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QUESTION ONE - (30 MARKS)  

a) Distinguish between spontaneous and non-spontaneous process.  (2 Marks) 

b) Calculate the entropy change S when 3 moles of a perfect gas is allowed to expand at ∆

300k from a volume of . Given that R= 8.134 J   (3 Marks) 2𝑑𝑚3 𝐾 ―1 mol ―1

c) Outline three properties of ideal solutions.     (3 Marks) 

d) Calculate the free energy change, G which occurs when 1.0 moles of an ideal gas ∆

expands reversibly and isothermally at 3.10 x k from an initial volume of 5.0 x 102 10 ―2

 to 1.0 . Given that r = 8.314 J .   (3 Marks) 𝑚3 𝑚3 𝐾 ―1𝑚𝑜𝑙 ―1

e) Define the following terms; 

(i)  Entropy 

(ii) Azeotrope 

(iii) Phase 

(iv) Colligative properties 

f) The equilibrium constants , Kp for the reaction; 
 𝑁2(𝑔) +  3𝐻2(𝑔)⇌2𝑁𝐻3(𝑔)
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is 1.64 x  at 673k and 1.44 x at 773k. Determine the enthalpy of formation of 10 ―4 10 ―5

ammonia,  from its constituent elements at this temperature range, given that R= ∆𝐻𝑓

8.314 J .         (4 𝐾 ―1𝑚𝑜𝑙 ―1

Marks) 

g) State the second law of thermodynamics.     (2 Marks) 

h) Diethyl ether is a volatile, highly flammable organic liquid that is used mainly as a 

solvent. The vapour pressure of diethyl ether is 401mmHg at 180c. Calculate the vapour 

pressure at 32oc given that molar enthalpy of diethyl ether is = 26.0kj  and ∆𝐻𝑣𝑎𝑝 𝑚𝑜𝑙 ―1

R=8.314 J .        (3 Marks) 𝐾 ―1𝑚𝑜𝑙 ―1

i) State the Henry’s law.        (2 Marks) 

QUESTION TWO (20 MARKS) 

a) State the third law of thermodynamics.      (2 Marks) 
b) Calculate the molar entropies of fusion and vaporization for water at its normal melting 

point and boiling point given that = 40.79 kj  and = 6.01kj . ∆𝐻𝑣𝑎𝑝 𝑚𝑜𝑙 ―1 ∆𝐻𝑓𝑢𝑠 𝑚𝑜𝑙 ―1

          (4 Marks) 
c) Calculate the standard Gibb’s free energy changes for the following reactions at 250c. 

(i) +  +      (3 Marks) 𝐶𝐻4(𝑔)   𝑂2(𝑔) ⟶𝐶𝑂2(𝑔) 2𝐻2𝑂(𝑙)

 
(ii) +       (3 Marks) 2𝑀𝑔𝑂(𝑔)⟶2𝑀𝑔(𝑠) 𝑂2(𝑙)

 

          Given that; 

Substance  Values (kj ) 𝐺0 𝑚𝑜𝑙 ―1

 𝑂2
 

 𝑀𝑔
 

 𝐶𝑂2
 

 𝐻2𝑂
 

 𝑀𝑔𝑂
 

 𝐶𝐻4
 

0 
 
0 
 
-394.4 
 
-237.1 
 
-569.6 
 
-50.8 
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d) An experiment to determine the vapour pressure of water at various temperatures 
between 150c and 800c yields the following data. 
At 0c 15.0 25.0 37.0 60.0 80.0 
P(mmHg) 12.79 23.76 47.07 149.4 355.1 
 

Use the data to determine the molar enthalpy of vaporization of water graphically. 

(8 Marks) 

QUESTION THREE (20 MARKS) 

a) State the Raoult’s law.        (2 Marks) 

b) A solution is prepared by dissolving 35.0g of hemoglobin (Hb) in enough water to make up 

to 1 litre in volume. If the osmotic pressure of the solution is found to be 10.0mmHg at 

25oC, calculate the molar mass of hemoglobin. Given that R= 0.0821Latm . mol ―1𝑘 ―1

(3 Marks) 
c) Given that the Gibb free energy , G is given by G = H – Ts and the HelmtroHz free energy 

A is  given by A = – Ts. Show that G = H – T S and A = u – T S ∪ ∆ ∆ ∆ ∆ ∆ ∆

d) The lowering of freezing point of benzene is 2.33k when 4.12 x kg of the solute of 10 ―4

unknown molar mass was dissolved in 9.31 x kg of benzene.   10 ―3

Calculate the molar mass of the solute. Given that the molal depression constant for 

benzene is 5.1kg         (3 Marks) 𝑚𝑜𝑙 ―1

e) State the phase rule.        (2 Marks) 

QUESTION FOUR (20 MARKS) 

a) Given that; 

s = Cpln(  - nRln (       (5 Marks) ∆
𝑇2

𝑇1
)

𝑃2
𝑃1

)

Show that for an isothermal process  

s = nRln (  ∆
𝑃1

𝑃2
)

 
b) Calculate the Gibbs free energy and entropy due to mixing 2.5 moles of argon with 3.5 

moles of oxygen, both to 1 bar and 250c. Assume ideal gas behaviour given that  
R= 8.31 J .        (6 Marks) 𝐾 ―1𝑚𝑜𝑙 ―1

c) Calculate the vapour pressure of a solution made by dissolving 218g of glucose (molar 
mass= 180.2g  in 460ml of water at 300c. What is the vapour-pressure lowering 𝑚𝑜𝑙 ―1



Meru University of Science & Technology is ISO 9001:2008 Certified 
                                                                 Foundation of Innovations Page 4 

value? The vapour pressure of pure water at 300c is 31.82mmHg.Assume the density of 
the solution is . Molar mass of water 18.02g/mol and R= 8.31 J . 1.00gml ―1 𝐾 ―1𝑚𝑜𝑙 ―1

(6 Marks)  
d) Calculate the increase in entropy when 250g of water is heated at constant pressure from 

20oc to 500c. The molar heat capacity of water at constant pressure is 75.3 J𝐾 ―1𝑚𝑜𝑙 ―1

.Assume that Cp is constant over this temperature range. (3 Marks)


