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QUESTION ONE (20MARKS)

(a) Distinguish between pressure and fugacity (3 marks)
(b) To which volume must 1000ml of alcohol, containing 96.0 volume% ethanol, be diluted in
order to make vodka with 64.0 volume % ethanol? The process at 15°Con (5 marks)
Partial molar volume -In 96% ethanol In Vodka
Ethanol 58.1 56.6
Water 14.5 17.1
(c) The simple equation PV, = RT(1 + 6.4 x 107*P) varied for hydrogen up to 1500
atmosphere. Calculate the fugacity of Hy at 1000 atmosphere (5 marks)
(d) Define the following terms (3marks)
i.  Fugacity coefficient
ii.  Activity

iii.  Mole fraction

(e) Fugacity of water at 25°C is 0.0313 atm. Ideal heat of vaporization is 43.72kj/mol. What is
the fugacity at 27°C (4marks)

QUESTION TWO (20 MARKS)
(a)Volume of MgSOs solution per 1000g of water is

3
V = 55.51V + 16.6253M + 1.7738M2 + 0.1194 M2

Determine the partial molar volume of MgSQOy4 ; (5 marks)
(b) It is required to make 2 litres of solution methanol and water containing 30% mole methanol.
How many litres of pure methanol and water should be mixed (5 marks)
Vi = 38.632cm3 V, = 17.765cm?
Vi =.40,727 VY = 18.068
(c) Starting with V = f(ny,n,), show that the Gibbs-Duhein equation of partial volume is given
by X,dV; + X,dV; = 0 (5 marks)
(d) Using thermodynamic function, AG = AH — TAS , show that (%’:) = % (5 marks)
P

QUESTION THREE (20 MARKS)
(a) Starting with G; = f(n,n,P,T), show that G = (;Ta) with an inside diameter(5 marks)
1 1’12PT

(b) At 60°C aniline and water mixtures form two liquids of composition 4.4 and 93.4% by weight
aniline. Assuming Roults law holds foe abundant component and Henry’s law for dilute
component in each phase. Calculate for each phase the activity coefficient of dilute component
on the basis of solvent standard state (Maniline= 93.1, M0 = 18) (5 marks)

(c) In a solution, Rlna; = RInX; + AX? + BX3. Find the expression for activity of component 2
using Gibbs-Duhein equation X;dU; + X,dU, = 0 (5 marks)

(d) Using,uz ik .ug - RTInaédeal £ .uglecrrostaticinteraction
RTy (5marks)

ShOW tha.t MEIeCfT‘DStath interaction -

QUESTION FOUR (20 MARKS)
(a) 1 mole of 50% solution of propanol in ethanol is distilled until the BP rises to 90°C. The
vapour pressure of condensate after cooling is found to be 1066mmHg at 90°C. Vapour pressure

of pure ethanol and propanol are 1190 and 574mmHg respectively at 90°C. Assuming the
solutions and vapour to behave ideally, calculate;
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i, Mole fraction of ethanol at 90 in the boiling liquid (10 marks)
ii.  Mole fraction of ethanol in the distillate (5 marks)
iii.  Number of moles of ethanol distilled (5 marks)

QUESTION FIVE (20 MARKS)
(a) Determine the activity and mean activity of Al,(50,4)5

i.  Activity (3 marks)

ii.  Mean activity (2 marks)
(b) Express change in chemical potential for NaCl as a function of molarity and mean activity
coefficienty = u° + vRTIny £ M * (3 marks)
(¢) In a 0,5m aqueous KCl mean activity coefficient 0.901 at 25 °C. What is the extra Gibbs free
energy due to electrostatics interactions of the ions in solution (5 marks)
(d) Determine the ionic strength of MaCl (2marks)

(e) Given that Iny; = —AZ 12\/7 , Prove that Debye Huckel limiting law at infinite dilution is
Iny+= —A|Z,Z_|I"* (5marks)




