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1. 

 

 

 

 

 

 

 

 

 

 

 

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

[1] 

 

 

 

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

[2] 
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(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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(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) 

 

2.​ (a) Describe the structure and bonding in benzene and explain why it is susceptible to 
electrophilic substitution reactions. 

[6] QWC [2] 
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(b) Methylbenzene can be made by the Friedel-Crafts alkylation of benzene.Give the equation for 
this reaction and name a catalyst that can be used. 

[2] 

 

 

(c) 1,3,5-Trimethylbenzene (mesitylene) is also an alkylbenzene. 

 

(i) The NMR spectrum of mesitylene is shown opposite.Use the chemical formula to help you explain 
the peaks in this spectrum, including the relative peak areas and the absence of splitting. 

[3] 
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(ii) The presence of three methyl groups makes mesitylene a reactive compound. Mesitylene is 
oxidised by dilute nitric acid to give 3,5-dimethylbenzenecarboxylic acid. 

 

Describe how you would purify a sample of this acid by recrystallisation.The acid is fairly soluble in 
hot water but nearly insoluble in cold water. 

[4] 

 
 
(iii) Further oxidation of mesitylene gives 5-methylbenzene-1,3-dicarboxylic acid. 
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By analogy with the preparation of PET from benzene-1,4-dioic acid and ethane-1,2-diol, give the 
repeating unit of the polyester formed from 5-methylbenzene-1,3-dicarboxylic acid and 
ethane-1,2-diol. 

[1] 

 

 

(iv) The oxidation of methylbenzene to benzenecarboxylic acid needs stronger oxidising conditions 
than are required for the oxidation of mesitylene. State the reagents ​S ​and ​T ​necessary for this 
reaction. 

[2] 

 

 

(Total 20) 
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3. 
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(a) Benzene reacts with bromine ​(line 12) ​in the presence of an iron(III) bromide catalyst to form 
bromobenzene. 

(i) Classify the reaction mechanism. 

[1] 

 

(ii) Draw the mechanism for this reaction. 

(The mechanism is similar to that for the chlorination of benzene.) 

[3] 
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(b) (i) Explain what is meant by the ​delocalisation energy ​of benzene ​(line 17) 

[1] 

 

 

(c) Use the information in the passage to give a reason why benzene is no longer used in 
after-shave lotion. 

[1] 

 
(Total 6) 
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4. 

 

(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. 
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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] 

 

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

[2] 

(Total 20) 
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5. 

 

 

 

 

 

 

 

 

 

 

 

 

(Total 10) 

 

6. ​(a)Complete the gaps in the following sentences choosing from the words:  

[3] 

Blue      Yellow      Higher     Lower 

Each word can be used once, more than once or not at all. 

Benzene is a colourless compound that absorbs energy in the ultraviolet region of the 
electromagnetic spectrum. 

Nitrobenzene is a yellow compound that absorbs energy in the ​. . . . . . . . . . . . . . . . . ​region of the 
visible spectrum. 

The absorption of energy for benzene occurs at a ​. . . . . . . . . . ​energy and at 

a​ . . . . . . . . . . . . .  ​frequency than for nitrobenzene. 
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(b)Methylbenzene can be produced from benzene using a Friedel-Crafts reaction. 

(i) Give an equation for this reaction. 

[1] 

 

(ii) State the role of the catalyst used in this reaction, apart from increasing the rate. 

[1] 
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7.
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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]
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(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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