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INSTRUCTIONS: 

Answer Question ONE and any other THREE 

QUESTION ONE (30 MARKS) 

a) Using partial molar volumes of two solvents, explain why the mixing of 20ml of water and 

20 ml of ethanol would not give 40 ml of resultant solution (5 marks) 

b) Given the fol lowing equations of fugacity 

Derive an expression for the dependence of fugacity on the pressure at constant 

Temperature (5 marks 
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c) Given the Gibbs Duheim equation 

Show that for the solvent 

Given the Gibbs Duheim equation 

a 1 = 1 - X 2 = X 1 as X 2 -+ 0 
( 5 marks) 

d) The fugacity of liquid water at 25°C is approximately 0.01313 atm. Calculate 

the fugacity of water liquid at 427°C. The ideal heat of vaporization of water is 

43 .72 KJ mol·1 ( 5 marks) 

e) The volume of MgSQ4 solution per I 000 g of water is given by 

V=55.5 IV0 + 16.63 M +0. I 194M2 (M=Molal). Determine the V (MgSQ4) 

for the solution (5 marks) 

I 

f) The limiting law is given by logy+ ="' 0.509IZ+ Z. II 2 

I 

In a plot of log Y+ against I 2 what would be the gradient for NaCl, CuSQ4 

and Ab(S04)3 

(5 marks) 

QUESTION TWO (20 MARKS) 

a) From the defining equation of fugacity 

G, - 0, - RTln( ~'.) Where r,and f,are the fugacities or A and B respectively, 
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.... 
r 

r. 

derive the dependence of fugacity On temperature ( a;1 = ~~I~ 

Where LiHrn is the ideal enthalpy of vaporization ( I 0 marks) 

b) For a strong electrolyte 

Write down the expression for 

i) The activity for the electrolyte 
ii) The mean activity of the electrolyte 
iii) The mean activity coefficient of the electrolyte (6 marks) 

In very dilute solutions the Debye - Huckel equation becomes 

Whal do the various terms represent (4 marks) 

QUESTION THREE (20 MARKS) 

a) Discuss the use of apparent molar volume in determining the partial volume ( I 0 marks) 

b) The molar volume of an aqueous solution is given by 

V =- 20(n 1+n 2 ) + 0.006T(n 1 + n 2 ) + 0.20n 1 

Where 111 and n2 are the number of moles of the solvent (I) and solute (2) 

respectively. 

i) Determine an expression for V 
1 

and V 
2 
at constant temperature . 

av a2v 
ii) Show that - = 0.006cm 3 = - -or aran2 (10 marks) 

QUESTION FOUR (20 MARKS) 

a) Given that V (ethanol) =3 8.622;V6 (ethanol)=40.727, V (H20)= 17.76 
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and ye (H20) =: 18.068, calculate the amount of HiO that would be added to 

ethanol to make 2000cm3 of solution with 30 % ethanol ( 12 marks). 

===--=-=---'-b..,._) -=-ln~a~s~Qlltlion o.f:G0m1=>euncls-l-and-2:witlrnmtefractrmrs-x"j1{ntl '\{-::----:=========-=-==== 

respectively. The activity of component 1 is given by lna1 = lnX1 + A Xi +~X~ 
R R 

Where A and B are constants. Find an expression for the activity of component 2. (8 marks) 

QUESTION FIVE C20 MARKS) 

a) Define an equation of state and explain why it is sometimes useful to consider 

fugacity in such an equation. 

b) Below is an equation of state 

PVm=RT+ - --c 1---9R PT . ( 6T} l 
128 Pc T 2 

Where the subscript c denotes critical conditions. 

(4 marks) 

i) What is critical temperature and how can it be represented mathematically? (4 marks) 
ii) For this gas show that 

f = p + 9R PT e (i -6T; l 
128 Pc T 2 (7 marks) 

iii) Show that from this equation 

Where P1 represents pressure of an ideal gas (5 marks) 

~~END--
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