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SECTION   A

Answer all questions in the spaces provided.

1 Hydrogen is produced on an industrial scale from methane as shown by the equation below.

CH4(g) + H2O(g)            CO(g) + 3H2(g)     ∆H = +205kJmol–1

(a) State Le Chatelier’s principle.

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

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

(b) The following changes are made to this reaction at equilibrium. In each case, predict
what would happen to the yield of hydrogen from a given amount of methane. Use
Le Chatelier’s principle to explain your answer.

(i) The overall pressure is increased.

Effect on yield of hydrogen .............................................................................................

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

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

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

(ii) The concentration of steam in the reaction mixture is increased.

Effect on yield of hydrogen .............................................................................................

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

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

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

(c) At equilibrium, a high yield of hydrogen is favoured by high temperature. In a typical
industrial process, the operating temperature is usually less than 1200 K. Suggest two
reasons why temperatures higher than this are not used.

Reason 1 ......................................................................................................................................

Reason 2 ......................................................................................................................................
(2 marks)
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4

Table 1
Proton n.m.r chemical shift data

Type of proton δ/ppm

RCH3 0.7–1.2

R2CH2 1.2–1.4

R3CH 1.4–1.6

RCOCH3 2.1–2.6

ROCH3 3.1–3.9

RCOOCH3 3.7–4.1

ROH 0.5–5.0

Table 2
Infra-red absorption data

Bond Wavenumber/cm–1

C—H 2850–3300

C—C 750–1100

C    C 1620–1680

C    O 1680–1750

C—O 1000–1300

O—H (alcohols) 3230–3550

O—H (acids) 2500–3000

APW/0104/CHM2
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APW/0104/CHM2

2 The diagram below represents a Maxwell–Boltzmann distribution curve for the particles in a
sample of a gas at a given temperature. The questions below refer to this sample of particles.

(a) Label the axes on the diagram. (2 marks)

(b) On the diagram draw a curve to show the distribution for this sample at a lower
temperature. (2 marks)

(c) In order for two particles to react they must collide. Explain why most collisions do not
result in a reaction.

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

(d) State one way in which the collision frequency between particles in a gas can be
increased without changing the temperature.

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

(e) Suggest why a small increase in temperature can lead to a large increase in the reaction
rate between colliding particles.

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

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

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

(f) Explain in general terms how a catalyst works.

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

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

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

10
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3 (a) Identify the halogen that is the strongest oxidising agent.

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

(b) Give the formula of the halide ion that is the strongest reducing agent.

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

(c) Describe what you would observe in each case when aqueous silver nitrate is added
separately to dilute aqueous sodium fluoride and to dilute aqueous sodium iodide. Write
an equation, including state symbols, for the reaction between aqueous sodium iodide
and aqueous silver nitrate.

Observation with NaF(aq) .........................................................................................................

Observation with NaI(aq) ..........................................................................................................

Equation ......................................................................................................................................
(3 marks)

(d) Describe what you would observe when concentrated sulphuric acid is added to solid
sodium chloride. Write an equation for the reaction that occurs.

Observation .................................................................................................................................

Equation ......................................................................................................................................
(2 marks)

(e) Describe two observations that you would make when concentrated sulphuric acid is
added to solid sodium iodide. Write an equation for a reaction that occurs in which
iodide ions are oxidised by the sulphuric acid.

Observation 1 ..............................................................................................................................

Observation 2 ..............................................................................................................................

Equation ......................................................................................................................................

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

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

(f) Describe the colour change that you would observe when an aqueous solution of iodine,
to which starch solution has been added, reacts with an excess of Na2S2O3. Write an
equation for the reaction that occurs between iodine and Na2S2O3.

Observation .................................................................................................................................

Equation ......................................................................................................................................
(3 marks)

14
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4 The extraction of metals involves redox reactions.

(a) In terms of electrons, state what happens in a redox reaction.

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

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

(b) Titanium is extracted from titanium(IV) oxide in a two-step batch process.

(i) Write an equation for the first step in this process in which titanium(IV) oxide is
converted into titanium(IV) chloride. Identify the oxidising and reducing agents
in this step.

Equation ............................................................................................................................

Oxidising agent .................................................................................................................

Reducing agent .................................................................................................................

(ii) Write an equation for the second step in this process in which titanium(IV)
chloride is converted into titanium metal. State two important conditions for this
step and in each case explain why the conditions are necessary.

Equation ............................................................................................................................

Condition 1 .......................................................................................................................

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

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

Condition 2 .......................................................................................................................

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

.............................................................................................................................................
(10 marks)

(c) Give the major reason why recycling aluminium is economically viable.

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

Turn over �
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5 (a) Define the term standard enthalpy of formation.
(3 marks)

(b) State Hess’s Law and use it, together with the data given in the table below, to calculate
the standard enthalpy change for the following reaction.

MgO(s) + 2HCl(g) → MgCl2(s) + H2O(l)

(4 marks)

(c) In an experiment, an excess of solid magnesium oxide was added to 50 cm3 of 3.0 moldm–3

hydrochloric acid. The initial temperature of the solution was 21 °C. After reaction, the
temperature had risen to 53°C. (The specific heat capacity of water is 4.2 JK–1 g–1)

Use this information to calculate the enthalpy change for the reaction of one mole of
magnesium oxide with hydrochloric acid. For your calculation you should assume that
all the heat from the reaction is used to raise the temperature of 50g of water.

(8 marks)

END  OF  QUESTIONS

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

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

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

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

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

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

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

............................................................................................................................................................................
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SECTION   B

Answer the question below in the space provided on pages 8 to 10 of this booklet.

MgO(s) HCl(g) MgCl2(s) H2O(l)

∆Hf /kJmol–1 –602 –92 –642 –286
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