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

1. (a) Consider the following table, which shows data for the reaction between reactants A

and B.
[A] [B] Rate
Expt. / mol dm™ /mol dm™ / mol dm3s~!
1 1.0 0.50 0.0020
2 0.50 0.50 0.0010
3 0.50 1.0 0.0040

(1) Define the term order of reaction.

(i) Determine, giving reasons, the orders of reaction with respect to A and B.

Hence write the rate equation for the reaction.
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(iii) Calculate a value for the rate constant and give its units.
(2)
(iv) State how, if at all, the value of the rate constant would change if the temperature
were increased.
1)
J

3
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(b) (i) Draw a Maxwell-Boltzmann curve for a sample of a gas.

Fraction of molecules with energy, E

Energy, £

)

(i1)) On your diagram mark and label the activation energies for a catalysed and
uncatalysed reaction.

(1)
(ii1) The rate of a reaction can also be increased by raising the temperature.

Describe how the Maxwell-Boltzmann curve at a higher temperature differs from
the curve you have drawn in (i).

Leave )
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(iv) Transition metals are important industrial catalysts.
Identify an industrial process involving a transition metal catalyst and name the
catalyst used.
Explain why many transition metals and their compounds are successful
catalysts.
(&)
(v) How do the rate constants for the catalysed and uncatalysed reactions compare?
@ Q1
(Total 15 marks) jr
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2. (a) Identify the substances and conditions used in the standard chlorine half-cell.

(b) Cu(aq) +e — Cu(s) E°=40.52V
Cu*'(aq) + e » Cu'(aq) E~=+0.15V

(i) Combine the half-equations above to produce the redox equation for the
disproportionation reaction.

(ii1) Explain why the above reaction can be classified as a disproportionation
reaction.

N 2 4 7 01 A O 6 1 6




Leave\
(d) When excess concentrated ammonia solution is added to a solution of hydrated e
copper(Il) ions, the complex [Cu(NH3)4(H,0),]*" is formed.
(1) State the type of reaction occurring and give the colour of the complex.
TYPC ettt COlOUT ..eiiiiieieeieee e
(2)
(i1) Explain why this complex has a colour.
............................................................................................................................ (3)
(ii1) Explain why copper(I) complex ions are not coloured.
............................................................................................................................ (2)
(¢) When concentrated hydrochloric acid is added to an aqueous solution of Cu?®" ions,
the complex CuCl,*" is formed.
Suggest the shape of this complex, state the bond angle and suggest why it has this
shape.
................................................................................................................................... (3) @
(Total 19 marks)
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3. This question concerns the following reaction scheme starting from benzene, C4Hg.

1 reaction 2
C6H6 —> C6H5COCH3 _—> C6H5C(OH)(CN)CH3
(phenylethanone)

(a) Explain why the low resolution n.m.r. spectrum of benzene contains only a single
peak.

Leave )
blank

1)
(b) (1) Identify the reagent and the catalyst needed for reaction 1.

(2)
(i1) What type of reaction is reaction 1?

1)
(ii1) Draw the mechanism for reaction 1.

“)

|\
8
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(c) (1) Identify the reagents needed for reaction 2.
(2)
(i1)) What type of reaction is reaction 2?
1)
(iii) Draw the mechanism for reaction 2.
3
J
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(d) The product of reaction 2 is a mixture of two isomers.

(i) Draw the structures of these two isomers, making their three-dimensional shape
clear.

0}

(i1)) What would be the effect of this mixture on monochromatic plane-polarised
light? Justify your answer by reference to your mechanism in (c)(iii).

(e) How could infra-red spectroscopy be used to show that the product of reaction 2
did not contain traces of the reactant phenylethanone?

(Total 19 marks)
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4. (a) The following equation shows the reaction of propane with chlorine to produce
I-chloropropane.

CH3CH2CH3 + Clz —> CH3CH2CH2C1 + HCl
(1) Name the mechanism of the above reaction.

(b) The boiling temperature of 1-chloropropane is 46 °C and that of 1-bromopropane is
71 °C.

Draw a boiling temperature/composition diagram for a mixture of these two substances.
Use it to explain how fractional distillation could be used to separate this mixture.

Leave )
blank




Leave )
blank

(c) Describe how to distinguish between pure samples of 1-chloropropane and
I-bromopropane using chemical tests.

(d) Suggest which technique, mass spectrometry or low resolution n.m.r., would be more
successful to distinguish between 1-chloropropane and 1-bromopropane. Justify your
answer.

Q4
(Total 15 marks) jr
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5. (a) An acidified solution of potassium manganate(VII) contains MnO, ions, and can
oxidise bromide ions, Br~, to bromine.

It was found that 23.90 cm® of 0.200 mol dm™ potassium manganate(VII) solution
was required to oxidise a solution containing 2.46 g of sodium bromide dissolved in

dilute sulphuric acid.

Calculate the ratio of the number of moles of manganate(VII) ions reacting to the
number of moles of bromide ions reacting.

Hence write the equation for the oxidation of bromide ions by manganate(VII) ions
in acid solution.

©))
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(b) Acidified potassium manganate(VII) solution can be safely stored in containers made
of poly(ethene).
(1) Suggest a property of poly(ethene) which makes it suitable for the storage of this
solution.
1)
(i) Explain ONE environmental problem which may be caused by the disposal of a
poly(ethene) container.
M Qs

(Total 7 marks)

TOTAL FOR PAPER: 75 MARKS
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