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Q1.Refer to the following reaction 

H2(g) + I2(g)  2HI(g)      ΔH  = −11 kJ mol−1,      ΔS  = +20 J K−1 mol−1 

Which one of the following statements is correct? 

A       This is a redox reaction. 

B       The reaction is not feasible below 298 K 

C       At equilibrium, the yield of hydrogen iodide is changed by increasing the pressure. 

D       At equilibrium, the yield of hydrogen iodide increases as the temperature is 
increased. 

(Total 1 mark) 
 
 
 
 
 

Q2.          At high temperatures, nitrogen is oxidised by oxygen to form nitrogen monoxide in a 
reversible reaction as shown in the equation below. 

N2(g)  + O2(g)  2NO(g)        ∆Hο   =   +180 kJ mol–1 

(a)     In terms of electrons, give the meaning of the term oxidation. 

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

 
 
 

(b)     State and explain the effect of an increase in pressure, and the effect of an increase 
in temperature, on the yield of nitrogen monoxide in the above equilibrium. 

Effect of an increase in pressure on the yield ............................................. 

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

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

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

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

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

Effect of an increase in temperature on the yield ........................................ 

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

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

 
 
 

(c)     Nitrogen monoxide, NO, is formed when silver metal reduces nitrate ions, NO  in 
acid solution. 

(i)      Deduce the oxidation state of nitrogen in NO and in NO  

NO....................................................................................................... 

NO  .................................................................................................... 

 
 
 

(ii)     Write a half-equation for the reduction of NO  ions in acid solution to form 
nitrogen monoxide and water. 

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

 
 
 

(iii)     Write a half-equation for the oxidation of silver metal to Ag+(aq) ions. 

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

 
 
 

(iv)    Hence, deduce an overall equation for the reaction between silver metal and 
nitrate ions in acid solution. 

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

(Total 12 marks) 

  

 
 

  
 
 
 

Q3.Use the information about the following solutions to answer the question below. 

Solution F:    This is a mixture of 1 mol of propanoic acid, 1 mol of methanol and 2 mol of 
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water. 

Solution G:    This was originally the same mixture as solution F but it has been left to 
reach equilibrium. 

Compared to the pH of solution F, the pH of solution G will be 

A       considerably lower. 

B       slightly lower. 

C       slightly higher. 

D       exactly the same. 
(Total 1 mark) 

 
 
 
 
 

Q4.         (a)     The expression for an equilibrium constant, Kc, for a homogeneous equilibrium 
reaction is given below. 

 

(i)      Write an equation for the forward reaction. 

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

 
 
 

(ii)     Deduce the units of Kc 

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

 
 
 

(iii)     State what can be deduced from the fact that the value of Kc is larger when 
the equilibrium is established at a lower temperature. 

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

 
 
 

(b)     A 36.8 g sample of N2O4 was heated in a closed flask of volume 16.0 dm3. An 
equilibrium was established at a constant temperature according to the following 
equation. 

N2O4(g)  2NO2(g) 
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The equilibrium mixture was found to contain 0.180 mol of N2O4 

(i)      Calculate the number of moles of N2O4 in the 36.8 g sample. 

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

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

 
 
 

(ii)     Calculate the number of moles of NO2 in the equilibrium mixture. 

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

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

 
 
 

(iii)     Write an expression for Kc and calculate its value under these conditions. 

Expression for Kc ................................................................................. 

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

Calculation .......................................................................................... 

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

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

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

 
 
 

(iv)    Another 36.8 g sample of N2O4 was heated to the same temperature as in the 
original experiment, but in a larger flask. State the effect, if any, of this change 
on the position of equilibrium and on the value of Kc compared with the original 
experiment. 

Effect on the position of equilibrium ................................................... 

Effect on the value of Kc ...................................................................... 
(9) 

(Total 12 marks) 
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Q5.         (a)     State and explain the effect of a catalyst on the rate and on the equilibrium yield 
in a reversible reaction. 

(5) 
 
 
 

(b)     Explain the terms heterogeneous and active sites as applied to a catalyst. Give two 
reasons why a ceramic support is used for the catalyst in catalytic converters in 
cars. Explain how lead poisons this catalyst. 

(7) 
 
 
 

(c)     In aqueous solution, Fe2+ ions act as a homogeneous catalyst in the reaction 
between  

I– and  ions. Give one reason why the reaction is slow in the absence of a 
catalyst. Write equations to show how Fe2+ ions act as a catalyst for this reaction. 

(5) 
(Total 17 marks) 

  

 
 
 

  
 
 
 

Q6.          The manufacture of methanol can be achieved in two stages. 

(a)     In the first stage, methane and steam react according to the following equation.  

CH4(g) + H2O(g)  CO(g) + 3H2(g)                           ∆Hο = +210 kJ mol–1 

Discuss, with reasons, the effects of increasing separately the temperature and the 
pressure on the yield of the products and on the rate of this reaction. 

(6) 
 
 
 

(b)     In the second stage, carbon monoxide and hydrogen react according to the 
following equation.  

CO(g) + 2H2(g)  CH3OH(g) 

A 62.8 mol sample of carbon monoxide was added to 146 mol of hydrogen. When 
equilibrium was reached at a given temperature, the mixture contained 26.2 mol of 
methanol at a total pressure of 9.50 MPa.  
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Write an expression for the equilibrium constant, Kp, for this reaction. Calculate a 
value for Kp at this temperature and give its units. 

(8) 
(Total 14 marks) 

  

 
 

  
 
 


