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Q1.          (a)     The gaseous reactants W and X were sealed in a flask and the mixture left until 
the following equilibrium had been established. 

2W(g)  +  X(g)    3Y(g)  +  2Z(g)        ΔH = –200 kJ mol–1 

Write an expression for the equilibrium constant, Kp, for this reaction. 
State one change in the conditions which would both increase the rate of reaction 
and decrease the value of Kp. Explain your answers. 

(7) 
 
 
 

(b)     Ethyl ethanoate can be prepared by the reactions shown below. 

          Reaction 1 

CH3COOH(l) + C2H5OH(l)    CH3COOC2H5(l) + H2O(l)      ∆H  = –2.0 kJ mol–1 

          Reaction 2 

CH3COCl(l) + C2H5OH(l) → CH3COOC2H5(l) + HCl(g)            ∆H  = –21.6 kJ mol–1 

(i)      Give one advantage and one disadvantage of preparing ethyl ethanoate by 
Reaction 1 rather than by Reaction 2. 

 
 
 

(ii)     Use the information given above and the data below to calculate values for the 

standard entropy change, ∆S , and the standard free-energy change, ∆G , 
for Reaction 2 at 298 K. 

  

  CH3COCl(l) C2H5OH(l) CH3COOC2H5(l) HCl(g) 

S /JK1mol1 201 161 259 187 

 

(8) 
(Total 15 marks) 

  

 
 
 

  
 
 
 

Q2.          Hydrogen is produced by the reaction between steam and methane when the 
following dynamic equilibrium is established. 

CH4(g)   +   H2O(g)      CO(g)   +   3H2(g)        ΔH = +206 kJ mol–1 



Save My Exams! – The Home of Revision 
For more awesome GCSE and A level resources, visit us at www.savemyexams.co.uk 

Page 3 

(a)     Use Le Chatelier’s principle to predict the separate effects of an increase in 
temperature and of an increase in pressure on the yield of hydrogen obtained in the 
above reaction. In each case, explain your answer. 

(6) 
 
 
 

(b)     State how, and explain why, the use of a catalyst might or might not change the 
equilibrium yield of hydrogen, and also the amount of hydrogen produced, in a given 
time. 

(4) 
(Total 10 marks) 

  

 
 

  
 
 
 

Q3.          Methanol can be synthesised from carbon monoxide by the reversible reaction shown 
below. 

CO(g)  +  2H2(g)    CH3OH(g)              ΔH = –91 kJ mol–1 

The process operates at a pressure of 5 MPa and a temperature of 700 K in the presence 
of a copper-containing catalyst. This reaction can reach dynamic equilibrium. 

(a)     By reference to rates and concentrations, explain the meaning of the term dynamic 
equilibrium. 

...................................................................................................................... 

...................................................................................................................... 
(2) 

 
 
 

(b)     Explain why a high yield of methanol is favoured by high pressure. 

...................................................................................................................... 

...................................................................................................................... 
(2) 

 
 
 

(c)     Suggest two reasons why the operation of this process at a pressure much higher 
than 5 MPa would be very expensive. 

Reason 1....................................................................................................... 
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Reason 2....................................................................................................... 

...................................................................................................................... 
(2) 

 
 
 

(d)     State the effect of an increase in temperature on the equilibrium yield of methanol 
and explain your answer. 

Effect............................................................................................................. 

Explanation.................................................................................................... 

...................................................................................................................... 

...................................................................................................................... 
(3) 

 
 
 

(e)     If a catalyst were not used in this process, the operating temperature would have to 
be greater than 700 K. Suggest why an increased temperature would be required. 

...................................................................................................................... 
(1) 

(Total 10 marks) 

  

 
 

  
 
 
 

Q4.The data below refer to the industrial production of nitric acid from ammonia. 

Reaction 1     4NH3(g) + 5O2(g)   4NO(g) + 6H2O(g)           ∆H  = −909 kJ mol−1 

Reaction 2     2NO(g) + O2(g)   2NO2(g)                              ∆H  = −115 kJ 
mol−1 

Reaction 3     3NO2(g) + H2O(l)   2HNO3(aq) + NO(g)         ∆H  = −117 kJ 
mol−1 

The equilibrium yield in all three reactions is increased when 

A       the pressure is increased. 

B       the pressure is decreased. 

C       the temperature is increased. 
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D       the temperature is decreased. 
(Total 1 mark) 

 
 
 
 
 

Q5.The ester methyl ethanoate is hydrolysed as shown in the following equation. 

    CH3COOCH3(l) + H2O(l)  CH3COOH(l) + CH3OH(l)     ΔH  = +3 kJ mol−1 

The equilibrium yield of ethanoic acid could be increased by 

A       lowering the temperature. 

B       adding a catalyst. 

C       adding more water to the reaction mixture. 

D       adding more methanol to the reaction mixture. 
(Total 1 mark) 

 
 
 
 
 

Q6.          Hydrogen is produced on an industrial scale from methane as shown by the equation 
below. 

CH4(g) + H2O(g)  CO(g) + 3H2(g)             ΔH  = +205 kJ mol–1 

(a)     State Le Chatelier’s principle. 

...................................................................................................................... 

...................................................................................................................... 
(1) 

 
 
 

(b)     The following changes are made to this reaction at equilibrium. In each case, 
predict what would happen to the yield of hydrogen from a given amount of 
methane. Use Le Chatelier’s principle to explain your answer. 

(i)      The overall pressure is increased. 

Effect on yield of hydrogen ................................................................. 

Explanation ......................................................................................... 

............................................................................................................. 

............................................................................................................. 
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(ii)     The concentration of steam in the reaction mixture is increased. 

Effect on yield of hydrogen ................................................................. 

Explanation ......................................................................................... 

............................................................................................................. 

............................................................................................................. 
(6) 

 
 
 

(c)     At equilibrium, a high yield of hydrogen is favoured by high temperature. In a typical 
industrial process, the operating temperature is usually less than 1200 K. Suggest 
two reasons why temperatures higher than this are not used. 

Reason 1 ...................................................................................................... 

Reason 2 ...................................................................................................... 

...................................................................................................................... 
(2) 

(Total 9 marks) 

  

 
 

  
 
 
 

Q7.          At high temperatures, SO2Cl2 dissociates according to the following equation. 

SO2Cl2(g)    SO2(g)  +  Cl2(g)               ΔH  = +93 kJ mol–1 

When 1.00 mol of SO2Cl2 dissociates, the equilibrium mixture contains 0.75 mol of Cl2 at 
673 K and a total pressure of 125 kPa. 

(a)     Write an expression for the equilibrium constant, Kp, for this reaction. 

...................................................................................................................... 

...................................................................................................................... 
(1) 

 
 
 

(b)     Calculate the total number of moles of gas present in the equilibrium mixture. 
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...................................................................................................................... 
(2) 

 
 
 

(c)     (i)      Write a general expression for the partial pressure of a gas in a mixture of 
gases in terms of the total pressure. 

............................................................................................................. 

............................................................................................................. 

 
 
 

(ii)     Calculate the partial pressure of SO2Cl2 and the partial pressure of Cl2 in the 
equilibrium mixture. 

Partial pressure of SO2Cl2 ................................................................... 

............................................................................................................. 

Partial pressure of Cl2 .......................................................................... 

............................................................................................................. 
(5) 

 
 
 

(d)     Calculate a value for the equilibrium constant, Kp, for this reaction and give its units. 

...................................................................................................................... 

...................................................................................................................... 

...................................................................................................................... 
(3) 

 
 
 

(e)     State the effect, if any, of an increase in temperature on the value of Kp for this 
reaction. 
Explain your answer. 

Effect on Kp .................................................................................................. 

Explanation .................................................................................................. 

...................................................................................................................... 
(2) 
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(f)      State the effect, if any, of an increase in the total pressure on the value of Kp for this 
reaction. 

...................................................................................................................... 
(1) 

(Total 14 marks) 

  

 
 

  
 
 


