 9.22 x 10-5 are the mole fractions of oxygen and nitrogen in water.

Q 2.40) Determine the amount of CaCl2 (i = 2.47) dissolved in 2.5 litre of water such that its osmotic 

pressure is 0.75 atm at 27° C. 

Answer 2.40: 

We know that, 

7f = i V RT 

=> 1r = i ___!!!__ RT 
MV 

=> w = 1rMV = -0 75atm
iRT 

II - • 

V = 2.5 L 

i = 2.47 

T = (27 + 273) = 300 K 

Here, 

R = 0.0821 L atm K- 1 moz- 1

M = 1 X 40 + 2 X 35.5



h f 0.75xlllx2.5 T ere ore, w = 2.47x0.082 1x300

= 3.42 g 

Hence, 3.42 g is the required amount of CaCl2. 

Q 2.41) Determine the osmotic pressure of a solution prepared by dissolving 25 mg of K2S04 

in 2 litre of water at 25° C, assuming that it is completely dissociated. 

Answer 2.41 : 

When K2S04 is dissolved in water, K+ and 80�- ions are produced. 

Total number of ions produced = 3 

Therefore, i = 3 

Given: 

w = 25 mg = 0.025 g 

V=2L 

T = 25°c = (25 + 273) = 298 K 

Also, we know that: 

R = 0.0821 L atm K-1 moz-
1

M = ( 2 X 3 9) + ( 1 X 3 2) + ( 4 X 1 6) = 17 4 g moz-l 

Applying the following relation, 

7r = i V RT 

= i�lRT 
Mv 

= 3 X 0.025 X -2
1 X 0.0821 X 298174 

= 5.27 x 10-3 
atm




