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Answer ALL the questions.  Write your answers in the spaces provided.

1. One stage in the manufacture of sulphuric acid is the exothermic reaction

2SO2(g) + O2(g)  2SO3(g)

(a) In a closed container this mixture of gases would be in dynamic equilibrium.
State the meaning of the words dynamic and equilibrium in this context. 

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

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

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

.......................................................................................................................................
(2)

(b) (i) State the conditions of temperature and pressure used industrially for the
manufacture of SO3.

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

................................................................................................................................
(2)

(ii) Justify the choice of temperature for this reaction in terms of yield and rate.

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

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

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

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

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

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

(iii) The yield of products would be greater if a higher pressure were to be used for
the reaction.

Suggest a reason why a higher pressure than you have given in (i) is not used.

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

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

................................................................................................................................
(1)  
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(c) (i) Calculate ΔH for the forward reaction, given the enthalpies of formation below.

(2)

(ii) State why the enthalpy of formation of oxygen, O2(g), is zero.

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

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

Turn over*N23427A0312*

SO2(g) 

SO3(g)

O2(g)

ΔHf / kJ mol–1

– 297

– 395

0
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(d) (i) State the formula of the catalyst used in the industrial process.

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

(ii) Draw an enthalpy level diagram to show the reaction profiles of the uncatalysed
and catalysed reactions.

(3)

(iii) Explain how the catalyst increases the reaction rate.

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

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

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

................................................................................................................................
(2)
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(e) Suggest why the sulphur trioxide produced is passed into concentrated sulphuric acid
rather than water to form sulphuric acid at the end of the process.

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

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

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

Turn over*N23427A0512*

Q1

(Total 18 marks)



Leave
blank

6

2. (a) State Hess’s Law.

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

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

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

.......................................................................................................................................
(2)

(b) Methane burns in oxygen.

CH4(g) + 2O2(g) → CO2(g)  +  2H2O(g)

(i) Calculate the enthalpy change for this reaction, using the bond enthalpies given
below.

(3)

(ii) State the name of this enthalpy change.

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

(iii) The value of this enthalpy change, under standard conditions, is – 890 kJ mol–1.
State the meaning of standard conditions.

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

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

................................................................................................................................
(2)

*N23427A0612*

C – H

O = O

C = O

Bond enthalpy
/ kJ mol–1

+435

+498

+805

H – O +464
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(iv) Suggest, with a reason, why the enthalpy change calculated in (i) is different
from the standard value quoted in (iii).

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

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

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

................................................................................................................................
(2)

(c) Although the reaction between methane and oxygen is exothermic, it does not occur
unless the mixture is ignited.

Use these facts to explain the difference between thermodynamic and kinetic
stability.

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

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

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

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

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

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

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

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

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

.......................................................................................................................................
(4)
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3. Bromine reacts with both ethane, C2H6, and ethene, C2H4.

(a) The reaction of bromine with ethane occurs in ultraviolet light.

(i) By what type of mechanism does this substitution reaction occur?

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

(ii) Write the equation for a reaction of ethane with bromine.

(1)

(b) Bromine reacts rapidly with ethene without the need for light.

(i) Give the equation for this reaction using structural formulae.

(2)

(ii) Name the product. .................................................................................................
(1)

(c) Explain, in terms of the bonding in the two hydrocarbons, why the reaction of
bromine with ethene occurs so much more readily than that with ethane.

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

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

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

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

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

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

.......................................................................................................................................
(3) Q3

(Total 8 marks)
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4. (a) (i) Draw the structural formulae of the two geometric isomers of but-2-ene, C4H8.

(2)

(ii) Explain, in terms of structure and bonding, why but-2-ene exists as two
geometric isomers whereas but-1-ene does not.

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

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

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

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

(iii) Draw the structural formula of another isomer with formula C4H8.

(1)

(b) Alkenes can be used to make polymers.

(i) Draw enough of the chain of poly(propene) to make its structure clear.

(2)

(ii) Explain why poly(alkenes) cause problems when they are disposed of in a
landfill site.

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

................................................................................................................................
(2)

Turn over
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5. Consider the following series of reactions

C4H8 → C4H9Br → C4H9OH → CH3CH2COCH3

A B D butanone

Compound A has an unbranched chain.

(a) (i) Draw the structure of the alcohol D which is oxidised to butanone.

(1)

(ii) State the reagents and conditions used to oxidise D to butanone.

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

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

(iii) Suggest reagents and conditions for conversion of the halogenoalkane B to
alcohol D.

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

................................................................................................................................
(2)

(iv) When compound A reacts with HBr, only one product, B, is formed.
Draw the structural formula of compound A.

(1)

(b) An isomer of D is not oxidised under the conditions used in (a)(ii).

Draw the structural formula of this isomer of D.

(1)

*N23427A01012*
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(c) If the conditions used in (a)(iii) to convert B to D are changed, then B will give two
organic products: the original compound A and a structural isomer G.

Both A and G have an unbranched chain and molecular formula C4H8.  G reacts with
HBr to form two isomers with formula C4H9Br.

(i) Draw the structural formula of G.

(1)

(ii) In what way are the conditions changed to give this result?

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

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

TOTAL FOR PAPER: 60 MARKS
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