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

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

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

(b) Write the equation for the reaction for which the enthalpy change is the standard
enthalpy of formation of the gas nitrous oxide, N2O

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

(c) The equation for the formation of nitrogen trifluoride is given below.

N2(g)  +  1  F2(g)  +  → NF3(g)

(i) Using the mean bond enthalpy values given in the table, calculate a value for the
enthalpy of formation of nitrogen trifluoride.

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

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

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

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

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

(ii) A data book value for the enthalpy of formation of nitrogen trifluoride
is –114 kJ mol–1.  Give one reason why the answer you have calculated
in part (c)(i) is different from this data book value.

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

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

SECTION  A

Answer all questions in the spaces provided.

1
2

1
2

Bond N–F N≡N F–F

Mean bond enthalpy / kJ mol–1 278 945 159
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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

Gas constant R = 8.31 J K–1 mol–1
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(d) Some standard enthalpies of formation are given in the table below.

(i) State why the enthalpy of formation of fluorine is zero.

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

(ii) Use these data to calculate the enthalpy change for the following reaction.

4NH3(g)  +  3F2(g)  → NF3(g)  +  3NH4F(s)

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

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

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

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

Turn over for the next question

Turn over �
APW/Jan07/CHM2
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Substance NH3(g) F2(g) NF3(g) NH4F(s)

∆Hf / kJ mol–1 – 46 0 –114 – 467
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2 The compound HClO decomposes according to the following equation.

5HClO(aq)  → 2Cl2(g)  +  H+(aq)  +  ClO–
3(aq)  +  2H2O(l)

(a) (i) Deduce the oxidation states of chlorine in the following species

HClO ........................................................................................................................

Cl2 .............................................................................................................................

ClO –
3 .........................................................................................................................

(ii) Comment on the redox behaviour of HClO in this reaction.

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

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

(b) (i) Write the half-equation to show how HClO is converted, in acid solution, into
chlorine gas.

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

(ii) Write the half-equation to show how aqueous HClO is converted into ClO–
3 ions

and H+ ions.

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

6
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3 (a) (i) State the trend in oxidising ability of the halogens from fluorine to iodine.

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

(ii) Write an equation to show how chlorine reacts with aqueous potassium bromide.

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

(b) Use the following information to identify the species J, K, L, M, N and Q.

When silver nitrate solution is added to a solution of sodium halide J, a colourless
solution remains and no precipitate is formed.

When silver nitrate solution is added to a solution of a sodium halide K, a yellow solid
is formed.

When concentrated sulphuric acid is added to solid sodium halide L, a brown gas M
and two colourless gases N and Q are formed.  Gases N and Q both dissolve in water
to form acidic solutions.

Identity of J ........................................................................................................................

Identity of K .......................................................................................................................

Identity of L .......................................................................................................................

Identity of M ......................................................................................................................

Identities of N and Q ..........................................................................................................

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

Turn over for the next question

Turn over �
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4 The following equation represents a reaction in equilibrium.

X(g)  +  2Y(g)          2Z(g)

(a) Explain what is meant by a reaction in equilibrium.

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

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

(b) State and explain the effect on the yield of Z if the overall pressure is increased.

Effect ..................................................................................................................................

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

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

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

(c) An increase in temperature causes a decrease in the yield of Z.  State and explain what
can be deduced about the enthalpy change for the forward reaction.

Enthalpy change ................................................................................................................

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

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

7
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5 (a) State two reasons why aluminium is a commonly used metal.

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

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

(b) (i) Aluminium is extracted from its oxide by electrolysis.  State the conditions used
and give a half-equation for the reaction occurring at each electrode.

Conditions ................................................................................................................

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

Half-equation 1 ........................................................................................................

Half-equation 2 ........................................................................................................

(ii) State the type of reaction occurring at the negative electrode.

...................................................................................................................................
(5 marks)

(c) The thermite reaction is a batch process in which powdered aluminium reacts with
iron(III) oxide.  The products are aluminium oxide and iron.  Write an equation for this
reaction and state the role of aluminium.

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

Role of aluminium ..............................................................................................................
(2 marks)

(d) Industrially, iron is obtained from iron(III) oxide in the Blast Furnace.  Write an
equation and state the necessary condition for the formation of iron from
iron(III) oxide in the Blast Furnace.

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

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

(e) Give two reasons why it is cheaper to produce iron in the Blast Furnace than in the
thermite process.

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

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

Turn over �
APW/Jan07/CHM2

13
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6 (a) Draw a graph to show a Maxwell–Boltzmann distribution of molecular energies for a
gas.  Label the axes.  On the same axes draw a second curve to show the distribution
for the gas at a higher temperature.  Label this second curve W.

(6 marks)

(b) A reaction of nitrogen monoxide is shown below.

2NO(g)  +  O2(g)  → 2NO2(g)

The rate of reaction can be found by measuring the concentration of NO2 at different
times.
Define the term rate of reaction.  Draw a graph to show how the concentration of NO2
changes with time.  Indicate how the initial rate of reaction could be obtained from
your graph.

(4 marks)

(c) In the manufacture of sulphur trioxide from sulphur dioxide, nitrogen monoxide can be
used in a two-stage process to increase the rate of production.

2NO(g)  +  O2(g)  → 2NO2(g)

NO2(g)  +  SO2(g)  → NO(g)  +  SO3(g)

Construct an overall equation for the production of SO3 from SO2
State and explain fully the role of NO in this process.

(5 marks)

END  OF  QUESTIONS

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

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

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

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

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

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

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

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

SECTION  B

Answer the question in the space provided.
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