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SECTION   A

Answer all questions in the spaces provided.

1 (a) Explain the meaning of the terms mean bond enthalpy and standard enthalpy of
formation.

Mean bond enthalpy ...................................................................................................................

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

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

Standard enthalpy of formation ................................................................................................

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

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

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

(b) Some mean bond enthalpies are given below.

Use these data to calculate the enthalpy change for the following gas-phase reaction
between hydrazine, N2H4, and hydrogen peroxide, H2O2

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

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

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

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

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

Bond

Mean bond enthalpy/kJmol–1 388 163 944 463 146

N N 2 H H N N +O O H O H
H

H

H

H
4+

N H N N N N H O O O
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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

APW/0205/CHM2
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(c) Some standard enthalpies of formation are given below.

These data can be used to calculate the enthalpy change for the reaction in part (b).

N2H4(g)  +  2H2O2(g) → N2(g)  +  4H2O(g)

(i) State the value of ∆Hf for N2(g).

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

(ii) Use the ∆Hf values from the table to calculate the enthalpy change for this reaction.

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

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

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

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

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

(d) Explain why the value obtained in part (b) is different from that obtained in part (c)(ii).

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

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

TURN  OVER  FOR  THE  NEXT  QUESTION

13

N2H4(g) H2O2(g) H2O(g)

∆Hf /kJmol–1 +75 –133 –242

CHM2  pgs 1-12 for 05  28/10/04  10:10 am  Page 5
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2 The equation for the formation of ammonia is shown below.

N2(g)  +  3H2(g)           2NH3(g)

Experiment A was carried out starting with 1 mol of nitrogen and 3 mol of hydrogen at a
constant temperature and a pressure of 20MPa.

Curve A shows how the number of moles of ammonia present changed with time.

Curves B, C and D refer to similar experiments, starting with 1 mol of nitrogen and 3 mol of
hydrogen. In each experiment different conditions were used.

(a) On curve A, mark the point that represents the time at which equilibrium is first
reached. Label this point X.

(1 mark)

(b) State Le Chatelier’s principle.

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

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

Time

Moles of 
ammonia

B

A

D

C
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(c) Use Le Chatelier’s principle to identify which one of the curves B, C or D represents an
experiment carried out at the same temperature as experiment A but at a higher
pressure. Explain why this curve is different from curve A.

Curve ............................................................................................................................................

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

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

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

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

(d) Identify which one of the curves B, C or D represents an experiment in which the
conditions are the same as in experiment A except that a catalyst is added to the reaction
mixture. Explain your choice of curve.

Curve ............................................................................................................................................

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

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

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

TURN  OVER  FOR  THE  NEXT  QUESTION

Turn over �
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3 (a) State and explain the trend in electronegativity down Group VII from fluorine to iodine.

Trend ............................................................................................................................................

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

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

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

(b) State what you would observe when chlorine gas is bubbled into an aqueous solution of
potassium iodide. Write an equation for the reaction that occurs.

Observation .................................................................................................................................

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

(c) Identify two sulphur-containing reduction products formed when concentrated
sulphuric acid oxidises iodide ions. For each reduction product, write a half-equation to
illustrate its formation from sulphuric acid.

Reduction product 1 ...................................................................................................................

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

Reduction product 2 ...................................................................................................................

Half-equation ..............................................................................................................................
(4 marks)

(d) Write an equation for the reaction between chlorine gas and dilute aqueous sodium
hydroxide. Name the two chlorine-containing products of this reaction and give the
oxidation state of chlorine in each of these products.

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

Name of product 1 ......................................................................................................................

Oxidation state of chlorine in product 1 ...................................................................................

Name of product 2 ......................................................................................................................

Oxidation state of chlorine in product 2 ...................................................................................
(5 marks)

APW/0205/CHM2
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14
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4 Reducing agents are used in the extraction of metals.

(a) In terms of electrons, state the function of a reducing agent.

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

(b) Identify a reducing agent used in the extraction of iron. Write an equation for the redox
reaction in which iron is formed from iron(III) oxide using this reducing agent.

Reducing agent ............................................................................................................................

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

(c) Identify a reducing agent used to obtain titanium metal from titanium(IV) chloride. In
addition to a high temperature, state a condition that is used for this reaction and explain
why this condition is necessary.

Reducing agent ............................................................................................................................

Condition .....................................................................................................................................

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

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

(d) (i) State two essential conditions used for the electrolytic extraction of aluminium
from aluminium oxide.

Condition 1 .......................................................................................................................

Condition 2 .......................................................................................................................

(ii) Write an equation to illustrate how aluminium is formed from aluminium ions in
this process.

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

Turn over �

APW/0205/CHM2
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5 (a) Define the term activation energy for a chemical reaction. (2 marks)

(b) Draw, with labelled axes, a curve to represent the Maxwell–Boltzmann distribution of
molecular energies in a gas. Label this curve T1. On the same axes, draw a second curve
to represent the same sample of gas at a lower temperature. Label this curve T2.

Use these curves to explain why a small decrease in temperature can lead to a large
decrease in the rate of a reaction. (8 marks)

(c) Give one reason why most collisions between gas-phase reactants do not lead to a
reaction. State and explain two ways of speeding up a gas-phase reaction other than by
changing the temperature. (5 marks)

END  OF  QUESTIONS

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

SECTION   B

Answer the question below in the space provided on pages 10 to 12 of this booklet.
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............................................................................................................................................................................

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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