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Gas constant R = 831 J K™ mol™ Total S
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continuous prose, where appropriate. You will be assessed on your ability Total —
to use an appropriate form and style of writing, to organise relevant bl
information clearly and coherently, and to use specialist vocabulary, TOTAL
where appropriate.
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SECTION A

Answer all questions in the spaces provided.

1 (a) The table below contains some mean bond enthalpy data.

Bond H-O O0-0 0=0

Mean bond enthalpy/kJ mol 463 146 496

The bonding in hydrogen peroxide, H,O,, can be represented by H-O—-O-H. Use these
data to calculate the enthalpy change for the following reaction.

H,04(g) — HyO(g) + 304(g)

(3 marks)

(b) The standard enthalpy of formation, AH{, for methane, is <74.9kJmol™'. Write an
equation, including state symbols, for the reaction to which this enthalpy change applies.

(2 marks)

(c) The enthalpy changes for the formation of atomic hydrogen and atomic carbon from
their respective elements in their standard states are as follows.

JH,(2) » H(g) AH®=+218kImol™"
C(s) > C(g)  AH®=+715kImol™

(i) By reference to its structure, suggest why a large amount of heat energy is required
to produce free carbon atoms from solid carbon.
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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, 1.2-1.4
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
C=C 1620-1680
C=0 1680-1750
Cc—O 1000-1300
O—H (alcohols) 3230-3550

O—H (acids) 25003000
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(i) Parts (b) and (c) give enthalpy data for the formation of CH4(g), H(g) and C(g).
Use these data and Hess’s Law to calculate the value of the enthalpy change for
the following reaction.

CHy(g) - C(g) + 4H(g)

(iii) Use your answer from part (c)(ii) to calculate a value for the mean bond enthalpy
of a C-H bond in methane.

(5 marks)

TURN OVER FOR THE NEXT QUESTION

Turn over p
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2 Gas G decomposes as shown in the equation below.

G(g) - X(g) + Y(2)

(a) Draw, on the axes below, a Maxwell-Boltzmann distribution curve for a sample of G in
which only a small proportion of molecules has energy greater than the activation
energy, E,.

Number of
molecules

Energy E,
(3 marks)

(b) Define the term activation energy.

(2 marks)

(c) At any time, most of the molecules of G have energy less than the activation energy.
Suggest why, at a constant temperature, most of G eventually decomposes.

(2 marks)

(d) State the effect, if any, of adding a catalyst on the time required for G to decompose,
compared with a similar sample without a catalyst. Explain in general terms how the
catalyst has this effect.

Tine fOr AECOMPOSILION ........ovueeuiveeeiieiieieeieeieieeete ettt ettt sttt sa et

EXDIARALION ..ottt ettt et s e s e e st s e e s se e saaesaaesteesseesseesseessaessaesseenseenssensean

(3 marks)

Turn over p
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3 Methanol can be formed on an industrial scale from carbon dioxide and hydrogen by a
reversible reaction as shown below.

CO,(g) + 3Hy(g) == CH30H(g) + H,O(g)

The reaction can be carried out in the presence of a chromium-based catalyst at a temperature
of 700K and a pressure of 30 MPa. Under these conditions, equilibrium is reached when 2%
of the carbon dioxide has been converted.

(a) How does the rate of the forward reaction compare with that of the backward reaction
when 2% of the carbon dioxide has been converted?

(b) (@

(ii)

If the pressure was reduced but the temperature was kept the same, deduce what
would happen to the equilibrium yield of methanol. Explain your answer.

Give two reasons why, in general, industry prefers to operate processes at
pressures lower than 30 MPa.

g 1R 2 N

(5 marks)

(c) If the chromium-based catalyst was replaced with a more efficient catalyst but other
conditions were kept the same, deduce what would happen to the equilibrium yield of
methanol. Explain your answer.

APW/0204/CHM2
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(d) In the presence of a very efficient copper-based catalyst, this industrial process can be
operated at a lower temperature of 500 K and a pressure of 30 MPa. Under these
conditions, at equilibrium, more of the carbon dioxide is converted into methanol.

Use this information to deduce the sign of the enthalpy change for the reaction. Explain
your deduction.

Sign Of eNtRAIPY CHANGE .......coeoeiiiieiieeeeee ettt sttt et
EXPIATALION ...ttt ettt sttt e s e e st et e s e sse et et e seeneentensans

(3 marks)

(e) In the processes above, the equilibrium yield of methanol is low. Suggest what is done
with the unreacted carbon dioxide and hydrogen.

TURN OVER FOR THE NEXT QUESTION

Turn over p
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4 Chlorine and bromine are both oxidising agents.

(a) Define an oxidising agent in terms of electrons.

(b) In aqueous solution, bromine oxidises sulphur dioxide, SO,, to sulphate ions, SO?{

(i) Deduce the oxidation state of sulphur in SO, and in SO3~

(ii) Deduce a half-equation for the reduction of bromine in aqueous solution.

(iii) Deduce a half-equation for the oxidation of SO, in aqueous solution forming SO
and H" ions.

(iv) Use these two half-equations to construct an overall equation for the reaction
between aqueous bromine and sulphur dioxide.

(5 marks)

(c) Write an equation for the reaction of chlorine with water. Below each of the
chlorine-containing products in your equation, write the oxidation state of chlorine in
that product.

(3 marks)

(d) Give a reason why chlorine is not formed when solid potassium chloride reacts with
concentrated sulphuric acid.

(e) Write an equation for the reaction between solid potassium chloride and concentrated
sulphuric acid.
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(f) Solid potassium bromide undergoes a redox reaction with concentrated sulphuric acid.

(i) Give the oxidation product formed from potassium bromide.

(2 marks)

TURN OVER FOR THE NEXT QUESTION

Turn over p
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SECTION B

Answer the question below in the space provided on pages 12 to 16 of this booklet.

5 (a) Explain, with the aid of equations, how the silicon-containing impurity in iron ore is
removed in the Blast Furnace.
Identify the major impurity in the molten iron from the Blast Furnace and explain with
the aid of an equation how this element is removed from iron on an industrial scale.
(8 marks)

(b) Describe how aluminium is manufactured from purified bauxite. Illustrate your answer
by writing equations.
State the major economic benefit arising from the recycling of aluminium. What is the
major problem associated with this recycling process? (7 marks)

END OF QUESTIONS
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