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1 In this question, give all values of pH to 2 decimal places.

1 (a) (i) Write an expression for pH.

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

1 (a) (ii) Calculate the pH of a 0.150 mol dm–3 solution of hydrochloric acid.

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

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

1 (b) A 60.0 cm3 sample of 0.0850 mol dm–3 aqueous potassium hydroxide was partially
neutralised by the addition of 30.0 cm3 of 0.150 mol dm–3 hydrochloric acid.

1 (b) (i) Calculate the number of moles of potassium hydroxide used.

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

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

1 (b) (ii) Calculate the number of moles of hydrochloric acid added.

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

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

1 (b) (iii) Calculate the number of moles of potassium hydroxide remaining in excess in
the solution formed and hence calculate the pH at 298 K of this solution.

Moles of KOH ...........................................................................................................

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

pH of solution formed ..............................................................................................

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

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

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

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

...................................................................................................................................
(7 marks)

SECTION  A

Answer all questions in the spaces provided.

(02)
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Table 1
Proton n.m.r. chemical shift data

Type of proton δ/ppm

RCH3 0.7–1.2

R2CH2 1.2–1.4

R3CH 1.4–1.6

RCOCH3 2.1–2.6

ROCH3 3.1–3.9

RCOOCH3 3.7–4.1

ROH 0.5–5.0

Table 2
Infra-red absorption data

Bond Wavenumber/cm–1

C—H 2850–3300

C—C 750–1100

C    C 1620–1680

C    O 1680–1750

C—O 1000–1300

O—H (alcohols) 3230–3550

O—H (acids) 2500–3000

Gas constant R = 8.31 J K–1 mol–1

(04)
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2 In this question, give all values of pH to 2 decimal places.

2 (a) At 298 K, the pH of a 0.150 mol dm–3 solution of the weak acid HX is 3.48

2 (a) (i) Write an expression for the acid dissociation constant, Ka, for this acid.

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

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

2 (a) (ii) Calculate the value of Ka for this acid, HX, at 298 K.

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

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

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

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

2 (b) The value of the acid dissociation constant, Ka, for a different weak acid HY is
2.65 × 10–4 mol dm–3 at 298 K.

Calculate the pH of the buffer solution formed when a 0.0300 mol sample of the solid
salt NaY is dissolved in 500 cm3 of a 0.250 mol dm–3 solution of the acid HY.

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

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

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

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

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

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

Turn over �

APW/Jan09/CHM4
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3 At a given temperature, in a closed container, a mixture of 0.360 mol of CO and 0.640 mol of
H2 was left to reach equilibrium according to the following equation.

CO(g)  +  2H2(g)          CH3OH(g)          ∆H = –90.0 kJ mol–1

At equilibrium, 0.120 mol of CH3OH was present in the gaseous mixture.

3 (a) (i) Calculate the number of moles of CO and of H2 in this equilibrium mixture.

Moles of CO .............................................................................................................

Moles of H2 ...............................................................................................................

3 (a) (ii) Calculate the mole fraction of CO in the equilibrium mixture.

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

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

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

3 (b) (i) Write a general expression to show how the partial pressure of a gas is related to
its mole fraction.

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

3 (b) (ii) The total pressure of the gases in the equilibrium mixture formed in part (a) was
268 kPa.  Calculate the partial pressure of CO in this mixture.

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

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

3 (c) A different equilibrium mixture of CO, H2 and CH3OH was prepared at a given
temperature and a total pressure of 500 kPa.  In this mixture, the partial pressure of CO
was 75.0 kPa and the partial pressure of H2 was 300 kPa.

3 (c) (i) Calculate the partial pressure of CH3OH in this mixture.

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

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

(06)
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3 (c) (ii) Write an expression for the equilibrium constant, Kp, for this reaction.

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

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

3 (c) (iii) Calculate a value for the equilibrium constant, Kp, at this temperature and give its
units.

Calculation ...............................................................................................................

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

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

Units .........................................................................................................................
(5 marks)

3 (d) (i) State the effect, if any, at a constant temperature of an increase in total pressure
on the mole fraction of CH3OH and on the value of the equilibrium constant Kp.

Effect on mole fraction of CH3OH ...........................................................................

Effect on Kp ..............................................................................................................

3 (d) (ii) State the effect, if any, at a constant pressure of an increase in temperature on the
mole fraction of CH3OH and on the value of the equilibrium constant Kp.

Effect on mole fraction of CH3OH ...........................................................................

Effect on Kp ..............................................................................................................
(4 marks)

Turn over for the next question

Turn over �
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4 Compound B exists as a pair of stereoisomers which can be formed from compound A.

4 (a) Name compound A.

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

4 (b) (i) Give the reagent and conditions used to convert A into B and name the type of
reaction involved.

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

Conditions ................................................................................................................

Type of reaction ........................................................................................................

4 (b) (ii) Draw the structural isomer of B which is also formed from A under the same
conditions.

(4 marks)

4 (c) (i) Name the type of stereoisomerism shown by B.

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

4 (c) (ii) Explain why this type of stereoisomerism is possible in B.

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

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

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

(08)
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4 (d) (i) Suggest why the mass spectrum of A (C6H13Br) contains two molecular ion
peaks of almost equal intensity at m/z = 164 and m/z = 166

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

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

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

4 (d) (ii) There is a major peak at m/z = 85 in the mass spectrum of A.  Draw the structure
of the species which gives rise to this peak.  Give one reason why this peak is a
major one.

Structure

Reason ......................................................................................................................

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

Turn over for the next question

Turn over �
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5 The infra-red spectra shown below are those of compound C and of compound D.

In the laboratory, a student converted C (C6H14O) into D (C6H12O) by heating C with
acidified potassium dichromate(VI).

5 (a) (i) Identify the bonds responsible for the absorptions labelled I and II in the
infra-red spectra above.

I ................................................................................................................................

II ...............................................................................................................................

5 (a) (ii) The absorption labelled III is due to an impurity present in the sample of D
made by the student.  Suggest one possible impurity which would produce this
absorption.

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

(10)

4000 3000 2000 1500 1000 500
Wavenumber / cm–1

100

Transmittance / %

Compound C

Compound D

50

III

II

I
0

4000 3000 2000 1500 1000 500
Wavenumber / cm–1

100

Transmittance / % 50

0
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5 (b) The proton n.m.r. spectrum of C (C6H14O) shows 4 peaks.

The table below gives the chemical shifts, δ values, for each of these peaks, together
with their splitting patterns and integration values.

State what can be deduced about the structure of C from the presence of the following
in its proton n.m.r. spectrum.

5 (b) (i) The singlet peak at δ = 0.89

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

5 (b) (ii) The two peaks at δ = 3.47 and δ = 1.12

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

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

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

5 (b) (iii) Use the information in part (a) and part (b) to deduce the structure of C.

(4 marks)

Question 5 continues on the next page

Turn over �

APW/Jan09/CHM4
(11)

δ / ppm 3.47 1.63 1.12 0.89

Splitting pattern quartet singlet doublet singlet

Integration value 1 1 3 9
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5 (c) Draw the structures of the alcohols described below which are isomers of C (C6H14O):

5 (c) (i) a compound which is unaffected by acidified potassium dichromate(VI) and has
4 peaks in its proton n.m.r. spectrum,

5 (c) (ii) a compound which exists as optical isomers and has 4 peaks in its proton n.m.r.
spectrum.

(2 marks)

5 (d) Draw the structure of an alcohol which is an isomer of D (C6H12O) but which has no
absorption between 1620 and 1680 cm–1 in its infra-red spectrum.

(1 mark)

10

(12)
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6 (a) (i) The rate equation for the reaction between compounds E and F at a given
temperature is

rate = k[E][F]2

The initial rate of reaction is 9.45 × 10–4 mol dm–3 s–1 when the initial concentration
of E is 0.76 mol dm–3 and the initial concentration of F is 1.22 mol dm–3.  Calculate
a value for the rate constant, k, at this temperature and state its units.

Value of k ..................................................................................................................

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

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

Units of k ..................................................................................................................

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

6 (a) (ii) Calculate the initial rate of reaction when the concentration of E is doubled and at
the same time the concentration of F is halved but the temperature is not changed.

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

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

6 (b) The following data were obtained by studying the reaction between compounds G and
H at a constant temperature.

6 (b) (i) Deduce the order of reaction with respect to G.

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

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

6 (b) (ii) Deduce the order of reaction with respect to H.

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

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

Initial Initial
Initial rate /Experiment concentration concentration
mol dm–3 s–1

of G / mol dm–3 of H / mol dm–3

1 0.20 0.25 6.80 × 10–3

2 0.30 0.25 15.3 × 10–3

3 0.60 0.50 61.2 × 10–3
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...............................................................................................................................................................

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

(14)
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7 Consider the reaction sequence shown below.

7 (a) Compound J is produced by the reaction of methylbenzene with the NO2
+ ion.  This

ion is formed by the reaction of concentrated nitric acid with concentrated sulphuric
acid.

State the role of concentrated nitric acid in its reaction with concentrated sulphuric
acid.

Name and outline a mechanism for the reaction of methylbenzene with the NO2
+ ion.

(5 marks)

7 (b) Name the type of reaction involved in the conversion of J into K (Reaction 2).

Draw the structure of the compound formed when compound K reacts with methanol
in the presence of a small amount of concentrated sulphuric acid.

(2 marks)

7 (c) Compound L is prepared by the reduction of K in Reaction 3.

Give reagents and write an equation for Reaction 3.  Use [H] to represent the reducing
agent.

(2 marks)

7 (d) In the presence of a catalyst, L can polymerise.

Name the type of polymerisation which occurs.  Draw the repeating unit of the
polymer and name the type of linkage involved.

(3 marks)

SECTION  B

Detach this perforated sheet.
Answer both questions 7 and 8 in the spaces provided on page 14 and pages 17–20.

Reaction 1 Reaction 2 Reaction 3

CH3 CH3

NO2

COOH

NO2 NH2

COOH

J K L
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(16)

CCH3CH2 CH3

O
–

X

CN

CCH3CH2 Cl

O
–

Y

N+H H

H

8 The intermediates, X and Y, shown below are formed by nucleophilic attack on two different
compounds containing a carbonyl group.

8 (a) Outline a mechanism for the complete reaction in which X is an intermediate.
Name the final product formed from X.

(5 marks)

8 (b) Outline a mechanism for the complete reaction in which Y is an intermediate.
Name this mechanism and name the final organic product formed from Y.

(6 marks)

8 (c) Species Z is shown below.

Name the type of species of which Z is an example and draw the product formed when
Z reacts with an excess of aqueous sodium hydroxide.

(2 marks)

8 (d) Aspirin is an ester prepared industrially by the reaction of ethanoic anhydride with
2-hydroxybenzenecarboxylic acid shown below.

Write an equation for this reaction showing clearly the structure of aspirin.
Give two reasons why ethanoyl chloride is not used in this industrial preparation.

(5 marks)

END  OF  QUESTIONS
18

CCH3CH2 H

COO
–

Z

N+H H

H

COOH

OH
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