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

1. (a) Draw the full structural formulae, showing all bonds, of:

  (i) 2,4-dimethylpentane

(1)

  (ii) 2-bromopropan-2-ol

(1)
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 (b) Pent-2-ene shows geometric isomerism.

  Draw the structures of the two geometric isomers.

                            Isomer 1                                                     Isomer 2

(2)

 (c) Classify the following reagents: 

  (i) Ammonia, NH3, in the reaction with iodoethane.

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

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

  (ii) Cl•  in the reaction with ethane.

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

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

  (iii) Acidified potassium dichromate(VI), K2Cr2O7, in the reaction with ethanol.

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

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

(Total 7 marks)
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2. (a) Define the term standard enthalpy of formation.

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

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

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

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

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

 (b) In the Haber process, ammonia is manufactured from nitrogen and hydrogen as shown 
in the equation.

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

  (i) Use the bond enthalpies below to calculate the standard enthalpy of formation of 
ammonia.

Bond Bond enthalpy / kJ mol–1

N≡N in N2 +945

H–H in H2 +436

N–H in NH3 +391

(4)
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  (ii) Draw a labelled enthalpy level diagram for the formation of ammonia in the 
Haber process.

                                     

                    Enthalpy   

(2)

  (iii) State the temperature used in the Haber process and explain in terms of the rate 
of reaction and position of equilibrium, why this temperature is chosen.

   Temperature .......................

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

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

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

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

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

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

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

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

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

    ................................................................................................................................
(3)
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  (iv) Identify the catalyst used in the Haber process and state what effect, if any, it has 
on the equilibrium yield of ammonia.

   Catalyst ................................................................

   Effect on yield ........................................................................................................
(2)

   

  (v) Explain why it is necessary to use a catalyst in this process.

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

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

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

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

 (c) The pressure used in the Haber process is 250 atmospheres.

  (i) State and explain an advantage of increasing the pressure to 1000 atmospheres.

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

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

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

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

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

  (ii)  Suggest a disadvantage of using a pressure of 1000 atmospheres.

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

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

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

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

(Total 18 marks)
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3. 2-bromobutane, CH3CH2CHBrCH3, can be converted into butane, CH3CH2CH2CH3, in 
two steps.

                                                  Step 1                                              Step 2
CH3CH2CHBrCH3     →     CH3CH2CH═CH2     →     CH3CH2CH2CH3

 Give the reagents and conditions needed for each step.

 (a) Step 1

  Reagent

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

  Condition 

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

 (b) Step 2

  Reagent

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

  Condition

   .......................................................................................................................................
(2) Q3

(Total 4 marks)
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4. Aluminium is obtained by electrolysis.

 (a) Identify the electrolyte used in the manufacture of aluminium.

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

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

 (b) Write the ionic half-equation for the reaction that takes place at the cathode.

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

 (c) From what material are the electrodes made?

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

 (d) The anodes need to be replaced frequently.  Write an equation to show why this is 
necessary.

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

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

 (e) Calculate the mass of aluminium oxide, Al2O3, needed to produce 1.0 tonne of 
aluminium.

  [1.0 tonne = 1.0 × 106 g]

(3)
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 (f) (i) About one third of the electrical energy needed to produce aluminium is used in 
the electrode reactions.  

   Suggest what most of the remainder of the energy is used for.

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

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

  (ii) Recycling aluminium requires only 5% of the energy needed to produce the same 
mass of aluminium by electrolysis.

   Suggest TWO reasons for this.

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

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

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

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

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

    ................................................................................................................................
(2) Q4

(Total 11 marks)
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5. Bromine needs ultraviolet radiation to react with ethane, C2H6, but reacts with ethene, 
C2H4, in the dark.

 (a) Complete the equations.

  (i) C2H6 + Br2   →   ......................................................................................................
(1)

  (ii) C2H4 + Br2   →   ......................................................................................................
(1)

 (b) (i) Identify and state the type of covalent bond in the hydrocarbon molecules that 
are broken during these two reactions.  

   Ethane

   bond broken ...................................... type ......................................

   Ethene

   bond broken ...................................... type ......................................
(2)

  (ii) Use your answer to (b)(i) to suggest why the reaction of bromine with ethene 
occurs more readily than with ethane in the dark.

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

    ................................................................................................................................
(1) Q5

(Total 5 marks)
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6. (a) (i) Draw a Maxwell-Boltzmann distribution of molecular energies in a gas at a 
temperature T.

(2)

  (ii) Add a curve to your diagram to show the distribution at a higher temperature and 
label it TH.

(1)

  (iii) Mark on your diagram a line at a suitable place for the activation energy, Ea, for 
a reaction. 

(1)

 (b) (i) Use your answer to (a) to explain, in terms of the frequency and energy of 
collisions, why an increase in temperature increases the rate of a reaction.

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

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

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

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

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

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

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

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

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

  (ii) Suggest whether the frequency of the collisions or the energy of collisions is 
more important in increasing the rate.

    ................................................................................................................................
(1) Q6

(Total 9 marks)
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7. (a) An organic compound, W, with molecular formula C4H10O reacts with phosphorus 
pentachloride to give compound X, C4H9Cl.

  When W is heated with potassium dichromate(VI) and dilute sulphuric acid there is 
no colour change.

  (i) Identify the functional group present in W.

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

  (ii) Draw the structural formulae of W and X.

   W

   X

(2)

  (iii) When a structural isomer of W is heated under reflux with acidified potassium 
dichromate(VI), it produces compound Y, C4H8O2.

   Suggest a possible identity for Y.

(1)
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 (b) Propene, C3H6, reacts with hydrogen bromide, HBr.

  Draw the structures of the two possible products and indicate which is the major 
product.

(2)

TOTAL FOR PAPER: 60 MARKS

END

Q7

(Total 6 marks)
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