
SECTION A

Answer all the questions in the spaces provided.

1. (a) Angelic acid, (2-methylbut-2-enoic acid), is the traditional name for a compound produced
by some plants as a defence against attack by beetles.
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(iii) The ethyl esters of these unsaturated acids have uses in the perfume industry.
State the reagent(s) and the condition(s), apart from heating, that are needed to
produce ethyl angelate from angelic acid. [2]
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angelic acid

(i) This acid is one of a pair of stereoisomers. 
Explain what is meant by the term stereoisomer. [1]
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(ii) Draw the skeletal formula of the other stereoisomer of angelic acid. [1]
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(i) Explain what is meant by a chiral centre. Indicate the location of a chiral centre on
the formula above by using an asterisk (*). [2]
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(ii) State how the two enantiomers of oct-1-en-3-ol affect the plane of polarised light.
[1]
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(iii) State what is meant by a racemic mixture and how its solution would affect the plane
of polarised light. [2]
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(b) Oct-1-en-3-ol, which shows optical isomerism, can be used as a mosquito repellent.
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2. (a) (2-Chloroethyl)benzene is the starting material for the production of a number of other
compounds.

CH2CH2C N CH2CH2OH

CH2CH2Cl

(i) State the name of reagent A.    . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . [1]

(ii) State the name of reagent B.    . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . [1]

(iii) Name the type of reaction that occurs when phenylethene is produced from 
2-phenylethanol. [1]

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

(iv) Give the displayed formula of compound C. [1]

reagent B reagent A

(2-chloroethyl)benzene

2-phenylethanol

phenylethene

LiAlH4

compound C

Turn over.
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SECTION B 

Answer both questions in the separate answer book provided.

4. (a) Chlorobenzene, C6H5Cl, is an important industrial chemical. It can be made in the
laboratory by reacting benzene and chlorine in the presence of an iron or iron(III) chloride
catalyst.
Give the mechanism for this electrophilic substitution reaction. [4]

(b) One method for making phenol is by reacting chlorobenzene with aqueous sodium
hydroxide, but at a pressure of 200 atmospheres.

+ NaOH + NaCl

Cl OH

Explain why it is difficult to react chlorobenzene with sodium hydroxide. [3]

(c) Most phenol is now produced from benzene and propene in a three-stage reaction.

CH3H3C

C

H

+ CH3CH CH2

(1)

(2)

OH

CH3 C CH3+

O

(i) State the name of compound A. [1]

(ii) Explain why the atom economy of this reaction to make phenol is poor. [2]

(iii) Using the Data Sheet, describe how an infrared spectrum of a sample of phenol
produced in this process would indicate that traces of propanone were also present.

[2]

(iv) At room temperature phenol is a solid. A sample of phenol was dissolved in ethanol
and then a few drops of the solution were added to some iron(III) chloride solution.
State what was seen and why ethanol is a suitable solvent to use for this reaction. [2]

Compound A

oxidation

hydrolysis

13

Jan 2010



SECTION A

Answer all questions in the spaces provided.

1. (a) Terpenes are the primary constituents of the essential oils of many types of plants and
flowers.
An example is myrcene, one of  the most important chemicals used in the perfume
industry because of its pleasant odour. It has the structure shown below.

(1094-01)
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(i) State the molecular formula of myrcene. [1]
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(ii) Draw the skeletal formula of myrcene. [1]

(iii) Myrcene reacts with hydrogen to form a saturated hydrocarbon in the same way
as alkenes of general formula CnH2n.

I. Explain what is meant by the term saturated hydrocarbon. [1]
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II. Using molecular formulae write an equation for this reaction. [1]
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2. (a) Explain the difference in structure between primary and secondary alcohols. [1]
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(b) Quantitative analysis of an alcohol shows that its percentage composition by mass is C
68.1%, H 13.7% and O 18.2%. It has a relative molecular mass of 88.1.

Calculate the empirical formula of the alcohol and show that its molecular formula is
the same as the empirical formula. [3]
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(c) The following compounds have the same molecular formula, C5H10O.

A CH3CH2COCH2CH3 B CH3CH2CH2CH2CHO

C CH3CH2CHCHCH2OH D CH2CHCH2CH(OH)CH3

(i) Draw the structure of an isomer of B that is also an aldehyde. [1]

(ii) I. State which one of  the compounds A–D exhibits E-Z (trans-cis)
isomerism. [1]

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

II. Draw the structures of both isomers. [1]
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SECTION B

Answer both questions in the separate answer book provided.

4. (a) The reaction between but-1-ene and hydrogen bromide produces a mixture of  three
isomers.

(i) Draw the displayed formula of each of the three isomers. [3]

(ii) Outline how each of the isomers can be distinguished from one another. [3]

(QWC) [1]

(b) (i) Ethylamine can be produced by the reaction of ammonia with chloroethane.

I. Write an equation for this reaction. [1]

II. Classify the type of reaction taking place. [1]

(ii) Phenylamine cannot be prepared in this way. Name the starting material and
reagent(s) used to prepare phenylamine in a laboratory. [2]

(iii) Give one chemical test, including reagent(s), condition(s) and expected
observations, which would distinguish between ethylamine and phenylamine. [3]

(c) Amino acids also contain an amine group. The simplest amino acid, aminoethanoic
acid (glycine) has the formula

(i) Draw the displayed formula of 2-aminopropanoic acid (alanine). [1]

(ii) A dipeptide can be formed by reacting two amino acids. Draw the displayed
formulae of  the two different dipeptides which can be made by combining
glycine and alanine. [2]

(iii) Proteins are natural polypeptides. Explain briefly what is meant by primary,
secondary and tertiary protein structure. [3]

Total [20]

C C

NH2

OH

H

H

O
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(iv) Another terpene, α-farnasene, is responsible for the characteristic odour of
green apples.
A 0.100 mol sample of α-farnasene reacted with 8.96 dm3 of hydrogen to form a
saturated hydrocarbon C15H32.
(1 mole of gas molecules occupy 22.4dm3 under these conditions.)

Calculate how many double bonds there are in each molecule of
α-farnasene. [2]
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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SECTION A

Answer all questions in the spaces provided.

1. (a) Complete the following passage by inserting suitable words or formulae where required.
[3]

Nitrobenzene, an aromatic yellow oil, has the molecular formula . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

However, in blue light, this compound appears black because . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

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

The 1H NMR spectrum of nitrobenzene is produced as a result of interactions between

the spin of the nuclei and an applied magnetic field. This spectrum is seen as a number

of peaks because the protons causing the spectrum are not . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(b) Benzene reacts with chloromethane in the presence of a catalyst giving methylbenzene
as the main organic product.

(i) Give the equation for this reaction. [1]

(ii) State the name of a catalyst that can be used. [1]

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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(c) The smell and flavour of cinnamon oil is largely due to cinnamaldehyde
(3-phenylpropenal) and, to a smaller extent, eugenol.

CH CH C

H

O CH2 CH CH2

CH3O

HO

cinnamaldehyde eugenol

(i) Explain why only cinnamaldehyde, and not eugenol, is able to have E-Z isomers.
[1]

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

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

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

(ii) Giving the reagent and an observation, state a chemical test that gives a positive
result with eugenol but not with cinnamaldehyde. [2]

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

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

(iii) Cinnamaldehyde reacts with bromine to give the chiral compound C.

CHBr CHBr C
H

O

compound C

Both compound C and cinnamaldehyde can be used to illustrate stereoisomerism.
State what is meant by stereoisomerism. [1]

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

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

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

Total [12]
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(ii) The two isomers are separated by recrystallisation from ethanol, in which the
2-isomer is much more soluble.
Use the information provided to state and explain how you would know when the
4-isomer is no longer contaminated with traces of the 2-isomer. [2]

(iii) In an experiment 8.10 g of N-phenylethanamide (Mr 135) produced 6.48 g of pure
4-nitro-N-phenylethanamide (Mr 180).
Calculate the percentage yield of 4-nitro-N-phenylethanamide. [3]

(c) One stage in the preparation of the polyester PET is the oxidation of
1,4-dimethylbenzene to benzene-1,4-dioic acid.

COOH

COOH

CH3

CH3

This is carried out in the laboratory by refluxing 1,4-dimethylbenzene and an alkaline
solution (containing sodium hydroxide) of an oxidising agent G, giving an intermediate
product, which is then acidified.

(i) State the name of oxidising agent G. [1]

(ii) Explain why it is then necessary to acidify the intermediate product to give the
required acid. [1]

(d) The polyester PET is produced by reacting benzene-1,4-dioic acid and ethane-1,2-diol.
Draw the formula of the repeating unit found in PET and state why this reaction is
described as condensation polymerisation. [2]

Total [20]
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SECTION A

Answer all questions in the spaces provided.

1. (a) Nitrobenzene, C6H5NO2, is a yellow oily liquid.

    [1]

 

 

 (b) 
2
+.

NO2+ NO2H

H+

NO2

+

empirical

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

HNO3     +     2H2SO4                      NO2
+     +     H3O

+     +     2HSO4
–

 

 

+
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 (c) substitution rather than 

   (QWC)  [1]

 

 

 

 

 (d) 

NO2 O2N

O2NNO2

NO2O2N C

H

C

H

hexanitrostilbene

  
on the Moon.

 

 

R.

NO2 O2N

O2NNO2

NO2O2N C

Cl

C

H

HH

R

 I Compound R
R
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 II Compound R exists as two enantiomers. Explain what is meant by the term 
enantiomers

 

 

 

R
HNS by the use of a suitable base. [1]

 

   Total [13]
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CH3 CH2Cl

CH2C NCH2CH2NH2

methylbenzene
Mr 92.1 Mr 126.6

C12

phenylethanenitrile

the mixture.

 

 

 

5. (a)
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 (b) 

 (c)

NH2

CH2CH3

  In each

 (d)

C CN N

H HO O

C CN

H O O

   

 (e)
is an α

O

O H

NH2

C C

H

H

H

H O C

serine

systematic name

    [3]

    (QWC) [1]

    Total [20]

    Section B Total [40]
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SECTION A

Answer all questions in the spaces provided.

1. (a) 

3 3 3

A B C

3 3 3 3 3

D E F

  

 

 

 

 

 

 

 

 (b) 
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2. (a) 

  

 

 

 

G

 

 

 

 

 

C C C

OH

H C3

OH

H C3

H

O

H

compound G
HCN stage 2

lactic acid

O
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3. Read the passage below and then answer the questions in the spaces provided.

Benzene

 6 6

   +   Br Br

C C

HH

H C C simplified to H 

C C

HH

CH CHNH2 2OH

phenol phenylamine phenylethene

5

10

15

Jan 2012



 

– End of passage –

 (a) (line 12)

 

Turn over.

7
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HOOC(CH ) COOH2 4

cyclohexane

hexanedioic acid compound I

Nylon 6,6

compound J

NC(CH ) CN2 4 H N(CH ) NH2 2 26
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 (b) delocalisation energy  (line 17)

 

 

 

–1
–1

 

 

 

∆ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . –1

 (c) 

 

 (d) (line 28) two

J

skeletal

I
J

 

J

 

3H2

H

cyclohexane

benzene

2 ∆ –1

∆ –1

φ
φ

φ

Jan 2012
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 (a) Isomers P, Q, R and S

  Isomer P

  Isomer Q

  Isomer R

four

 (b) Isomer T
X and Y

X –1
–1

Y

all X and Y
T

 QWC   

Y

T

 (c) Isomer U

U

 (d) P, T and U

 QWC   

 Section B Total [40]
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SECTION A

Answer all questions in the spaces provided.

1. 
10H12O2

only

C

O

HO
C H

CH3

CH3

W

Y

X

Z

 (a) Draw an ester

 (b) 

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

 

 

 

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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SECTION A

Answer all questions in the spaces provided.

1. (a) 
three  

four

α

–

© WJEC CBAC Ltd.
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 (b) ®
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C

HO

C C N C CH3

H H

HOH H CH3

CH3

H

H

OH

 

 

 

2Cr2O7

10
94

01
00

03

Turn over.

Jan 2013



12

SECTION B

Answer both questions in the separate answer book provided.

4. (a) 

one one

 QWC

 (b) F and G

© WJEC CBAC Ltd.

Cl Cl

F G

 Compound F
G

F

G

F and G each

 QWC

 (c)

2

chromophore
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3 4  
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 (d)

©

OH
OH

(CH  )  2 (CH  )  2  CH    3CH   7 5CH   

 

 

 

 

12

June 2013
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 (d) A and B

 

 

 

 (e) C (line 15)

 

 (f) displayed C

 (g) 

 

 (h) 

enantiomer

 

 

racemic mixture

 

 

 Total Section A [40]

©
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SECTION B

Answer both questions in the separate answer book provided.

4. (a) 

 QWC

 (b)

 (c)

©

CH3

CH3

H C3
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 (b) α

©

CH2

H C

H C

CH
N

H H

O
2

2 C
O+

one

 (c) 6 5 2
one

CH  Cl2

Cl

CH  Cl2

CH  Cl2

Cl Cl

CH  OH2

–3

two
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H

C

C

CH

CH3

CH3

H2C

O

CH3

CH

CH3

H2C CH3

CH

CH

CH3

CH3

H2C

O

CH3

HO

C

CH

CH

CH3

CH3

H2C

O

CH3

NC

CH

CH

CH3

CH3

H2C CH3

12

(1094-01)

SECTION B

Answer both questions in the separate answer book provided.

4. Ibuprofen is a common drug taken as an analgesic and anti-inflammatory treatment.

 A possible route to the synthesis of ibuprofen is shown below.

© WJEC CBAC Ltd.

step 1 step 2 step 3

step 4

step 5

compound A compound B compound C

ibuprofen compound D
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 (a) Step 1 is a Friedel-Crafts alkylation reaction. Give the reagent(s) and condition(s) required 
for this step. [3]

 (b) Compounds B and C can be analysed using chemical tests.

 (i) Give a chemical test that would give a positive result for both compound B and 
compound C. Include reagent(s) and the observation(s) expected for a positive 
result. [2]

 (ii) Give a chemical test that would give a positive result for compound C but not for 
compound B. Include reagent(s) and the observation(s) for both compounds. [2]

 (c) Compound C shows optical isomerism. Discuss this statement.
  Your answer should include:

 • What is meant by optical isomerism.
 • What feature of compound C allows it to exhibit optical isomerism.
 • Diagrams to show the two optical isomers of compound C.
 • How the two optical isomers of compound C can be distinguished. [4]
 QWC [1]

 (d) Give the reagent(s) and condition(s) required for step 5 and classify the reaction that 
occurs. [3]

 (e) A student investigating alternative methods of producing ibuprofen suggests that it would 
be better to convert compound C into ibuprofen in a one-step process. Discuss whether 
this is correct.

  Your answer should include:

 • The reagent(s) and condition(s) for a reaction expected to convert compound C 
directly into ibuprofen.

 • Why it is generally better to use one step rather than two or more steps when 
producing a desired compound.

 • A suggestion of why a two-step process is chosen for the synthesis of ibuprofen 
from compound C rather than a one-step process. [4]

 QWC [1]

 Total [20]
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	 (i)	 State	the	name	of	reagent	R.  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .	 [1]

	 (ii)	 State	the	name	of	reagent	S.		. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .	 [1]

	 (iii)	 State	the	name	of	reagent	T.  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .	 [1]

	 (iv)	 Give	the	displayed	formula	of	the	organic	compound	U.	 [1]

 (e) State	and	explain	how	 the	 infrared	spectrum	of	benzoic	acid	would	differ	 from	 that	of	
phenylmethanol.	 [2]

 

 

 

	 Total	[12]

	 (ii)	 This	 preparation	 of	 phenylethanone	 also	 gives	 small	 traces	 of	 an	 impurity.	
This	 impurity	 has	 a	molecular	 formula	C10H10O2	 and	 reacts	 in	 a	 similar	 way	 to	
phenylethanone	when	it	is	treated	with	2,4-dinitrophenylhydrazine.	It	does	not	react	
with	Tollens’	reagent.	Suggest	a	displayed	formula	for	this	impurity,	giving	a	reason	
for	your	choice.	 [2]

 

 

 (d) Methylbenzene	can	be	oxidised	 to	benzoic	acid	by	heating	 it	 strongly	with	an	alkaline	
solution	of	reagent	R	followed	by	treatment	with	reagent	S.	The	benzoic	acid	can	then	be	
used	to	produce	a	number	of	other	compounds.	A	reaction	sequence	is	shown	below.

CH3  COOH CH2OH

reagent	R reagent	T HBr
compound	U  

followed	by
reagent	S

phenylmethanol

June 2014
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2. 3-Hydroxybutanoic	acid	is	a	white	solid	that	can	react	as	a	carboxylic	acid	and	an	alcohol.

 (a) Indicate	the	position	of	any	chiral	centre	in	the	formula	of	3-hydroxybutanoic	acid	by	use	
of	an	asterisk	(*).	 [1]

©	WJEC	CBAC	Ltd.

C
O H

O
H C C C

H

OH

H

H

H

H

 (b) The	acid	can	be	oxidised	to	an	oxoacid	by	using	reagent(s)	A.	This	oxoacid	can	then	be	
reduced	back	to	the	hydroxyacid	by	sodium	tetrahydridoborate(III),	NaBH4.

CC H
HO

CH3

CH  COOH2

O
CH3

CH  COOH2

reagent(s)	A

NaBH4
3-oxobutanoic	acid

	 (i)	 State	the	name(s)	of	reagent(s)	A.	 [1]

 

	 (ii)	 The	reduction	of	the	oxoacid	gives	3-hydroxybutanoic	acid,	which	is	present	as	a	
racemic	mixture.

	 I	 State	what	is	meant	by	the	term	racemic mixture.	 [1]

 

 

	 II	 State	the	effect	(if	any)	that	a	racemic	mixture	has	on	the	plane	of	polarised	
light.	 [1]
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