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B1 a mark that stands on its own – the point is either made or not.
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A1 an answer mark, and it usually needs its M mark first.
C1 a working mark on the way to the answer.
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7 (a) State the relative acidities of bromoethanoic acid, BrCH2COOH, chloroethanoic acid, 

Cl CH2COOH, ethanoic acid, CH3COOH and ethanol, CH3CH2OH.

  Explain your answer.

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

   most acidic least acidic

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

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

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

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

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

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

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

 [4]

 (b) Fig. 7.1 shows the reaction of methylbenzene and ethanedioic acid with KMnO4.

  Predict the major carbon-containing product for each of these reactions.

hot alkaline KMnO4

hot acidified KMnO4

HO

O

O

OH

methylbenzene

ethanedioic acid

Fig. 7.1

 [2]
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 (c) Polyamide X can be synthesised from ethanedioic acid and benzene-1,4-diamine.

benzene-1,4-diamine

H2N NH2

  (i) Draw the repeat unit of polyamide X in the box.

   The new functional group formed should be shown displayed.

polyamide X

 [2]

  (ii) Benzene-1,4-diamine can be formed by reduction of 1,4-dinitrobenzene.

   Complete the equation for this reduction. 

   [H] represents one atom of hydrogen from a reducing agent.

H2N+  .......... [H] NH2  +

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

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

 [1]
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 (d) Fig. 7.2 shows the two-step synthesis of the azo compound W.

H2N NH2

step 1

step 2

V C6H4N4Cl2

W   C18H14N4O2

OH

and NaOH(aq)

Fig. 7.2

  (i) Suggest structures for compounds V and W and draw them in the boxes in Fig. 7.2. [2]

  (ii) Give the reagents and conditions for step 1.

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

 [Total: 12]

* 0000800000020 *

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 7

18

9701/41/O/N/25© UCLES 2025

7 (a) State the relative acidities of bromoethanoic acid, BrCH2COOH, chloroethanoic acid, 

Cl CH2COOH, ethanoic acid, CH3COOH and ethanol, CH3CH2OH.

  Explain your answer.

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

   most acidic least acidic

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

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

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

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

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

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

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

 [4]

 (b) Fig. 7.1 shows the reaction of methylbenzene and ethanedioic acid with KMnO4.

  Predict the major carbon-containing product for each of these reactions.

hot alkaline KMnO4

hot acidified KMnO4

HO

O

O

OH

methylbenzene

ethanedioic acid

Fig. 7.1

 [2]
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 (c) Polyamide X can be synthesised from ethanedioic acid and benzene-1,4-diamine.

benzene-1,4-diamine

H2N NH2

  (i) Draw the repeat unit of polyamide X in the box.

   The new functional group formed should be shown displayed.

polyamide X

 [2]

  (ii) Benzene-1,4-diamine can be formed by reduction of 1,4-dinitrobenzene.

   Complete the equation for this reduction. 

   [H] represents one atom of hydrogen from a reducing agent.

H2N+  .......... [H] NH2  +

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

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

 [1]
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 (d) Fig. 7.2 shows the two-step synthesis of the azo compound W.

H2N NH2

step 1

step 2

V C6H4N4Cl2

W   C18H14N4O2

OH

and NaOH(aq)

Fig. 7.2

  (i) Suggest structures for compounds V and W and draw them in the boxes in Fig. 7.2. [2]

  (ii) Give the reagents and conditions for step 1.

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

 [Total: 12]
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7 (a) State the relative acidities of bromoethanoic acid, BrCH2COOH, chloroethanoic acid, 

Cl CH2COOH, ethanoic acid, CH3COOH and ethanol, CH3CH2OH.

  Explain your answer.

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

   most acidic least acidic

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

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

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

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

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

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

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

 [4]

 (b) Fig. 7.1 shows the reaction of methylbenzene and ethanedioic acid with KMnO4.

  Predict the major carbon-containing product for each of these reactions.

hot alkaline KMnO4

hot acidified KMnO4

HO

O

O

OH

methylbenzene

ethanedioic acid

Fig. 7.1

 [2]
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 (c) Polyamide X can be synthesised from ethanedioic acid and benzene-1,4-diamine.

benzene-1,4-diamine

H2N NH2

  (i) Draw the repeat unit of polyamide X in the box.

   The new functional group formed should be shown displayed.

polyamide X

 [2]

  (ii) Benzene-1,4-diamine can be formed by reduction of 1,4-dinitrobenzene.

   Complete the equation for this reduction. 

   [H] represents one atom of hydrogen from a reducing agent.

H2N+  .......... [H] NH2  +

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

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

 [1]
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 (d) Fig. 7.2 shows the two-step synthesis of the azo compound W.

H2N NH2

step 1

step 2

V C6H4N4Cl2

W   C18H14N4O2

OH

and NaOH(aq)

Fig. 7.2

  (i) Suggest structures for compounds V and W and draw them in the boxes in Fig. 7.2. [2]

  (ii) Give the reagents and conditions for step 1.

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

 [Total: 12]
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7 (a) State the relative acidities of bromoethanoic acid, BrCH2COOH, chloroethanoic acid, 

Cl CH2COOH, ethanoic acid, CH3COOH and ethanol, CH3CH2OH.

  Explain your answer.

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

   most acidic least acidic

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

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

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

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

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

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

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

 [4]

 (b) Fig. 7.1 shows the reaction of methylbenzene and ethanedioic acid with KMnO4.

  Predict the major carbon-containing product for each of these reactions.

hot alkaline KMnO4

hot acidified KMnO4

HO

O

O

OH

methylbenzene

ethanedioic acid

Fig. 7.1

 [2]

* 0000800000018 *

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

19

9701/41/O/N/25© UCLES 2025 [Turn over

 (c) Polyamide X can be synthesised from ethanedioic acid and benzene-1,4-diamine.

benzene-1,4-diamine

H2N NH2

  (i) Draw the repeat unit of polyamide X in the box.

   The new functional group formed should be shown displayed.

polyamide X

 [2]

  (ii) Benzene-1,4-diamine can be formed by reduction of 1,4-dinitrobenzene.

   Complete the equation for this reduction. 

   [H] represents one atom of hydrogen from a reducing agent.

H2N+  .......... [H] NH2  +

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

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

 [1]
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 (d) Fig. 7.2 shows the two-step synthesis of the azo compound W.

H2N NH2

step 1

step 2

V C6H4N4Cl2

W   C18H14N4O2

OH

and NaOH(aq)

Fig. 7.2

  (i) Suggest structures for compounds V and W and draw them in the boxes in Fig. 7.2. [2]

  (ii) Give the reagents and conditions for step 1.

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

 [Total: 12]
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7 (a) State the relative acidities of bromoethanoic acid, BrCH2COOH, chloroethanoic acid, 

Cl CH2COOH, ethanoic acid, CH3COOH and ethanol, CH3CH2OH.

  Explain your answer.

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

   most acidic least acidic

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

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

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

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

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

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

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

 [4]

 (b) Fig. 7.1 shows the reaction of methylbenzene and ethanedioic acid with KMnO4.

  Predict the major carbon-containing product for each of these reactions.

hot alkaline KMnO4

hot acidified KMnO4

HO

O

O

OH

methylbenzene

ethanedioic acid

Fig. 7.1

 [2]
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 (c) Polyamide X can be synthesised from ethanedioic acid and benzene-1,4-diamine.

benzene-1,4-diamine

H2N NH2

  (i) Draw the repeat unit of polyamide X in the box.

   The new functional group formed should be shown displayed.

polyamide X

 [2]

  (ii) Benzene-1,4-diamine can be formed by reduction of 1,4-dinitrobenzene.

   Complete the equation for this reduction. 

   [H] represents one atom of hydrogen from a reducing agent.

H2N+  .......... [H] NH2  +

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

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

 [1]
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 (d) Fig. 7.2 shows the two-step synthesis of the azo compound W.

H2N NH2

step 1

step 2

V C6H4N4Cl2

W   C18H14N4O2

OH

and NaOH(aq)

Fig. 7.2

  (i) Suggest structures for compounds V and W and draw them in the boxes in Fig. 7.2. [2]

  (ii) Give the reagents and conditions for step 1.

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

 [Total: 12]
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7 (a) State the relative acidities of bromoethanoic acid, BrCH2COOH, chloroethanoic acid, 

Cl CH2COOH, ethanoic acid, CH3COOH and ethanol, CH3CH2OH.

  Explain your answer.

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

   most acidic least acidic

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

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

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

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

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

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

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

 [4]

 (b) Fig. 7.1 shows the reaction of methylbenzene and ethanedioic acid with KMnO4.

  Predict the major carbon-containing product for each of these reactions.

hot alkaline KMnO4

hot acidified KMnO4

HO

O

O

OH

methylbenzene

ethanedioic acid

Fig. 7.1

 [2]
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 (c) Polyamide X can be synthesised from ethanedioic acid and benzene-1,4-diamine.

benzene-1,4-diamine

H2N NH2

  (i) Draw the repeat unit of polyamide X in the box.

   The new functional group formed should be shown displayed.

polyamide X

 [2]

  (ii) Benzene-1,4-diamine can be formed by reduction of 1,4-dinitrobenzene.

   Complete the equation for this reduction. 

   [H] represents one atom of hydrogen from a reducing agent.

H2N+  .......... [H] NH2  +

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

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

 [1]
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 (d) Fig. 7.2 shows the two-step synthesis of the azo compound W.

H2N NH2

step 1

step 2

V C6H4N4Cl2

W   C18H14N4O2

OH

and NaOH(aq)

Fig. 7.2

  (i) Suggest structures for compounds V and W and draw them in the boxes in Fig. 7.2. [2]

  (ii) Give the reagents and conditions for step 1.

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

 [Total: 12]
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7 (a) State the relative acidities of bromoethanoic acid, BrCH2COOH, chloroethanoic acid, 

Cl CH2COOH, ethanoic acid, CH3COOH and ethanol, CH3CH2OH.

  Explain your answer.

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

   most acidic least acidic

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

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

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

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

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

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

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

 [4]

 (b) Fig. 7.1 shows the reaction of methylbenzene and ethanedioic acid with KMnO4.

  Predict the major carbon-containing product for each of these reactions.

hot alkaline KMnO4

hot acidified KMnO4

HO

O

O

OH

methylbenzene

ethanedioic acid

Fig. 7.1

 [2]
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 (c) Polyamide X can be synthesised from ethanedioic acid and benzene-1,4-diamine.

benzene-1,4-diamine

H2N NH2

  (i) Draw the repeat unit of polyamide X in the box.

   The new functional group formed should be shown displayed.

polyamide X

 [2]

  (ii) Benzene-1,4-diamine can be formed by reduction of 1,4-dinitrobenzene.

   Complete the equation for this reduction. 

   [H] represents one atom of hydrogen from a reducing agent.

H2N+  .......... [H] NH2  +

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

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

 [1]
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 (d) Fig. 7.2 shows the two-step synthesis of the azo compound W.

H2N NH2

step 1

step 2

V C6H4N4Cl2

W   C18H14N4O2

OH

and NaOH(aq)

Fig. 7.2

  (i) Suggest structures for compounds V and W and draw them in the boxes in Fig. 7.2. [2]

  (ii) Give the reagents and conditions for step 1.

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

 [Total: 12]
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7 (a) State the relative acidities of bromoethanoic acid, BrCH2COOH, chloroethanoic acid, 

Cl CH2COOH, ethanoic acid, CH3COOH and ethanol, CH3CH2OH.

  Explain your answer.

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

   most acidic least acidic

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

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

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

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

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

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

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

 [4]

 (b) Fig. 7.1 shows the reaction of methylbenzene and ethanedioic acid with KMnO4.

  Predict the major carbon-containing product for each of these reactions.

hot alkaline KMnO4

hot acidified KMnO4

HO

O

O

OH

methylbenzene

ethanedioic acid

Fig. 7.1

 [2]
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 (c) Polyamide X can be synthesised from ethanedioic acid and benzene-1,4-diamine.

benzene-1,4-diamine

H2N NH2

  (i) Draw the repeat unit of polyamide X in the box.

   The new functional group formed should be shown displayed.

polyamide X

 [2]

  (ii) Benzene-1,4-diamine can be formed by reduction of 1,4-dinitrobenzene.

   Complete the equation for this reduction. 

   [H] represents one atom of hydrogen from a reducing agent.

H2N+  .......... [H] NH2  +

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

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

 [1]
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 (d) Fig. 7.2 shows the two-step synthesis of the azo compound W.

H2N NH2

step 1

step 2

V C6H4N4Cl2

W   C18H14N4O2

OH

and NaOH(aq)

Fig. 7.2

  (i) Suggest structures for compounds V and W and draw them in the boxes in Fig. 7.2. [2]

  (ii) Give the reagents and conditions for step 1.

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

 [Total: 12]
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7 (a) State the relative acidities of bromoethanoic acid, BrCH2COOH, chloroethanoic acid, 

Cl CH2COOH, ethanoic acid, CH3COOH and ethanol, CH3CH2OH.

  Explain your answer.

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

   most acidic least acidic

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

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

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

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

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

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

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

 [4]

 (b) Fig. 7.1 shows the reaction of methylbenzene and ethanedioic acid with KMnO4.

  Predict the major carbon-containing product for each of these reactions.

hot alkaline KMnO4

hot acidified KMnO4

HO

O

O

OH

methylbenzene

ethanedioic acid

Fig. 7.1

 [2]
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 (c) Polyamide X can be synthesised from ethanedioic acid and benzene-1,4-diamine.

benzene-1,4-diamine

H2N NH2

  (i) Draw the repeat unit of polyamide X in the box.

   The new functional group formed should be shown displayed.

polyamide X

 [2]

  (ii) Benzene-1,4-diamine can be formed by reduction of 1,4-dinitrobenzene.

   Complete the equation for this reduction. 

   [H] represents one atom of hydrogen from a reducing agent.

H2N+  .......... [H] NH2  +

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

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

 [1]
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 (d) Fig. 7.2 shows the two-step synthesis of the azo compound W.

H2N NH2

step 1

step 2

V C6H4N4Cl2

W   C18H14N4O2

OH

and NaOH(aq)

Fig. 7.2

  (i) Suggest structures for compounds V and W and draw them in the boxes in Fig. 7.2. [2]

  (ii) Give the reagents and conditions for step 1.

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

 [Total: 12]
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7 (a) State the relative acidities of bromoethanoic acid, BrCH2COOH, chloroethanoic acid, 

Cl CH2COOH, ethanoic acid, CH3COOH and ethanol, CH3CH2OH.

  Explain your answer.

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

   most acidic least acidic

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

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

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

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

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

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

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

 [4]

 (b) Fig. 7.1 shows the reaction of methylbenzene and ethanedioic acid with KMnO4.

  Predict the major carbon-containing product for each of these reactions.

hot alkaline KMnO4

hot acidified KMnO4

HO

O

O

OH

methylbenzene

ethanedioic acid

Fig. 7.1

 [2]
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 (c) Polyamide X can be synthesised from ethanedioic acid and benzene-1,4-diamine.

benzene-1,4-diamine

H2N NH2

  (i) Draw the repeat unit of polyamide X in the box.

   The new functional group formed should be shown displayed.

polyamide X

 [2]

  (ii) Benzene-1,4-diamine can be formed by reduction of 1,4-dinitrobenzene.

   Complete the equation for this reduction. 

   [H] represents one atom of hydrogen from a reducing agent.

H2N+  .......... [H] NH2  +

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

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

 [1]
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 (d) Fig. 7.2 shows the two-step synthesis of the azo compound W.

H2N NH2

step 1

step 2

V C6H4N4Cl2

W   C18H14N4O2

OH

and NaOH(aq)

Fig. 7.2

  (i) Suggest structures for compounds V and W and draw them in the boxes in Fig. 7.2. [2]

  (ii) Give the reagents and conditions for step 1.

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

 [Total: 12]
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7 (a) State the relative acidities of bromoethanoic acid, BrCH2COOH, chloroethanoic acid, 

Cl CH2COOH, ethanoic acid, CH3COOH and ethanol, CH3CH2OH.

  Explain your answer.

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

   most acidic least acidic

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

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

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

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

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

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

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

 [4]

 (b) Fig. 7.1 shows the reaction of methylbenzene and ethanedioic acid with KMnO4.

  Predict the major carbon-containing product for each of these reactions.

hot alkaline KMnO4

hot acidified KMnO4

HO

O

O

OH

methylbenzene

ethanedioic acid

Fig. 7.1

 [2]
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 (c) Polyamide X can be synthesised from ethanedioic acid and benzene-1,4-diamine.

benzene-1,4-diamine

H2N NH2

  (i) Draw the repeat unit of polyamide X in the box.

   The new functional group formed should be shown displayed.

polyamide X

 [2]

  (ii) Benzene-1,4-diamine can be formed by reduction of 1,4-dinitrobenzene.

   Complete the equation for this reduction. 

   [H] represents one atom of hydrogen from a reducing agent.

H2N+  .......... [H] NH2  +

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

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

 [1]
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 (d) Fig. 7.2 shows the two-step synthesis of the azo compound W.

H2N NH2

step 1

step 2

V C6H4N4Cl2

W   C18H14N4O2

OH

and NaOH(aq)

Fig. 7.2

  (i) Suggest structures for compounds V and W and draw them in the boxes in Fig. 7.2. [2]

  (ii) Give the reagents and conditions for step 1.

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

 [Total: 12]
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7 (a) State the relative acidities of bromoethanoic acid, BrCH2COOH, chloroethanoic acid, 

Cl CH2COOH, ethanoic acid, CH3COOH and ethanol, CH3CH2OH.

  Explain your answer.

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

   most acidic least acidic

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

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

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

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

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

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

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

 [4]

 (b) Fig. 7.1 shows the reaction of methylbenzene and ethanedioic acid with KMnO4.

  Predict the major carbon-containing product for each of these reactions.

hot alkaline KMnO4

hot acidified KMnO4

HO

O

O

OH

methylbenzene

ethanedioic acid

Fig. 7.1

 [2]
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 (c) Polyamide X can be synthesised from ethanedioic acid and benzene-1,4-diamine.

benzene-1,4-diamine

H2N NH2

  (i) Draw the repeat unit of polyamide X in the box.

   The new functional group formed should be shown displayed.

polyamide X

 [2]

  (ii) Benzene-1,4-diamine can be formed by reduction of 1,4-dinitrobenzene.

   Complete the equation for this reduction. 

   [H] represents one atom of hydrogen from a reducing agent.

H2N+  .......... [H] NH2  +

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

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

 [1]
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 (d) Fig. 7.2 shows the two-step synthesis of the azo compound W.

H2N NH2

step 1

step 2

V C6H4N4Cl2

W   C18H14N4O2

OH

and NaOH(aq)

Fig. 7.2

  (i) Suggest structures for compounds V and W and draw them in the boxes in Fig. 7.2. [2]

  (ii) Give the reagents and conditions for step 1.

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

 [Total: 12]

* 0000800000020 *

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 7

18

9701/41/O/N/25© UCLES 2025

7 (a) State the relative acidities of bromoethanoic acid, BrCH2COOH, chloroethanoic acid, 

Cl CH2COOH, ethanoic acid, CH3COOH and ethanol, CH3CH2OH.

  Explain your answer.

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

   most acidic least acidic

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

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

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

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

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

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

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

 [4]

 (b) Fig. 7.1 shows the reaction of methylbenzene and ethanedioic acid with KMnO4.

  Predict the major carbon-containing product for each of these reactions.

hot alkaline KMnO4

hot acidified KMnO4

HO

O

O

OH

methylbenzene

ethanedioic acid

Fig. 7.1

 [2]
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 (c) Polyamide X can be synthesised from ethanedioic acid and benzene-1,4-diamine.

benzene-1,4-diamine

H2N NH2

  (i) Draw the repeat unit of polyamide X in the box.

   The new functional group formed should be shown displayed.

polyamide X

 [2]

  (ii) Benzene-1,4-diamine can be formed by reduction of 1,4-dinitrobenzene.

   Complete the equation for this reduction. 

   [H] represents one atom of hydrogen from a reducing agent.

H2N+  .......... [H] NH2  +

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

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

 [1]
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 (d) Fig. 7.2 shows the two-step synthesis of the azo compound W.

H2N NH2

step 1

step 2

V C6H4N4Cl2

W   C18H14N4O2

OH

and NaOH(aq)

Fig. 7.2

  (i) Suggest structures for compounds V and W and draw them in the boxes in Fig. 7.2. [2]

  (ii) Give the reagents and conditions for step 1.

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

 [Total: 12]
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7 (a) State the relative acidities of bromoethanoic acid, BrCH2COOH, chloroethanoic acid, 

Cl CH2COOH, ethanoic acid, CH3COOH and ethanol, CH3CH2OH.

  Explain your answer.

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

   most acidic least acidic

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

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

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

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

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

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

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

 [4]

 (b) Fig. 7.1 shows the reaction of methylbenzene and ethanedioic acid with KMnO4.

  Predict the major carbon-containing product for each of these reactions.

hot alkaline KMnO4

hot acidified KMnO4

HO

O

O

OH

methylbenzene

ethanedioic acid

Fig. 7.1

 [2]
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 (c) Polyamide X can be synthesised from ethanedioic acid and benzene-1,4-diamine.

benzene-1,4-diamine

H2N NH2

  (i) Draw the repeat unit of polyamide X in the box.

   The new functional group formed should be shown displayed.

polyamide X

 [2]

  (ii) Benzene-1,4-diamine can be formed by reduction of 1,4-dinitrobenzene.

   Complete the equation for this reduction. 

   [H] represents one atom of hydrogen from a reducing agent.

H2N+  .......... [H] NH2  +

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

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

 [1]
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 (d) Fig. 7.2 shows the two-step synthesis of the azo compound W.

H2N NH2

step 1

step 2

V C6H4N4Cl2

W   C18H14N4O2

OH

and NaOH(aq)

Fig. 7.2

  (i) Suggest structures for compounds V and W and draw them in the boxes in Fig. 7.2. [2]

  (ii) Give the reagents and conditions for step 1.

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

 [Total: 12]
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7 (a) State the relative acidities of bromoethanoic acid, BrCH2COOH, chloroethanoic acid, 

Cl CH2COOH, ethanoic acid, CH3COOH and ethanol, CH3CH2OH.

  Explain your answer.

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

   most acidic least acidic

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

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

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

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

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

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

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

 [4]

 (b) Fig. 7.1 shows the reaction of methylbenzene and ethanedioic acid with KMnO4.

  Predict the major carbon-containing product for each of these reactions.

hot alkaline KMnO4

hot acidified KMnO4

HO

O

O

OH

methylbenzene

ethanedioic acid

Fig. 7.1

 [2]
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 (c) Polyamide X can be synthesised from ethanedioic acid and benzene-1,4-diamine.

benzene-1,4-diamine

H2N NH2

  (i) Draw the repeat unit of polyamide X in the box.

   The new functional group formed should be shown displayed.

polyamide X

 [2]

  (ii) Benzene-1,4-diamine can be formed by reduction of 1,4-dinitrobenzene.

   Complete the equation for this reduction. 

   [H] represents one atom of hydrogen from a reducing agent.

H2N+  .......... [H] NH2  +

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

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

 [1]
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 (d) Fig. 7.2 shows the two-step synthesis of the azo compound W.

H2N NH2

step 1

step 2

V C6H4N4Cl2

W   C18H14N4O2

OH

and NaOH(aq)

Fig. 7.2

  (i) Suggest structures for compounds V and W and draw them in the boxes in Fig. 7.2. [2]

  (ii) Give the reagents and conditions for step 1.

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

 [Total: 12]
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Past-paper walk-through

Solution 7

(a) Mark scheme

M1: Cl CH2COOH
BrCH2COOH CH3COOH CH3CH2OH
most acidic
least acidic
M2: electron withdrawing groups / electronegative groups / negative inductive
effect
AND weakens O–H bond / more stable anion
OR
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Solution 7

electron donating groups / positive inductive effect AND strengthens O-H
bond / less stable anion M3

M4:
•
chlorine is more electron-withdrawing / electronegative than bromine (related to
XCH2COOH)
•
electron withdrawing of C=O / negative inductive effect of C=O (related to
COOH)
•
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positive inductive effect / electron donating of alkyl / ethyl / R group (related to
ROH)
any two [1], all three [2]
4
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(b)

Mark scheme
M1:
M2: CO2
2
9701/41
October/November 2025
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(c)(i)

Mark scheme
M1: correct displayed amide bond with C=O, (C6H5)−N and (C–)C=O
M2: rest of the structure correct with continuation bonds
2

(c)(ii)

Mark scheme
1
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(d)(i)

Mark scheme
M1:
M2:
2
9701/41
October/November 2025
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(d)(ii)

Mark scheme
HNO2 (and HCl) AND �10 °C
OR
NaNO2 AND HCl AND �10 °C
1
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Question 9
9701/42 N25 • Q9 • 14 marks
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9 Compound X is made from benzene by the route shown in Fig. 9.1.

step 1

CH3

step 2

CH3

NO2 NO2

W

NH2

X

step 3

COOH

step 4

COOH

benzene

Fig. 9.1

 (a) Describe the bonding in benzene, C6H6.

  Your answer should include:

• the hybridisation of the six carbon atoms

• the types of bond between the carbon atoms

• the orbitals that overlap to produce the bonds between the carbon atoms

• the type of bond between the carbon atoms and the hydrogen atoms

• the orbitals that overlap to produce the bonds between the carbon atoms and the 

hydrogen atoms.

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

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

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

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

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

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

 .............................................................................................................................................  [3]

 (b) Describe the reagents and conditions required for step 1 in Fig. 9.1.

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

 .............................................................................................................................................  [1]
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 (c) In step 1 of Fig. 9.1 benzene reacts with +CH3.

  Complete Fig. 9.2 to show the mechanism for this reaction, including:

• the movement of electron pairs using curly arrows

• the structure of the intermediate involved.

+CH3 CH3

intermediate

+ ................

Fig. 9.2

 [3]

 (d) Describe the reagents and conditions required for step 2 of Fig. 9.1.

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

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

 (e) Identify the reagents required for step 3 of Fig. 9.1. Compound W is the product of this step.

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

 (f) Name compound W.

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

 (g) The reagents commonly used for step 4 will not reduce the –COOH group.

  Identify the reagents and conditions required for step 4 of Fig. 9.1.

 .............................................................................................................................................  [1]
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 (h) Benzene can also be used as a starting material to make compound Y.

COOH

compound Y

NH2

  Describe how the route described in Fig. 9.1 (repeated below) can be changed to give 

compound Y instead of compound X.

  Explain your answer.

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

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

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

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

step 1

CH3

step 2

CH3

NO2 NO2

W

NH2

X

step 3

COOH

step 4

COOH

benzene

Fig. 9.1

 [Total: 14]
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Important values, constants and standards

molar gas constant R = 8.31 J K–1 mol–1

Faraday constant F = 9.65 × 104 C mol–1

Avogadro constant L = 6.02 × 1023 mol–1

electronic charge e = –1.60 × 10–19 C

molar volume of gas Vm = 22.4 dm3 mol–1 at s.t.p. (101 kPa and 273 K)

Vm = 24.0 dm3 mol–1 at room conditions

ionic product of water Kw = 1.00 × 10–14 mol2 dm–6 (at 298 K (25 °C))

specific heat capacity of water c = 4.18 kJ kg–1 K–1 (4.18 J g–1 K–1)
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9 Compound X is made from benzene by the route shown in Fig. 9.1.

step 1

CH3

step 2

CH3

NO2 NO2

W

NH2

X

step 3

COOH

step 4

COOH

benzene

Fig. 9.1

 (a) Describe the bonding in benzene, C6H6.

  Your answer should include:

• the hybridisation of the six carbon atoms

• the types of bond between the carbon atoms

• the orbitals that overlap to produce the bonds between the carbon atoms

• the type of bond between the carbon atoms and the hydrogen atoms

• the orbitals that overlap to produce the bonds between the carbon atoms and the 

hydrogen atoms.

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

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

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

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

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

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

 .............................................................................................................................................  [3]

 (b) Describe the reagents and conditions required for step 1 in Fig. 9.1.

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

 .............................................................................................................................................  [1]
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 (c) In step 1 of Fig. 9.1 benzene reacts with +CH3.

  Complete Fig. 9.2 to show the mechanism for this reaction, including:

• the movement of electron pairs using curly arrows

• the structure of the intermediate involved.

+CH3 CH3

intermediate

+ ................

Fig. 9.2

 [3]

 (d) Describe the reagents and conditions required for step 2 of Fig. 9.1.

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

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

 (e) Identify the reagents required for step 3 of Fig. 9.1. Compound W is the product of this step.

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

 (f) Name compound W.

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

 (g) The reagents commonly used for step 4 will not reduce the –COOH group.

  Identify the reagents and conditions required for step 4 of Fig. 9.1.

 .............................................................................................................................................  [1]
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 (h) Benzene can also be used as a starting material to make compound Y.

COOH

compound Y

NH2

  Describe how the route described in Fig. 9.1 (repeated below) can be changed to give 

compound Y instead of compound X.

  Explain your answer.

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

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

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

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

step 1

CH3

step 2

CH3

NO2 NO2

W

NH2

X

step 3

COOH

step 4

COOH

benzene

Fig. 9.1

 [Total: 14]
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Important values, constants and standards

molar gas constant R = 8.31 J K–1 mol–1

Faraday constant F = 9.65 × 104 C mol–1

Avogadro constant L = 6.02 × 1023 mol–1

electronic charge e = –1.60 × 10–19 C

molar volume of gas Vm = 22.4 dm3 mol–1 at s.t.p. (101 kPa and 273 K)

Vm = 24.0 dm3 mol–1 at room conditions

ionic product of water Kw = 1.00 × 10–14 mol2 dm–6 (at 298 K (25 °C))

specific heat capacity of water c = 4.18 kJ kg–1 K–1 (4.18 J g–1 K–1)
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9 Compound X is made from benzene by the route shown in Fig. 9.1.

step 1

CH3

step 2

CH3

NO2 NO2

W

NH2

X

step 3

COOH

step 4

COOH

benzene

Fig. 9.1

 (a) Describe the bonding in benzene, C6H6.

  Your answer should include:

• the hybridisation of the six carbon atoms

• the types of bond between the carbon atoms

• the orbitals that overlap to produce the bonds between the carbon atoms

• the type of bond between the carbon atoms and the hydrogen atoms

• the orbitals that overlap to produce the bonds between the carbon atoms and the 

hydrogen atoms.

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

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

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

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

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

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

 .............................................................................................................................................  [3]

 (b) Describe the reagents and conditions required for step 1 in Fig. 9.1.

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

 .............................................................................................................................................  [1]
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 (c) In step 1 of Fig. 9.1 benzene reacts with +CH3.

  Complete Fig. 9.2 to show the mechanism for this reaction, including:

• the movement of electron pairs using curly arrows

• the structure of the intermediate involved.

+CH3 CH3

intermediate

+ ................

Fig. 9.2

 [3]

 (d) Describe the reagents and conditions required for step 2 of Fig. 9.1.

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

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

 (e) Identify the reagents required for step 3 of Fig. 9.1. Compound W is the product of this step.

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

 (f) Name compound W.

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

 (g) The reagents commonly used for step 4 will not reduce the –COOH group.

  Identify the reagents and conditions required for step 4 of Fig. 9.1.

 .............................................................................................................................................  [1]
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 (h) Benzene can also be used as a starting material to make compound Y.

COOH

compound Y

NH2

  Describe how the route described in Fig. 9.1 (repeated below) can be changed to give 

compound Y instead of compound X.

  Explain your answer.

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

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

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

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

step 1

CH3

step 2

CH3

NO2 NO2

W

NH2

X

step 3

COOH

step 4

COOH

benzene

Fig. 9.1

 [Total: 14]
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Important values, constants and standards

molar gas constant R = 8.31 J K–1 mol–1

Faraday constant F = 9.65 × 104 C mol–1

Avogadro constant L = 6.02 × 1023 mol–1

electronic charge e = –1.60 × 10–19 C

molar volume of gas Vm = 22.4 dm3 mol–1 at s.t.p. (101 kPa and 273 K)

Vm = 24.0 dm3 mol–1 at room conditions

ionic product of water Kw = 1.00 × 10–14 mol2 dm–6 (at 298 K (25 °C))

specific heat capacity of water c = 4.18 kJ kg–1 K–1 (4.18 J g–1 K–1)
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9 Compound X is made from benzene by the route shown in Fig. 9.1.

step 1

CH3

step 2

CH3

NO2 NO2

W

NH2

X

step 3

COOH

step 4

COOH

benzene

Fig. 9.1

 (a) Describe the bonding in benzene, C6H6.

  Your answer should include:

• the hybridisation of the six carbon atoms

• the types of bond between the carbon atoms

• the orbitals that overlap to produce the bonds between the carbon atoms

• the type of bond between the carbon atoms and the hydrogen atoms

• the orbitals that overlap to produce the bonds between the carbon atoms and the 

hydrogen atoms.

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

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

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

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

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

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

 .............................................................................................................................................  [3]

 (b) Describe the reagents and conditions required for step 1 in Fig. 9.1.

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

 .............................................................................................................................................  [1]
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 (c) In step 1 of Fig. 9.1 benzene reacts with +CH3.

  Complete Fig. 9.2 to show the mechanism for this reaction, including:

• the movement of electron pairs using curly arrows

• the structure of the intermediate involved.

+CH3 CH3

intermediate

+ ................

Fig. 9.2

 [3]

 (d) Describe the reagents and conditions required for step 2 of Fig. 9.1.

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

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

 (e) Identify the reagents required for step 3 of Fig. 9.1. Compound W is the product of this step.

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

 (f) Name compound W.

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

 (g) The reagents commonly used for step 4 will not reduce the –COOH group.

  Identify the reagents and conditions required for step 4 of Fig. 9.1.

 .............................................................................................................................................  [1]
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 (h) Benzene can also be used as a starting material to make compound Y.

COOH

compound Y

NH2

  Describe how the route described in Fig. 9.1 (repeated below) can be changed to give 

compound Y instead of compound X.

  Explain your answer.

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

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

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

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

step 1

CH3

step 2

CH3

NO2 NO2

W

NH2

X

step 3

COOH

step 4

COOH

benzene

Fig. 9.1

 [Total: 14]
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Important values, constants and standards

molar gas constant R = 8.31 J K–1 mol–1

Faraday constant F = 9.65 × 104 C mol–1

Avogadro constant L = 6.02 × 1023 mol–1

electronic charge e = –1.60 × 10–19 C

molar volume of gas Vm = 22.4 dm3 mol–1 at s.t.p. (101 kPa and 273 K)

Vm = 24.0 dm3 mol–1 at room conditions

ionic product of water Kw = 1.00 × 10–14 mol2 dm–6 (at 298 K (25 °C))

specific heat capacity of water c = 4.18 kJ kg–1 K–1 (4.18 J g–1 K–1)
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9 Compound X is made from benzene by the route shown in Fig. 9.1.

step 1

CH3

step 2

CH3

NO2 NO2

W

NH2

X

step 3

COOH

step 4

COOH

benzene

Fig. 9.1

 (a) Describe the bonding in benzene, C6H6.

  Your answer should include:

• the hybridisation of the six carbon atoms

• the types of bond between the carbon atoms

• the orbitals that overlap to produce the bonds between the carbon atoms

• the type of bond between the carbon atoms and the hydrogen atoms

• the orbitals that overlap to produce the bonds between the carbon atoms and the 

hydrogen atoms.

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

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

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

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

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

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

 .............................................................................................................................................  [3]

 (b) Describe the reagents and conditions required for step 1 in Fig. 9.1.

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

 .............................................................................................................................................  [1]
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 (c) In step 1 of Fig. 9.1 benzene reacts with +CH3.

  Complete Fig. 9.2 to show the mechanism for this reaction, including:

• the movement of electron pairs using curly arrows

• the structure of the intermediate involved.

+CH3 CH3

intermediate

+ ................

Fig. 9.2

 [3]

 (d) Describe the reagents and conditions required for step 2 of Fig. 9.1.

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

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

 (e) Identify the reagents required for step 3 of Fig. 9.1. Compound W is the product of this step.

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

 (f) Name compound W.

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

 (g) The reagents commonly used for step 4 will not reduce the –COOH group.

  Identify the reagents and conditions required for step 4 of Fig. 9.1.

 .............................................................................................................................................  [1]
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 (h) Benzene can also be used as a starting material to make compound Y.

COOH

compound Y

NH2

  Describe how the route described in Fig. 9.1 (repeated below) can be changed to give 

compound Y instead of compound X.

  Explain your answer.

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

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

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

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

step 1

CH3

step 2

CH3

NO2 NO2

W

NH2

X

step 3

COOH

step 4

COOH

benzene

Fig. 9.1

 [Total: 14]
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Important values, constants and standards

molar gas constant R = 8.31 J K–1 mol–1

Faraday constant F = 9.65 × 104 C mol–1

Avogadro constant L = 6.02 × 1023 mol–1

electronic charge e = –1.60 × 10–19 C

molar volume of gas Vm = 22.4 dm3 mol–1 at s.t.p. (101 kPa and 273 K)

Vm = 24.0 dm3 mol–1 at room conditions

ionic product of water Kw = 1.00 × 10–14 mol2 dm–6 (at 298 K (25 °C))

specific heat capacity of water c = 4.18 kJ kg–1 K–1 (4.18 J g–1 K–1)
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9 Compound X is made from benzene by the route shown in Fig. 9.1.

step 1

CH3

step 2

CH3

NO2 NO2

W

NH2

X

step 3

COOH

step 4

COOH

benzene

Fig. 9.1

 (a) Describe the bonding in benzene, C6H6.

  Your answer should include:

• the hybridisation of the six carbon atoms

• the types of bond between the carbon atoms

• the orbitals that overlap to produce the bonds between the carbon atoms

• the type of bond between the carbon atoms and the hydrogen atoms

• the orbitals that overlap to produce the bonds between the carbon atoms and the 

hydrogen atoms.

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

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

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

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

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

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

 .............................................................................................................................................  [3]

 (b) Describe the reagents and conditions required for step 1 in Fig. 9.1.

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

 .............................................................................................................................................  [1]
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 (c) In step 1 of Fig. 9.1 benzene reacts with +CH3.

  Complete Fig. 9.2 to show the mechanism for this reaction, including:

• the movement of electron pairs using curly arrows

• the structure of the intermediate involved.

+CH3 CH3

intermediate

+ ................

Fig. 9.2

 [3]

 (d) Describe the reagents and conditions required for step 2 of Fig. 9.1.

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

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

 (e) Identify the reagents required for step 3 of Fig. 9.1. Compound W is the product of this step.

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

 (f) Name compound W.

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

 (g) The reagents commonly used for step 4 will not reduce the –COOH group.

  Identify the reagents and conditions required for step 4 of Fig. 9.1.

 .............................................................................................................................................  [1]
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 (h) Benzene can also be used as a starting material to make compound Y.

COOH

compound Y

NH2

  Describe how the route described in Fig. 9.1 (repeated below) can be changed to give 

compound Y instead of compound X.

  Explain your answer.

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

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

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

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

step 1

CH3

step 2

CH3

NO2 NO2

W

NH2

X

step 3

COOH

step 4

COOH

benzene

Fig. 9.1

 [Total: 14]
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Important values, constants and standards

molar gas constant R = 8.31 J K–1 mol–1

Faraday constant F = 9.65 × 104 C mol–1

Avogadro constant L = 6.02 × 1023 mol–1

electronic charge e = –1.60 × 10–19 C

molar volume of gas Vm = 22.4 dm3 mol–1 at s.t.p. (101 kPa and 273 K)

Vm = 24.0 dm3 mol–1 at room conditions

ionic product of water Kw = 1.00 × 10–14 mol2 dm–6 (at 298 K (25 °C))

specific heat capacity of water c = 4.18 kJ kg–1 K–1 (4.18 J g–1 K–1)
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9 Compound X is made from benzene by the route shown in Fig. 9.1.

step 1

CH3

step 2

CH3

NO2 NO2

W

NH2

X

step 3

COOH

step 4

COOH

benzene

Fig. 9.1

 (a) Describe the bonding in benzene, C6H6.

  Your answer should include:

• the hybridisation of the six carbon atoms

• the types of bond between the carbon atoms

• the orbitals that overlap to produce the bonds between the carbon atoms

• the type of bond between the carbon atoms and the hydrogen atoms

• the orbitals that overlap to produce the bonds between the carbon atoms and the 

hydrogen atoms.

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

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

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

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

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

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

 .............................................................................................................................................  [3]

 (b) Describe the reagents and conditions required for step 1 in Fig. 9.1.

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

 .............................................................................................................................................  [1]
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 (c) In step 1 of Fig. 9.1 benzene reacts with +CH3.

  Complete Fig. 9.2 to show the mechanism for this reaction, including:

• the movement of electron pairs using curly arrows

• the structure of the intermediate involved.

+CH3 CH3

intermediate

+ ................

Fig. 9.2

 [3]

 (d) Describe the reagents and conditions required for step 2 of Fig. 9.1.

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

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

 (e) Identify the reagents required for step 3 of Fig. 9.1. Compound W is the product of this step.

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

 (f) Name compound W.

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

 (g) The reagents commonly used for step 4 will not reduce the –COOH group.

  Identify the reagents and conditions required for step 4 of Fig. 9.1.

 .............................................................................................................................................  [1]
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 (h) Benzene can also be used as a starting material to make compound Y.

COOH

compound Y

NH2

  Describe how the route described in Fig. 9.1 (repeated below) can be changed to give 

compound Y instead of compound X.

  Explain your answer.

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

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

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

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

step 1

CH3

step 2

CH3

NO2 NO2

W

NH2

X

step 3

COOH

step 4

COOH

benzene

Fig. 9.1

 [Total: 14]
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Important values, constants and standards

molar gas constant R = 8.31 J K–1 mol–1

Faraday constant F = 9.65 × 104 C mol–1

Avogadro constant L = 6.02 × 1023 mol–1

electronic charge e = –1.60 × 10–19 C

molar volume of gas Vm = 22.4 dm3 mol–1 at s.t.p. (101 kPa and 273 K)

Vm = 24.0 dm3 mol–1 at room conditions

ionic product of water Kw = 1.00 × 10–14 mol2 dm–6 (at 298 K (25 °C))

specific heat capacity of water c = 4.18 kJ kg–1 K–1 (4.18 J g–1 K–1)
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9 Compound X is made from benzene by the route shown in Fig. 9.1.

step 1

CH3

step 2

CH3

NO2 NO2

W

NH2

X

step 3

COOH

step 4

COOH

benzene

Fig. 9.1

 (a) Describe the bonding in benzene, C6H6.

  Your answer should include:

• the hybridisation of the six carbon atoms

• the types of bond between the carbon atoms

• the orbitals that overlap to produce the bonds between the carbon atoms

• the type of bond between the carbon atoms and the hydrogen atoms

• the orbitals that overlap to produce the bonds between the carbon atoms and the 

hydrogen atoms.

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

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

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

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

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

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

 .............................................................................................................................................  [3]

 (b) Describe the reagents and conditions required for step 1 in Fig. 9.1.

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

 .............................................................................................................................................  [1]
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 (c) In step 1 of Fig. 9.1 benzene reacts with +CH3.

  Complete Fig. 9.2 to show the mechanism for this reaction, including:

• the movement of electron pairs using curly arrows

• the structure of the intermediate involved.

+CH3 CH3

intermediate

+ ................

Fig. 9.2

 [3]

 (d) Describe the reagents and conditions required for step 2 of Fig. 9.1.

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

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

 (e) Identify the reagents required for step 3 of Fig. 9.1. Compound W is the product of this step.

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

 (f) Name compound W.

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

 (g) The reagents commonly used for step 4 will not reduce the –COOH group.

  Identify the reagents and conditions required for step 4 of Fig. 9.1.

 .............................................................................................................................................  [1]
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 (h) Benzene can also be used as a starting material to make compound Y.

COOH

compound Y

NH2

  Describe how the route described in Fig. 9.1 (repeated below) can be changed to give 

compound Y instead of compound X.

  Explain your answer.

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

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

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

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

step 1

CH3

step 2

CH3

NO2 NO2

W

NH2

X

step 3

COOH

step 4

COOH

benzene

Fig. 9.1

 [Total: 14]
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Important values, constants and standards

molar gas constant R = 8.31 J K–1 mol–1

Faraday constant F = 9.65 × 104 C mol–1

Avogadro constant L = 6.02 × 1023 mol–1

electronic charge e = –1.60 × 10–19 C

molar volume of gas Vm = 22.4 dm3 mol–1 at s.t.p. (101 kPa and 273 K)

Vm = 24.0 dm3 mol–1 at room conditions

ionic product of water Kw = 1.00 × 10–14 mol2 dm–6 (at 298 K (25 °C))

specific heat capacity of water c = 4.18 kJ kg–1 K–1 (4.18 J g–1 K–1)
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9 Compound X is made from benzene by the route shown in Fig. 9.1.

step 1

CH3

step 2

CH3

NO2 NO2

W

NH2

X

step 3

COOH

step 4

COOH

benzene

Fig. 9.1

 (a) Describe the bonding in benzene, C6H6.

  Your answer should include:

• the hybridisation of the six carbon atoms

• the types of bond between the carbon atoms

• the orbitals that overlap to produce the bonds between the carbon atoms

• the type of bond between the carbon atoms and the hydrogen atoms

• the orbitals that overlap to produce the bonds between the carbon atoms and the 

hydrogen atoms.

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

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

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

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

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

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

 .............................................................................................................................................  [3]

 (b) Describe the reagents and conditions required for step 1 in Fig. 9.1.

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

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

* 0000800000020 *

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

21

9701/42/O/N/25© UCLES 2025 [Turn over

 (c) In step 1 of Fig. 9.1 benzene reacts with +CH3.

  Complete Fig. 9.2 to show the mechanism for this reaction, including:

• the movement of electron pairs using curly arrows

• the structure of the intermediate involved.

+CH3 CH3

intermediate

+ ................

Fig. 9.2

 [3]

 (d) Describe the reagents and conditions required for step 2 of Fig. 9.1.

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

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

 (e) Identify the reagents required for step 3 of Fig. 9.1. Compound W is the product of this step.

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

 (f) Name compound W.

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

 (g) The reagents commonly used for step 4 will not reduce the –COOH group.

  Identify the reagents and conditions required for step 4 of Fig. 9.1.

 .............................................................................................................................................  [1]
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 (h) Benzene can also be used as a starting material to make compound Y.

COOH

compound Y

NH2

  Describe how the route described in Fig. 9.1 (repeated below) can be changed to give 

compound Y instead of compound X.

  Explain your answer.

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

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

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

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

step 1

CH3

step 2

CH3

NO2 NO2

W

NH2

X

step 3

COOH

step 4

COOH

benzene

Fig. 9.1

 [Total: 14]
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Important values, constants and standards

molar gas constant R = 8.31 J K–1 mol–1

Faraday constant F = 9.65 × 104 C mol–1

Avogadro constant L = 6.02 × 1023 mol–1

electronic charge e = –1.60 × 10–19 C

molar volume of gas Vm = 22.4 dm3 mol–1 at s.t.p. (101 kPa and 273 K)

Vm = 24.0 dm3 mol–1 at room conditions

ionic product of water Kw = 1.00 × 10–14 mol2 dm–6 (at 298 K (25 °C))

specific heat capacity of water c = 4.18 kJ kg–1 K–1 (4.18 J g–1 K–1)

* 0000800000023 *
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9 Compound X is made from benzene by the route shown in Fig. 9.1.

step 1

CH3

step 2

CH3

NO2 NO2

W

NH2

X

step 3

COOH

step 4

COOH

benzene

Fig. 9.1

 (a) Describe the bonding in benzene, C6H6.

  Your answer should include:

• the hybridisation of the six carbon atoms

• the types of bond between the carbon atoms

• the orbitals that overlap to produce the bonds between the carbon atoms

• the type of bond between the carbon atoms and the hydrogen atoms

• the orbitals that overlap to produce the bonds between the carbon atoms and the 

hydrogen atoms.

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

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

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

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

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

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

 .............................................................................................................................................  [3]

 (b) Describe the reagents and conditions required for step 1 in Fig. 9.1.

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

 .............................................................................................................................................  [1]
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 (c) In step 1 of Fig. 9.1 benzene reacts with +CH3.

  Complete Fig. 9.2 to show the mechanism for this reaction, including:

• the movement of electron pairs using curly arrows

• the structure of the intermediate involved.

+CH3 CH3

intermediate

+ ................

Fig. 9.2

 [3]

 (d) Describe the reagents and conditions required for step 2 of Fig. 9.1.

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

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

 (e) Identify the reagents required for step 3 of Fig. 9.1. Compound W is the product of this step.

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

 (f) Name compound W.

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

 (g) The reagents commonly used for step 4 will not reduce the –COOH group.

  Identify the reagents and conditions required for step 4 of Fig. 9.1.

 .............................................................................................................................................  [1]
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 (h) Benzene can also be used as a starting material to make compound Y.

COOH

compound Y

NH2

  Describe how the route described in Fig. 9.1 (repeated below) can be changed to give 

compound Y instead of compound X.

  Explain your answer.

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

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

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

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

step 1

CH3

step 2

CH3

NO2 NO2

W

NH2

X

step 3

COOH

step 4

COOH

benzene

Fig. 9.1

 [Total: 14]
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Important values, constants and standards

molar gas constant R = 8.31 J K–1 mol–1

Faraday constant F = 9.65 × 104 C mol–1

Avogadro constant L = 6.02 × 1023 mol–1

electronic charge e = –1.60 × 10–19 C

molar volume of gas Vm = 22.4 dm3 mol–1 at s.t.p. (101 kPa and 273 K)

Vm = 24.0 dm3 mol–1 at room conditions

ionic product of water Kw = 1.00 × 10–14 mol2 dm–6 (at 298 K (25 °C))

specific heat capacity of water c = 4.18 kJ kg–1 K–1 (4.18 J g–1 K–1)
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9 Compound X is made from benzene by the route shown in Fig. 9.1.

step 1

CH3

step 2

CH3

NO2 NO2

W

NH2

X

step 3

COOH

step 4

COOH

benzene

Fig. 9.1

 (a) Describe the bonding in benzene, C6H6.

  Your answer should include:

• the hybridisation of the six carbon atoms

• the types of bond between the carbon atoms

• the orbitals that overlap to produce the bonds between the carbon atoms

• the type of bond between the carbon atoms and the hydrogen atoms

• the orbitals that overlap to produce the bonds between the carbon atoms and the 

hydrogen atoms.

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

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

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

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

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

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

 .............................................................................................................................................  [3]

 (b) Describe the reagents and conditions required for step 1 in Fig. 9.1.

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

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

* 0000800000020 *

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

21

9701/42/O/N/25© UCLES 2025 [Turn over

 (c) In step 1 of Fig. 9.1 benzene reacts with +CH3.

  Complete Fig. 9.2 to show the mechanism for this reaction, including:

• the movement of electron pairs using curly arrows

• the structure of the intermediate involved.

+CH3 CH3

intermediate

+ ................

Fig. 9.2

 [3]

 (d) Describe the reagents and conditions required for step 2 of Fig. 9.1.

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

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

 (e) Identify the reagents required for step 3 of Fig. 9.1. Compound W is the product of this step.

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

 (f) Name compound W.

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

 (g) The reagents commonly used for step 4 will not reduce the –COOH group.

  Identify the reagents and conditions required for step 4 of Fig. 9.1.

 .............................................................................................................................................  [1]
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 (h) Benzene can also be used as a starting material to make compound Y.

COOH

compound Y

NH2

  Describe how the route described in Fig. 9.1 (repeated below) can be changed to give 

compound Y instead of compound X.

  Explain your answer.

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

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

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

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

step 1

CH3

step 2

CH3

NO2 NO2

W

NH2

X

step 3

COOH

step 4

COOH

benzene

Fig. 9.1

 [Total: 14]
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Important values, constants and standards

molar gas constant R = 8.31 J K–1 mol–1

Faraday constant F = 9.65 × 104 C mol–1

Avogadro constant L = 6.02 × 1023 mol–1

electronic charge e = –1.60 × 10–19 C

molar volume of gas Vm = 22.4 dm3 mol–1 at s.t.p. (101 kPa and 273 K)

Vm = 24.0 dm3 mol–1 at room conditions

ionic product of water Kw = 1.00 × 10–14 mol2 dm–6 (at 298 K (25 °C))

specific heat capacity of water c = 4.18 kJ kg–1 K–1 (4.18 J g–1 K–1)
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9 Compound X is made from benzene by the route shown in Fig. 9.1.

step 1

CH3

step 2

CH3

NO2 NO2

W

NH2

X

step 3

COOH

step 4

COOH

benzene

Fig. 9.1

 (a) Describe the bonding in benzene, C6H6.

  Your answer should include:

• the hybridisation of the six carbon atoms

• the types of bond between the carbon atoms

• the orbitals that overlap to produce the bonds between the carbon atoms

• the type of bond between the carbon atoms and the hydrogen atoms

• the orbitals that overlap to produce the bonds between the carbon atoms and the 

hydrogen atoms.

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

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

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

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

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

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

 .............................................................................................................................................  [3]

 (b) Describe the reagents and conditions required for step 1 in Fig. 9.1.

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

 .............................................................................................................................................  [1]
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 (c) In step 1 of Fig. 9.1 benzene reacts with +CH3.

  Complete Fig. 9.2 to show the mechanism for this reaction, including:

• the movement of electron pairs using curly arrows

• the structure of the intermediate involved.

+CH3 CH3

intermediate

+ ................

Fig. 9.2

 [3]

 (d) Describe the reagents and conditions required for step 2 of Fig. 9.1.

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

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

 (e) Identify the reagents required for step 3 of Fig. 9.1. Compound W is the product of this step.

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

 (f) Name compound W.

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

 (g) The reagents commonly used for step 4 will not reduce the –COOH group.

  Identify the reagents and conditions required for step 4 of Fig. 9.1.

 .............................................................................................................................................  [1]
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 (h) Benzene can also be used as a starting material to make compound Y.

COOH

compound Y

NH2

  Describe how the route described in Fig. 9.1 (repeated below) can be changed to give 

compound Y instead of compound X.

  Explain your answer.

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

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

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

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

step 1

CH3

step 2

CH3

NO2 NO2

W

NH2

X

step 3

COOH

step 4

COOH

benzene

Fig. 9.1

 [Total: 14]
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Important values, constants and standards

molar gas constant R = 8.31 J K–1 mol–1

Faraday constant F = 9.65 × 104 C mol–1

Avogadro constant L = 6.02 × 1023 mol–1

electronic charge e = –1.60 × 10–19 C

molar volume of gas Vm = 22.4 dm3 mol–1 at s.t.p. (101 kPa and 273 K)

Vm = 24.0 dm3 mol–1 at room conditions

ionic product of water Kw = 1.00 × 10–14 mol2 dm–6 (at 298 K (25 °C))

specific heat capacity of water c = 4.18 kJ kg–1 K–1 (4.18 J g–1 K–1)
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9 Compound X is made from benzene by the route shown in Fig. 9.1.

step 1

CH3

step 2

CH3

NO2 NO2

W

NH2

X

step 3

COOH

step 4

COOH

benzene

Fig. 9.1

 (a) Describe the bonding in benzene, C6H6.

  Your answer should include:

• the hybridisation of the six carbon atoms

• the types of bond between the carbon atoms

• the orbitals that overlap to produce the bonds between the carbon atoms

• the type of bond between the carbon atoms and the hydrogen atoms

• the orbitals that overlap to produce the bonds between the carbon atoms and the 

hydrogen atoms.

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

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

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

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

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

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

 .............................................................................................................................................  [3]

 (b) Describe the reagents and conditions required for step 1 in Fig. 9.1.

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

 .............................................................................................................................................  [1]
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 (c) In step 1 of Fig. 9.1 benzene reacts with +CH3.

  Complete Fig. 9.2 to show the mechanism for this reaction, including:

• the movement of electron pairs using curly arrows

• the structure of the intermediate involved.

+CH3 CH3

intermediate

+ ................

Fig. 9.2

 [3]

 (d) Describe the reagents and conditions required for step 2 of Fig. 9.1.

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

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

 (e) Identify the reagents required for step 3 of Fig. 9.1. Compound W is the product of this step.

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

 (f) Name compound W.

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

 (g) The reagents commonly used for step 4 will not reduce the –COOH group.

  Identify the reagents and conditions required for step 4 of Fig. 9.1.

 .............................................................................................................................................  [1]
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 (h) Benzene can also be used as a starting material to make compound Y.

COOH

compound Y

NH2

  Describe how the route described in Fig. 9.1 (repeated below) can be changed to give 

compound Y instead of compound X.

  Explain your answer.

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

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

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

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

step 1

CH3

step 2

CH3

NO2 NO2

W

NH2

X

step 3

COOH

step 4

COOH

benzene

Fig. 9.1

 [Total: 14]
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Important values, constants and standards

molar gas constant R = 8.31 J K–1 mol–1

Faraday constant F = 9.65 × 104 C mol–1

Avogadro constant L = 6.02 × 1023 mol–1

electronic charge e = –1.60 × 10–19 C

molar volume of gas Vm = 22.4 dm3 mol–1 at s.t.p. (101 kPa and 273 K)

Vm = 24.0 dm3 mol–1 at room conditions

ionic product of water Kw = 1.00 × 10–14 mol2 dm–6 (at 298 K (25 °C))

specific heat capacity of water c = 4.18 kJ kg–1 K–1 (4.18 J g–1 K–1)
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9 Compound X is made from benzene by the route shown in Fig. 9.1.

step 1

CH3

step 2

CH3

NO2 NO2

W

NH2

X

step 3

COOH

step 4

COOH

benzene

Fig. 9.1

 (a) Describe the bonding in benzene, C6H6.

  Your answer should include:

• the hybridisation of the six carbon atoms

• the types of bond between the carbon atoms

• the orbitals that overlap to produce the bonds between the carbon atoms

• the type of bond between the carbon atoms and the hydrogen atoms

• the orbitals that overlap to produce the bonds between the carbon atoms and the 

hydrogen atoms.

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

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

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

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

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

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

 .............................................................................................................................................  [3]

 (b) Describe the reagents and conditions required for step 1 in Fig. 9.1.

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

 .............................................................................................................................................  [1]
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 (c) In step 1 of Fig. 9.1 benzene reacts with +CH3.

  Complete Fig. 9.2 to show the mechanism for this reaction, including:

• the movement of electron pairs using curly arrows

• the structure of the intermediate involved.

+CH3 CH3

intermediate

+ ................

Fig. 9.2

 [3]

 (d) Describe the reagents and conditions required for step 2 of Fig. 9.1.

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

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

 (e) Identify the reagents required for step 3 of Fig. 9.1. Compound W is the product of this step.

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

 (f) Name compound W.

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

 (g) The reagents commonly used for step 4 will not reduce the –COOH group.

  Identify the reagents and conditions required for step 4 of Fig. 9.1.

 .............................................................................................................................................  [1]
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 (h) Benzene can also be used as a starting material to make compound Y.

COOH

compound Y

NH2

  Describe how the route described in Fig. 9.1 (repeated below) can be changed to give 

compound Y instead of compound X.

  Explain your answer.

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

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

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

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

step 1

CH3

step 2

CH3

NO2 NO2

W

NH2

X

step 3

COOH

step 4

COOH

benzene

Fig. 9.1

 [Total: 14]
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Important values, constants and standards

molar gas constant R = 8.31 J K–1 mol–1

Faraday constant F = 9.65 × 104 C mol–1

Avogadro constant L = 6.02 × 1023 mol–1

electronic charge e = –1.60 × 10–19 C

molar volume of gas Vm = 22.4 dm3 mol–1 at s.t.p. (101 kPa and 273 K)

Vm = 24.0 dm3 mol–1 at room conditions

ionic product of water Kw = 1.00 × 10–14 mol2 dm–6 (at 298 K (25 °C))

specific heat capacity of water c = 4.18 kJ kg–1 K–1 (4.18 J g–1 K–1)
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9 Compound X is made from benzene by the route shown in Fig. 9.1.

step 1

CH3

step 2

CH3

NO2 NO2

W

NH2

X

step 3

COOH

step 4

COOH

benzene

Fig. 9.1

 (a) Describe the bonding in benzene, C6H6.

  Your answer should include:

• the hybridisation of the six carbon atoms

• the types of bond between the carbon atoms

• the orbitals that overlap to produce the bonds between the carbon atoms

• the type of bond between the carbon atoms and the hydrogen atoms

• the orbitals that overlap to produce the bonds between the carbon atoms and the 

hydrogen atoms.

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

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

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

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

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

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

 .............................................................................................................................................  [3]

 (b) Describe the reagents and conditions required for step 1 in Fig. 9.1.

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

 .............................................................................................................................................  [1]
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 (c) In step 1 of Fig. 9.1 benzene reacts with +CH3.

  Complete Fig. 9.2 to show the mechanism for this reaction, including:

• the movement of electron pairs using curly arrows

• the structure of the intermediate involved.

+CH3 CH3

intermediate

+ ................

Fig. 9.2

 [3]

 (d) Describe the reagents and conditions required for step 2 of Fig. 9.1.

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

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

 (e) Identify the reagents required for step 3 of Fig. 9.1. Compound W is the product of this step.

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

 (f) Name compound W.

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

 (g) The reagents commonly used for step 4 will not reduce the –COOH group.

  Identify the reagents and conditions required for step 4 of Fig. 9.1.

 .............................................................................................................................................  [1]
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 (h) Benzene can also be used as a starting material to make compound Y.

COOH

compound Y

NH2

  Describe how the route described in Fig. 9.1 (repeated below) can be changed to give 

compound Y instead of compound X.

  Explain your answer.

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

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

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

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

step 1

CH3

step 2

CH3

NO2 NO2

W

NH2

X

step 3

COOH

step 4

COOH

benzene

Fig. 9.1

 [Total: 14]
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Important values, constants and standards

molar gas constant R = 8.31 J K–1 mol–1

Faraday constant F = 9.65 × 104 C mol–1

Avogadro constant L = 6.02 × 1023 mol–1

electronic charge e = –1.60 × 10–19 C

molar volume of gas Vm = 22.4 dm3 mol–1 at s.t.p. (101 kPa and 273 K)

Vm = 24.0 dm3 mol–1 at room conditions

ionic product of water Kw = 1.00 × 10–14 mol2 dm–6 (at 298 K (25 °C))

specific heat capacity of water c = 4.18 kJ kg–1 K–1 (4.18 J g–1 K–1)
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9 Compound X is made from benzene by the route shown in Fig. 9.1.

step 1

CH3

step 2

CH3

NO2 NO2

W

NH2

X

step 3

COOH

step 4

COOH

benzene

Fig. 9.1

 (a) Describe the bonding in benzene, C6H6.

  Your answer should include:

• the hybridisation of the six carbon atoms

• the types of bond between the carbon atoms

• the orbitals that overlap to produce the bonds between the carbon atoms

• the type of bond between the carbon atoms and the hydrogen atoms

• the orbitals that overlap to produce the bonds between the carbon atoms and the 

hydrogen atoms.

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

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

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

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

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

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

 .............................................................................................................................................  [3]

 (b) Describe the reagents and conditions required for step 1 in Fig. 9.1.

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

 .............................................................................................................................................  [1]
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 (c) In step 1 of Fig. 9.1 benzene reacts with +CH3.

  Complete Fig. 9.2 to show the mechanism for this reaction, including:

• the movement of electron pairs using curly arrows

• the structure of the intermediate involved.

+CH3 CH3

intermediate

+ ................

Fig. 9.2

 [3]

 (d) Describe the reagents and conditions required for step 2 of Fig. 9.1.

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

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

 (e) Identify the reagents required for step 3 of Fig. 9.1. Compound W is the product of this step.

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

 (f) Name compound W.

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

 (g) The reagents commonly used for step 4 will not reduce the –COOH group.

  Identify the reagents and conditions required for step 4 of Fig. 9.1.

 .............................................................................................................................................  [1]
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 (h) Benzene can also be used as a starting material to make compound Y.

COOH

compound Y

NH2

  Describe how the route described in Fig. 9.1 (repeated below) can be changed to give 

compound Y instead of compound X.

  Explain your answer.

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

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

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

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

step 1

CH3

step 2

CH3

NO2 NO2

W

NH2

X

step 3

COOH

step 4

COOH

benzene

Fig. 9.1

 [Total: 14]
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Important values, constants and standards

molar gas constant R = 8.31 J K–1 mol–1

Faraday constant F = 9.65 × 104 C mol–1

Avogadro constant L = 6.02 × 1023 mol–1

electronic charge e = –1.60 × 10–19 C

molar volume of gas Vm = 22.4 dm3 mol–1 at s.t.p. (101 kPa and 273 K)

Vm = 24.0 dm3 mol–1 at room conditions

ionic product of water Kw = 1.00 × 10–14 mol2 dm–6 (at 298 K (25 °C))

specific heat capacity of water c = 4.18 kJ kg–1 K–1 (4.18 J g–1 K–1)
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Past-paper walk-through

Solution 9

(a) Mark scheme

•
all C atoms are sp2 hybridised
•
bonds between C atoms are σ and π

•
C–C σ bonds are formed by overlap of sp2 hybrid orbitals
•
C–C π bonds are formed by overlap of p orbitals
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Solution 9

•
bonds between C and H atoms are σ

•
C–H bonds are formed by overlap of sp2 hybrid orbitals and s orbitals
Any two [1], any four [2], all six [3]
3
9701/42
October/November 2025
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(b)

Mark scheme
CH3Cl and Al Cl 3/1
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(c)

Mark scheme
M1: curly arrow from within hexagon towards +C
M2: intermediate, usual rules for horseshoe and + charge
M3: curly arrow from C–H bond into ring AND H+ product
3
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(d)

Mark scheme
M1: HNO3 AND H2SO4
M2: concentrated AND 25 °C � T � 60 °C
2
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(e)

Mark scheme
alkaline KMnO4
1
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(f)

Mark scheme
4-nitrobenzoic acid
1
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(g)

Mark scheme
(hot) concentrated HCl and Sn
1
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(h)

Mark scheme
M1: perform step 3 before step 2 OR perform step 2 before step 1
M2: COOH is 3-directing OR NO2 is 3-directing
2


