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Answer all the questions.
1 Reactions that release energy are essential to maintain many aspects of everyday life.

(a) Enthalpy changes can be calculated using average bond enthalpies. Table 1.1 shows some
average bond enthalpies.

Table 1.1
bond | average bond enthalpy/ kJ mol~!
c—C +347
C—H +413
O—H +464
o= +498
C=— +805
c—O +358

(i) Define the term bond enthalpy.

(i) Ethanol, C,H;OH, can be burnt to release energy. The equation below shows the
combustion of ethanol.

H H

|
H—C—C—O—H + 30—0 — 20—C—/—0 +3 O
| | N

H H Ao H

Use the data in Table 1.1 to calculate a value for the enthalpy change of combustion of
gaseous ethanol, AH..

AH. = i, kJ mol™® [3]
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(b) Glucose, CgH;,0q, can also be oxidised.

The table below shows some enthalpy changes of formation, AH,.

compound | AH/ kJ mol™

CeHy,0q(s) | —1273
CO,(9) 394
H,O(l) 286

() Use the data to calculate the enthalpy change of combustion, AH_, for glucose.

CoHy,06(8) + 60,(g) —> 6CO,(g) + 6H,0()

[Total: 9]
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4

Many chemical reactions are reversible and are able to form equilibrium mixtures.

Hydrogen and iodine react together to form hydrogen iodide in a reversible reaction.

Hy(9) + 1,9 = 2HI(g)  AH = +53 kJ mol!
colourless purple colourless

(a) Explain the following observations when changes are made to an equilibrium mixture
of H,(9), 1,(9) and HI(g).

Include reference to the equilibrium position and any other factors.

(i) When the temperature is increased the purple colour becomes paler.

(b) The rate at which equilibrium is reached could be increased by increasing the temperature or
pressure.

In each case explain why the rate increases:

(i) onincreasing the temperature,
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(c) H,(9),1,(9) and HI(g) were mixed together and allowed to reach equilibrium. The concentrations
of the gases were then measured at various times and the results plotted. At time t, a change
was made to the compaosition of the mixture.

A
- H2(9)
concentration
7
/
HHHHI(9) /
115(9) h
t time

(i) What change was made to the mixture at time t?

[Total: 11]
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3  This question is concerned with some of the graphs you may have seen in your studies.

(@) Graph A shows a Boltzmann distribution.

Graph A

(i) Label the axes on graph A. [2]
(i) Explain, using graph A, the effect of adding a catalyst on the reaction rate.

Include labelled lines of the energies involved on graph A.
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(b) Graph B shows the change in mass observed in an experiment used to investigate the rate of

a reaction.
cotton wool
EpEp ik Ey s zinc + hydrochloric acid
balance
A Graph B
mass
time -

(i) Suggest what is happening in this experiment to produce the loss of mass with time.

(i) Exactly the same experiment was repeated but with a catalyst added.

On graph B sketch the line that would be produced in the presence of the catalyst. [2]
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(c) The forward direction of a reversible reaction has an enthalpy change of reaction,
AH, of —=120kJ mol™ and an activation energy, E,, of 250kJ mol™.

(i) On the axes below, complete the enthalpy profile diagram for this reaction.

A

reactants

enthalpy

\j

reaction pathway

(if) On your diagram label AH and E,.

(iii)  Use your diagram to calculate E, for the reverse reaction.
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4 Ammonia is manufactured in large quantities to make fertilisers and other commercially important
chemicals.

(a) Inthe Haber process, nitrogen reacts with hydrogen to make ammonia.

The diagram below shows the stages involved in this method of ammonia production.

stage X
N,
- >
H,
reaction separation
chamber chamber

Ammonia is formed in the reaction chamber.

N,(9) + 3H,(g) = 2NH,(g)  AH=-93kJ mol™

(i) Describe the conditions that are used in the reaction chamber and explain why these
conditions are chosen.
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(i) The table below gives the boiling points of nitrogen, hydrogen and ammonia.

substance | boiling point/ °C

nitrogen -196
hydrogen -253
ammonia -33

Suggest how ammonia could be separated in the separation chamber.

(b) Ammonia can be described as a base since it reacts with acids. When ammonia reacts
with phosphoric acid, H;PO,, ammonium phosphate is formed. Compounds similar to this
containing nitrogen and phosphorus are used as fertilisers.

(i) Write the ionic equation for the reaction that occurs when ammonia reacts with an acid
to form an ammonium ion, NH4+.

(i) Write the equation for the reaction between ammonia and phosphoric acid to form
ammonium phosphate.

[Total: 13]

END OF QUESTION PAPER
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