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Answer ALL questions in the spaces provided.

1. Aluminium is made from bauxite, which contains hydrated aluminium oxide.  One of the
main impurities in bauxite is iron(III) oxide.

During the purification of bauxite, 10 % sodium hydroxide solution is added.

(a) (i) State, with a reason, what happens to the aluminium oxide when the 
sodium hydroxide solution is added.

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

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

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

(ii) State, with a reason, what happens to the iron(III) oxide when the 
sodium hydroxide solution is added.

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

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

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

(b) After purification, the aluminium oxide is dissolved in molten cryolite.  The mixture
is electrolysed.

(i) Why is it necessary to use cryolite?

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

(ii) From what material is the anode made?

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

(iii) Write the ionic equation for the reaction that takes place at the cathode.

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

(iv) State the major cost in the extraction of aluminium.

................................................................................................................................
(1)
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2. (a) There are two isomers of molecular formula C3H8O that are alcohols.

(i) Draw the full structural formulae of these isomers and name them.

Isomer 1 Isomer 2

Name Name

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

(ii) When heated under reflux with potassium dichromate(VI) in dilute sulphuric
acid, one of the isomers can be oxidised to give a compound C3H6O2.  Draw the
full structural formula of this compound, C3H6O2.  State the colour change you
would see during this reaction.

Structural formula

Colour change

................................................................................................................................
(2)
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(b) (i) Both isomeric alcohols can be converted to bromoalkanes of molecular formula
C3H7Br.  Give the reagents needed for this change.

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

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

(ii) One of the bromoalkanes, X, reacts with potassium cyanide to produce a
compound with molecular formula CH3CH(CN)CH3.

Identify X.

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

(iii) X reacts differently with potassium hydroxide in aqueous solution than in
ethanolic solution.

Give the structural formula of the product formed when the reaction is carried
out

in aqueous solution

in ethanol.

(2)

Turn over*N21448A0516*
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3. The Contact Process is used to manufacture sulphuric acid.  During this process, 
sulphur dioxide is mixed with excess air and passed over a heated catalyst.  The following
reaction occurs:

2SO2(g) + O2(g) 2SO3(g) ∆H = –197 kJ mol–1

(a) Identify the catalyst used in this process.

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

(b) (i) State the temperature used in this process.

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

(ii) State and explain the effect on the rate of reaction of using a higher temperature
than you suggested in (i).

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

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

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

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

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

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

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

(iii) State, with a reason, the effect on the yield of sulphur trioxide of using a higher
temperature than you suggested in (i).

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

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

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

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

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

*N21448A0616*



Leave
blank

7

(c) (i) State the pressure used in the Contact Process.

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

(ii) Justify the use of this pressure.

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

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

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

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

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

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

(d) Describe how sulphur trioxide is converted into sulphuric acid.

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

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

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

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

(e) Sulphuric acid reacts with ammonia to make the fertiliser ammonium sulphate.  Write
the equation to represent this reaction.

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

(f) State ONE other important use of sulphuric acid.

.......................................................................................................................................
(1)
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4. But-1-ene undergoes the following reactions:

Reaction 1                                   Reaction 2
CH3CH2CH2CH3 CH3CH2CH=CH2 Compound A

but-1-ene                             (major product)

CH3CH2CH(OH)CH2OH

(a) State the reagent and conditions needed for Reaction 1.

Reagent .........................................................................................................................

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

(b) (i) The reagent in Reaction 2 is gaseous hydrogen bromide.

Draw the full structural formula of compound A.

(1)

(ii) What type of reagent is hydrogen bromide in this reaction?

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

*N21448A0816*
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(c) Identify the reagent needed for Reaction 3.

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

(d) But-1-ene can be used to make an addition polymer.

Draw the repeating unit of the polymer.

(2)
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5. (a) Enthalpy changes can be calculated using average bond enthalpy data.

(i) The enthalpy change to convert methane into gaseous atoms is shown below.

CH4(g) → C(g) + 4H(g) ∆H = +1664 kJ mol–1

Calculate the average bond enthalpy of a C—H bond in methane.

(1)

(ii) Use the data in the table below and your answer to (a)(i) to calculate the enthalpy
change for

2C(g) + 2H2(g) + Br2(g) → CH2BrCH2Br(g)

(3)

*N21448A01016*

Bond
Average bond

enthalpy / kJ mol–1 Bond
Average bond

enthalpy / kJ mol–1

C—C +348 H—H +436

Br—Br +193 C—Br +276
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(b) The standard enthalpy of formation of 1,2-dibromoethane, CH2BrCH2Br, is
–37.8 kJ mol–1.

Suggest the main reason for the difference between this value and your calculated
value in (a)(ii).

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

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

.......................................................................................................................................
(1)
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6. (a) 2,2,4-trimethylpentane, C8H18, is one of the hydrocarbons present in petrol.

(i) Draw the structural formula of 2,2,4-trimethylpentane.

(1)

(ii) To which homologous series does 2,2,4-trimethylpentane belong?

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

(b) (i) Define the term standard enthalpy of combustion.

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

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

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

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

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

(ii) Write the equation to represent the complete combustion of butane, C4H10.

................................................................................................................................
(2)
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(c) The enthalpies of combustion of some compounds in kJ g–1 and kJ cm–3 are given
below.

(i) The standard enthalpy of combustion of butane is –2877 kJ mol–1.

Calculate the enthalpy of combustion of butane in kJ g–1.

(2)

(ii) Use the information in the table to compare the advantages and disadvantages of
these three compounds as fuels for a motor vehicle.

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

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

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

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

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

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

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

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

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

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

TOTAL FOR PAPER: 60 MARKS
END
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Compound ∆Hc / kJ g–1 ∆Hc / kJ cm–3

Butane, C4H10(g) –0.12

Ethanol, C2H5OH(l) –30 –21

2,2,4-trimethylpentane, C8H18(l) –48 –33
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