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SECTION   A

Answer all questions in the spaces provided.

1 (a) Compound A, HCOOCH2CH2CH3, is an ester. Name this ester and write an equation
for its reaction with aqueous sodium hydroxide.

Name ............................................................................................................................................

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

(b) The initial rate of reaction between ester A and aqueous sodium hydroxide was
measured in a series of experiments at a constant temperature. The data obtained are
shown below.

Use the data in the table to deduce the order of reaction with respect to A and the order
of reaction with respect to NaOH. Hence calculate the initial rate of reaction in
Experiment 4.

Order with respect to A ..............................................................................................................

Order with respect to NaOH .....................................................................................................

Initial rate in Experiment 4 ........................................................................................................

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

(c) In a further experiment at a different temperature, the initial rate of reaction was found
to be 9.0 × 10–3 mol dm–3 s–1 when the initial concentration of A was 0.020 mol dm–3 and
the initial concentration of NaOH was 2.00moldm–3.
Under these new conditions with the much higher concentration of sodium hydroxide,
the reaction is first order with respect to A and appears to be zero order with respect to
sodium hydroxide.

(i) Write a rate equation for the reaction under these new conditions.

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

Experiment Initial concentration Initial concentration Initial rate
of NaOH/mol dm–3 of A /mol dm–3 /mol dm–3 s–1

1 0.040 0.030 4.0 × 10–4

2 0.040 0.045 6.0 × 10–4

3 0.060 0.045 9.0 × 10–4

4 0.120 0.060 to be calculated
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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

4
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(ii) Calculate a value for the rate constant under these new conditions and state its
units.

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

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

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

Units ...................................................................................................................................

(iii) Suggest why the order of reaction with respect to sodium hydroxide appears to be
zero under these new conditions.

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

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

.............................................................................................................................................
(6 marks)

(d) A naturally-occurring triester, shown below, was heated under reflux with an excess of
aqueous sodium hydroxide and the mixture produced was then distilled. One of the
products distilled off and the other was left in the distillation flask.

(i) Draw the structure of the product distilled off and give its name.

Structure

Name ..................................................................................................................................

(ii) Give the formula of the product left in the distillation flask and give a use for it.

Formula .............................................................................................................................

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

CH3(CH2)16COOCH2

CH3(CH2)16COOCH

CH3(CH2)16COOCH2

CHM4  pgs 1-20  13/12/04  9:42 am  Page 5
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2 (a) Titration curves labelled A, B, C and D for combinations of different acids and bases are
shown below. All solutions have a concentration of 0.1moldm–3.

(i) Select from A, B, C and D the curve produced by the addition of

ammonia to 25cm3 of hydrochloric acid ....................................................

ethanoic acid to 25cm3 of sodium hydroxide ....................................................

sodium hydroxide to 25cm3 of hydrochloric acid ....................................................

(ii) A table of acid–base indicators and the pH ranges over which they change colour
is shown below.

Indicator pH range

Thymol blue 1.2 – 2.8

Bromophenol blue 3.0 – 4.6

Methyl red 4.2 – 6.3

Cresolphthalein 8.2 – 9.8

Thymolphthalein 9.3 – 10.5

0
0 10 20

Volume/cm3

A

30 40 50

pH

2
4
6
8

10

14
12

0
0 10 20

Volume/cm3

B

30 40 50

pH

2
4
6
8

10

14
12

0
0 10 20

Volume/cm3

C

30 40 50

pH

2
4
6
8

10

14
12

0
0 10 20

Volume/cm3

D

30 40 50

pH

2
4
6
8

10

14
12
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Select from the table an indicator which could be used in the titration which produces
curve A but not in the titration which produces curve B.

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

(b) (i) Write an expression for the term pH.

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

(ii) A solution of potassium hydroxide has a pH of 11.90 at 25°C. Calculate the
concentration of potassium hydroxide in the solution.

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

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

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

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

(c) The acid dissociation constant, Ka, for propanoic acid has the value of 1.35 × 10–5moldm–3

at 25°C.

[H+][CH3CH2COO–]
Ka =  ——————————

[CH3CH2COOH]

In each of the calculations below, give your answer to 2 decimal places.

(i) Calculate the pH of a 0.117moldm–3 aqueous solution of propanoic acid.

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

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

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

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

(ii) Calculate the pH of a mixture formed by adding 25 cm3 of a 0.117 mol dm–3

aqueous solution of sodium propanoate to 25 cm3 of a 0.117 mol dm–3 aqueous
solution of propanoic acid.

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

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

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

Turn over �
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3 Consider the reaction sequence shown below.

(a) Name and outline a mechanism for the reaction in Step 1.

Name of mechanism ...................................................................................................................

Mechanism

(5 marks)

(b) (i) Name compound Q formed in Step 2.

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

(ii) Two stereoisomers are formed by the dehydration of Q. Give the structures of
these two isomers and name the type of stereoisomerism shown.

Structures of isomers

Type of stereoisomerism ..................................................................................................
(4 marks)

APW/0205/CHM4

8
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BLANK

CH3CH2CHO HCH3CH2 C

CN

Qpropanal

HCH3CH2 C
Step 1

HCN

Step 2
OH OH

COOH
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(c) An isomer of Q which has the structure shown below is polymerised to form the
biodegradeable polymer known as PHB.

(i) Draw the repeating unit of the polymer PHB.

(ii) Suggest a reason why the polymer is biodegradeable.

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

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

(d) The amino acid R is shown below.

(i) Draw the structure of the zwitterion formed by R.

(ii) Draw the structure of the major organic product formed when an excess of R is
reacted with bromomethane.

(iii) Name the mechanism of the reaction which results in the formation of the product
given in part (ii).

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

Turn over �
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CH2COOHHO C

H

CH3

HCH3CH2 C

COOH

R

NH2
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4 This question concerns four isomers, W, X, Y and Z, with the molecular formula C5H10O2

(a) The proton n.m.r. spectrum of W 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 W from the presence of the following
in its n.m.r. spectrum.

(i) The singlet peak at δ = 2.18

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

(ii) The singlet peak at δ = 3.33

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

(iii) Two triplet peaks.

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

(iv) Hence, deduce the structure of W.

(4 marks)

δ/ppm 2.18 2.59 3.33 3.64

Splitting pattern singlet triplet singlet triplet

Integration value 3 2 3 2

CHM4  pgs 1-20  13/12/04  9:42 am  Page 10
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(b) The infra-red spectrum of X is shown below.

(i) What can be deduced from the broad absorption centred on 3000 cm–1 in the
infra-red spectrum of X?

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

(ii) Given that the proton n.m.r. spectrum of X contains only two peaks with the
integration ratio 9:1, deduce the structure of X.

(2 marks)

(c) Isomers Y and Z have the structures shown below.

Identify the two reagents you could use in a simple chemical test to distinguish between
Y and Z. State what you would observe when each of Y and Z is tested with a mixture
of these two reagents.

Reagents .......................................................................................................................................

Observation with Y .....................................................................................................................

Observation with Z .....................................................................................................................
(3 marks)

Turn over �
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5 Consider the following reaction sequence.

(a) For Step 1, name the mechanism and give the reagents involved.

Name of mechanism ...................................................................................................................

Reagents .......................................................................................................................................

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

(b) For Step 2, give a reagent or combination of reagents. Write an equation for this reaction
using [H] to represent the reductant.

Reagent(s) ....................................................................................................................................

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

(c) Give the m/z value of a major peak which could appear in the mass spectrum of
methylbenzene, but not in the spectrum of either E or F.

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

Step 1

CH3

NO2 NH2

CH3 CH3

Step 2

FEmethylbenzene

CHM4  pgs 1-20  13/12/04  9:42 am  Page 12
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(d) Draw the structure of the species formed by F in an excess of hydrochloric acid.

(1 mark)

(e) Compounds G and H are both monosubstituted benzenes and both are isomers of F.
G is a primary amine and H is a secondary amine. Draw the structures of G and H
below.

G

H

(2 marks)

Turn over �
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............................................................................................................................................................................

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

............................................................................................................................................................................
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6 The manufacture of methanol can be achieved in two stages.

(a) In the first stage, methane and steam react according to the following equation.

CH4(g)  +  H2O(g)              CO(g)  +  3H2(g)            ∆H = +210kJmol–1

Discuss, with reasons, the effects of increasing separately the temperature and the
pressure on the yield of the products and on the rate of this reaction. (6 marks)

(b) In the second stage, carbon monoxide and hydrogen react according to the following
equation.

CO(g)  +  2H2(g)              CH3OH(g)

A 62.8 mol sample of carbon monoxide was added to 146 mol of hydrogen. When
equilibrium was reached at a given temperature, the mixture contained 26.2 mol of
methanol at a total pressure of 9.50 MPa.

Write an expression for the equilibrium constant, Kp, for this reaction. Calculate a value
for Kp at this temperature and give its units. (8 marks)

7 (a) Name and outline a mechanism for the reaction between propanoyl chloride,
CH3CH2COCl, and methylamine, CH3NH2
Draw the structure of the organic product. (6 marks)

(b) Benzene reacts with propanoyl chloride in the presence of aluminium chloride.
Write equations to show the role of aluminium chloride as a catalyst in this reaction.
Outline a mechanism for this reaction of benzene. (5 marks)

(c) Write an equation for the reaction of propanoyl chloride with water.
An excess of water is added to 1.48g of propanoyl chloride. Aqueous sodium hydroxide
is then added from a burette to the resulting solution.
Calculate the volume of 0.42 mol dm–3 aqueous sodium hydroxide needed to react
exactly with the mixture formed. (5 marks)

END  OF  QUESTIONS

SECTION   B

Detach this perforated sheet.
Answer both questions in the space provided on pages 14 and 17 to 20 of this booklet.
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NO  QUESTIONS  APPEAR  ON  THIS  PAGE
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............................................................................................................................................................................

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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