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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.

CH,(g@} + 20,(g) — CO,(9) + 2H,0(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?

............................................................................................................................................... (1]
(b) Fig. 1.1 is an incomplete enthalpy profile diagram for the reaction between methane and

oxygen.

)
CH,(g) + 20,(g)
enthalpy
progress of reaction -
Fig. 1.1
(i) Complete Fig. 1.1 to show the complete enthalpy profile for the reaction. 2]
(i) Label the activation energy, E,, on Fig. 1.1. [}
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(c) The Boltzmann distribution can be used to show the effect 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.
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Methane can be reacted with steam to produce carbon monoxide and hydrogen. The equation for
this process is given below.

CH,@ + H,0(@) — CO(g) + 3H,(9) equation 2.1

Tabie 2.1 below shows the enthalpy changes of formation for methane, steam and carbon
monoxide.

compound AH/kJ mol™!
H,0 —242
CcO -110
Table 2.1

(a) Define the term enthalpy change of formation.

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

(b) Write the equation, including state symbois, representing the enthalpy change of formation
for methane, CH,.

(¢} Use the AH, values in Table 2.1 to calculate the enthalpy change for the reaction shown in
equation 2.1.

.................. kJ mol™! {3]
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(d) State one important manufacturing process in which hydrogen is used.
............................................................................................................................................... (1]
[Total: 8]
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Limestone contains calcium carbonate, CaCOS.

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

(a) If calcium carbonate is heated strongly in an open container, it decomposes according to the
equation below.

CaCO,(s) — CaOf(s) + CO,(g) AH = +180 kd mol™!
Suggest two reasons why it is necessary to heat the calcium carbonate strongly to achieve
decomposition.
T e et r et r e e et et e s s s st e e e se s aee e eeensssasaesaesnreesas sr st seeasaseaa s snbeseesnnraenns
2

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

CaCQO,4(s) == CaO(s) + CO,(g)

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

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

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

........................................................................................................................................ [1]
(tif) A valve allowed some of the carbon dioxide to escape.
State and explain what happens to the composition of the mixture in the container.
........................................................................................................................................ [3]
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{c) Both calcium carbonate, CaCO,, and calcium oxide, CaQ, are white solids.

Dilute hydrochloric acid, HCl, 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 HCl with CaO.

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

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

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

[Total: 11]
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4 A chemical Cis made by reacting chemical A with chemical B in a reversible reaction. A,Band 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

350 8

10 450 12
550 16
350 11

20 450 21
550 29
350 18

40 450
550 49

Table 4.1

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

................................................... (1]
(b) (i) Use the data in Table 4.1 to state the effect of increasing pressure on the percentage of
A converted.
................................................................................... {1

(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 conciusion.

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

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

(c) Use the data in Table 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) It was found necessary to use a catalyst in the production of C.

(i) Whatis meant by a catalyst?

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

........................................................................................................................................ {2]
(i) Suggest and explain two reasons why catalysts are used in industrial processes.
ettt e r e e b s br e b bt e eh e e eaeRe e et e et A eebe e AnAeesebeSaebetaenbennenesnaesennereeeeen
2 e ear e eitreesteeereeeaEeebeaetressteeanate oA aeeeeteeeieREeraebeetbseebaeseasste et et oh b eenbres srneshesesnrrraranare
........................................................................................................................................ (2]

(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.

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

............................................................................................................................................... (1]
(f) Give two economically important processes that use catalysts.
PIOCESS T ooiiitiriitii ittt s e ee e e e e sae e e s s e e ae s s aeeen a1 steeeabeannesanassenseesarannesnnessanansas
catalyst USEd iN PrOCESS T .o e et e s e et e e e e s ane s sae e sannens
PIOCESS 2 ooviierriiiiisieiirss et n e e ssere e s s e s s s st e e s e e e anrneeesssnseenssanseesrnseseasnbnssesnbe b sassaeessianss
catalyst USE iN PrOCESS 2 .iiiiiiiiivir it creere e e e e et are e ae s sbe s sareonsesseressanesssrneseneeas [2]

[Total: 13]
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