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Answer all the questions.

Methane reacts with oxygen to produce carbon dioxide and water. The equation for this reaction
is given below.

cH4(g) + 2o2(g) -+ cor(o) + 2Hro(g)

Gas cookers use methane as a fuel because this reaction is exothermic and takes place at a fairly
fast rate.

Activation energy is important in considering the conditions needed to change the rate of a
reaction.

(a) What is meant by the term exothermic?

.t1 l

(b) Fig. 1.1 is an incomplete enthalpy profile diagram for the reaction between methane
oxygen.

and

CH+(g) + 2Or(g)
enthalpy

Fig. 1.1

(i) Compfete Fig. 1.1 to show the complete enthalpy profile forthe reaction. tzl

(i i) Label the activation energy,Ea,on Fig. 1.1. tl l
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(c) The Boltzmann distribution can be used to show the etfect of a change in temperature on the
rate of a reaction.

. Draw a labelled Boltzmann distribution diagram.

. Explain the essential features of your diagram.

. Using your diagram, explain how an increase in temperature affects the rate of a
reaction.

[-otal: 13]

[Turn over
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2 Methane can be reacted with steam to produce carbon monoxide and hydrogen. The equation lor
this process is given below

CHo(o) + Heo(s) + co(g) + 3H2(O) equation 2'1

Table 2.1 below shows the enthalpy changes of tormation for mothane, steam and carbon
monodd€.

compound LrylkJ mol-1

cHo -75

HrO -242

co -1  10

Table 2.1

(a) Define the term enthalpy change of formation.

. . . . : . . . . . . . .

l2l

(b) Write the equation, including state symbols, representing the enthatpy change of formation
for methane, CHo.

, . . . . . . . . . . t2I

(c) Use the AH, values in Table 2.1 to calcutate the enthalpy change for the reaction shown in
equation 2.1.

kJ mol-l [3]
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(d) State one important manufacturing process in which hydrogen is used.

[Total: 8J
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3 Limestone contrains calcium carbonate, CaCO3.

Limestone is an important source of commercially important chemicals such as lime, calcium
oxide, CaO.

(a) lf calcium cadronate is heated strongly in an open container, it decomposes according to the
equation belo/t.

CaCO.(s) -l CaO(s) + cO2(9) AH = +180kJmol-1

Suggest two reasons why it is necessary to heat th6 calcium carbonate strongly to achieve
decomposition.

1 .. . . . . . . . . . . . . . . . . . . . .

2 ...................... ..................t2I

(b) Another sample of calcium carbonate was placed in a closed container b€fore being heated
strongly. This allows an equilibrium to be set up. This equilibrium is shotryn below.

CaCO3(s) * CaO(s) + CO2(9)

(i) What can you say about the rates of the iorward and reverse reactions when the calcium
carbonate slarts to decompose?

, . . . . t1 l

(ii) What can you say about the rates of the forward and reverse reactions when the
equilibrium has been established?

(iii) A valve allowed some of the carbon dioxide to escape.

State and explain what happens to the composition of the mixture in the container.

.11 l
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(c) Both calcium carbonate, CaCO3, dfld calcium oxide, CaO, are white solids.

Dilute hydrochloric acid, HCI, can be used to identify whether a sample of white solid is
CaCO. or CaO.

(i) Write equations, including state symbols, for the reaction of HCI with CaCO. and the
reaction of HCI with CaO.

,....t31

(ii) How would observation of the reactions with hydrochloric acid allow the identification of
the white solid?

CaCO.

CaO

.t1 l

[Total: 1 1]
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A chemical C is made by reacting chemical A with chemical B in a reversible reaction. A, B and C
are all gases under the reaction conditions.

Research chemists wanted to know the optimum conditions to use in the manufacture of C. They
carried out a series of reactions under different conditions of temperature and pressure. The
percentage conversion of A at equilibrium is shown in Table 4.1.

pressure / MPa temperature / "C "/" A converted

1 0

350 8

450 1 2

550 1 6

20

350 1 1

450 21

550 29

40

350 1 8

450

550 49

Table 4.1

(a) Suggest the percentage of A that is converted at 450 oC and 40 MPa.

t1 l

(b) (i) Use the data in Table 4.1 to state the effect of increasing pressure on the percentage of
A converted.

t1I

(ii) What can be deduced, from this change, about the total number of moles of reactants A
and B compared with the number of moles of product C in the equation for the reaction?
Explain how you reached your conclusion.

.t2l

(c) Use the data in 1iable 4.1 to deduce whether the reaction between A and B is exothermic or
endothermic. Explain how you reached your conclusion.
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(d)

I

It was found necessary to use a catalyst in the production of C.

(i) What is meant by a catalysft

(ii)

. . . . . . t21

Suggest and explain two reasons why catalysts are used in industrial processes.

1 . . . . . . . . . .

.tzl

(e) Conditions were used that should have given a conversion of A of 39"/". In the manufacture,
using these conditions, it was found that only 20% conversion was achieved.

Suggest why the conversion was much less than theory suggested.

. . . . . . . . . . . t11

(f) Give two economically important processes that use catalysts.

process 1 .......

catalyst used in process 1 .....

process 2

catalyst used in process 2 ...'...t21

[Total: 13]

END OF QUESTION PAPER
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