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Answer ALL the questions.  Write your answers in the spaces provided.

1. Aluminium is extracted industrially from aluminium oxide, Al2O3, using electrolysis.  The 
aluminium oxide is obtained from an aluminium ore.

 (a) Name an ore of aluminium.

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

 (b) What is carbon used for in the extraction process?

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

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

 (c) (i) Write the half-equation for the process occurring at the cathode.

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

  (ii) The process occurring at the anode is shown by the following half-equation.

2O2– → O2 + 4e–

   Name this type of change and explain your answer in terms of electrons.

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

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

 (d) State the temperature used in the electrolysis.

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

 (e) State the role of cryolite in this process.

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

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

 (f) What is the major cost in the manufacture of aluminium?

   .......................................................................................................................................
(1)
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 (g) State ONE major use of aluminium and state ONE property of aluminium that makes 
it suitable for this use.

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

   .......................................................................................................................................
(1) Q1

(Total 9 marks)
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2. This question is about ammonia, NH3, which is produced as shown in the following 
equation.

N2(g) + 3H2(g)  2NH3(g)

 (a) Use oxidation numbers to explain why this is a redox reaction.

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

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

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

 (b) (i) Use the average (mean) bond enthalpy data to calculate a value for the enthalpy 
change for this reaction.  You are reminded to show all your working.

Bond Average bond enthalpy
/kJ mol–1

N≡N 944

H—H 436

N—H 388

(3)
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  (ii) The actual standard enthalpy change for this reaction is –92 kJ mol–1.  Explain 
why the value you calculated in (b)(i) is not the same as this.

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

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

  (iii) At room temperature, a mixture of nitrogen and hydrogen is thermodynamically 
unstable with respect to ammonia, but is kinetically stable.

   Use the data in (b)(i) and (ii) to help you explain why this mixture is

   thermodynamically unstable

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

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

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

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

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

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

   kinetically stable

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

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

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

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

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

    ................................................................................................................................
(3)
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 (c) The manufacturer of ammonia would like to achieve a high rate of reaction and a high 
equilibrium yield of product.

  (i) State and explain, in terms of collision theory, TWO ways to increase the rate of 
the reaction.  An increase in pressure does not alter the rate in this process.

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

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

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

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

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

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

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

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

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

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

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

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

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

    ................................................................................................................................
(6)
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  (ii) State and explain TWO ways to increase the equilibrium yield of ammonia.

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

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

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

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

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

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

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

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

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

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

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

    ................................................................................................................................
(4)

 (d) At equilibrium in the Haber Process only a small percentage of the hydrogen and 
nitrogen is converted to ammonia.

  (i) How is the ammonia separated from unreacted nitrogen and hydrogen?

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

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

  (ii) How is nearly all the hydrogen eventually converted to ammonia?

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

    ................................................................................................................................
(1) Q2

(Total 21 marks)
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3. (a) Compound A, CH3CHBrCH2CH3, can be converted into butan-2-ol by reaction with  
potassium hydroxide solution.

  (i) Name compound A.

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

  (ii) Write an equation for the conversion of compound A into butan-2-ol.

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

  (iii) Identify the solvent required for this reaction.

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

  (iv) Classify this reaction.

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

 (b) Compound A can also be converted into a mixture of the structural isomers but-1-ene 
and but-2-ene by reaction with potassium hydroxide under different conditions.

  (i) Write the ionic equation for the conversion of compound A into either but-1-ene 
or but-2-ene.

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

  (ii) What is the solvent required for this reaction?

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

  (iii) Classify this reaction.

    ................................................................................................................................
(1)
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 (c) But-2-ene exists as two geometric isomers.

  (i) Draw the structural formulae of these TWO geometric isomers.

(1)

  (ii) Explain why but-2-ene exists as two geometric isomers.

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

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

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

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

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

 (d) Both but-1-ene and but-2-ene react with hydrogen, in the presence of a suitable 
catalyst, to give the same product.

  (i) Identify the catalyst.

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

  (ii) Identify the product of this reaction.

    ................................................................................................................................
(1)
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 (e) Compound A, CH3CHBrCH2CH3, reacts with ammonia.

  (i) Write an equation for this reaction.

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

  (ii) Give ONE essential condition for this reaction.

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

  (iii) With excess halogenoalkane, further substitution of the hydrogen atoms in the 
ammonia molecule takes place and a different product, compound B, is formed.  

   Analysis of compound B gave the following data.

Element % by mass

carbon 74.4

hydrogen 14.7

nitrogen 10.9

   Use the data to calculate the empirical formula of compound B.

(2) Q3

(Total 16 marks)
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4. (a) (i)

Formula of substance Standard enthalpy of formation
/kJ mol–1

CH4(g)   –75

O2(g)      0

CO2(g) –394

H2O(g) –242

   The equation for the complete combustion of methane at 150 °C is:

CH4(g) + 2O2(g) → CO2(g) + 2H2O(g)

   Use the given data to calculate the enthalpy of combustion of methane under 
these conditions.

(2)

  (ii) The standard enthalpy of combustion of methane is –891 kJ mol–1.

   Explain why this is very different from the value you have calculated in (a)(i).

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

    ................................................................................................................................
(1)
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  (iii) Here are some data about different fuels:

Name Formula Standard state Energy evolved 
per gram / kJ

Relative cost 
per kJ

hydrogen H2 gas 143   2
octane C8H18 liquid     48.4 70

   State and explain the advantages and disadvantages of using hydrogen compared 
with octane as a fuel for aeroplanes.

   Use the data in the table above and your knowledge of the combustion of fuels to 
help you.

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

    ................................................................................................................................
(4)



Leave 
blank

14

*N29260A01416*

 (b) Ethanol is a primary alcohol and can be oxidised if heated with an acidified solution 
of potassium dichromate(VI).  Two possible organic oxidation products may be 
obtained.

  (i) Draw the full structural formula, showing all bonds, of both oxidation products.

(2)

  (ii) Give the name and structural formula of an alcohol that would not be oxidised 
by heating it with an acidified solution of potassium dichromate(VI).

(2)
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 (c) Ethanol can be converted in the laboratory into ethene as shown by the following 
equation.

C2H5OH → CH2=CH2 + H2O

  Give the other substance needed to achieve this conversion.

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

 (d) (i) Ethene can be polymerised to produce poly(ethene).

   Draw the repeat unit of poly(ethene).

(1)

  (ii) Give ONE major use for poly(ethene).

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

TOTAL FOR PAPER: 60 MARKS
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