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Answer ALL questions. Write your answers in the spaces provided.
Some questions must be answered with a cross in a box X. If you change your mind about an
answer, put a line through the box £¢ and then mark your new answer with a cross [X.
1 Alumina is the common name for aluminium oxide (AI203).
Aluminium oxide is the raw material used for the manufacture of aluminium.

(a) Identify the process used to extract aluminium from aluminium oxide.

catalysis
combustion

electrolysis

o N w >

hydration

(b) Most metal oxides are bases but aluminium oxide is amphoteric.

(i) Complete the ionic equation for the reaction of aluminium oxide with
hydrochloric acid.

AI203 o H* — AP+ + 3H,0

(i) Give the missing words A and B in Paragraph 1.

When aluminium oxide is reacted with hydrogen ions, the aluminium
oxide dissolves because it acts as a base.

However, when aluminium oxide reacts with ... Ao
ions, the aluminium oxide dissolves because it acts as an
................................ B

This shows that aluminium oxide is amphoteric.

Paragraph 1
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(c) Aluminium oxide is an ionic compound.
Aluminium oxide is a refractory material because it is resistant to high temperature.

Explain why the structure of aluminium oxide makes the compound resistant to
high temperature.

(Total for Question 1 = 9 marks)
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condition

Draw a line from the condition to the value.

2 Enthalpy changes are quoted under standard conditions in reference books.

(a) Identify the temperature and pressure used for standard conditions.

value

25

temperature (in K)

100

201

pressure (in kPa)

298

gas as 0kJ mol™.

is 0kJ mol".

373

(b) A reference book gives the standard enthalpy change of formation for hydrogen

Explain why the standard enthalpy change of formation for hydrogen gas

(2)
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(c) Hydrogen gas can be produced from methane and steam.
CH,(@@ + 2H,0(9) —_— CO,(9) + 4H,(9)

The enthalpy change of the reaction (AH®) can be calculated from standard
enthalpy change of formation data, using the equation:

AH® = sum of all AH? (products) - sum of all AHf (reactants)

Table 1 shows the standard enthalpy change of formation for methane, steam,
carbon dioxide and hydrogen.

reactants products
substance CH, (9) H,0 (9) CO, (9) H, (9)
AH$/ kJ mol™ -75 —242 —396 0
Table 1

(i) Calculate the value of AH® for the reaction of methane with steam, using the
AH? data in Table 1.

Show your working, using the equation or by any other method.

(ii) Hydrogen gas can also be manufactured by electrolysis.

Name an inorganic compound that can be dissolved in water to manufacture
hydrogen by electrolysis.

(Total for Question 2 = 9 marks)
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3 (a) CH, has four isomers that are alkenes. oo

The skeletal formulae of three of the four alkenes are shown in Table 2.

/N
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Table 2

(i) Name isomer V, using IUPAC rules.

(ii) Draw the skeletal formula of alkene Y in Table 2.

(iii) W and X in Table 2 are geometric stereoisomers.

Explain why W and X are geometric stereoisomers but V is not.
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(b) Cracking is a commercially important method for producing a mixture of
short-chain alkanes and alkenes from long-chain hydrocarbons.

The equation for a cracking reaction is shown.
The products formed are ethene, propene and alkane Z.
C,H,, —_— 2CH, + CH, + Z

(i) Identify alkane Z.
C7H16

C7H18
C8H16

O n w >

C8H18

w O O 0O O

(ii) State one use of short-chain alkanes.

o o,
Cc=C
H H

The main use of propene is to manufacture the polymer poly(propene).

Draw the repeat unit of poly(propene).

(Total for Question 3 = 10 marks)
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4 Sulfur dioxide can be converted into sulfur trioxide in the Contact process.

The equation for the Contact process is
250,(9) + O,(@ <= 250,(9)
The Contact process uses vanadium(V) oxide as a catalyst.
Figure 1 shows the reaction profile diagram for the Contact process.

E, is the activation energy and AH is the enthalpy change for the catalysed
forwards reaction.

enthalpy
reactants

products

\J

progress of reaction

Figure 1
(a) Identify the type of process that E_ and AH represent in Figure 1.
(1)
E, AH
]| A Endothermic Endothermic
1| B Endothermic Exothermic
N « Exothermic Endothermic
LI D Exothermic Exothermic
(b) The catalyst is removed.
Draw, on Figure 1, the shape of the reaction profile without the catalyst.
(2)
\
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(c) Vanadium(V) oxide catalyses the Contact process in two steps.

S0, + VO, ——> SO, + V.0

274

VO, + 30, —— VO

2 275

Figure 2

Explain how the equations in Figure 2 show that vanadium(V) oxide acts as
a catalyst.

‘DO NOT WRITE IN THIS AREA

(Total for Question 4 = 6 marks)
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5 Chloroethane can be made either from ethene or ethane.

The equations and the organic intermediates involved in the reactions are shown in
Figures 3 and 4.

Ethene reaction Intermediate

room temperature

H

\ / and pressure | 'I' |
C=C + Hcl : = H-C—C—Cl H-C—

H H

i
C+
[
H

Figure 3

Ethane reaction Intermediate

) uv light ||-| H HoH

| | |
H-C—C—H + ¢, ———— H-C—C—Cl + HCI H—C—C
H H H H H H

Figure 4
Compare the two reactions.
In your answer you should refer to:

« reactants, products and intermediates
« reaction type and conditions.
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(Total for Question 5 = 6 marks)
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