
(1094-01)

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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Turn over.

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
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2. (a) Explain the difference in structure between primary and secondary alcohols. [1]

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

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

(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]

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

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

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

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

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

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

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

Phenol

Phenol, formula C6H5OH, has an hydroxyl group joined directly to an aromatic ring.

Phenol has many derivatives including 2-methylphenol.

Phenol was isolated from coal tar in 1835 and its original name was carbolic acid. It is a
weak acid, between carboxylic acids and alcohols in strength. In 1865 the English surgeon
Joseph Lister pioneered the use of phenol as the first surgical antiseptic and by the beginning
of the 20th century phenol was commonly used as an antiseptic, but its use is not permitted
today. Familiar pharmaceutical products such as TCP and Dettol are much more effective as
antiseptics and disinfectants and do not have the toxicity of phenol itself.

Nowadays most phenol is produced by the cumene process with less than 5 % being made
from coal tar. Recently a new process has been developed where phenol is made by the direct
oxidation of benzene using nitrous oxide, N2O, as the oxidising agent. This reaction could be
of  particular value since N2O, a pollutant under strict control, is a by-product of  the
production of  hexanedioic acid used to make nylon-6,6. The new process provides a very
high yield of phenol and produces no significant aqueous waste products.

Phenol is very important since it is used in the production of

• epoxy and polycarbonate resins (e.g. as adhesives, in safety glasses and in drinking
bottles),

• nylon,
• phenolic resins (e.g. as plywood adhesive, in fibreglass and in moulded electrical

components),
• derivatives of ethanoic anhydride.

You would be unwise to handle phenol, but it is a key chemical in the manufacture of many
everyday materials you do handle.

– End of passage –
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(1094-01) Turn over.

(a) Describe a chemical test to show the presence of the –OH group in 2-methylphenol
(line 4) by giving the reagent(s) and observation(s).

Reagent(s)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . [1]

Observation(s)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . [1]

(b) Explain why phenol is more acidic than alcohols but less acidic than carboxylic acids
(line 6). [4]

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

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

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

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

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

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

(c) Give the systematic name of Dettol (line 11). [1]

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

(d) The new process for the production of  phenol (line 13) can be represented by the
following equation.

C6H6 +   N2O                     C6H5OH   +   N2

Calculate the atom economy of the reaction. [2]

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

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

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

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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(c) Creosote was once the most widely used wood preservative in the world. However, the
use of this material is now severely restricted because of its high toxicity.
It is a mixture of compounds, including cresols such as 3-methylphenol.

OH

CH3

3-methylphenol

(i) 3-Methylphenol is obtained from coal tar but another method of preparing this
compound is by heating 3-chloro-1-methylbenzene with aqueous sodium
hydroxide.

Cl

CH3

OH

CH3

NaOH(aq)

300°C/ increased pressure

Explain why these conditions are needed to obtain 3-methylphenol from the
chloro-compound. [3]

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

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

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

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

(ii) A number of safer wood preservatives have been developed to replace creosote.
Suggest two factors that companies should take into account, apart from toxicity
and cost, when considering an alternative material for use as a wood preservative.

[2]

1. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

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

2. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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(d) The reaction between phenol and ethanoyl chloride gives the aromatic compound W.

CCH3
O

O

compound W

(i) State the name of the group of compounds to which compound W belongs. [1]

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

(ii) Using a suitable catalyst, compound W can rearrange to give compound Y.

CHO
CH3

O

compound Y

Compound Y gives a positive triiodomethane (iodoform) test.
State the reagents used for this test and what is observed. [2]

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

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

Total [13]
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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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 (c) W, X, Y and Z

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

Na2 3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

 (d) W (terephthalic acid)

CH3

CH3

C

O

HO
C H C

O

HO
C

O

OH

W
(terephthalic acid)

 

 

two

 

 

 

©
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  Reagent  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

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

 

C

O

HO OH

C

O

HO OHCH2 CH2

(terephthalic acid)

 (e) Z

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

Z V

©

June 2012
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V

 V
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full name A

A

 (b) 
each

draw the displayed 

(b)

two

 (c) B 4H O2

B

SECTION B

Answer both questions in the separate answer book provided.

(a) 

Br OH OHNaOH(aq)

O

A
H 

©

June 2012



B

  
  
  

B –1 and 
–1

–1

all B
reasons

 (QWC)

Turn over.
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CH2CHCHCH (CH2)4 NC

O H

OH

OCH3
H3C

H3C

CH2CH2CH2CH

OH

(CH2)4H3C C

O

OH

OCH3

– End of passage –

 (a)
 QWC
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 (c) 

© WJEC CBAC Ltd.

NO2 NH2 OH
HNO3  / H2SO4 NaNO2  / HClSn / HCl(conc)

reflux

CH(CH3)2

CH2

O2 / 100 °C then H2SO4(aq)

CH CH3

OH

CH3 CH3C

O

+

two

Jan 2013
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 (d)
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O

O

COOH

C
CH3

aspirin

 
was 65 

 Section B Total [40]

END OF PAPER
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SECTION A

Answer all questions in the spaces provided.

1. (a) 

©

C OH

CH3

H C3

CH3

  State the systematic

 

 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . %

 

6 parts
methanol
ethanol

June 2013



Turn over.

10
94

01
00

03

3

only

 

3 4  

©

O

O
O

O

 

 

 

June 2013



Turn over.

10
94

01
00

05

5

only
2 .  (a)  

6 5

each 

 

 

 

 (b) 

 

 

©

OH
NH2

NH2

amidol

 

CH    2 3CHCOOCH
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©

OH
OH

(CH  )  2 (CH  )  2  CH    3CH   7 5CH   
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8

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

Rearrangement reactions

 

© WJEC CBAC Ltd.

5

O

O

O

OH

Claisen rearrangement aromatic Claisen rearrangement

heat heat

This rearrangement can occur in a wide range of molecules, and so it is used in the production 
of a number of biologically active molecules including Pancratistatin and Halomon, both of 
which have antitumour activity. The rates of these reactions are much higher in polar solvents, 
especially those that can form hydrogen bonds, and the rate can also be increased by using 
catalysts containing aluminium compounds.

Another group of rearrangement reactions is the 1,2-shift reactions where a side chain or a 
functional group moves from one atom to an adjacent carbon atom. An example is the 1,2-Wittig 
rearrangement where an alkoxy compound rearranges to form an alcohol. An alkyl lithium 
compound is used to initiate the reaction.

10

15

C2H5

H3C OC

H

CH3

C2H5

H3C OHC

CH3

 1,2-rearrangement reactions can also occur in benzene compounds, and one example is the 
halogen dance reaction which is shown below.

Br
Br

Br

BrBr

Br

The many different chemical reactions that occur for organic compounds can be classified in 
different ways, and reaction types such as addition, substitution and elimination are familiar to 
all students of organic chemistry. A different group of organic reactions is the rearrangement 
reactions, where the product has the same molecular formula as the starting material. One 
of the first rearrangement reactions to be identified was the Claisen rearrangement and two 
examples of this are given below.

20

Rearrangement reactions are of great interest in modern chemistry as they meet the aims 
of green chemistry and provide an alternative to multistep processes where each part of a 
molecule is added in turn. They also provide a straightforward route to the formation of  
carbon-carbon covalent bonds.

– End of passage –

base

Jan 2014
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 (a) The products of rearrangement reactions have the same molecular formulae as the 
reactants (lines 3-4). State the term given to different molecules that share the same 
molecular formula. [1]

 

 (b) A chemist used infrared spectroscopy to study the factors that affect the rate of the 
aromatic Claisen rearrangement shown in line 7.

 (i) Give the difference(s) between the infrared spectra of the reactant and product. [1]

 

 

 (ii) Give the reagent(s) and observation(s) for a chemical test that would show that the 
product is a phenol. [2]

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

  Observation(s)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

 (iii) The reaction is faster in solvents that can form hydrogen bonds, such as methanol 
or water (lines 10-11). Draw the hydrogen bonding that can occur between the 
product shown and a molecule of water. [2]

© WJEC CBAC Ltd.

O
H

 (c) The products of the aromatic Claisen and 1,2-Wittig rearrangements shown (lines 7 and 
17) both contain    OH groups. Explain why the acidity of the two molecules is very 
different. [3]

 QWC [1]

 

 

 

 

 

 

Turn over.
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 The chemistry of some compounds containing the ether (R–O–R) linkage

	 Organic	 compounds	 containing	 the	 R–O–R	 linkage,	 where	 R	 is	 alkyl	 or	 aryl	 are	 very	
common.	This	is	due	in	part	to	the	stability	of	the	C					O	bond.	Some	examples	are	shown	
below.

CH C C O

H

H

H

H

C H

H

H

H

H CH  O3

HO

CH  3 C  C  OCH  3C

H

H

CH  O3

CH  2 CH  2CH  HO

ethoxyethane guaiacol	

anethole eugenol

Ethoxyethane	(diethyl	ether)	is	one	of	the	most	familiar	compounds	containing	the	ether	linkage.		
It	can	be	made	by	heating	ethanol	with	an	excess	of	concentrated	sulfuric	acid,	which	acts	as	a	
dehydrating	agent.

5

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

1

2CH3CH2OH CH3CH2OCH2CH3
H2O

Another	 method	 is	 by	 reacting	 bromoethane	 with	 sodium	 ethoxide	 (a	 source	 of	 the	 
ethoxide	ion).

10

+CH3CH2Br  CH3CH2OCH2CH3  Br  OCH2CH3+
ethoxide ion

Ethoxyethane	has	a	boiling	temperature	of	35	°C	whereas	ethanol,	a	smaller	molecule,	boils	at
78	°C.	The	solubility	of	these	two	compounds	in	water	also	varies.	Ethanol	is	completely	miscible	
with	water	but	ethoxyethane	has	a	much	reduced	solubility.

The	strong	C				O	bond	means	that	compounds	such	as	ethoxyethane	and	methoxybenzene	
have	 relatively	 few	 reactions.	 However,	 carbon–oxygen	 bond	 fission	 occurs	 when	 they	 are	
heated	with	concentrated	hydrobromic	(HBr)	or	hydriodic	acid	(HI).

OCH  3 HI  + OH  CH  I  3+

methoxybenzene

15

June 2014
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Naturally	occurring	compounds	that	contain	the	ether	linkage	often	owe	their	reactions	to	other	
functional	groups	present	in	the	molecule.	Both	eugenol	(found	in	cloves)	and	guaiacol	(from	
wood)	 have	 medicinal	 uses.	 Anethole	 (occurring	 in	 aniseed)	 has	 a	 promising	 use	 as	 an	
insecticide	and	is	also	effective	against	some	bacteria	and	fungi.	

- End of passage -

20

 (a)	 (i)	 Bethan	prepared	some	ethoxyethane	(line 6)	by	reacting	ethanol	with	concentrated	
sulfuric	 acid.	 She	 used	 69	g	 of	 ethanol	 (Mr =	46)	 and	 obtained	 a	 45	%	 yield	 of	
ethoxyethane (Mr =	74).	Calculate	the	mass	of	ethoxyethane	obtained.	 [3]

 Mass = . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .	g

	 (ii)	 One	of	the	reasons	for	only	obtaining	a	45	%	yield	of	ethoxyethane	was	that	sulfuric	
acid	reacted	with	ethanol	in	a	different	reaction.	State	the	organic	product	of	this	
side	reaction.	 [1]

 

	 (iii)	 Bethan	would	have	obtained	a	higher	percentage	yield	of	ethoxyethane	if	she	had	
reacted	bromoethane	with	sodium	ethoxide	(line 10).	This	reaction	is	an	example	of	
nucleophilic	substitution.	Complete	the	mechanism	below	by	inserting	curly	arrows	
and	appropriate	partial	charges	(δ+, δ-).	 [2]

H C C Br products

H

H

H

H

CH:  O CH2 3

	 (iv)	 Ethoxyethane	 has	 a	 much	 lower	 boiling	 temperature	 than	 ethanol	 because	 its	
molecules	 are	 unable	 to	 hydrogen	 bond	with	 each	 other.	 State	 the	 feature	 of	 a	
molecule	that	needs	to	be	present	for	hydrogen	bonding	to	occur.	 [1]
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 (b) Guaiacol	(line 4)	reacts	with	(aqueous)	bromine.

	 	 (i)	 By	analogy	with	the	reaction	of	phenol	with	(aqueous)	bromine,	suggest	a	displayed	
formula	 for	 the	organic	product	of	 the	 reaction	between	guaiacol	and	 (aqueous)	
bromine.	 [1]

	 (ii)	 Describe	what	is	seen	during	this	reaction.	 [1]

 

 (c)	 The	article	shows	the	formulae	of	anethole	and	eugenol	(line 5).	State	a	reagent	that	will	
react	with	eugenol	but	not	with	anethole,	giving	the	observation.	 [2]

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

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

 (d)	 (i)	 State	the	molecular	formula	of	anethole	(line 5).	 [1]

 

	 	 (ii)	 The	article	describes	C				O	bond	fission	of	an	ether	linkage	by	hydrobromic	acid	
(lines 17-18).	Suggest	a	displayed	formula	for	the	aromatic	compound	formed	when	
anethole	reacts	with	hydrobromic	acid.	 [1]

©	WJEC	CBAC	Ltd.

CH  3 C  C  OCH  3C

H

H

anethole displayed	formula	of	product

 (e) An	isomer	of	eugenol	(line 5),	compound	Y,	reacts	with	sodium	carbonate	giving	carbon	
dioxide.	Suggest	a	displayed	formula	for	compound	Y	and	state	the	name	of	the	functional	
group	present	in	the	organic	compound	that	produces	carbon	dioxide	in	this	reaction.

	 [2]

CH  O3

CH  2 CH  2CH  HO

eugenol displayed	formula	for	compound	Y

  Functional group  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

	 Total	[15]

 Total Section A [40]
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5. (a)	 An	 Australian	 cockroach	 protects	 itself	 from	 attack	 by	 spraying	 predators	 with	 an	
unpleasant	unsaturated	compound	E.	Analysis	of	this	unsaturated	compound,	which	is	
not	cyclic,	gave	the	following	information.

 •	 It	contains	C,	71.3	%	and	H,	9.6	%	by	mass.	The	remainder	is	oxygen.
 •	 Only	one	oxygen	atom	is	present	in	each	molecule.
 •	 It	gives	a	silver	mirror	with	Tollens’	reagent	(ammoniacal	silver	nitrate	solution).
 •	 The	 mass	 spectrum	 shows	 a	 fragmentation	 ion,	 containing	 only	 carbon	 and	

hydrogen,	at	m/z	29.

  Use each	 piece	 of	 information	 to	 help	 you	 deduce	 a	 possible	 displayed	 formula	 for	
compound	E.	 [6]

 (b)	 Propane-1,3-diol	 is	 a	 starting	 compound	 for	 the	 manufacture	 of	 some	 economically	
important	materials.

©	WJEC	CBAC	Ltd.

OHHO

	 	 One	method	of	its	production	is	a	two-stage	process	starting	from	propene.	This	process	
is	dependent	on	the	supply	of	crude	oil	(petroleum)	as	a	source	of	propene.

	 propene	 propenal	 propane-1,3-diol
O2	(from	air) hydration

	 	 A	newer	method	uses	a	strain	of	the	bacterium	E. coli	to	obtain	propane-1,3-diol	directly	
from	maize.

	 (i)	 Give	the	equation	for	the	cracking	of	undecane,	C11H24, into hexane, ethene and 
propene.	 [1]

	 (ii)	 A	simplified	gas	chromatogram	for	the	cracking	of	undecane	is	shown	below.

26
ethene

13
propene

46
hexane

Retention time / minutes

	 	 The	peak	areas	indicate	the	relative	volumes	of	each	compound.
	 	 Use	the	chromatogram	to	calculate	the	percentage	by	volume	of	propene	present.	 [1]

June 2014


