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1. 

 

 

 

 

 

(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] 
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(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] 

 

(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] 
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(Total 20) 

 

 

2.​ (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] 

 

(Total 3) 
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3. 
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(i) Calculate the energy released in the experiment 

[1] 

 

 

Energy released = ​. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ​J 

 

(ii) The enthalpy change of combustion of ethanol is defined as the energy change per mol of 
ethanol burned. 

Use your answer to (i) to calculate the enthalpy change of combustion of ethanol.  

Give your answer in kJ mol−¹ and correct to ​3 significant figures ​. Include the sign. 

[3] 

 

 

 

 

 

 

 

How would you expect the numerical values obtained by the two students to differ? Explain your 
answer. 

You may assume that both values were found under the same conditions of temperature and 
pressure. 

[2] 
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(d) The students then used the apparatus from (b) to find the enthalpy change of combustion of 
higher relative molecular mass alcohols. They found that as the number of carbon atoms increased 
the value of the enthalpy change of combustion became more negative. 

 

(ii) In terms of bond strengths, explain why enthalpy changes of combustion are negative 

[1] 

 

(iii) Explain why the enthalpy change of combustion of propanol is more negative than that of ethanol 

[1] 

 

(e) Recent research has been carried out to find economic and environmentally friendly uses for 
waste straw and wood chippings. 

The process of gasification involves the material being partly combusted at a temperature of about 
700 °C to give a mixture consisting mainly of hydrogen and carbon monoxide but also some carbon 
dioxide. 

Another approach has been to use enzyme catalysed reactions to change the waste material into 
glucose and then to ethanol. 

Comment on the economic and environmental factors involved in both of these processes. 

[4] QWC [2] 

 

 

(Total 17) 
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4.​ 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] 

 

(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] 
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(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] 

 

 

(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) ​...............................................................................................................................  
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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) 

5.
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(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] 

(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]
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(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. 

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) 
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6. 

(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]
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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] 

(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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7.​ 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​ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

(Total 2) 

8.​ But-2-ene is a useful starting material for the production of synthetic rubber.

(a) But-2-ene can be produced from crude oil by fractional distillation and then cracking.

(i) Explain why fractional distillation can be used to separate molecules with different numbers of
carbon atoms.

[1] 

(b) Bromine solution can be used to distinguish between but-2-ene and butane.

(i) Give the colour ​change ​that would be expected when bromine solution is added to but-2-ene.

[1]
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(ii) In a similar reaction hydrogen bromide reacts with propene.

Draw the mechanism of the reaction of propene with hydrogen bromide indicating clearly all charges 
and the movement of electrons. 

[3] 

(iii) Propene can be produced from the product in part (ii) by using sodium hydroxide. Give the
condition(s) required for this reaction.

[1]
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(c) But-2-ene can exist as ​E​- and ​Z ​-isomers.

(i) Explain why but-2-ene can form ​E​- and ​Z​-isomers whilst propene and butane cannot.

[2] 

(ii) Draw the ​skeletal ​formula for ​Z ​-but-2-ene.

[1] 

(d) In industry, butan-2-ol can be produced from but-2-ene. This uses the same reagent(s) and
condition(s) as the production of ethanol from ethene.

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

[2] 

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

(ii) Explain how infrared spectroscopy can be used to distinguish between butan-2-ol and but-2-ene.

[1] 

(Total 13) 
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9.​ During 2010 a serious leak of petroleum (crude oil) occurred in the Gulf of Mexico. This loss of
millions of litres of petroleum caused an environmental and ecological disaster.

(a) Petroleum consists largely of a mixture of alkanes that do not dissolve in seawater but form a
surface layer. The main reason that these alkanes cannot dissolve in water is because they are
unable to hydrogen bond with water. Explain what is meant by ​hydrogen bonding ​and use this to
explain why alkanes do not dissolve in water.

[4] QWC [1]

(b) (i) Some of the leaking oil was collected by tankers and taken to oil refineries. The petroleum was
then separated into fractions by the process of fractional distillation. Describe what is meant by
fractional distillation.

[2]
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(i) These two compounds are structural isomers. State what is meant by the term ​structural isomer ​.

[1] 

(ii) Explain why only compound ​B ​can exist as E-Z isomers.Your answer should comment on the
atoms/groups involved and the reason why these give rise to E-Z isomerism.

[2] 

(Total 14) 
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