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Instructions

Use black ink or black ball-point pen.

Fill in the boxes at the top of this page.

Answer all questions.

Answer the questions in Section A and Section B in the spaces

provided.

e Your answers to the parts of Section B should be on the pages
indicated. Answers written in margins or on blank pages will not
be marked.

e Show all your working.

e Do all rough work in this book. Cross through any work you do not
want to be marked.

e The Periodic Table/Data Sheet is provided as an insert.

Information

The maximum mark for this paper is 60.

The marks for each question are shown in brackets.

You are expected to use a calculator where appropriate.

Write your answers to the question in Section B in continuous prose,
where appropriate. You will be assessed on your ability to use good
English, to organise relevant information clearly, and to use specialist
vocabulary where appropriate.
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e You are advised to spend about 45 minutes on Section A and about
15 minutes on Section B.
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SECTION A

Answer all questions in the spaces provided.

1 Hydrogen gas can be made from carbon monoxide and steam as shown by the following
equation.

CO(g) + HyO(g) == COx(g) + Ha(g)

The diagram below shows how the concentrations of HyO(g) and H,(g) change with time as
equilibrium is established.

Hy(g)

Concentration

H>O(g)

Time

1 (a) On the time axis mark with an X the time at which equilibrium is first established.
(1 mark)

1 (b) State Le Chatelier’s principle.

1 (c) State and explain the effect on the equilibrium yield of hydrogen when the overall
pressure is increased.

Effect ON YIELA ........c...ooeeeeeeeiieeeie ettt ettt e s e e b e e eabe e e b e e e aaeeeaaeeennaeas

EXPIARNAIION ..ottt ettt ettt et e st e e st e e sabeessabeeeabeesaseesaeeenas

(2 marks)
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1 (d) This reaction is usually carried out at 450 °C in the presence of a catalyst.

1 @@
1 @@
LY
1 (o)

(1)

(ii)

(iii)

State and explain the effect on the rate of production of hydrogen gas if this
reaction is carried out at a temperature above 450 °C.

EJfECT O TALE ..ottt ettt ettt sttt s e et e et esaaeesnaeas

EXPIANGIION ..ottt et ettt e s

(2 marks)
State and explain the effect of a catalyst on the rate of a reaction.
EJfECT O TALE ..ottt ettt ettt st et e et e et esaaeeenaeas
EXPLANGIION ...ttt ettt e et a e e et a e e s enraae e e nssaeeeeneees
(3 marks)

If the temperature is higher than 450 °C the equilibrium yield of hydrogen is
lower. State what can be deduced about the enthalpy change for this reaction.

State and explain the effect on the equilibrium yield of hydrogen if some carbon
dioxide is removed from the original equilibrium mixture.

EJfeCt ON YIELA ...ttt ettt ettt et e s aaee e

EXPLANALION .......oooeoeeeeeeee ettt e e e e e e e e e ettt e e e esssaeeeeessaeeessnssaaeaanns

(3 marks)
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2 Aluminium is extracted by electrolysis. The electrolyte for this process is made by
dissolving purified bauxite in molten cryolite.

2 (a) (i) Give the formula of the aluminium compound in bauxite.

(1 mark)
2 (a) (ii)) State why the electrolysis can only be carried out using a molten electrolyte.

(1 mark)
2 (a) (i) Give one reason why molten bauxite alone is not used in this electrolysis.

(1 mark)
2 (a) (iv) Write half-equations for the reactions occurring at the electrodes in the
electrolysis of bauxite.
Half-eqUAtION 1 ........ccocueeiiiiiiieeeeee ettt ettt e e e e e e
HaAlf-eqQUATION 2 ...ttt et et
(2 marks)

2 (b) State two reasons why aluminium is recycled even though bauxite is in plentiful supply.

ROASOMN 1 .o et e e et e e e e e e e e e e e e e e e s e eeeaeseeeaaenaees

(2 marks)
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2 (c) [Ironis extracted in the Blast Furnace by reaction of iron(Ill) oxide with carbon
monoxide or carbon.

2 (o O

2 (o) (i)

2 (0 (i)

Write an equation for the reaction of iron(IIl) oxide with carbon monoxide.
State one condition needed for this reaction to occur in the Blast Furnace.

Equation
COMAITION oo et e e et e e e e et e e e e e e e e e ereeeeenaeeeanaas
(2 marks)
State the role of carbon monoxide in this reaction.
(1 mark)

Suggest one reason why the iron(III) oxide is more likely to react with carbon
monoxide than with carbon.

Turn over for the next question

05

Turn over p

APW/Jan09/CHM2

Areas outside
the box will
not be scanned
for marking




3 (a) Explain the meaning of the term enthalpy change of a reaction.

(2 marks)

3 (b) Write an equation, including state symbols, for the reaction that represents the standard
enthalpy of formation, AHf, of liquid carbon disulphide (CS,).

(2 marks)
3 (c) Carbon disulphide is flammable and burns in air according to the following equation.

CS>(1) + 30x(g) —> COx(g) + 2S0x(g) AH®=-1076kJmol™

Using this equation and the data below, calculate a value for the standard enthalpy of
formation of carbon disulphide.

COx(g) SOx(g) O2(g)

AHE /kJ mol ™! —394 297 0

(3 marks)
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3 (d) (1) A 0.45gsample of carbon disulphide was burned and the heat produced was
used to raise the temperature of 75 cm® water from 22 °C to 30°C. Calculate the
heat produced in this reaction and hence calculate the enthalpy change, in kJ, for

the combustion of one mole of carbon disulphide.
The specific heat capacity of water is 4.2] K! g_l.

(4 marks)

3 (d) (i) Explain why the answer you calculated in part (d) (i) is very low compared to the
value you were given in part (c).

(1 mark)

Turn over for the next question
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4 (b)

4 (o
4 (o
4 (o
4 (o

4 (©

In terms of electrons, state the meaning of each of the terms reduction and reducing
agent.

ROUCTION oo e e e e e e e e e e e et e e e e e e e e e e e raaaeeeaenanes

ReEAUCING QQENE ...ttt ettt et e et e et e st e e st e eaaeeeaseees

Deduce the oxidation state of nitrogen in each of the following.

(3 marks)

Concentrated nitric acid (HNO3) reacts with sulphur to form nitrogen dioxide,
sulphuric acid and water.

(i) Write a half-equation to show how sulphur, in the presence of water, is converted
into sulphuric acid.

(1 mark)

(ii)) Write a half-equation to show how nitric acid is converted into nitrogen dioxide
and water.

(iii)) Hence write an overall equation for the reaction between concentrated nitric acid
and sulphur.

0 8
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SECTION B

Answer the question below in the space provided on pages 10 to 13 of this booklet.
You should answer each part of the question on the separate page indicated.
Each part of the question is reprinted at the top of the page.

5 (a) When chlorine is dissolved in water, a pale green solution called ‘chlorine water’ is
formed. Some of the chlorine reacts with water.

Write an equation for this reaction and state which substance causes the green
colour in chlorine water.

State and explain what you would observe when chlorine water is tested with
Universal Indicator paper.

(6 marks)

S (b) State what you would observe when chlorine water is added to an aqueous solution of
potassium iodide.

Write an equation for the reaction between chlorine and potassium iodide.
(2 marks)

S (c) Identify a reagent which could be used, in a test tube reaction, to distinguish between
separate aqueous solutions of potassium chloride and potassium fluoride.

In each case state any observations you would make.

Write an equation for the reaction of your chosen reagent with potassium chloride.
(4 marks)

5 (d) State the reduction product obtained when solid potassium bromide reacts with
concentrated sulphuric acid.

Write an equation for the reaction which occurs.
(3 marks)

END OF QUESTIONS

Turn over p
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5 (a) When chlorine is dissolved in water, a pale green solution called ‘chlorine water’ is
formed. Some of the chlorine reacts with water.

Write an equation for this reaction and state which substance causes the green
colour in chlorine water.

State and explain what you would observe when chlorine water is tested with
Universal Indicator paper. (6 marks)

Write your answer to Question 5(a) on this page.
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5 (b) State what you would observe when chlorine water is added to an aqueous solution of
potassium iodide.

Write an equation for the reaction between chlorine and potassium iodide. (2 marks)

Write your answer to Question 5(b) on this page.

Turn over p
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5 (c) Identify a reagent which could be used, in a test tube reaction, to distinguish between
separate aqueous solutions of potassium chloride and potassium fluoride.

In each case state any observations you would make.

Write an equation for the reaction of your chosen reagent with potassium chloride.
(4 marks)

Write your answer to Question 5(c) on this page.
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5 (d) State the reduction product obtained when solid potassium bromide reacts with
concentrated sulphuric acid.

Write an equation for the reaction which occurs. (3 marks)

Write your answer to Question 5(d) on this page.
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Gas constant R = 8.31 J K~ mol™

Table 1

Proton n.m.r. chemical shift data

Type of proton o/ppm
RCH, 0.7-1.2
R,CH, 1.2-14
R,CH 1.4-1.6
RCOCH, 2.1-2.6
ROCH, 3.1-3.9
RCOOCH, 3.7-4.1
ROH 0.5-5.0
Table 2

Infra-red absorption data

Bond Wavenumber/cm™!
C—H 2850-3300
c—C 750-1100
CcC=C 1620-1680
C=0 1680-1750
CcC—O 1000-1300
O—H (alcohols) 3230-3550

O—H (acids) 2500-3000
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