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Reading the mark scheme

B1 a mark that stands on its own – the point is either made or not.
M1 a method mark: the right approach, even if the number is wrong.
A1 an answer mark, and it usually needs its M mark first.
C1 a working mark on the way to the answer.

// separates answers the examiner accepts equally.
ecf = error carried forward: a later part is marked on your own earlier answer.
owtte = “or words to that effect” – the wording need not match.
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31 Some gases are present in clean, dry air, while other gases are only present in polluted air. 
 

Which row is correct? 
 

 a gas present 
in clean, dry air 

a gas only present 
in polluted air 

A argon carbon dioxide 

B argon nitrogen dioxide 

C sulfur dioxide carbon dioxide 

D sulfur dioxide nitrogen dioxide 
 
 
32 Petroleum is separated by fractional distillation. 
 

Which statement about the fractions produced is correct? 

A Bottled gas for heating and cooking is obtained from the naphtha fraction. 

B Diesel oil is used as a fuel for jet aircraft. 

C Substances used to make polishes are obtained from the lubricating fraction. 

D The kerosene fraction contains many useful waxes. 
 
 
33 Which structure represents a compound in the alcohol homologous series? 
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34 Ethane reacts with chlorine. 
 

Which row identifies the type of reaction and the formulae of the products formed? 
 

 reaction products 

A addition CH3CH2Cl  +  H2 

B addition CH3CH2Cl  +  HCl 

C substitution CH3CH2Cl  +  HCl 

D substitution CH3CH2Cl  +  H2 
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Solution 33

Answer: B

Why

An alcohol contains the –OH group, with the oxygen bonded to one carbon
and one hydrogen.
So look for a structure ending in C–O–H.
A C–O–C arrangement is an ether and a –COOH is a carboxylic acid.
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Question 37
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36 Which row shows the products obtained by the cracking of a large alkane? 
 

 alkene hydrogen water  

A    key 

B     = yes 

C     = no 

D     
 
 
37 Ethanol is produced by the fermentation of aqueous glucose or by the catalytic addition of steam 

to ethene. 
 

Which row shows some advantages and disadvantages of these processes? 
 

 
fermentation of aqueous glucose catalytic addition of steam to ethene 

advantage disadvantage advantage disadvantage 

A 
 

fast reaction 
 

ethanol produced 
continuously 

almost pure 
ethanol formed 

renewable 
raw material 

B 
 

ethanol produced 
in batches 

slow reaction 
 

fast reaction 
 

ethanol produced 
continuously 

C 
 

renewable 
raw material 

ethanol produced 
in batches 

almost pure 
ethanol formed 

slow reaction 
 

D 
 

renewable 
raw material 

dilute aqueous 
ethanol formed 

fast reaction 
 

non-renewable 
raw material 

 
 
38 Propenoic acid is an organic compound that is both an alkene and a carboxylic acid. 
 

The structure of propenoic acid is shown. 
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Which structure represents one repeat unit of the addition polymer formed from propenoic acid? 
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Solution 37

Answer: D

Why

Fermentation uses a renewable feedstock at low temperature, but is slow,
batch-wise and gives impure ethanol.
The ethene route is fast, continuous and gives pure ethanol, but its feedstock
is finite crude oil.
Each process has one clear advantage and one clear disadvantage – match
them the right way round.
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Question 5
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5 This question is about the homologous series of alcohols.

 (a) A homologous series is a family of organic compounds whose members have the same 

general formula.

  (i) State the general formula for alcohols.

 .....................................................................................................................................  [1]

  (ii) Give one other characteristic that is the same for all members of a homologous series.

 .....................................................................................................................................  [1]

 (b) Ethanol can be manufactured by two methods:

• method 1 uses glucose as the starting material

• method 2 uses ethene as the starting material.

  (i) Complete Table 5.1.

Table 5.1

method 1

glucose as  

starting material

method 2

ethene as 

starting material

typical temperature used / °C

two other essential conditions

1 1

2 2

 [6]

  (ii) Write the symbol equation for the reaction in method 1.

 .....................................................................................................................................  [2]

  (iii) Write the symbol equation for the reaction in method 2.

 .....................................................................................................................................  [2]

 (c) Butane-1,4-diol has the structural formula HO — CH2 — CH2 — CH2 — CH2 — OH.

  (i) Deduce the molecular formula of butane-1,4-diol.

 .....................................................................................................................................  [1]

  (ii) Butane-1,4-diol reacts with ethanoic acid.

   Determine the number of moles of ethanoic acid which react fully with one mole of 

butane-1,4-diol.

 .....................................................................................................................................  [1]
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 (d) Butanedioic acid has the structural formula HOOC — CH2 — CH2 — COOH.

  (i) Deduce the empirical formula of butanedioic acid.

 .....................................................................................................................................  [1]

  (ii) Name the gas formed when butanedioic acid reacts with sodium.

 .....................................................................................................................................  [1]

 (e) Butane-1,4-diol can be represented as shown.

HO OH

  Butanedioic acid can be represented as shown.

HOOC COOH

  Butane-1,4-diol reacts with butanedioic acid to form a polymer.

  (i) Draw two repeat units of the polymer formed from the reaction of butane-1,4-diol with 

butanedioic acid.

   Show all the atoms and all the bonds in the ester linkages.

 [3]

  (ii) State the type of polymerisation when butane-1,4-diol reacts with butanedioic acid. 

 .....................................................................................................................................  [1]

[Total: 20]
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5 This question is about the homologous series of alcohols.

 (a) A homologous series is a family of organic compounds whose members have the same 

general formula.

  (i) State the general formula for alcohols.

 .....................................................................................................................................  [1]

  (ii) Give one other characteristic that is the same for all members of a homologous series.

 .....................................................................................................................................  [1]

 (b) Ethanol can be manufactured by two methods:

• method 1 uses glucose as the starting material

• method 2 uses ethene as the starting material.

  (i) Complete Table 5.1.

Table 5.1

method 1

glucose as  

starting material

method 2

ethene as 

starting material

typical temperature used / °C

two other essential conditions

1 1

2 2

 [6]

  (ii) Write the symbol equation for the reaction in method 1.

 .....................................................................................................................................  [2]

  (iii) Write the symbol equation for the reaction in method 2.

 .....................................................................................................................................  [2]

 (c) Butane-1,4-diol has the structural formula HO — CH2 — CH2 — CH2 — CH2 — OH.

  (i) Deduce the molecular formula of butane-1,4-diol.

 .....................................................................................................................................  [1]

  (ii) Butane-1,4-diol reacts with ethanoic acid.

   Determine the number of moles of ethanoic acid which react fully with one mole of 

butane-1,4-diol.

 .....................................................................................................................................  [1]
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 (d) Butanedioic acid has the structural formula HOOC — CH2 — CH2 — COOH.

  (i) Deduce the empirical formula of butanedioic acid.

 .....................................................................................................................................  [1]

  (ii) Name the gas formed when butanedioic acid reacts with sodium.

 .....................................................................................................................................  [1]

 (e) Butane-1,4-diol can be represented as shown.

HO OH

  Butanedioic acid can be represented as shown.

HOOC COOH

  Butane-1,4-diol reacts with butanedioic acid to form a polymer.

  (i) Draw two repeat units of the polymer formed from the reaction of butane-1,4-diol with 

butanedioic acid.

   Show all the atoms and all the bonds in the ester linkages.

 [3]

  (ii) State the type of polymerisation when butane-1,4-diol reacts with butanedioic acid. 

 .....................................................................................................................................  [1]

[Total: 20]
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5 This question is about the homologous series of alcohols.

 (a) A homologous series is a family of organic compounds whose members have the same 

general formula.

  (i) State the general formula for alcohols.

 .....................................................................................................................................  [1]

  (ii) Give one other characteristic that is the same for all members of a homologous series.

 .....................................................................................................................................  [1]

 (b) Ethanol can be manufactured by two methods:

• method 1 uses glucose as the starting material

• method 2 uses ethene as the starting material.

  (i) Complete Table 5.1.

Table 5.1

method 1

glucose as  

starting material

method 2

ethene as 

starting material

typical temperature used / °C

two other essential conditions

1 1

2 2

 [6]

  (ii) Write the symbol equation for the reaction in method 1.

 .....................................................................................................................................  [2]

  (iii) Write the symbol equation for the reaction in method 2.

 .....................................................................................................................................  [2]

 (c) Butane-1,4-diol has the structural formula HO — CH2 — CH2 — CH2 — CH2 — OH.

  (i) Deduce the molecular formula of butane-1,4-diol.

 .....................................................................................................................................  [1]

  (ii) Butane-1,4-diol reacts with ethanoic acid.

   Determine the number of moles of ethanoic acid which react fully with one mole of 

butane-1,4-diol.

 .....................................................................................................................................  [1]
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 (d) Butanedioic acid has the structural formula HOOC — CH2 — CH2 — COOH.

  (i) Deduce the empirical formula of butanedioic acid.

 .....................................................................................................................................  [1]

  (ii) Name the gas formed when butanedioic acid reacts with sodium.

 .....................................................................................................................................  [1]

 (e) Butane-1,4-diol can be represented as shown.

HO OH

  Butanedioic acid can be represented as shown.

HOOC COOH

  Butane-1,4-diol reacts with butanedioic acid to form a polymer.

  (i) Draw two repeat units of the polymer formed from the reaction of butane-1,4-diol with 

butanedioic acid.

   Show all the atoms and all the bonds in the ester linkages.

 [3]

  (ii) State the type of polymerisation when butane-1,4-diol reacts with butanedioic acid. 

 .....................................................................................................................................  [1]

[Total: 20]
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5 This question is about the homologous series of alcohols.

 (a) A homologous series is a family of organic compounds whose members have the same 

general formula.

  (i) State the general formula for alcohols.

 .....................................................................................................................................  [1]

  (ii) Give one other characteristic that is the same for all members of a homologous series.

 .....................................................................................................................................  [1]

 (b) Ethanol can be manufactured by two methods:

• method 1 uses glucose as the starting material

• method 2 uses ethene as the starting material.

  (i) Complete Table 5.1.

Table 5.1

method 1

glucose as  

starting material

method 2

ethene as 

starting material

typical temperature used / °C

two other essential conditions

1 1

2 2

 [6]

  (ii) Write the symbol equation for the reaction in method 1.

 .....................................................................................................................................  [2]

  (iii) Write the symbol equation for the reaction in method 2.

 .....................................................................................................................................  [2]

 (c) Butane-1,4-diol has the structural formula HO — CH2 — CH2 — CH2 — CH2 — OH.

  (i) Deduce the molecular formula of butane-1,4-diol.

 .....................................................................................................................................  [1]

  (ii) Butane-1,4-diol reacts with ethanoic acid.

   Determine the number of moles of ethanoic acid which react fully with one mole of 

butane-1,4-diol.

 .....................................................................................................................................  [1]
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 (d) Butanedioic acid has the structural formula HOOC — CH2 — CH2 — COOH.

  (i) Deduce the empirical formula of butanedioic acid.

 .....................................................................................................................................  [1]

  (ii) Name the gas formed when butanedioic acid reacts with sodium.

 .....................................................................................................................................  [1]

 (e) Butane-1,4-diol can be represented as shown.

HO OH

  Butanedioic acid can be represented as shown.

HOOC COOH

  Butane-1,4-diol reacts with butanedioic acid to form a polymer.

  (i) Draw two repeat units of the polymer formed from the reaction of butane-1,4-diol with 

butanedioic acid.

   Show all the atoms and all the bonds in the ester linkages.

 [3]

  (ii) State the type of polymerisation when butane-1,4-diol reacts with butanedioic acid. 

 .....................................................................................................................................  [1]

[Total: 20]
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5 This question is about the homologous series of alcohols.

 (a) A homologous series is a family of organic compounds whose members have the same 

general formula.

  (i) State the general formula for alcohols.

 .....................................................................................................................................  [1]

  (ii) Give one other characteristic that is the same for all members of a homologous series.

 .....................................................................................................................................  [1]

 (b) Ethanol can be manufactured by two methods:

• method 1 uses glucose as the starting material

• method 2 uses ethene as the starting material.

  (i) Complete Table 5.1.

Table 5.1

method 1

glucose as  

starting material

method 2

ethene as 

starting material

typical temperature used / °C

two other essential conditions

1 1

2 2

 [6]

  (ii) Write the symbol equation for the reaction in method 1.

 .....................................................................................................................................  [2]

  (iii) Write the symbol equation for the reaction in method 2.

 .....................................................................................................................................  [2]

 (c) Butane-1,4-diol has the structural formula HO — CH2 — CH2 — CH2 — CH2 — OH.

  (i) Deduce the molecular formula of butane-1,4-diol.

 .....................................................................................................................................  [1]

  (ii) Butane-1,4-diol reacts with ethanoic acid.

   Determine the number of moles of ethanoic acid which react fully with one mole of 

butane-1,4-diol.

 .....................................................................................................................................  [1]
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 (d) Butanedioic acid has the structural formula HOOC — CH2 — CH2 — COOH.

  (i) Deduce the empirical formula of butanedioic acid.

 .....................................................................................................................................  [1]

  (ii) Name the gas formed when butanedioic acid reacts with sodium.

 .....................................................................................................................................  [1]

 (e) Butane-1,4-diol can be represented as shown.

HO OH

  Butanedioic acid can be represented as shown.

HOOC COOH

  Butane-1,4-diol reacts with butanedioic acid to form a polymer.

  (i) Draw two repeat units of the polymer formed from the reaction of butane-1,4-diol with 

butanedioic acid.

   Show all the atoms and all the bonds in the ester linkages.

 [3]

  (ii) State the type of polymerisation when butane-1,4-diol reacts with butanedioic acid. 

 .....................................................................................................................................  [1]

[Total: 20]
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5 This question is about the homologous series of alcohols.

 (a) A homologous series is a family of organic compounds whose members have the same 

general formula.

  (i) State the general formula for alcohols.

 .....................................................................................................................................  [1]

  (ii) Give one other characteristic that is the same for all members of a homologous series.

 .....................................................................................................................................  [1]

 (b) Ethanol can be manufactured by two methods:

• method 1 uses glucose as the starting material

• method 2 uses ethene as the starting material.

  (i) Complete Table 5.1.

Table 5.1

method 1

glucose as  

starting material

method 2

ethene as 

starting material

typical temperature used / °C

two other essential conditions

1 1

2 2

 [6]

  (ii) Write the symbol equation for the reaction in method 1.

 .....................................................................................................................................  [2]

  (iii) Write the symbol equation for the reaction in method 2.

 .....................................................................................................................................  [2]

 (c) Butane-1,4-diol has the structural formula HO — CH2 — CH2 — CH2 — CH2 — OH.

  (i) Deduce the molecular formula of butane-1,4-diol.

 .....................................................................................................................................  [1]

  (ii) Butane-1,4-diol reacts with ethanoic acid.

   Determine the number of moles of ethanoic acid which react fully with one mole of 

butane-1,4-diol.

 .....................................................................................................................................  [1]
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 (d) Butanedioic acid has the structural formula HOOC — CH2 — CH2 — COOH.

  (i) Deduce the empirical formula of butanedioic acid.

 .....................................................................................................................................  [1]

  (ii) Name the gas formed when butanedioic acid reacts with sodium.

 .....................................................................................................................................  [1]

 (e) Butane-1,4-diol can be represented as shown.

HO OH

  Butanedioic acid can be represented as shown.

HOOC COOH

  Butane-1,4-diol reacts with butanedioic acid to form a polymer.

  (i) Draw two repeat units of the polymer formed from the reaction of butane-1,4-diol with 

butanedioic acid.

   Show all the atoms and all the bonds in the ester linkages.

 [3]

  (ii) State the type of polymerisation when butane-1,4-diol reacts with butanedioic acid. 

 .....................................................................................................................................  [1]

[Total: 20]
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5 This question is about the homologous series of alcohols.

 (a) A homologous series is a family of organic compounds whose members have the same 

general formula.

  (i) State the general formula for alcohols.

 .....................................................................................................................................  [1]

  (ii) Give one other characteristic that is the same for all members of a homologous series.

 .....................................................................................................................................  [1]

 (b) Ethanol can be manufactured by two methods:

• method 1 uses glucose as the starting material

• method 2 uses ethene as the starting material.

  (i) Complete Table 5.1.

Table 5.1

method 1

glucose as  

starting material

method 2

ethene as 

starting material

typical temperature used / °C

two other essential conditions

1 1

2 2

 [6]

  (ii) Write the symbol equation for the reaction in method 1.

 .....................................................................................................................................  [2]

  (iii) Write the symbol equation for the reaction in method 2.

 .....................................................................................................................................  [2]

 (c) Butane-1,4-diol has the structural formula HO — CH2 — CH2 — CH2 — CH2 — OH.

  (i) Deduce the molecular formula of butane-1,4-diol.

 .....................................................................................................................................  [1]

  (ii) Butane-1,4-diol reacts with ethanoic acid.

   Determine the number of moles of ethanoic acid which react fully with one mole of 

butane-1,4-diol.

 .....................................................................................................................................  [1]
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 (d) Butanedioic acid has the structural formula HOOC — CH2 — CH2 — COOH.

  (i) Deduce the empirical formula of butanedioic acid.

 .....................................................................................................................................  [1]

  (ii) Name the gas formed when butanedioic acid reacts with sodium.

 .....................................................................................................................................  [1]

 (e) Butane-1,4-diol can be represented as shown.

HO OH

  Butanedioic acid can be represented as shown.

HOOC COOH

  Butane-1,4-diol reacts with butanedioic acid to form a polymer.

  (i) Draw two repeat units of the polymer formed from the reaction of butane-1,4-diol with 

butanedioic acid.

   Show all the atoms and all the bonds in the ester linkages.

 [3]

  (ii) State the type of polymerisation when butane-1,4-diol reacts with butanedioic acid. 

 .....................................................................................................................................  [1]

[Total: 20]
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5 This question is about the homologous series of alcohols.

 (a) A homologous series is a family of organic compounds whose members have the same 

general formula.

  (i) State the general formula for alcohols.

 .....................................................................................................................................  [1]

  (ii) Give one other characteristic that is the same for all members of a homologous series.

 .....................................................................................................................................  [1]

 (b) Ethanol can be manufactured by two methods:

• method 1 uses glucose as the starting material

• method 2 uses ethene as the starting material.

  (i) Complete Table 5.1.

Table 5.1

method 1

glucose as  

starting material

method 2

ethene as 

starting material

typical temperature used / °C

two other essential conditions

1 1

2 2

 [6]

  (ii) Write the symbol equation for the reaction in method 1.

 .....................................................................................................................................  [2]

  (iii) Write the symbol equation for the reaction in method 2.

 .....................................................................................................................................  [2]

 (c) Butane-1,4-diol has the structural formula HO — CH2 — CH2 — CH2 — CH2 — OH.

  (i) Deduce the molecular formula of butane-1,4-diol.

 .....................................................................................................................................  [1]

  (ii) Butane-1,4-diol reacts with ethanoic acid.

   Determine the number of moles of ethanoic acid which react fully with one mole of 

butane-1,4-diol.

 .....................................................................................................................................  [1]
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 (d) Butanedioic acid has the structural formula HOOC — CH2 — CH2 — COOH.

  (i) Deduce the empirical formula of butanedioic acid.

 .....................................................................................................................................  [1]

  (ii) Name the gas formed when butanedioic acid reacts with sodium.

 .....................................................................................................................................  [1]

 (e) Butane-1,4-diol can be represented as shown.

HO OH

  Butanedioic acid can be represented as shown.

HOOC COOH

  Butane-1,4-diol reacts with butanedioic acid to form a polymer.

  (i) Draw two repeat units of the polymer formed from the reaction of butane-1,4-diol with 

butanedioic acid.

   Show all the atoms and all the bonds in the ester linkages.

 [3]

  (ii) State the type of polymerisation when butane-1,4-diol reacts with butanedioic acid. 

 .....................................................................................................................................  [1]

[Total: 20]
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5 This question is about the homologous series of alcohols.

 (a) A homologous series is a family of organic compounds whose members have the same 

general formula.

  (i) State the general formula for alcohols.

 .....................................................................................................................................  [1]

  (ii) Give one other characteristic that is the same for all members of a homologous series.

 .....................................................................................................................................  [1]

 (b) Ethanol can be manufactured by two methods:

• method 1 uses glucose as the starting material

• method 2 uses ethene as the starting material.

  (i) Complete Table 5.1.

Table 5.1

method 1

glucose as  

starting material

method 2

ethene as 

starting material

typical temperature used / °C

two other essential conditions

1 1

2 2

 [6]

  (ii) Write the symbol equation for the reaction in method 1.

 .....................................................................................................................................  [2]

  (iii) Write the symbol equation for the reaction in method 2.

 .....................................................................................................................................  [2]

 (c) Butane-1,4-diol has the structural formula HO — CH2 — CH2 — CH2 — CH2 — OH.

  (i) Deduce the molecular formula of butane-1,4-diol.

 .....................................................................................................................................  [1]

  (ii) Butane-1,4-diol reacts with ethanoic acid.

   Determine the number of moles of ethanoic acid which react fully with one mole of 

butane-1,4-diol.

 .....................................................................................................................................  [1]
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 (d) Butanedioic acid has the structural formula HOOC — CH2 — CH2 — COOH.

  (i) Deduce the empirical formula of butanedioic acid.

 .....................................................................................................................................  [1]

  (ii) Name the gas formed when butanedioic acid reacts with sodium.

 .....................................................................................................................................  [1]

 (e) Butane-1,4-diol can be represented as shown.

HO OH

  Butanedioic acid can be represented as shown.

HOOC COOH

  Butane-1,4-diol reacts with butanedioic acid to form a polymer.

  (i) Draw two repeat units of the polymer formed from the reaction of butane-1,4-diol with 

butanedioic acid.

   Show all the atoms and all the bonds in the ester linkages.

 [3]

  (ii) State the type of polymerisation when butane-1,4-diol reacts with butanedioic acid. 

 .....................................................................................................................................  [1]

[Total: 20]
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5 This question is about the homologous series of alcohols.

 (a) A homologous series is a family of organic compounds whose members have the same 

general formula.

  (i) State the general formula for alcohols.

 .....................................................................................................................................  [1]

  (ii) Give one other characteristic that is the same for all members of a homologous series.

 .....................................................................................................................................  [1]

 (b) Ethanol can be manufactured by two methods:

• method 1 uses glucose as the starting material

• method 2 uses ethene as the starting material.

  (i) Complete Table 5.1.

Table 5.1

method 1

glucose as  

starting material

method 2

ethene as 

starting material

typical temperature used / °C

two other essential conditions

1 1

2 2

 [6]

  (ii) Write the symbol equation for the reaction in method 1.

 .....................................................................................................................................  [2]

  (iii) Write the symbol equation for the reaction in method 2.

 .....................................................................................................................................  [2]

 (c) Butane-1,4-diol has the structural formula HO — CH2 — CH2 — CH2 — CH2 — OH.

  (i) Deduce the molecular formula of butane-1,4-diol.

 .....................................................................................................................................  [1]

  (ii) Butane-1,4-diol reacts with ethanoic acid.

   Determine the number of moles of ethanoic acid which react fully with one mole of 

butane-1,4-diol.

 .....................................................................................................................................  [1]
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 (d) Butanedioic acid has the structural formula HOOC — CH2 — CH2 — COOH.

  (i) Deduce the empirical formula of butanedioic acid.

 .....................................................................................................................................  [1]

  (ii) Name the gas formed when butanedioic acid reacts with sodium.

 .....................................................................................................................................  [1]

 (e) Butane-1,4-diol can be represented as shown.

HO OH

  Butanedioic acid can be represented as shown.

HOOC COOH

  Butane-1,4-diol reacts with butanedioic acid to form a polymer.

  (i) Draw two repeat units of the polymer formed from the reaction of butane-1,4-diol with 

butanedioic acid.

   Show all the atoms and all the bonds in the ester linkages.

 [3]

  (ii) State the type of polymerisation when butane-1,4-diol reacts with butanedioic acid. 

 .....................................................................................................................................  [1]

[Total: 20]
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5 This question is about the homologous series of alcohols.

 (a) A homologous series is a family of organic compounds whose members have the same 

general formula.

  (i) State the general formula for alcohols.

 .....................................................................................................................................  [1]

  (ii) Give one other characteristic that is the same for all members of a homologous series.

 .....................................................................................................................................  [1]

 (b) Ethanol can be manufactured by two methods:

• method 1 uses glucose as the starting material

• method 2 uses ethene as the starting material.

  (i) Complete Table 5.1.

Table 5.1

method 1

glucose as  

starting material

method 2

ethene as 

starting material

typical temperature used / °C

two other essential conditions

1 1

2 2

 [6]

  (ii) Write the symbol equation for the reaction in method 1.

 .....................................................................................................................................  [2]

  (iii) Write the symbol equation for the reaction in method 2.

 .....................................................................................................................................  [2]

 (c) Butane-1,4-diol has the structural formula HO — CH2 — CH2 — CH2 — CH2 — OH.

  (i) Deduce the molecular formula of butane-1,4-diol.

 .....................................................................................................................................  [1]

  (ii) Butane-1,4-diol reacts with ethanoic acid.

   Determine the number of moles of ethanoic acid which react fully with one mole of 

butane-1,4-diol.

 .....................................................................................................................................  [1]
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 (d) Butanedioic acid has the structural formula HOOC — CH2 — CH2 — COOH.

  (i) Deduce the empirical formula of butanedioic acid.

 .....................................................................................................................................  [1]

  (ii) Name the gas formed when butanedioic acid reacts with sodium.

 .....................................................................................................................................  [1]

 (e) Butane-1,4-diol can be represented as shown.

HO OH

  Butanedioic acid can be represented as shown.

HOOC COOH

  Butane-1,4-diol reacts with butanedioic acid to form a polymer.

  (i) Draw two repeat units of the polymer formed from the reaction of butane-1,4-diol with 

butanedioic acid.

   Show all the atoms and all the bonds in the ester linkages.

 [3]

  (ii) State the type of polymerisation when butane-1,4-diol reacts with butanedioic acid. 

 .....................................................................................................................................  [1]

[Total: 20]
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5 This question is about the homologous series of alcohols.

 (a) A homologous series is a family of organic compounds whose members have the same 

general formula.

  (i) State the general formula for alcohols.

 .....................................................................................................................................  [1]

  (ii) Give one other characteristic that is the same for all members of a homologous series.

 .....................................................................................................................................  [1]

 (b) Ethanol can be manufactured by two methods:

• method 1 uses glucose as the starting material

• method 2 uses ethene as the starting material.

  (i) Complete Table 5.1.

Table 5.1

method 1

glucose as  

starting material

method 2

ethene as 

starting material

typical temperature used / °C

two other essential conditions

1 1

2 2

 [6]

  (ii) Write the symbol equation for the reaction in method 1.

 .....................................................................................................................................  [2]

  (iii) Write the symbol equation for the reaction in method 2.

 .....................................................................................................................................  [2]

 (c) Butane-1,4-diol has the structural formula HO — CH2 — CH2 — CH2 — CH2 — OH.

  (i) Deduce the molecular formula of butane-1,4-diol.

 .....................................................................................................................................  [1]

  (ii) Butane-1,4-diol reacts with ethanoic acid.

   Determine the number of moles of ethanoic acid which react fully with one mole of 

butane-1,4-diol.

 .....................................................................................................................................  [1]
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 (d) Butanedioic acid has the structural formula HOOC — CH2 — CH2 — COOH.

  (i) Deduce the empirical formula of butanedioic acid.

 .....................................................................................................................................  [1]

  (ii) Name the gas formed when butanedioic acid reacts with sodium.

 .....................................................................................................................................  [1]

 (e) Butane-1,4-diol can be represented as shown.

HO OH

  Butanedioic acid can be represented as shown.

HOOC COOH

  Butane-1,4-diol reacts with butanedioic acid to form a polymer.

  (i) Draw two repeat units of the polymer formed from the reaction of butane-1,4-diol with 

butanedioic acid.

   Show all the atoms and all the bonds in the ester linkages.

 [3]

  (ii) State the type of polymerisation when butane-1,4-diol reacts with butanedioic acid. 

 .....................................................................................................................................  [1]

[Total: 20]

* 0000800000013 *

D
O

 N
O

T
 W

R
IT

E
 I
N

 T
H

IS
 M

A
R

G
IN

  
  
  
  
  
  
  
  
  
D

O
 N

O
T

 W
R

IT
E

 I
N

 T
H

IS
 M

A
R

G
IN

  
  
  
  
  
  
  
  
  
D

O
 N

O
T

 W
R

IT
E

 I
N

 T
H

IS
 M

A
R

G
IN

  
  
  
  
  
  
  
  
  
D

O
 N

O
T

 W
R

IT
E

 I
N

 T
H

IS
 M

A
R

G
IN

  
  
  
  
  
  
  
  
  
D

O
 N

O
T

 W
R

IT
E

 I
N

 T
H

IS
 M

A
R

G
IN

DFD

16

0620/41/O/N/25© UCLES 2025

G
ro

u
p

T
h

e
 P

e
ri

o
d

ic
 T

a
b

le
 o

f 
E

le
m

e
n

ts

1 H
h

y
d

ro
g

e
n

1

2

H
e

h
e

liu
m

4

I
II

II
I

IV
V

V
I

V
II

V
II

I

3 L
i

lit
h

iu
m

7

4 B
e

b
e

ry
lli

u
m

9

a
to

m
ic

 n
u
m

b
e
r

a
to

m
ic

 s
y
m

b
o

l

K
e

y

n
a

m
e

re
la

ti
v
e
 a

to
m

ic
 m

a
s
s

1
1

N
a

s
o

d
iu

m

2
3

1
2

M
g

m
a

g
n

e
s
iu

m

2
4

1
9 K

p
o

ta
s
s
iu

m

3
9

2
0

C
a

c
a

lc
iu

m

4
0

3
7

R
b

ru
b

id
iu

m

8
5

3
8

S
r

s
tr

o
n

ti
u

m

8
8

5
5

C
s

c
a

e
s
iu

m

1
3
3

5
6

B
a

b
a

ri
u

m

1
3
7

8
7

F
r

fr
a

n
c
iu

m

–

8
8

R
a

ra
d

iu
m

–

5 B
b

o
ro

n

1
1

1
3

A
l

a
lu

m
in

iu
m

2
7

3
1

G
a

g
a

lli
u

m

7
0

4
9

In
in

d
iu

m

1
1
5

8
1 T
l

th
a

lli
u

m

2
0
4

1
1
3

N
h

n
ih

o
n

iu
m

–

6 C
c
a

rb
o

n

1
2

1
4 S
i

s
ili

c
o

n

2
8

3
2

G
e

g
e

rm
a

n
iu

m

7
3

5
0

S
n

ti
n

1
1
9

8
2

P
b

le
a

d

2
0
7

2
2 T
i

ti
ta

n
iu

m

4
8

4
0

Z
r

z
ir
c
o

n
iu

m

9
1

7
2

H
f

h
a

fn
iu

m

1
7
8

1
0
4

R
f

ru
th

e
rf

o
rd

iu
m

–

2
3 V

v
a

n
a

d
iu

m

5
1

4
1

N
b

n
io

b
iu

m

9
3

7
3

T
a

ta
n

ta
lu

m

1
8
1

1
0
5

D
b

d
u

b
n

iu
m

–

2
4

C
r

c
h

ro
m

iu
m

5
2

4
2

M
o

m
o

ly
b

d
e

n
u

m

9
6

7
4

W
tu

n
g

s
te

n

1
8
4

1
0
6

S
g

s
e

a
b

o
rg

iu
m

–

2
5

M
n

m
a

n
g

a
n

e
s
e

5
5

4
3

T
c

te
c
h

n
e

ti
u

m

– 7
5

R
e

rh
e

n
iu

m

1
8
6

1
0
7

B
h

b
o

h
ri
u

m

–

2
6

F
e

ir
o

n

5
6

4
4

R
u

ru
th

e
n

iu
m

1
0
1

7
6

O
s

o
s
m

iu
m

1
9
0

1
0
8

H
s

h
a

s
s
iu

m

–

2
7

C
o

c
o

b
a

lt

5
9

4
5

R
h

rh
o

d
iu

m

1
0
3

7
7 Ir

ir
id

iu
m

1
9
2

1
0
9

M
t

m
e

it
n

e
ri
u

m

–

2
8

N
i

n
ic

k
e

l

5
9

4
6

P
d

p
a

lla
d

iu
m

1
0
6

7
8

P
t

p
la

ti
n

u
m

1
9
5

1
1
0

D
s

d
a

rm
s
ta

d
ti
u

m

–

2
9

C
u

c
o

p
p

e
r

6
4

4
7

A
g

s
ilv

e
r

1
0
8

7
9

A
u

g
o

ld

1
9
7

1
1
1

R
g

ro
e

n
tg

e
n

iu
m

–

3
0

Z
n

z
in

c

6
5

4
8

C
d

c
a

d
m

iu
m

1
1
2

8
0

H
g

m
e

rc
u

ry

2
0
1

1
1
2

C
n

c
o

p
e

rn
ic

iu
m

–

1
1
4

F
l

fl
e

ro
v
iu

m

–

1
1
6

L
v

liv
e

rm
o

ri
u

m

–

7 N
n

it
ro

g
e

n

1
4

1
5 P

p
h

o
s
p

h
o

ru
s

3
1

3
3

A
s

a
rs

e
n

ic

7
5

5
1

S
b

a
n

ti
m

o
n

y

1
2
2

8
3 B
i

b
is

m
u

th

2
0
9

1
1
5

M
c

m
o

s
c
o

v
iu

m

–

8 O
o

x
y
g

e
n

1
6

1
6 S

s
u

lf
u

r

3
2

3
4

S
e

s
e

le
n

iu
m

7
9

5
2

T
e

te
llu

ri
u

m

1
2
8

8
4

P
o

p
o

lo
n

iu
m

–

9 F
fl
u

o
ri
n

e

1
9

1
7

C
l

c
h

lo
ri
n

e

3
5
.5

3
5

B
r

b
ro

m
in

e

8
0

5
3 I

io
d

in
e

1
2
7

8
5

A
t

a
s
ta

ti
n

e

–

1
1
7

T
s

te
n

n
e

s
s
in

e

–

1
0

N
e

n
e

o
n

2
0

1
8

A
r

a
rg

o
n

4
0

3
6

K
r

k
ry

p
to

n

8
4

5
4

X
e

x
e

n
o

n

1
3
1

8
6

R
n

ra
d

o
n

–

1
1
8

O
g

o
g

a
n

e
s
s
o

n

–

2
1

S
c

s
c
a

n
d

iu
m

4
5

3
9 Y

y
tt

ri
u

m

8
9

5
7
–
7
1

la
n

th
a

n
o

id
s

8
9
–
1
0
3

a
c
ti
n

o
id

s

5
7

L
a

la
n

th
a

n
u

m

1
3
9

8
9

A
c

la
n

th
a

n
o

id
s

a
c
ti
n

o
id

s

T
h

e
 v

o
lu

m
e

 o
f 

o
n

e
 m

o
le

 o
f 

a
n

y
 g

a
s
 i
s
 2

4
 d

m
3
 a

t 
ro

o
m

 t
e

m
p

e
ra

tu
re

 a
n

d
 p

re
s
s
u

re
 (

r.
t.

p
.)

.

a
c
ti
n

iu
m

–

5
8

C
e

c
e

ri
u

m

1
4
0

9
0

T
h

th
o

ri
u

m

2
3
2

5
9

P
r

p
ra

s
e

o
d

y
m

iu
m

1
4
1

9
1

P
a

p
ro

ta
c
ti
n

iu
m

2
3
1

6
0

N
d

n
e

o
d

y
m

iu
m

1
4
4

9
2 U

u
ra

n
iu

m

2
3
8

6
1

P
m

p
ro

m
e

th
iu

m

– 9
3

N
p

n
e

p
tu

n
iu

m

–

6
2

S
m

s
a

m
a

ri
u

m

1
5
0

9
4

P
u

p
lu

to
n

iu
m

–

6
3

E
u

e
u

ro
p

iu
m

1
5
2

9
5

A
m

a
m

e
ri
c
iu

m

–

6
4

G
d

g
a

d
o

lin
iu

m

1
5
7

9
6

C
m

c
u

ri
u

m

–

6
5

T
b

te
rb

iu
m

1
5
9

9
7

B
k

b
e

rk
e

liu
m

–

6
6

D
y

d
y
s
p

ro
s
iu

m

1
6
3

9
8

C
f

c
a

lif
o

rn
iu

m

–

6
7

H
o

h
o

lm
iu

m

1
6
5

9
9

E
s

e
in

s
te

in
iu

m

–

6
8

E
r

e
rb

iu
m

1
6
7

1
0
0

F
m

fe
rm

iu
m

–

6
9

T
m

th
u

liu
m

1
6
9

1
0
1

M
d

m
e

n
d

e
le

v
iu

m

–

7
0

Y
b

y
tt

e
rb

iu
m

1
7
3

1
0
2

N
o

n
o

b
e

liu
m

–

7
1

L
u

lu
te

ti
u

m

1
7
5

1
0
3

L
r

la
w

re
n

c
iu

m

–

* 0000800000016 *

D
O

 N
O

T
 W

R
IT

E
 I
N

 T
H

IS
 M

A
R

G
IN

  
  
  
  
  
  
  
  
  
D

O
 N

O
T

 W
R

IT
E

 I
N

 T
H

IS
 M

A
R

G
IN

  
  
  
  
  
  
  
  
  
D

O
 N

O
T

 W
R

IT
E

 I
N

 T
H

IS
 M

A
R

G
IN

  
  
  
  
  
  
  
  
  
D

O
 N

O
T

 W
R

IT
E

 I
N

 T
H

IS
 M

A
R

G
IN

  
  
  
  
  
  
  
  
  
D

O
 N

O
T

 W
R

IT
E

 I
N

 T
H

IS
 M

A
R

G
IN

DFD



Question 5

12

0620/41/O/N/25© UCLES 2025

5 This question is about the homologous series of alcohols.

 (a) A homologous series is a family of organic compounds whose members have the same 

general formula.

  (i) State the general formula for alcohols.

 .....................................................................................................................................  [1]

  (ii) Give one other characteristic that is the same for all members of a homologous series.

 .....................................................................................................................................  [1]

 (b) Ethanol can be manufactured by two methods:

• method 1 uses glucose as the starting material

• method 2 uses ethene as the starting material.

  (i) Complete Table 5.1.

Table 5.1

method 1

glucose as  

starting material

method 2

ethene as 

starting material

typical temperature used / °C

two other essential conditions

1 1

2 2

 [6]

  (ii) Write the symbol equation for the reaction in method 1.

 .....................................................................................................................................  [2]

  (iii) Write the symbol equation for the reaction in method 2.

 .....................................................................................................................................  [2]

 (c) Butane-1,4-diol has the structural formula HO — CH2 — CH2 — CH2 — CH2 — OH.

  (i) Deduce the molecular formula of butane-1,4-diol.

 .....................................................................................................................................  [1]

  (ii) Butane-1,4-diol reacts with ethanoic acid.

   Determine the number of moles of ethanoic acid which react fully with one mole of 

butane-1,4-diol.

 .....................................................................................................................................  [1]
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 (d) Butanedioic acid has the structural formula HOOC — CH2 — CH2 — COOH.

  (i) Deduce the empirical formula of butanedioic acid.

 .....................................................................................................................................  [1]

  (ii) Name the gas formed when butanedioic acid reacts with sodium.

 .....................................................................................................................................  [1]

 (e) Butane-1,4-diol can be represented as shown.

HO OH

  Butanedioic acid can be represented as shown.

HOOC COOH

  Butane-1,4-diol reacts with butanedioic acid to form a polymer.

  (i) Draw two repeat units of the polymer formed from the reaction of butane-1,4-diol with 

butanedioic acid.

   Show all the atoms and all the bonds in the ester linkages.

 [3]

  (ii) State the type of polymerisation when butane-1,4-diol reacts with butanedioic acid. 

 .....................................................................................................................................  [1]

[Total: 20]
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5 This question is about the homologous series of alcohols.

 (a) A homologous series is a family of organic compounds whose members have the same 

general formula.

  (i) State the general formula for alcohols.

 .....................................................................................................................................  [1]

  (ii) Give one other characteristic that is the same for all members of a homologous series.

 .....................................................................................................................................  [1]

 (b) Ethanol can be manufactured by two methods:

• method 1 uses glucose as the starting material

• method 2 uses ethene as the starting material.

  (i) Complete Table 5.1.

Table 5.1

method 1

glucose as  

starting material

method 2

ethene as 

starting material

typical temperature used / °C

two other essential conditions

1 1

2 2

 [6]

  (ii) Write the symbol equation for the reaction in method 1.

 .....................................................................................................................................  [2]

  (iii) Write the symbol equation for the reaction in method 2.

 .....................................................................................................................................  [2]

 (c) Butane-1,4-diol has the structural formula HO — CH2 — CH2 — CH2 — CH2 — OH.

  (i) Deduce the molecular formula of butane-1,4-diol.

 .....................................................................................................................................  [1]

  (ii) Butane-1,4-diol reacts with ethanoic acid.

   Determine the number of moles of ethanoic acid which react fully with one mole of 

butane-1,4-diol.

 .....................................................................................................................................  [1]
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 (d) Butanedioic acid has the structural formula HOOC — CH2 — CH2 — COOH.

  (i) Deduce the empirical formula of butanedioic acid.

 .....................................................................................................................................  [1]

  (ii) Name the gas formed when butanedioic acid reacts with sodium.

 .....................................................................................................................................  [1]

 (e) Butane-1,4-diol can be represented as shown.

HO OH

  Butanedioic acid can be represented as shown.

HOOC COOH

  Butane-1,4-diol reacts with butanedioic acid to form a polymer.

  (i) Draw two repeat units of the polymer formed from the reaction of butane-1,4-diol with 

butanedioic acid.

   Show all the atoms and all the bonds in the ester linkages.

 [3]

  (ii) State the type of polymerisation when butane-1,4-diol reacts with butanedioic acid. 

 .....................................................................................................................................  [1]

[Total: 20]
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5 This question is about the homologous series of alcohols.

 (a) A homologous series is a family of organic compounds whose members have the same 

general formula.

  (i) State the general formula for alcohols.

 .....................................................................................................................................  [1]

  (ii) Give one other characteristic that is the same for all members of a homologous series.

 .....................................................................................................................................  [1]

 (b) Ethanol can be manufactured by two methods:

• method 1 uses glucose as the starting material

• method 2 uses ethene as the starting material.

  (i) Complete Table 5.1.

Table 5.1

method 1

glucose as  

starting material

method 2

ethene as 

starting material

typical temperature used / °C

two other essential conditions

1 1

2 2

 [6]

  (ii) Write the symbol equation for the reaction in method 1.

 .....................................................................................................................................  [2]

  (iii) Write the symbol equation for the reaction in method 2.

 .....................................................................................................................................  [2]

 (c) Butane-1,4-diol has the structural formula HO — CH2 — CH2 — CH2 — CH2 — OH.

  (i) Deduce the molecular formula of butane-1,4-diol.

 .....................................................................................................................................  [1]

  (ii) Butane-1,4-diol reacts with ethanoic acid.

   Determine the number of moles of ethanoic acid which react fully with one mole of 

butane-1,4-diol.

 .....................................................................................................................................  [1]
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 (d) Butanedioic acid has the structural formula HOOC — CH2 — CH2 — COOH.

  (i) Deduce the empirical formula of butanedioic acid.

 .....................................................................................................................................  [1]

  (ii) Name the gas formed when butanedioic acid reacts with sodium.

 .....................................................................................................................................  [1]

 (e) Butane-1,4-diol can be represented as shown.

HO OH

  Butanedioic acid can be represented as shown.

HOOC COOH

  Butane-1,4-diol reacts with butanedioic acid to form a polymer.

  (i) Draw two repeat units of the polymer formed from the reaction of butane-1,4-diol with 

butanedioic acid.

   Show all the atoms and all the bonds in the ester linkages.

 [3]

  (ii) State the type of polymerisation when butane-1,4-diol reacts with butanedioic acid. 

 .....................................................................................................................................  [1]

[Total: 20]
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5 This question is about the homologous series of alcohols.

 (a) A homologous series is a family of organic compounds whose members have the same 

general formula.

  (i) State the general formula for alcohols.

 .....................................................................................................................................  [1]

  (ii) Give one other characteristic that is the same for all members of a homologous series.

 .....................................................................................................................................  [1]

 (b) Ethanol can be manufactured by two methods:

• method 1 uses glucose as the starting material

• method 2 uses ethene as the starting material.

  (i) Complete Table 5.1.

Table 5.1

method 1

glucose as  

starting material

method 2

ethene as 

starting material

typical temperature used / °C

two other essential conditions

1 1

2 2

 [6]

  (ii) Write the symbol equation for the reaction in method 1.

 .....................................................................................................................................  [2]

  (iii) Write the symbol equation for the reaction in method 2.

 .....................................................................................................................................  [2]

 (c) Butane-1,4-diol has the structural formula HO — CH2 — CH2 — CH2 — CH2 — OH.

  (i) Deduce the molecular formula of butane-1,4-diol.

 .....................................................................................................................................  [1]

  (ii) Butane-1,4-diol reacts with ethanoic acid.

   Determine the number of moles of ethanoic acid which react fully with one mole of 

butane-1,4-diol.

 .....................................................................................................................................  [1]
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 (d) Butanedioic acid has the structural formula HOOC — CH2 — CH2 — COOH.

  (i) Deduce the empirical formula of butanedioic acid.

 .....................................................................................................................................  [1]

  (ii) Name the gas formed when butanedioic acid reacts with sodium.

 .....................................................................................................................................  [1]

 (e) Butane-1,4-diol can be represented as shown.

HO OH

  Butanedioic acid can be represented as shown.

HOOC COOH

  Butane-1,4-diol reacts with butanedioic acid to form a polymer.

  (i) Draw two repeat units of the polymer formed from the reaction of butane-1,4-diol with 

butanedioic acid.

   Show all the atoms and all the bonds in the ester linkages.

 [3]

  (ii) State the type of polymerisation when butane-1,4-diol reacts with butanedioic acid. 

 .....................................................................................................................................  [1]

[Total: 20]
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5 This question is about the homologous series of alcohols.

 (a) A homologous series is a family of organic compounds whose members have the same 

general formula.

  (i) State the general formula for alcohols.

 .....................................................................................................................................  [1]

  (ii) Give one other characteristic that is the same for all members of a homologous series.

 .....................................................................................................................................  [1]

 (b) Ethanol can be manufactured by two methods:

• method 1 uses glucose as the starting material

• method 2 uses ethene as the starting material.

  (i) Complete Table 5.1.

Table 5.1

method 1

glucose as  

starting material

method 2

ethene as 

starting material

typical temperature used / °C

two other essential conditions

1 1

2 2

 [6]

  (ii) Write the symbol equation for the reaction in method 1.

 .....................................................................................................................................  [2]

  (iii) Write the symbol equation for the reaction in method 2.

 .....................................................................................................................................  [2]

 (c) Butane-1,4-diol has the structural formula HO — CH2 — CH2 — CH2 — CH2 — OH.

  (i) Deduce the molecular formula of butane-1,4-diol.

 .....................................................................................................................................  [1]

  (ii) Butane-1,4-diol reacts with ethanoic acid.

   Determine the number of moles of ethanoic acid which react fully with one mole of 

butane-1,4-diol.

 .....................................................................................................................................  [1]
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 (d) Butanedioic acid has the structural formula HOOC — CH2 — CH2 — COOH.

  (i) Deduce the empirical formula of butanedioic acid.

 .....................................................................................................................................  [1]

  (ii) Name the gas formed when butanedioic acid reacts with sodium.

 .....................................................................................................................................  [1]

 (e) Butane-1,4-diol can be represented as shown.

HO OH

  Butanedioic acid can be represented as shown.

HOOC COOH

  Butane-1,4-diol reacts with butanedioic acid to form a polymer.

  (i) Draw two repeat units of the polymer formed from the reaction of butane-1,4-diol with 

butanedioic acid.

   Show all the atoms and all the bonds in the ester linkages.

 [3]

  (ii) State the type of polymerisation when butane-1,4-diol reacts with butanedioic acid. 

 .....................................................................................................................................  [1]

[Total: 20]
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5 This question is about the homologous series of alcohols.

 (a) A homologous series is a family of organic compounds whose members have the same 

general formula.

  (i) State the general formula for alcohols.

 .....................................................................................................................................  [1]

  (ii) Give one other characteristic that is the same for all members of a homologous series.

 .....................................................................................................................................  [1]

 (b) Ethanol can be manufactured by two methods:

• method 1 uses glucose as the starting material

• method 2 uses ethene as the starting material.

  (i) Complete Table 5.1.

Table 5.1

method 1

glucose as  

starting material

method 2

ethene as 

starting material

typical temperature used / °C

two other essential conditions

1 1

2 2

 [6]

  (ii) Write the symbol equation for the reaction in method 1.

 .....................................................................................................................................  [2]

  (iii) Write the symbol equation for the reaction in method 2.

 .....................................................................................................................................  [2]

 (c) Butane-1,4-diol has the structural formula HO — CH2 — CH2 — CH2 — CH2 — OH.

  (i) Deduce the molecular formula of butane-1,4-diol.

 .....................................................................................................................................  [1]

  (ii) Butane-1,4-diol reacts with ethanoic acid.

   Determine the number of moles of ethanoic acid which react fully with one mole of 

butane-1,4-diol.

 .....................................................................................................................................  [1]
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 (d) Butanedioic acid has the structural formula HOOC — CH2 — CH2 — COOH.

  (i) Deduce the empirical formula of butanedioic acid.

 .....................................................................................................................................  [1]

  (ii) Name the gas formed when butanedioic acid reacts with sodium.

 .....................................................................................................................................  [1]

 (e) Butane-1,4-diol can be represented as shown.

HO OH

  Butanedioic acid can be represented as shown.

HOOC COOH

  Butane-1,4-diol reacts with butanedioic acid to form a polymer.

  (i) Draw two repeat units of the polymer formed from the reaction of butane-1,4-diol with 

butanedioic acid.

   Show all the atoms and all the bonds in the ester linkages.

 [3]

  (ii) State the type of polymerisation when butane-1,4-diol reacts with butanedioic acid. 

 .....................................................................................................................................  [1]

[Total: 20]
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5 This question is about the homologous series of alcohols.

 (a) A homologous series is a family of organic compounds whose members have the same 

general formula.

  (i) State the general formula for alcohols.

 .....................................................................................................................................  [1]

  (ii) Give one other characteristic that is the same for all members of a homologous series.

 .....................................................................................................................................  [1]

 (b) Ethanol can be manufactured by two methods:

• method 1 uses glucose as the starting material

• method 2 uses ethene as the starting material.

  (i) Complete Table 5.1.

Table 5.1

method 1

glucose as  

starting material

method 2

ethene as 

starting material

typical temperature used / °C

two other essential conditions

1 1

2 2

 [6]

  (ii) Write the symbol equation for the reaction in method 1.

 .....................................................................................................................................  [2]

  (iii) Write the symbol equation for the reaction in method 2.

 .....................................................................................................................................  [2]

 (c) Butane-1,4-diol has the structural formula HO — CH2 — CH2 — CH2 — CH2 — OH.

  (i) Deduce the molecular formula of butane-1,4-diol.

 .....................................................................................................................................  [1]

  (ii) Butane-1,4-diol reacts with ethanoic acid.

   Determine the number of moles of ethanoic acid which react fully with one mole of 

butane-1,4-diol.

 .....................................................................................................................................  [1]
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 (d) Butanedioic acid has the structural formula HOOC — CH2 — CH2 — COOH.

  (i) Deduce the empirical formula of butanedioic acid.

 .....................................................................................................................................  [1]

  (ii) Name the gas formed when butanedioic acid reacts with sodium.

 .....................................................................................................................................  [1]

 (e) Butane-1,4-diol can be represented as shown.

HO OH

  Butanedioic acid can be represented as shown.

HOOC COOH

  Butane-1,4-diol reacts with butanedioic acid to form a polymer.

  (i) Draw two repeat units of the polymer formed from the reaction of butane-1,4-diol with 

butanedioic acid.

   Show all the atoms and all the bonds in the ester linkages.

 [3]

  (ii) State the type of polymerisation when butane-1,4-diol reacts with butanedioic acid. 

 .....................................................................................................................................  [1]

[Total: 20]
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5 This question is about the homologous series of alcohols.

 (a) A homologous series is a family of organic compounds whose members have the same 

general formula.

  (i) State the general formula for alcohols.

 .....................................................................................................................................  [1]

  (ii) Give one other characteristic that is the same for all members of a homologous series.

 .....................................................................................................................................  [1]

 (b) Ethanol can be manufactured by two methods:

• method 1 uses glucose as the starting material

• method 2 uses ethene as the starting material.

  (i) Complete Table 5.1.

Table 5.1

method 1

glucose as  

starting material

method 2

ethene as 

starting material

typical temperature used / °C

two other essential conditions

1 1

2 2

 [6]

  (ii) Write the symbol equation for the reaction in method 1.

 .....................................................................................................................................  [2]

  (iii) Write the symbol equation for the reaction in method 2.

 .....................................................................................................................................  [2]

 (c) Butane-1,4-diol has the structural formula HO — CH2 — CH2 — CH2 — CH2 — OH.

  (i) Deduce the molecular formula of butane-1,4-diol.

 .....................................................................................................................................  [1]

  (ii) Butane-1,4-diol reacts with ethanoic acid.

   Determine the number of moles of ethanoic acid which react fully with one mole of 

butane-1,4-diol.

 .....................................................................................................................................  [1]
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 (d) Butanedioic acid has the structural formula HOOC — CH2 — CH2 — COOH.

  (i) Deduce the empirical formula of butanedioic acid.

 .....................................................................................................................................  [1]

  (ii) Name the gas formed when butanedioic acid reacts with sodium.

 .....................................................................................................................................  [1]

 (e) Butane-1,4-diol can be represented as shown.

HO OH

  Butanedioic acid can be represented as shown.

HOOC COOH

  Butane-1,4-diol reacts with butanedioic acid to form a polymer.

  (i) Draw two repeat units of the polymer formed from the reaction of butane-1,4-diol with 

butanedioic acid.

   Show all the atoms and all the bonds in the ester linkages.

 [3]

  (ii) State the type of polymerisation when butane-1,4-diol reacts with butanedioic acid. 

 .....................................................................................................................................  [1]

[Total: 20]
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Solution 5

(a)(i)

Mark scheme
CnH2n+1OH
1

(a)(ii)

Mark scheme
(same) functional group
1
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Solution 5

(b)(i) Mark scheme

M1 25–35 M2

300 M3

yeast M4

acid M5

absence
of oxygen M6

60 atm
6
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Solution 5

(b)(ii)

Mark scheme
C6H12O6 → 2C2H5OH + 2CO2 M1

C6H12O6 as the only reactant on left M2

correct equation
2
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Solution 5

(b)(iii)

Mark scheme
C2H4 + H2O → C2H5OH M1

both C2H4 + H2O only on left M2

correct equation
2
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Solution 5

(c)(i)

Mark scheme
C4H10O2
1

(c)(ii)

Mark scheme
2
1
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Solution 5

(d)(i)

Mark scheme
C2H3O2
1
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Solution 5

(d)(ii)

Mark scheme
hydrogen
1
0620/41
October/November 2025
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Solution 5

(e)(i)

Mark scheme
M1 any one correct fully displayed ester link between any two blocks M2

three fully displayed inter-block ester links with correct orientation M3

fully correct diagram showing two complete repeat units of polyester including
continuation bonds
3
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Solution 5

(e)(ii)

Mark scheme
condensation (polymerisation)
1
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Question 17
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17 Ethanol is warmed with acidified aqueous potassium manganate(VII). 
 

Which row describes the type of reaction of the ethanol and the colour change observed in the 
reaction mixture? 

 
 type of reaction colour change 

A oxidation colourless to purple 

B oxidation purple to colourless 

C reduction colourless to purple 

D reduction purple to colourless 
 
 
18 Two experiments involving acids R or S are done. 
 

● 0.10 mol of acid R completely dissolves in 500 cm3 of water. 0.0048 mol of acid R is 
dissociated in the solution. 

● 0.10 mol of acid S completely dissolves in 500 cm3 of water. 0.0179 mol of acid S is 
dissociated in the solution. 

 
Which statement about acids R and S is correct? 

A Acid R is a strong acid, and acid S is a weak acid. 

B Acid R is a weak acid, and acid S is a strong acid. 

C Acid R and acid S are both strong acids. 

D Acid R and acid S are both weak acids. 
 
 
19 Lead(II) sulfate is an insoluble salt. 
 

Which process is not used to prepare a pure sample of this salt? 

A crystallisation 

B drying 

C filtration 

D precipitation 
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Solution 17

Answer: B

Why

Acidified manganate(VII) is an oxidising agent, so the ethanol is oxidised to
ethanoic acid.
The manganate(VII) is itself reduced to Mn2+.
So the purple colour fades to colourless.
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Question 35
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33 The structural formula of methyl ethanoate is CH3COOCH3. 
 

Which compounds are structural isomers of methyl ethanoate? 
 

1 HCOOCH2CH3 

2 CH3CH2COOH 

3 HOCH2CH2CH2OH 
 

A 1, 2 and 3 B 1 and 2 only C 2 and 3 only D 3 only 
 
 
34 What is the total number of covalent bonds in one molecule of propane? 

A 8 B 9 C 10 D 11 
 
 
35 Industrially, ethanol is produced by fermentation or by the reaction of ethene with steam. 
 

Which row is correct? 
 

 fermentation ethene + steam 

A uses a temperature of 100 °C uses a temperature of 350 °C 

B needs the presence of yeast does not need a catalyst 

C slow reaction fast reaction 

D high yield of ethanol low yield of ethanol 
 
 
36 Some properties of an organic compound, J, are listed. 
 

● It is a liquid at room temperature. 

● It is soluble in water. 

● A solution of J reacts with calcium carbonate to form carbon dioxide. 

● A solution of J has a pH of 3. 
 

In which homologous series does J belong? 

A alkane 

B alkene 

C alcohol 

D carboxylic acid 
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Solution 35

Answer: C

Why

Fermentation uses yeast at about 30 ◦C on a renewable sugar feedstock, as a
batch process.
Hydrating ethene uses a catalyst at about 300 ◦C and high pressure,
continuously, from crude oil.
So the low temperature and the enzyme belong to fermentation, the high
temperature to the ethene route.
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29 Water is added separately to anhydrous copper(II) sulfate and to anhydrous cobalt(II) chloride. 
 

Which row shows the colour changes? 
 

 anhydrous 
copper(II) sulfate 

anhydrous 
cobalt(II) chloride 

A blue to white blue to pink 

B blue to white pink to blue 

C white to blue blue to pink 

D white to blue pink to blue 
 
 
30 Gases which cause acid rain form in car engines. 
 

These gases can be removed using a catalytic converter. 
 

Which equation represents the removal of one of these gases using a catalytic converter? 

A CO2  +  C    2CO 

B 2CO  +  2NO    2CO2  +  N2 

C N2  +  2O2    2NO2 

D 2NO  +  O2    2NO2 
 
 
31 Which statements about carbon dioxide are correct? 
 

1 Carbon dioxide absorbs thermal energy from the Earth. 

2 Carbon dioxide increases the thermal energy loss to space. 

3 The level of carbon dioxide in the atmosphere has increased due to the burning of 
fossil fuels. 

4 Carbon dioxide is the only gas that causes global warming. 
 

A 1 and 2 B 1 and 3 C 2 and 3 D 2 and 4 
 
 
32 What is the structural formula of butan-2-ol? 

A CH3CH2CH2OH 

B CH3CH(OH)CH3 

C CH3CH2CH2CH2OH 

D CH3CH2CH(OH)CH3 
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29 Water is added separately to anhydrous copper(II) sulfate and to anhydrous cobalt(II) chloride. 
 

Which row shows the colour changes? 
 

 anhydrous 
copper(II) sulfate 

anhydrous 
cobalt(II) chloride 

A blue to white blue to pink 

B blue to white pink to blue 

C white to blue blue to pink 

D white to blue pink to blue 
 
 
30 Gases which cause acid rain form in car engines. 
 

These gases can be removed using a catalytic converter. 
 

Which equation represents the removal of one of these gases using a catalytic converter? 

A CO2  +  C    2CO 

B 2CO  +  2NO    2CO2  +  N2 

C N2  +  2O2    2NO2 

D 2NO  +  O2    2NO2 
 
 
31 Which statements about carbon dioxide are correct? 
 

1 Carbon dioxide absorbs thermal energy from the Earth. 

2 Carbon dioxide increases the thermal energy loss to space. 

3 The level of carbon dioxide in the atmosphere has increased due to the burning of 
fossil fuels. 

4 Carbon dioxide is the only gas that causes global warming. 
 

A 1 and 2 B 1 and 3 C 2 and 3 D 2 and 4 
 
 
32 What is the structural formula of butan-2-ol? 

A CH3CH2CH2OH 

B CH3CH(OH)CH3 

C CH3CH2CH2CH2OH 

D CH3CH2CH(OH)CH3 
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Solution 32

Answer: D

Why

Butan-2-ol has four carbons in a chain, so the skeleton is CH3CH2CH2CH3.
The ”2” means the –OH is on the second carbon.
That gives CH3CH2CH(OH)CH3.
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36 Ethanol can be made by the fermentation of aqueous glucose and by the catalytic addition of 
steam to ethene. 

 
What are two advantages of making ethanol by the catalytic addition of steam to ethene rather 
than by the fermentation of aqueous glucose? 

A faster reaction and renewable raw materials 

B purer product and faster reaction 

C renewable raw materials and continuous process 

D uses more energy and forms a purer product 
 
 
37 The structure of a polymer repeat unit is shown. 
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Solution 36

Answer: B

Why

Hydrating ethene is a continuous process, so it runs without stopping to
re-charge a vessel.
It is also much faster, and gives pure ethanol directly rather than a dilute
aqueous mixture.
Fermentation’s advantage is its renewable feedstock, which is not what this
question asks for.
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36 The structural formula of methyl propane is CH3CH(CH3)CH3. 
 

The equation represents the reaction of methyl propane with chlorine. 
 

C4H10  +  Cl 2    C4H9Cl  +  HCl 
 

How many structural isomers with the molecular formula C4H9Cl can be formed from this 
reaction? 

A 1 B 2 C 3 D 4 
 
 
37 Which statements describe disadvantages of manufacturing ethanol by fermentation? 
 

1 The process uses a renewable resource. 

2 The process produces impure ethanol. 

3 The process requires a high temperature. 

4 The process is slow. 
 

A 1 and 3 B 1 and 4 C 2 and 3 D 2 and 4 
 
 
38 Nylon is made in a polymerisation reaction. 
 

Which row describes the type of polymerisation and identifies the other product of the reaction? 
 

 type of 
polymerisation other product 

A addition water 

B addition none 

C condensation water 

D condensation none 
 
 
39 Which ion forms a green precipitate with aqueous sodium hydroxide that dissolves in an excess 

of aqueous sodium hydroxide? 

A Ca2+ B Cr3+ C Cu2+ D Fe2+ 
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Solution 37

Answer: D

Why

Using a renewable resource is an advantage, not a disadvantage.
Fermentation is slow and gives dilute, impure ethanol that must then be
distilled – real disadvantages.
It runs at only about 30 ◦C, so the high-temperature claim is wrong.


