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ANSWER ONLY THREE QUESTIONS (60MARKS) 

QUESTION ONE (20 MARKS) 

(a) Acid rain is the result of burning fossil fuels. The sulphur contained in the fossil fuels is 

oxidised to sulphur dioxide, SO2, during combustion. In the atmosphere, SO2 dissolves in water 

droplets where it forms sulphurous acid, H2SO3. The sulphurous acid can then be oxidised by 

other substances in the cloud water (substances such as peroxide, iron, copper) to form 

sulphuric acid, H2SO4. Could the following two reactions, the combustion of FeS2 (pyrite) in 

the coal to yield SO2 and the oxidation of SO2 by Fe3+ in the clouds to yield H2SO4 proceed 

spontaneously at standard conditions?      (6 marks) 

 

2𝐹𝑒𝑆2(𝑠) + 5.5𝑂2(𝑔) ⟷  𝐹𝑒2𝑂3(𝑠) + 4𝑆𝑂2(𝑔) 

𝐻2𝑆𝑂3(𝑎𝑞) + 2𝐹𝑒(𝑎𝑞)
3+ +  𝐻2𝑂(𝑙)  ⟷ 𝐻2𝑆𝑂4(𝑎𝑞) + 2𝐹𝑒(𝑎𝑞)

2+ + 2𝐻+ 

 

(b) Determine whether the oxidation of sulphurous acid to sulphuric acid in part (a) could proceed 

in clouds under the following conditions. Assume that in clouds on an autumn day T = 25oC, 

[H2SO3] = 10-6 M, [H2SO4] = 10-3.7 M, [Fe3+] = 10-8 M, [Fe2+] = 10-10 M and [H+] = 10-4 M.

           (6 marks) 

(c) Determine the ratio of sulphurous acid to sulphuric acid at equilibrium using the measured 

concentrations of H+, Fe2+ and Fe3+ provided in part (b). State clearly whether this reaction 

proceeds to the left or to the right under the assumed conditions inside the clouds.  

           (8 marks) 

NB: The Thermodynamic data below may be useful 
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Compound 𝑮𝒇
𝟎 (kJ/mole) 

FeS2(s) 160 

O2(g) 0 

Fe2O3(s) -743 

SO2(g) -300 

H2SO3(aq) -534 

Fe3+
(aq) -4.60 

H2O(l) -237 

H2SO4(aq) -745 

Fe2+
(aq) -78.9 

H+
(aq) 0 

 

 

QUESTION TWO (20 MARKS) 

(a) The hypothetical reaction below is a second order with respect to A. 

𝑎𝐴 ⟶ 𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑠 

(i) Derive an expression for the integrated rate law for this reaction.  (4 marks) 

(ii) Derive an expression for the half-life t1/2 of the reaction.   (3 marks) 

(b) A certain first-order reaction has a half-life of 40.0 min. 

(i) Calculate the rate constant for this reaction.                           (2 marks) 

(ii) Determine the time required for this reaction to be 75% complete.               (3 marks) 

(c) The reaction below was studied at several temperatures and the following values of k were 

obtained as shown in the table below. 

2𝑁2𝑂5(𝑔) ⟶ 4𝑁𝑂2(𝑔) + 𝑂2(𝑔) 
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T (oC) k (s-1) 

20 2.0 x 10-5 

30 7.3 x 10-5 

40 2.7 x 10-4 

50 9.1 x 10-4 

60 2.9 x 10-3 

 

 Determine the value of the activation energy Ea, for this reaction.    (8 marks)  

 

QUESTION THREE (20 MARKS) 

(a) In what order would the divalent cations Mg and Cu, be removed as the pH of a solution is 

raised assuming the molar concentration of all metals equals 9.6 x 10-6? The Ksp for formation 

of metals hydroxide precipitates are 6.9 x 10-12 and 7.8 x 10-20, respectively. Determine the pH 

at which the precipitate of each metal begins to form.    (9 marks) 

(b) Calculate the percentage of HF molecules ionised in (i) a 0.10 M HF solution (ii) a 0.010 M 

HF solution.           

                     (11 marks) 

 

QUESTION FOUR (20 MARKS) 

At a temperature near 800oC, steam is passed over hot coke (a form of carbon obtained from coal) 

reacts to form CO and H2:  

𝐶(𝑠) + 𝐻2𝑂(𝑔)  ⇌ 𝐶𝑂(𝑔) +  𝐻2(𝑔) 

The mixture of gases that results is an important industrial fuel called water gas. 

(a) At 800oC the equilibrium constant for this reaction is Kp = 14.1. What are the equilibrium 

partial pressures (atm) of H2O, CO and H2 in the equilibrium mixture at this temperature if we 

start with solid carbon and 0.100 mol of H2O in a 1.00-L vessel?            (11 marks) 

(b) What is the minimum amount of carbon required to achieve equilibrium under these 

conditions?                    (4 marks) 

(c) What is the total pressure in the vessel at equilibrium?              (2 marks) 

(d) At 25oC the value of Kp for this reaction is 1.7 x 10-21. Is the reaction exothermic or 

endothermic? Justify your answer.                (1.5 marks) 

(e) To produce the maximum amount of CO and H2 at equilibrium, should the pressure of the 

system be increased or decreased? Justify your answer.            (1.5 marks) 
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