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SECTION A

Answer all questions in the spaces provided.

1.	 This question focuses on the chemistry of some of the many compounds which share the 
molecular formula C10H12O2. Four compounds with this formula are shown below.

Examiner
only

C

O

HO

C H

CH3

CH3

compound W

compound Y

compound X

compound Z

	 (a)	 Draw an ester which is an isomer of the compounds above.	 [1]

	 (b)	 Only one of the compounds shown can exhibit optical isomerism.

	 (i)	 Identify which compound can exhibit optical isomerism.	 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .	 [1]

	 (ii)	 Indicate the chiral centre in this molecule by labelling it with an asterisk (*).	 [1]

	 (iii)	 State how the two enantiomers of this compound can be distinguished.	 [1]

	

	

	

HO C C C H

H H

O HCH3

C

O

H

O

CH3

H3C CH3

HO C C C C H

H H H

H O H H
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	 (c)	 The four compounds W, X, Y and Z were tested using a series of reagents. For each of 
the tests listed below, describe what would be expected to be observed in a positive test. 
Indicate which compounds would be expected to give a positive result.	 [6]

		  All the tests listed will give positive results with at least one compound.

Reagent(s) Observation if the test is positive Compounds that would 
give a positive result

I2/NaOH(aq)
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Na2CO3(aq)
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

FeCl3(aq)
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

	 (d)	 Compound W can be oxidised to produce benzene-1,4-dioic acid (terephthalic acid). 
This reaction can be undertaken in the same way as the oxidation of methylbenzene to 
form benzenecarboxylic acid.

CH3

CH3

C

O

HO

C H C

O

HO

C

O

OH

compound W benzene-1,4-dioic acid 
(terephthalic acid)

	 (i)	 Give the reagent(s) and condition(s) required for this oxidation reaction.	 [2]

	

	

	 (ii)	 Almost all the benzene-1,4-dioic acid produced worldwide is used in the production 
of condensation polymers.

	 I.	 Give two differences between condensation polymerisation and addition 
polymerisation.	 [2]
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	 (i)	 Give a suitable reagent for this process and classify the reaction that occurs.	 [2]

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

		  Classification of reaction  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

	 II.	 Draw the repeat unit for the polymer formed between benzene-1,4-dioic 
acid and ethane-1,2-diol.	 [1]

C

O

HO OH

C

O

HO OHCH2 CH2

benzene-1,4-dioic acid 
(terephthalic acid)

ethane-1,2-diol

	 (e)	 Compound Z may be converted into a secondary alcohol as shown below.

HO C C C C H

H H H

H O H H

HO C C C C H

H H H

H OH H H

H

compound Z compound V
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	 (ii)	 Compound V will react with ethanoyl chloride.
		  Give the structure of a carbon-containing product of this reaction.	 [1]

	 (iii)	 Compound V is insoluble in cold water, but reacts with sodium hydroxide solution 
and then dissolves.

		  Give the structure of the carbon-containing species present in the resulting 
solution.	 [1]

	 Total [19]

© WJEC CBAC Ltd.
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		  Explain why the value for alanine is so much higher than that of 2-methylpropanoic 
acid.	 [2]

	

	

	

	 (ii)	 Draw the two possible dipeptides that can form when one molecule of glycine 
combines with one molecule of alanine.	 [2]

	 (iii)	 Circle the peptide linkage in one of your dipeptides.	 [1]

2.	 Proteins and polypeptides are natural polyamides built up from    -amino acids.

	 (a)	 Two naturally-occurring    -amino acids are alanine and glycine.

α

α

C H

H

CC

H

H OH

OHH

N

alanine
(2-aminopropanoic acid)

glycine
(2-aminoethanoic acid)

	 (i)	 Alanine (2-aminopropanoic acid) has a melting temperature of 258 °C whereas the 
similar compound 2-methylpropanoic acid melts at –46 °C.

C H

H

CC

HH

H

H

H O

OH

C

2-methylpropanoic acid

H

CC

H

OH

OHH

N
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	 (b)	 Give one use of proteins or polypeptides in biological systems.	 [1]

	

	 (c)	 One laboratory synthesis of amino acids involves the reaction between an aldehyde and 
hydrogen cyanide, HCN, as the first step before the amino group is introduced into the 
molecule.

		  For a general aldehyde, R-CHO, draw the mechanism of the reaction that occurs between 
this molecule and HCN.	 [3]

Turn over.
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	 (d)	 Amino acids can be converted to amines in a one-step process, as shown below.

C H

H

CC

H

H OH

OHH

N

C

HC

H

H

H

N

H

HH

		  Name the reagent required for this reaction.	 [1]

	

	 Total [10]
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3.	 Read the passage below and then answer the questions in the spaces provided.

	 Phthalides

	 Phthalides are a family of compounds which are present in many plants, fungi and moulds. 
They are all based around the basic phthalide structure which has a benzene ring with a  
five-membered cyclic ester attached to it.

O

O

phthalide

	 Many phthalide-containing plants have been used worldwide as herbal remedies in 
traditional and folk medicines, and these have been found to affect many biological systems. 
3-arylphthalides are also useful intermediates in the synthesis of anthracycline antibiotics.

	 Some phthalides and their derivatives also act to enhance the flavour of food. In studies of 
celery, it was found that three particular compounds present in the plant had no flavour of 
their own, but enhanced the flavours of other foods when cooked together. These three were 
sedanenolide, sedanolide and 3-butylphthalide.

5

10

15

20

O

O

C4H9

sedanenolide sedanolide 3-butylphthalide

	 These molecules, amongst many others, are present in substantial amounts in oil of celery 
seed. These compounds are usually liquids with different boiling temperatures.

	 Due to the phthalide structure being a key part of useful molecules, there have been many 
attempts at synthetic routes to produce this structure. Two successful methods to form 
3-phenylphthalide are shown as route 1 and route 2 opposite. Route 1 was developed more 
recently than route 2, and is considered to be a significant improvement. One reason for 
considering route 1 to be the better approach is the greater variety of different phthalides 
that can be produced by this method, whilst route 2 is only useful for a limited number of 
phthalides.

O

O

CH3

CH3

O

O

C4H9
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	 Route 1

	 Route 2

– End of passage –

OH

I

+ +O

C6H5
C6H5

CO

O

other products
catalyst

compound R carbon monoxide phthalide P
Mr = 310

H

H

O

O

+ +
OH

OH

B

O

O

C6H5

Mr = 28.0

other
productsbase, solvent

phthalide Pcompound Q
Mr = 134 Mr = 122 Mr = 210

Mr = 210

© WJEC CBAC Ltd.
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	 (a)	 Phthalides are considered to be cyclic esters (line 3).

	 (i)	 Indicate the ester group on the diagram of phthalide below by drawing a circle 
around it.	 [1]

O

O

phthalide

	 (ii)	 Esters can be hydrolysed by heating with dilute sodium hydroxide solution. Draw 
the structure of the ion formed by hydrolysis of phthalide in this way.	 [1]

	 (b)	 Celery seed oil contains many different compounds (lines 13-14). Suggest a method for 
obtaining pure samples of each different compound.	 [1]

	

	 (c)	 It is possible to convert 3-butylphthalide into sedanenolide in a hydrogenation reaction.

O

O

C4H9

O

O

C4H9

		  In this case the enthalpy change is +20 kJ mol–1. The enthalpy change during hydrogenation 
of an alkene to form an alkane is typically –120 kJ mol–1.

		  Explain this significant difference in enthalpy values for these two reactions.	 [2]

	

	

	

3-butylphthalide sedanenolide

© WJEC CBAC Ltd. 
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	 (d)	 The atom economy for route 1 to produce phthalide P is 82.0 %.
		  Calculate the atom economy for route 2 to produce P.	 [1]

	

	

	 (e)	 Route 1 is considered to be the better of the two methods for producing phthalides 
		  (line 18).

	 (i)	 Give one reason stated in the passage for considering route 1 to be the better 
method.	 [1]

	

	

	 (ii)	 Give one reason not stated in the passage for considering route 1 to be the better 
method.	 [1]

	

	

	 (f)	 Give a chemical test that would distinguish between compound Q and compound 
R (page 9). Include any reagent(s) required and state the observations expected for 
each compound.	 [3]

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

		  Observations  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

	

	 Total [11]

	 Total Section A [40]

Turn over.

11 Examiner
only
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	 (i)	 Classify the reaction occurring in the first stage of this process.	 [1]

	 (ii)	 The first stage uses aqueous sodium hydroxide. Under alternative conditions, 
1-bromopropane produces a different product when it reacts with sodium 
hydroxide.

		  Give the alternative conditions required, and the product that would be formed 
from 1-bromopropane under these conditions.	 [2]

	 (iii)	 For the second stage, state the full name of reagent A and classify the reaction 
occurring.	 [2]

	 (iv)	 Reagent A can also be used to produce propanal from propan-1-ol. State how you 
would  isolate propanal from this reaction.	 [1]

	 (b)	 (i)	 1-bromopropane can also be used to prepare butanoic acid in a different two-stage 
process. For each of these two stages, give reagents and conditions required, and 
draw the displayed formula (showing all bonds) of the intermediate.	 [3]

	 (ii)	 Butanoic acid is used to prepare esters used in the flavouring and perfume 
industries. It may be prepared from 1-bromopropane in a two-stage process as in 
(b)(i) above or from butan-1-ol or butanal in a one-stage process.

		  Suggest two factors that a scientist would consider in choosing between these 
different routes to produce butanoic acid on a bulk scale.	 [2]

	 (c)	 Compound B is an isomer of formula C4H8O2 which exists as a sweet-smelling liquid at 
room temperature.

	 (i)	 Elemental analysis of compound B shows that it has a composition of 54.5 % 
carbon, 9.1 % hydrogen and 36.4 % oxygen, by mass. Show that this composition is 
consistent with the formula above.	 [2]

Section B

Answer both questions in the separate answer book provided.

4.	 (a)	 1-bromopropane can be used to prepare propanoic acid in a two-stage process shown 
below.

Br OH OHNaOH(aq)

O

Reagent A
H +

© WJEC CBAC Ltd. 
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	 (ii)	 Compound B shows three resonances in its H nuclear magnetic resonance 
spectrum.

		  •   A triplet at 1.0 ppm with an area of 3
		  •   A singlet at 2.1 ppm with an area of 3
		  •   A quartet at 4.0 ppm with an area of 2
		  The infrared spectrum of compound B shows absorptions at 2981 cm–1 and 

1750 cm–1.
		  These are the only significant absorptions above 1500 cm–1.
		  Using all the information supplied, deduce the structure of compound B.
		  Give reasons in support of your answer.	 [5]
	 (QWC)  [2]

	 Total [20]

Turn over.

13
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5.	 (a)	 Nitrobenzenecarboxylic acids (nitrobenzoic acids) are useful starting materials in the 
preparation of many dyes and can be prepared by nitration of benzenecarboxylic acid 
(benzoic acid), C6H5COOH.

		  Many nitrobenzoic acids exist including those shown below:

C
OHO

NO2

C

NO2

OHO
C

NO2

OHO

2-nitrobenzoic acid 3-nitrobenzoic acid 4-nitrobenzoic acid

	 (i)	 Benzenecarboxylic acid can be nitrated under similar conditions to the nitration 
of benzene.

		  Give the reagent(s) and condition(s) required and classify the mechanism of this 
reaction.	 [3]

	 (ii)	 Nitration of benzenecarboxylic acid gives a mixture of products. These can be 
identified by gas chromatography followed by mass spectrometry (GC-MS). The 
gas chromatograph for the products of this reaction is shown below, with the 
relative areas of each peak indicated.

	 I.	 The main isomer produced is 3-nitrobenzenecarboxylic acid.
		  Calculate the percentage of this isomer produced.	 [2]

	 II.	 The mass spectrum of 3-nitrobenzenecarboxylic acid has main peaks at 
		  m/z 45, 46, 122 and 167. Suggest which species are responsible for each of 

these peaks.	 [2]

3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5

Retention time / minutes

© WJEC CBAC Ltd. 
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	 (iii)	 An impure sample of 3-nitrobenzenecarboxylic acid was obtained.

	 I.	 State how the melting temperature of the impure sample of 
3-nitrobenzenecarboxylic acid would differ from that of pure 
3-nitrobenzenecarboxylic acid, if at all.	 [1]

	 II.	 3-nitrobenzenecarboxylic acid was found to be soluble in boiling water but 
not in cold water. It has a melting temperature of 142 °C.

		  Describe how impure 3-nitrobenzenecarboxylic acid could be purified by 
recrystallisation. Include full experimental details.	 [4]

	 (QWC) [1]

Turn over.

15
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	 (i)	 Give the reagent(s) necessary for step 1.	 [1]

	 (ii)	 Step 2 uses a mixture of sodium nitrate(III), NaNO2, with dilute hydrochloric acid. 
Give the conditions required for this reaction and the structure of the product, 
compound D.	 [2]

	 (iii)	 Methyl red is red below pH 4. Explain the origin of this colour.	 [2]

	 (c)	 Methyl red is used to differentiate between acids and bases. Explain why amines such as 
ethylamine are bases.	 [2]

	 Total [20]

	 Total Section B [40]

© WJEC CBAC Ltd. 
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C
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NH2

C
OHO

compound D

N
CH3H3C

CH3

CH3

step 1 step 2

step 3

methyl red

	 (b)	 2-nitrobenzenecarboxylic acid may be used as a starting material for the production of 
the indicator methyl red. A reaction scheme for this process is given below.
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Infrared Spectroscopy characteristic absorption values

	 Bond	 Wavenumber/cm–1

(1094-01A)

2

Nuclear Magnetic Resonance Spectroscopy

Candidates are reminded that the splitting of any resonance into n components indicates 
the presence of n–1 hydrogen atoms on the adjacent carbon, oxygen or nitrogen atoms.

Typical proton chemical shift values (δ) relative to TMS = 0

	 Type of proton	 Chemical shift (ppm)

0.9

0.1 to 2.0

4.5   *

4.8

9.8  *

11.0  *

3.5 to 4.0

1.3

2.0

2.0 to 3.0

2.0 to 2.5

*variable figure dependent on concentration and solvent

500 to 600
650 to 800

1000 to 1300
1620 to 1670
1650 to 1750
2100 to 2250
2800 to 3100
2500 to 3550
3300 to 3500

C—Br
C—Cl
C—O
C     C
C     O
C     N
C—H
O—H
N—H

——

———

——

R    CH3

R    CH2      R

CH3      C    N

CH3      C
O

 O   CH3,        OCH2      R,     O       CH    C

 R   OH

CH2      C

R    C
O

H

R    C
O

OH

   CH3

CH2      C
O
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