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Answer ALL questions in the spaces provided.

1. Potassium hydroxide solution, KOH(aq), is used to peel peaches commercially.  The
peaches are placed in a 7% solution (7.00 g per 100 cm3 of solution) for 3 minutes.  The
peaches are then washed, cut in half and frozen.

(a) (i) Calculate the concentration, in mol dm–3, of the potassium hydroxide solution.

(2)

(ii) Calculate the pH of this solution.
[Kw = 1.00 × 10–14 mol2 dm–6]

(2)

(b) The concentration of the potassium hydroxide solution must not fall below
1.00 mol dm–3.  This is checked at intervals by the titration of 25.0 cm3 of the solution
with 0.750 mol dm–3 sulphuric acid.

(i) Write a balanced equation for the complete neutralisation of sulphuric acid with
potassium hydroxide.

(1)

(ii) Calculate the lowest acceptable titration value before more potassium hydroxide
must be added to the solution.

(2)
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(iii) Sketch a graph showing how the pH changes when 30 cm3 (an excess) of
0.750 mol dm–3 sulphuric acid is added to 25.0 cm3 of 1.00 mol dm–3 potassium
hydroxide.

(4)

(iv) Suggest a suitable indicator to use for this titration.  Use your graph to justify
your choice.

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

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

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

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

(c) Suggest a safety check that should be made before the peaches are frozen.  Why is
this check necessary?

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

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

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

.......................................................................................................................................
(2)
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2. This question is about the arene, naphthalene.  The structure of naphthalene can be shown as

(a) What is the molecular formula of naphthalene?

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

(b) The enthalpy change, ΔH, for the addition of hydrogen to cyclohexene to form
cyclohexane is –120 kJ mol–1.

+   H2 → ΔH = –120 kJ mol–1

(i) Calculate the enthalpy change of the hydrogenation reaction shown below.

+  5H2 →

ΔH =  ................  kJ mol–1

(1)  

(ii) Experimental work shows that ΔH for the hydrogenation of naphthalene is
actually –333 kJ mol–1.  What does this suggest about the stability and structure
of naphthalene?

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

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

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

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

(iii) Would you expect naphthalene to decolorise bromine solution?  Justify your
answer.

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

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

................................................................................................................................
(1)
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(c) The Friedel-Crafts reaction enables an alkyl group to be attached to an arene ring.

(i) Suggest the reagent and catalyst you would need to make  

from naphthalene.

Reagent .......................................................................................

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

(ii) Name the type of reaction and its mechanism.

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

CH(CH3)2

Turn over
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3. One step in the manufacture of nitric acid is the reaction between nitrogen(II) oxide and
oxygen to form nitrogen(IV) oxide.

2NO(g)  +  O2(g)  2NO2(g)      ΔH =  –114 kJ mol–1

(a) (i) Use the equation to suggest the sign of ΔSsystem for the forward reaction.  Justify
your answer.

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

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

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

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

(ii) What is the sign of  ΔSsurroundings for the forward reaction?  Justify your answer.

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

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

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

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

(b) (i) Write the expression for Kp for this reaction. 
What are the units of Kp in this reaction?

Units .............................................................
(2)
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(ii) Suggest how the temperature and pressure could be altered to make
nitrogen(IV) oxide more economically.  Justify your suggestions by considering
both yield and rate.

Temperature 

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

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

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

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

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

Pressure 

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

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

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

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

................................................................................................................................
(4)

(c) (i) What property would allow you to follow the progress of this reaction?  Justify
your answer.

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

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

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

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

................................................................................................................................
(2)
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(ii) In a series of experiments, the following results were obtained.

• What is the order of the reaction with respect to NO(g)?  Justify your answer.

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

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

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

• What is the order of the reaction with respect to O2(g)?

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

(iii) What is the rate equation for this reaction?

(1)

(iv) What is the overall order for this reaction?

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

(v) Calculate the rate constant, k, for this reaction.  Include units with your answer.

(2)

(d) Suggest why this reaction takes place quickly at room temperature and pressure.

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

*N23441A0812*

Experiment [NO(g)]
/mol dm–3

[O2(g)]
/mol dm–3

Initial rate
/mol dm–3 s–1

1 1.0 × 10–3 1.0 × 10–3 8.0 × 10–6

2 2.0 × 10–3 1.0 × 10–3 3.2 × 10–5

3 2.0 × 10–3 2.0 × 10–3 6.4 × 10–5

Q3

(Total 20 marks)
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4. This question is about compounds with the molecular formula C4H8O.

(a) (i) Draw the displayed formulae of TWO isomers, A and B, which are both
aldehydes.  Give their systematic names.

A B

Name ........................................................    ........................................................
(4)

(ii) Suggest an instrumental method by which these isomers, A and B, could be
distinguished.  

Outline how the results would differ.

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

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

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

(b) Substance C, butanone, is another isomer of C4H8O.

(i) Name a reagent which results in the same observation when it reacts with all
three isomers, A, B and C.

Reagent ..................................................................................................................

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

Observation ............................................................................................................

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

................................................................................................................................
(2)
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(ii) Name a reagent where the resulting observation for C would be different from
that for A and B.

Reagent ..................................................................................................................

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

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

Observation with C ...............................................................................................

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

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

Observation with A and B .....................................................................................

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

................................................................................................................................
(3)
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(c) (i) Suggest structural formulae for TWO more isomers of C4H8O, D and E, which
are cyclic and react with sodium to give off hydrogen.

D  E
(2)

(ii) Both A and B can be oxidised to carboxylic acids.  These acids will then react
with either of the isomers D or E in the presence of a strong acid as a catalyst.

What is the name given to the products of this type of reaction?

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

(iii) For one of the carboxylic acids formed from A or B and one of the isomers D or
E, draw a displayed formula of the product formed when they react together.

(2)

TOTAL FOR PAPER: 60 MARKS

END
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