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Answer all the questions.

Butane, C*H'', is a gas at room temperature. lt is used as a fuel for portable gas cookers.

(a) Give two properties of butane that make it suitable for its use as a fuel.

1  . . . .

2 . . . . . . . . . . t21

(b) The combustion of butane is shown in the equation below.

coHro(9) + 610r(g) -) 4co2(g) + 5H2o(l)

(i) The standard enthalpy change of combustion of butane is -2877 kJ mol-l.
What does standard mean in this context?

. . . . t 11

(ii) Define the term enthalpy change of combustion.

. . . . .121

(i i i) Complete the enthalpy profi le diagram for the combustion of butane. Label the
activation energy, E", and the enthalpy change, AH.

enthalpy
C+Hro(g) * 6loz(g)

progress of reaction

l3l
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(c) Enthalpy changes of combustion can be used to determine enthalpy changes of
formation.

(i) Write the equation for the standard enthalpy change of formation of butane, CoH.,o.
Include state symbols in your answer.

..121

(ii) Use the following data to calculate the standard enthalpy change of formation of
butane.

standard enthalpy change of combustion / kJ mol-1

carbon -394

hydrogen -286

butane -2877

answer . kJ mol-t [g]

[Total: 13]
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2 part of the manufacture of ammonia involves the equil ibrium below.

N2(g) + 3H2(g) + 2NH3(g) A'H = -92kJ mol-l

equi l ibr ium 2.1

(a) State le Chatelier's principle.

.l2l

(b) A mixture of N, and H, was made and left to reach equil ibrium.

Explain how the following changes would affect the time taken to reach equil ibrium.

(i) use of a catalYst

t21" " " ' L - J

(i i) a higher temPerature

""121
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A mixture of N2 and H2 was left unti l  i t  had reached equil ibrium as shown in
equil ibrium 2.1. At that stage, Nr, H, and NH, were present in the equil ibrium mixture.

Explain how the following changes would affect the amounts of Nr, H, and NH. present
in the equi l ibr ium mixture.

(i) use of a catalyst

. . . . t 11

(i i) a higher temperature

. . . . . . t21

(i i i) a lower pressure

. . . .121

In the manufacture of ammonia, the reaction is generally carried out at a temperature of
about 450 "C and at a pressure approximately 200 times normal atmospheric pressure.

Suggest why these conditions are used industrially.

[Total: 15]

(d)
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3 (a) Discuss what is meant by the terms strong acid and weak acid. Use hydrochloric acid,
HCl, and ethanoic acid, CH3COOH, as examples. Include relevant equations in your
answer.

..t41

(b) Two students were provided with hydrochloric acid and ethanoic acid. They added the
same amount of magnesium ribbon to each acid. Gas was produced at the same rate
for each acid.

(i) ldentify the gas.

(i i) One student said that the acids had the same concentration.

Comment, with a reason, on whether the student was correct.

. . . t21

[Total: 7]

t1l
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This question looks at some aspects of the use of petrol as a fuel for cars.

Petrol contains octane, CuH.,r. Two of the stages that occur when petrol, containing octane,
is used in a car engine are shown below.

m 
stase A- 

| * t,;l stase B- 
|"o,'nl

I  I  l N o c o l  |  * ,  I

(a) Stage A includes the complete combustion of octane.

(i) Write the equation for this reaction,

..121

(i i) Suggest how NO is produced.

. . 111

(b) Stage B requires a catalyst.

(i) Name two metals generally present in the catalyst.

. . t 11

(ii) The catalyst is a heterogeneous catalyst. Describe how it works.

. . t31

(iii) Using the substances shown above, write the equation for the reaction that occurs
in stage B.

..121

(c) lf stage B does not happen, further reactions occur and pollution levels rise.

Suggest one pollutant whose level in the atmosphere would rise.
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