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QUESTION ONE (30 MARKS) 

(a) i) Explain giving reasons the following observations;  

I. The kinetic energy of a gas increases with increasing temperature.   (1
1

2
 𝑚𝑎𝑟𝑘𝑠) 

II. The mean free path of gas molecules increases and the number of collisions per unit time 

decreases with the lowering of temperature.                                               (2 marks) 

III. Heat capacity of a diatomic gas is greater than that of a monoatomic gas.  (2 marks) 

IV. Nonideal gases approach ideal behavior at low pressure and high temperatures. (2 marks) 

V. The compressibility factor is unity at Boyle temperature of a gas.                        (1
1

2
 𝑚𝑎𝑟𝑘𝑠) 

VI. The molecular attraction between gases molecules are pronounced at low temperatures.  

           (2 marks) 
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VII. Gases cannot be liquefied merely by the application of pressure above their critical 

temperatures.                                                                                                              (2 marks) 

VIII. A Nonideal gas below its inversion temperatures shows a cooling effect in Joule-Thomson 

expansion.                                                                                                                  (1mark) 

(b) i) Explain how the two phase diagrams for sulfur illustrate the " problem of components " for 

the phase rule.                                                                                                            (2 marks) 

ii) Determine the amount of sucrose, C12H22O11 that must be dissolved in 90 g of water to produce 

a solution over which the relative humidity is 80 %. Assume the solution is ideal.   (2marks) 

iii) Dissolving a gas in a liquid is an exothermic process. Assuming an ideal gas, account for this 

in terms of molecular forces. Suggest a molecular explanation of the Bunsen coefficient 𝛼 increase 

with increasing gas boiling point.                                                                               (2 marks) 

(c) i) Describe the similarities of the solution upper consolute point and the liquid-gas critical point. 

(2 marks) 

ii) The hardness of an alloy is greater the more fine grained the alloy is. Explain why eutectic 

alloys are hard.                                                                                                             (2 marks) 

iii) Explain the direction of the influence of nonideality (for example, positive deviations from 

Raoult's law) on;  

I. Freezing-point depression                                                                                        (1 mark) 

II. Boiling-point elevation                                                                                           (1 mark) 

III. Osmotic pressure compared to the ideal solution case.                                         (1 mark) 

d) Discuss and interpret the trends of the Debye length with increasing; 

 I. Temperature                                                                                                             (1 mark) 

II. Dielectric constant (1 mark) 

III. Ionic strength.                                                                                                         (1 mark)        

                                                                                                                        

QUESTION TWO (20 MARKS) 

(a) i) I. State Maxwell’s law of distribution of molecular speeds amongst the molecules of a gas. 

(1 mark) 

II. Explain from part I the effect of temperature on the distribution of speeds.  (1 mark) 

III. Explain whether the molecules of a gas can have a high and almost zero speeds. (1 mark) 
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IV. Show that the most probable speed is given by 𝐶𝑚𝑝 = √
2𝑅𝑇

𝑀
.                           (2

1

2
 𝑚𝑎𝑟𝑘𝑠) 

(ii) I. Deduce the law of corresponding states from the Van der Waals equation.  (2
1

2
 𝑚𝑎𝑟𝑘𝑠) 

II. Explain the significance of the law.                                                                     (2 𝑚𝑎𝑟𝑘𝑠) 

(b) i) For nitrogen gas at 1 atm and 298K calculate: 

I. The number of collisions each nitrogen molecule encounters in one second.   (2 marks) 

II. The total number of collisions in a volume of 1m3 in one second.                   (1 mark) 

III. The mean free path of a nitrogen molecule. The collision diameter of a nitrogen molecule is 

3.74× 10−10m.                                                                                                       (1 mark) 

ii) The following table gives the values of a, b and experimentally measured volume at 273 K and 

200 atm of two Van der Waals gases A and B calculate; 

 a 

atm.l2.mol-2 

b 

litre.mole-1 

Volume 

litre.mole-1 

A 0.24 0.026 0.112 

B 1.36 0.132 0.111 

 

I. The compressibility factor for 1 mole of each at 273 K and 200 atm and state which one is more 

compressible than predicted by the ideal gas law.                                                     (2 marks) 

II. The temperature at which B obeys Boyle’s law over a wide range of pressure.  (1 mark) 

III. The temperature below which A would be subjected to Joule-Thomson expansion for 

liquefaction.                                                                                                                (1 mark) 

iii) For a particular gas, b=4.42× 10−2L.mol-1. Determine how near the centres of the two 

molecules can approach.                                                                                              (2 marks) 

 

QUESTION THREE (20 MARKS) 

a) i) Explain giving reasons the following observations; 

I. A solution of benzene and toluene behaves nearly ideal while that of ethanol; and water or 

chloroform and acetone shows considerable deviations from ideality.                 (2 marks) 

II. An azeotrope although distills unchanged in composition at a given pressure, yet it is not a 

chemical compound.                                                                                              (2 marks) 

ii) Suggest how we can draw a phase diagram for pure water as a system.          (2
1

2
 marks) 
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Explain how it will influence your consideration if water has; 

I. Some air dissolved in it.                                                                                     (1 mark) 

II. 5% heavy water mixed with it.                                                                         (1
1

2
 marks) 

III. Been obtained from a well.                                                                               (1 mark) 

b) i) Latent heat of fusion of water is 6025 joules per mole and can be treated as constant. Normal 

melting point of ice is 0oC. Determine the melting point of ice if the pressure on it is; 

I. Reduced to 0.006 atmosphere                                                                        (2 marks) 

II. Increased to 5 atmospheres                                                                           (1 mark) 

ii) A mixture of water and an organic liquid A, immiscible in water, distills at 95oC when the 

external pressure is 635 mm Hg.  

I. Calculate the molecular weight of A if the distillate contains 40% by weight of water. 

(1
1

2
 marks) 

II. Calculate the weight of water required for the steam distillation of 500g of A if its molecular 

weight be 160awu.                                                                                                (1
1

2
 marks) 

iii) At 300 K two pure liquids A and B have vapour pressures of 200 and 500 torr. Calculate mole 

percent of A and B in the liquid and vapour phases of a mixture C which has vapour pressure of 

350 torr.                                                                                                                 (2 marks) 

c) Account for the following;                                                                            

I. Zinc sulphide alone is precipitated when hydrogen sulphide is passed into an aqueous solution 

containing Zn2+ and Mn2+ ions and dilute acetic acid.                                            (0.5 mark) 

II. Magnesium hydroxide is not precipitated from solutions of magnesium salts by ammonia 

solution in the presence of ammonium chloride.                                                     (0.5 mark) 

III. A concentrated solution of calcium chloride gives no precipitate with ammonia solution, but 

with sodium hydroxide solution a precipitate forms immediately.                          (1 mark) 

 

QUESTION FOUR (20 MARKS) 

(a) i) Explain why the boiling point of a solvent is elevated and its freezing point is depressed by 

the addition of a solute.                                                                                           (1
1

2
 marks) 

ii) Explain the effect of the following situation on determination of molecular weight of a substance 

by the cryoscopic method; 
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I. If some solvent is lost from the measured quantity before solution is made in it.  (1 mark) 

II. Some solution is lost after making the solution, before the freezing point of solution is measured.                                                                                                                  

(1 mark) 

III. If some of the weighed solute added remains undissolved.                                 (1 mark) 

IV. If the solvent has already got some soluble non-interacting impurity in it.        (1 mark) 

V. If the thermometer used has a correction of +1oC all over the scale.                   (1 mark) 

b) i) Phenol is one of those substances which partially associates into double molecules when 

dissolved in waster. If a solution of 1.880 g of phenol in 100 g of water freezes at -0.210oC, 

calculate the degree of association of phenol molecules at the freezing point of the solution. Molal 

freezing point constant of water is 1.86oC.                                                               (3 marks) 

ii) Blood plasma has the following composition (milli-equivalents per litre). Calculate its osmotic 

pressure at 37oC. Na+=138, Ca2+= 5.2, K+= 4.5, Mg2+= 2.0, Cl- = 105, HC𝑂3
−=25, P𝑂4

3−=2.2, 

𝑆𝑂4
2−=0.5, proteins=16, others=1.0.                                                                         (4 marks) 

iii) In a constant temperature room two solutions A and B are kept under a bell jar till they reach 

a state of equilibrium. If solution A has 0.020 mole of cane sugar dissolved in 100g of water and 

solution B has 0.010 mole of urea dissolved in 100g of water, determine the equilibrium 

concentrations.                                                                                                         (4 marks) 

iv) A solution is made by dissolving 5.00g of C12H22O11 in 100 g of water. Determine the vapour 

pressure and lowering of vapour pressure for this solution at 25oC when vapour pressure of pure 

water is 23.756 torr.                                                                                                  (2
1

2
 marks)              
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