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SECTION

A

Answer all questions in the spaces provided.

1 The table below contains some standard enthalpy of formation data.

Substance

C(s)

N, (g)

H,0(g)

CO,(2)

NH,NO;(s)

AHE/kImol ™"

0

0

—242

-394

-365

(a) Why are the values of the standard enthalpy of formation for carbon and nitrogen zero?

(2 marks)

(c) Use AHP data from the table to calculate a value for the enthalpy change for the
following reaction.

NH4NO5(s) +3C(s) — Na(g) + 2H,0(g) + 3COx(g)

APW/0103/CHM2

(3 marks)
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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, 3.1-39
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
Cc=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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2 The table below contains some mean bond enthalpy data.

Bond H—H c-C C= N= N—H

Mean bond enthalpy/kJ mol ! 436 348 612 944 388

(a) Explain the term mean bond enthalpy.

(2 marks)

(b) (1) Write an equation for the formation of one mole of ammonia, NHj, from its
elements.

(i) Use data from the table above to calculate a value for the enthalpy of formation
of ammonia.

(4 marks)

(c) Use the following equation and data from the table above to calculate a value for the
C-H bond enthalpy in ethane.

i i
c|=c| + H-H- H—(E—?—H AH =-136kJ mol !
H H HH

(3 marks)

Turn over p>
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3 (a) Define the term activation energy for a reaction.
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(2 marks)

(2 marks)
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(d) Inan experiment, two moles of gas W reacted completely with solid Y to form one mole
of gas Z as shown in the equation below.

2W(g) +Y(s) = Z(g)

The graph below shows how the concentration of Z varied with time at constant
temperature.

Concentration

Time
(i) On the axes above, sketch a curve to show how the concentration of W would
change with time in the same experiment. Label this curve W.
(i) On the axes above, sketch a curve to show how the concentration of Z would
change with time if the reaction were to be repeated under the same conditions

but in the presence of a catalyst. Label this curve Z.

(iii)) In terms of the behaviour of particles, explain why the rate of this reaction
decreases with time.

(6 marks)

Turn over p>
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4 Methanol can be synthesised from carbon monoxide by the reversible reaction shown below.
CO(g) + 2Hy(g) == CH3O0H(g) AH =-91kJmol™!

The process operates at a pressure of 5SMPa and a temperature of 700K in the presence of a
copper-containing catalyst. This reaction can reach dynamic equilibrium.

(a) By reference to rates and concentrations, explain the meaning of the term
dynamic equilibrium.

(b) Explain why a high yield of methanol is favoured by high pressure.

(2 marks)

(c) Suggest two reasons why the operation of this process at a pressure much higher than
5MPa would be very expensive.

ROASOVL 1 ettt ettt e e e e et e e et e e e e e e e e e e e essssssessssssssssss s sasssssssssssssssssssssasasesenes

REOASOI 2 oottt ettt e e e e ettt e e e e s s s ettt e e eessanaaaeeeeesesaaaaeeeeesessnasaaeeeaeans
(2 marks)

(d) State the effect of an increase in temperature on the equilibrium yield of methanol and
explain your answer.

(3 marks)

(e) If a catalyst were not used in this process, the operating temperature would have to be
greater than 700K. Suggest why an increased temperature would be required.

APW/0103/CHM2
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5 (a) State and explain the trend in electronegativity down Group VII from fluorine to iodine.

(3 marks)
(b) (i) Describe what you would observe when an aqueous solution of bromine is added
to an aqueous solution containing iodide ions. Write an equation for the reaction

occurring.
ODBSEIVALION ...ttt

EGUATION ...ttt ettt st e sttt e s sate e s abe e ssbeesabeeenbaesseesnsseenssaens

(ii) Explain why bromine does not react with aqueous chloride ions.

(3 marks)

(c) Describe what you would observe when aqueous silver nitrate is added to separate
aqueous solutions of potassium fluoride and potassium bromide.

ODbServation With KF(QQ) .....c.ccoueoeecieeieeiiiiieeiieecieecieeeieesseessesssesssassseesseesseessesssesssesssesssesssesssenns

ODbservation With KB (AQ) ...ccceeeeeeeeeeeeeee ettt ettt ettt et sae e ee e
(2 marks)

(d) Write an equation to show how solid potassium fluoride reacts with concentrated
sulphuric acid.

(e) Write an equation for the redox reaction of sodium bromide with concentrated sulphuric
acid.

(2 marks)

Turn over p>
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6 (a) In acidic conditions, hydrogen peroxide, H,O,, oxidises iodide ions to iodine. The
hydrogen peroxide is reduced to water. In H,O,, oxygen has an oxidation state of —1.

(i) Construct a half-equation for the reduction of hydrogen peroxide to water in
acidic conditions.

(3 marks)

(b) The concentration of an aqueous iodine solution can be determined by titration with
aqueous sodium thiosulphate. In a titration, 25.0 cm® of an aqueous iodine solution
reacted with exactly 19.5cm? of a 0.120mol dm™ solution of sodium thiosulphate.

(i) Write an equation for the reaction between iodine and thiosulphate ions.

(ii) Calculate the concentration of the iodine solution.

(If you are unable to answer part (b)(i), assume that one mole of iodine reacts with
three moles of thiosulphate ions. This is not the correct ratio.)

(5 marks)
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(c) Chlorine reacts with water as shown in the following equation.
Cl, + H,O =—= CI" + HCIO + H*
In this reaction, chlorine acts both as an oxidising agent and as a reducing agent.
(i) Construct a half-equation for the reduction of chlorine to chloride ions.
(i) Deduce the oxidation state of chlorine in HCIO.

(iii) Construct a half-equation for the oxidation of chlorine, in reaction with water, to
form HCIO and H" ions.

(iv) Give one reason why chlorine is used in the water industry.

(4 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.

7 In this question, credit will be given for appropriate equations.
(a) Describe the process by which titanium metal is extracted from titanium(IV) oxide.

Explain why this extraction process causes titanium to be an expensive metal.
(11 marks)

(b) Explain how the impurity silicon(IV) oxide is removed during the extraction of iron in
the Blast Furnace.
Discuss the chemical reactions by which impurities are removed from iron in the basic
oxygen converter. (13 marks)

(c) Describe how scrap iron is recycled. Discuss the social and environmental benefits of
this recycling. (6 marks)

END OF QUESTIONS
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