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1.​ Chloromethane can be produced by the chlorination of methane gas. 

(a)During the initiation stage of this process, chlorine free radicals are produced. 

(i) Give the condition(s) required for this initiation stage. 

[1] 

 

(ii) State what is meant by a ​free radical. 

[1] 

 

 

(b) Write the equation(s) for the propagation stage(s) to produce chloromethane starting with 
methane and chlorine free radicals. 

[2] 

 

 

(c)Apart from chloromethane, a range of other compounds are produced in small amounts during the 
reaction. 

(i) One of the compounds produced in the reaction is ethane. Show how this compound is produced. 

[1] 
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(ii)Another of the compounds produced contains 24.3 % carbon, 4.1 % hydrogen and 71.6 % 
chlorine by mass. Calculate the ​empirical ​formula of this compound. 

2 

 

 

 

 

Empirical formula  ​...................................... 

 

(d) Chloromethane can be converted into methanol by reaction with hydroxide ions 

(i) Classify the mechanism of this reaction 

[1] 

 

(ii) The boiling temperatures of chloromethane and methanol are given in the table below. 

 

Explain why the boiling temperature of methanol is higher than the boiling temperature of 
chloromethane. 

[3] 

 

 

PhysicsAndMathsTutor.com Eduqas Chemistry A-level



(iii) Methanol can then be converted to methanoic acid. Give the reagent(s) and condition(s) required 
for this reaction. 

[2] 

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

Condition(s) ​...............................................................................................................................  

 

By referring to this table, explain why CFCs ​B ​and ​C ​are far more harmful than compounds ​A ​and ​D​. 

Your answer should explain how and why CFCs affect the ozone layer. 

[3] 

 

(Total 16) 
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2. 

 

 

 

 

 

 

 

 

 

(ii) What ​type ​of mechanism is shown in ​(a)​(i)? 

[1] 

 

(iii) The reaction involves heterolytic bond fission. 

What is meant by ​heterolytic bond fission ​? 

[1] 

 
 

(b) Bromoethane can be converted into ethene. 

(i) Name the reagent and solvent needed to convert bromoethane into ethene. 

[1] 

 

(ii) What ​type ​of reaction occurs in ​(b)​(i)? 

[1] 
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(iii) 2-Bromobutane behaves in a similar way to bromoethane in this type of reaction. When 
2-bromobutane is reacted as described in ​(b) ​(i) two alkenes that are ​structural ​isomers are formed 

Draw the displayed formulae of these two alkenes 

[2] 

 
 
 
 
 
 
 
 
 

(c) Two students were each given a different alcohol. They each added their alcohol to water in a 
separating funnel, shook the mixture and then left it to stand. 

The diagrams show the results. 
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What can be deduced about the alcohols given to each student? You should explain why the 
alcohols behave differently in this experiment. 

[5] QWC [1] 

 

(Total 16) 

 

3. 

 

(a) Draw an ​ester ​which is an isomer of the compounds above. 

[1] 
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(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] 
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(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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(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) 
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4. 
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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 8) 
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5.​ (a) 1-Chloropentane can be made by the free radical chlorination of pentane, in a similar way to 
the reaction of methane with chlorine. 

(i) Give the equation for the reaction of pentane with chlorine, showing the displayed formula of 
1-chloropentane as part of your answer. 

[1] 

 

 

 

(ii) The free radical reaction of pentane with chlorine gives other chlorinated organic products. Give 
the structural formula of the carbon-containing free radical that leads to the formation of 
2-chloropentane. 

[1] 

 

(b) Pentylbenzene can be produced by the reaction of 1-chloropentane and benzene in a 
Friedel-Crafts reaction. State the name of a catalyst that can be used in this reaction. 

[1] 

 

 

(i) State what is seen when a few drops of phenylethanone are added to a solution of 
2,4-dinitrophenylhydrazine. 

[1] 
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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] 
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(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) 
 
 
 

6.​ (a) In 2012 an off-licence in Derby was prosecuted for selling fake vodka 

(i) A report in the local paper stated that this 'vodka' was contaminated by 'tertiary butanol', the 
formula of which is shown below. 

 

 

State the ​systematic ​name of this compound. 

[1] 
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(ii) Analysis showed that the total alcohol content of a bottle of the fake vodka was 35 %. 

A gas-liquid chromatogram showed a mixture of alcohols to be present in the following proportions: 

● tertiary butanol 6 parts 
● methanol 8 parts 
● ethanol 86 parts 

Calculate the percentage of ethanol by volume in the fake vodka. 

[1] 

 
 
 
 

.......................  ​% 

(iii) Tertiary butanol can be dehydrated in an elimination reaction to produce 2-methylpropene. 
Suggest a suitable dehydrating agent for this reaction. 

[1] 

 

(iv) 2-Methylpropene can be polymerised to give poly(2-methylpropene). Draw the repeating unit of 
the polymer. 

[1] 

 

 

(v) Write the displayed formula of any isomer of tertiary butanol that contains a chiral centre. Identify 
the chiral centre by an asterisk (*). 

[2] 

(vi) The main alcoholic compound of the fake vodka is ethanol. This can be oxidised to give ethanal. 

I. State the reagent(s) used to oxidise ethanol to ethanal in the laboratory. 

[1] 
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(b) The oxidation of tertiary alcohols is different from those of primary and secondary alcohols. 
'Tertiary butanol' is oxidised to propanone and methanoic acid. 

(i) State a test that will give a positive result for propanone but not methanoic acid. 

[2] 

Reagent 

 

Observation  
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(ii) State a test, other than the use of an acid-base indicator, that will give a positive result for 
methanoic acid but not propanone. 

2 

Reagent  

 

Observation  

 

(Total 13) 

 

 

7.​ (a) In March 2012 the UK Government proposed a minimum price of 40p per unit of alcohol in an 
effort to 'turn the tide' against binge drinking. 

State ​one ​effect on the human body and ​one ​effect on society of the excessive use of alcoholic 
drinks. 

[2] 

Effect on the human body 

 

Effect on society 

 

(b) Butan-1-ol can be prepared by warming 1-chlorobutane with aqueous sodium hydroxide 

(i) Classify the type of reaction occurring and give the mechanism for the reaction 

[4] 

Reaction type.................................................................................................................... 

Mechanism: 
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(ii) Use the infrared absorption frequencies given in the Data Sheet to explain how you would know if 
all the 1-chlorobutane has been converted into butan-1-ol. 

[2] 

 

 

(i) Draw the ​skeletal ​formula of methylpropan-1-ol. 

[1] 

 

 

(ii) Name the type of isomerism shown by these isomers. 

[1] 

 

(iii) Butan-1-ol can be oxidised by acidified potassium dichromate(VI) to form butanoic acid. State 
what you would ​observe ​during this reaction. 

[1] 
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(iv) Butan-1-ol can also be dehydrated. Name a suitable dehydrating agent and write an equation for 
this reaction. 

[2] 

Dehydrating agent  

 

Equation 

 

 

(d) 1-Chlorobutane is an example of a halogenoalkane. One group of halogenoalkanes (CFCs) has 
been shown to play a role in ozone depletion. Most of these ozone-depleting substances contain 
chlorine. Halogenoalkanes containing only fluorine do not harm the ozone layer. 

Due to the Montreal Protocol of 1987, CFCs have been largely banned and have been replaced in 
many applications by HFCs, which contain fluorine as the only halogen. 

(i) Explain why CFCs deplete the ozone layer, but HFCs do not. 

[2] 

 

(ii) Suggest a reason why there is still concern about ozone depletion. 

[1] 

 

 

(Total 16) 
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8.​ Police use a breathalyser to test motorists for the presence of alcohol 

(a) An early type of breathalyser required the motorist to breathe into a tube that contained acidified 
potassium dichromate. The alcohol in their breath was oxidised to ethanal and ethanoic acid. State 
the colour change that occurred if the test was positive. 

[1] 

............................................................................ ​to ​.............................................................................. 

(b) Modern breathalysers use infrared spectroscopy to detect and measure the concentration of 
alcohol in breath. An absorption frequency at 2940 cm-1 is used rather than the frequency caused 
by the O​—​H bond, as this is also present in water. 

(i) Use the Data Sheet to identify the bond that causes the absorption at 2940 cm ​-1 

[1] 

 

(ii) State which ​one ​of the following correctly describes any change in the absorption at 2940 cm-¹ if 
the concentration of alcohol in the breath increases.  

[1] 

A  ​the frequency decreases to 2900 cm-¹ 

B  ​the frequency increases to 3000 cm-¹ 

C  ​the intensity of the absorption at 2940 cm-¹ increases 

D  ​the absorption covers the range 2900 to 3000 cm-¹ 

 

(iii) A false breathalyser reading can be given by a person who exhales propanone, as a result of an 
illness 
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Identify the bond that would distinguish the infrared spectrum of propanone from that of an alcohol. 
Using the Data Sheet, state the absorption frequency of this bond. 

[1] 

 

(Total 4) 

 

9. 

 

 

 

 

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

[2] 

(ii) Explain why butan-1-ol is soluble in water whilst 1-bromobutane is not. 

[3] 
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(II) Explain why butanoic acid has a much higher boiling temperature than 1-bromobutane. 

[3] 

 

(iii) The reaction above frequently produces a mixture containing unreacted butan-1-ol and butanoic 
acid. State how these two liquids could be separated 

[1] 

 

(Total 11) 

 

10. ​State the reagent(s) used and the colour change seen when a primary alcohol is oxidised to 
give a carboxylic acid. 

[2] 

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

Colour change from ​. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ​to ​ . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

 

11. 
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(b) If it is suspected that a driver has been drinking alcohol they can be tested in several ways. 

(i) One method previously used to test for ethanol in breath involved blowing through acidified 
potassium dichromate(VI). A positive test was shown by the colour change from orange to green. 

What type of reaction causes this colour change? 

[1] 

 

 

 

I. State which functional group is shown to be present in ethanol by the absorption at about 3350 
cm-¹ 

[1] 

 

II. A student suggested that this absorption should be used to test for the presence of ethanol in 
breath. Give a reason why this suggestion is not valid. 

[1] 
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(c) If ethanol, in a drink such as wine, is left in an open bottle and exposed to air it becomes 'sour' 
and unpleasant to taste. This is because it forms ethanoic acid. 

(i) Draw the ​displayed ​formula of ethanoic acid. 

[1] 

 

 

 

 

 

 

(ii) What significant change would be noticed if the IR spectrum of this product was compared with 
that of ethanol? Give the reason for this change. 

[2] 

 

(Total 9) 
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