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Instructions

Use blue or black ink or ball-point pen.

Fill in the boxes at the top of this page.

Answer all questions.

Answer questions in Section A and Section B in the spaces provided.
All working must be shown.

Do all rough work in this book. Cross through any work you do not

want marked.

e The Periodic Table/Data Sheet is provided on pages 3 and 4. Detach
this perforated sheet at the start of the examination.

Information |_)
e The maximum mark for this paper is 60. Total (Column 1)

e The marks for each question are shown in brackets.

e This paper carries 30 per cent of the total marks for AS. For
Advanced Level this paper carries 15 per cent of the total marks.

e You are expected to use a calculator where appropriate.

e The following data may be required. Examiner’s Initials
Gas constant R = 8.31 J K~ mol ™!

e Your answers to the question in Section B should be written in
continuous prose, where appropriate.

e You will be assessed on your ability to use an appropriate form and
style of writing, to organise relevant information clearly and
coherently, and to use specialist vocabulary, where appropriate.
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Advice

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.

(b)

Define the term standard enthalpy of combustion, AHS

(3 marks)

Use the mean bond enthalpy data from the table and the equation given below to
calculate a value for the standard enthalpy of combustion of propene. All substances
are in the gaseous state.

Bond Cc=C c—C C—H | 0=0 0=cC O—H
Mean bond enthalpy/kJ mol ! 612 348 412 496 743 463
I|{ H H
H—?—CZC| + 43 0O=0 — 3 0=C=0 + 3 H—O—H
H H
(3 marks)
(c) State why the standard enthalpy of formation, AH;", of oxygen is zero.
(1 mark)
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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, 3.1-39
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
C=C 1620-1680
C=0 1680-1750
Cc—O 1000-1300
O—H (alcohols) 3230-3550
O—H (acids) 2500-3000
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(d) Use the data from the table below to calculate a more accurate value for the standard

enthalpy of combustion of propene.

Compound C3He(g2) COx(g) HO(g)
Standard enthalpy of formation, AH{/ kJ mol ! +20 -394 -242
(3 marks)

(e) Explain why your answer to part (b) is a less accurate value than your answer to

part (d).

Turn over for the next question

=

(2 marks)
12
Turn over p>
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2 The gas-phase reaction between hydrogen and chlorine is very slow at room temperature.

Hy(g) + Clx(g) —> 2HCI(g)

(a) Define the term activation energy.
(2 marks)
(b) Give one reason why the reaction between hydrogen and chlorine is very slow at room
temperature.
(1 mark)
(c) Explain why an increase in pressure, at constant temperature, increases the rate of
reaction between hydrogen and chlorine.
(2 marks)
(d) Explain why a small increase in temperature can lead to a large increase in the rate of
reaction between hydrogen and chlorine.
(2 marks)
(e) Give the meaning of the term catalyst.
(1 mark)
(f) Suggest one reason why a solid catalyst for a gas-phase reaction is often in the form of
a powder.
(1 mark)
APW/Jan06/CHM2
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3 At high temperatures, nitrogen is oxidised by oxygen to form nitrogen monoxide in a
reversible reaction as shown in the equation below.

(2)

(b)

(©)

Na(g) + Oa(g) == 2NO(g) AH® = +180kJmol '
In terms of electrons, give the meaning of the term oxidation.

State and explain the effect of an increase in pressure, and the effect of an increase in
temperature, on the yield of nitrogen monoxide in the above equilibrium.

Effect of an increase in pressure on the yield ................ccccovveveveeeeiiieinciiieeiieeecee e

EXPIANALION ..ottt ettt et et e st e e e e saeenbeessaesnseens

Effect of an increase in temperature on the yield ...............ccccooevvveeeieenceiinieeeeiieeeeeenen

EXPIANALION ...ttt ettt ettt e st e s eaeesseeenbeensaesnneens

(6 marks)

Nitrogen monoxide, NO, is formed when silver metal reduces nitrate ions, NO3, in
acid solution.

(1) Deduce the oxidation state of nitrogen in NO and in NO3

(i1)) Write a half-equation for the reduction of NOj3 ions in acid solution to form
nitrogen monoxide and water.

(iii) Write a half-equation for the oxidation of silver metal to Ag"(aq) ions.

(iv) Hence, deduce an overall equation for the reaction between silver metal and
nitrate ions in acid solution.

(5 marks)
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8
4 (a) State the trend in electronegativity of the elements down Group VII. Explain this
trend.
THOIA. ..ottt ettt e et e et e et e e e e e e e e e e e abaeeanaeeeabeeeaaeeeraeas
EXDIARALION ...ttt ettt e e e e et e e e ate e eaaeeenee s
(3 marks)
(b) (1) State the trend in reducing ability of the halide ions down Group VII.
(i) Give an example of a reagent which could be used to show that the reducing
ability of bromide ions is different from that of chloride ions.
(2 marks)
(c) The addition of silver nitrate solution followed by dilute aqueous ammonia can be used
as a test to distinguish between chloride and bromide ions. For each ion, state what
you would observe if an aqueous solution containing the ion was tested in this way.
Observations With ChIOTIde TONS .............cccccoiiiiiiiiiiiiiiiieeeeee et
Observations With Bromide [0RS ............cccccooiviiiiiiiiiiiiieieee et
(4 marks)
(d) Write an equation for the reaction between chlorine and cold, dilute aqueous sodium
hydroxide. Give two uses of the resulting solution.
EQUATTON ..ottt e e ettt e e e sttt e e et e e s et e e e e
US@ I oottt ettt ettt e
USE 2 e ettt st st e e
(3 marks)
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SECTION B
Answer the question in the space provided.
5 In this question, where appropriate, illustrate your answer with equations.
(a) Explain how iron is produced in the Blast Furnace from an iron ore that does not
contain sulphur impurities. In your answer, state the source of the energy for this
process and mention any environmental problems that may arise from the operation of
the Blast Furnace.
Explain why limestone is added to the Blast Furnace.
(10 marks)
(b) Phosphorus is a significant impurity in iron from the Blast Furnace. Explain how this
impurity is removed in the steel-making process.
(5 marks)
END OF QUESTIONS
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