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8 (a) In the electrophilic substitution of arenes, different substituents can direct to different ring 

positions.

  (i) Describe the directing effect of the –NO2 group. Explain your answer.

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

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

  (ii) The nitration of arenes uses a mixture of concentrated HNO3 and concentrated H2SO4 to 

generate the NO2
+ electrophile.

   Write an equation for the formation of the NO2
+ electrophile.

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

 (b) Carbon-carbon bond formation is an important reaction in organic synthesis.

  Fig. 8.1 shows the synthesis of compound Q from benzene in two reaction steps.

reaction 1 reaction 2

compound P

compound Q

O

Fig. 8.1

  (i) Draw the structure of compound P in the box in Fig. 8.1. [1]

  (ii) Suggest reagents and conditions for reactions 1 and 2 in Fig. 8.1.

reaction 1  ..........................................................................................................................

reaction 2  ..........................................................................................................................

 [2]
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 (c) Separate samples of C6H5Br and C6H5CH2Br are added to warm AgNO3(aq).

  State the expected observations, if any. Explain your answer.

  C6H5Br with AgNO3(aq) ................................................

  C6H5CH2Br with AgNO3(aq) ................................................

explanation  ...............................................................................................................................

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

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

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

 [3]

 (d) Acyl bromides, RCOBr, react readily with H2O.

  The mechanism of this reaction is similar to that of the reaction of H2O with acyl chlorides, 

RCOCl.

  (i) Name the mechanism of this reaction.

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

  (ii) Complete the mechanism in Fig. 8.2 for the reaction of RCOBr with H2O.

   Include all relevant lone pairs of electrons, curly arrows, charges and dipoles.

   Draw the structure of the intermediate.

intermediate

products

O

C

R Br

O

H H

Fig. 8.2

[4]

 [Total: 13]
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  (i) Name the mechanism of this reaction.
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  (ii) Complete the mechanism in Fig. 8.2 for the reaction of RCOBr with H2O.
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8 (a) Describe the difference in reactivity between ethanoyl chloride and chlorobenzene with water.

  Explain your answer.

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

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

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

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

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

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

 (b) The structure of compound V is shown.

V

CN O

O

O

N

H

O

  (i) Name all the functional groups in V.

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

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

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

  (ii) Deduce the number of possible optical isomers for V.

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

  (iii) Suggest one reason, other than better biological activity and lower dosage required, why 

it is beneficial to synthesise a single optical isomer of V for use as a drug.

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

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

 .....................................................................................................................................  [1]
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 (c) A sample of V is hydrolysed with an excess of hot aqueous alkali.

  The products are isolated from the reaction mixture at pH 12.

  Draw the structures of the two organic products of the complete alkaline hydrolysis of V 

in Fig. 8.1.

 Fig. 8.1

 [3]
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 (d) A polypeptide formed from four amino acids, A, B, C and D, is completely hydrolysed and 

then analysed by gas–liquid chromatography.

  The chromatogram produced is shown in Fig. 8.2.

intensity

time / minutes

A

B

C

D28

58

13

42

Fig. 8.2

  The number above each peak represents the area under the peak.

  The area under each peak is proportional to the mass of the respective amino acid in 

the mixture.

  (i) Calculate the percentage by mass of amino acid A in the original mixture.

 percentage by mass of amino acid A =  .........................................................  [1]

  (ii) The retention time for amino acid D is the longest.

   Explain why D has a longer retention time than the other amino acids A, B and C.

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

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

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

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

[Total: 11]
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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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8 (a) Describe the difference in reactivity between ethanoyl chloride and chlorobenzene with water.

  Explain your answer.

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

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

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

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

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

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

 (b) The structure of compound V is shown.

V

CN O

O

O

N

H

O

  (i) Name all the functional groups in V.

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

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

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

  (ii) Deduce the number of possible optical isomers for V.

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

  (iii) Suggest one reason, other than better biological activity and lower dosage required, why 

it is beneficial to synthesise a single optical isomer of V for use as a drug.

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

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

 .....................................................................................................................................  [1]
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 (c) A sample of V is hydrolysed with an excess of hot aqueous alkali.

  The products are isolated from the reaction mixture at pH 12.

  Draw the structures of the two organic products of the complete alkaline hydrolysis of V 

in Fig. 8.1.

 Fig. 8.1

 [3]
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 (d) A polypeptide formed from four amino acids, A, B, C and D, is completely hydrolysed and 

then analysed by gas–liquid chromatography.

  The chromatogram produced is shown in Fig. 8.2.

intensity

time / minutes

A

B

C

D28

58

13

42

Fig. 8.2

  The number above each peak represents the area under the peak.

  The area under each peak is proportional to the mass of the respective amino acid in 

the mixture.

  (i) Calculate the percentage by mass of amino acid A in the original mixture.

 percentage by mass of amino acid A =  .........................................................  [1]

  (ii) The retention time for amino acid D is the longest.

   Explain why D has a longer retention time than the other amino acids A, B and C.

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

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

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

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

[Total: 11]
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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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8 (a) Describe the difference in reactivity between ethanoyl chloride and chlorobenzene with water.

  Explain your answer.

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

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

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

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

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

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

 (b) The structure of compound V is shown.

V

CN O

O

O

N

H

O

  (i) Name all the functional groups in V.

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

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

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

  (ii) Deduce the number of possible optical isomers for V.

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

  (iii) Suggest one reason, other than better biological activity and lower dosage required, why 

it is beneficial to synthesise a single optical isomer of V for use as a drug.

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

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

 .....................................................................................................................................  [1]
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 (c) A sample of V is hydrolysed with an excess of hot aqueous alkali.

  The products are isolated from the reaction mixture at pH 12.

  Draw the structures of the two organic products of the complete alkaline hydrolysis of V 

in Fig. 8.1.

 Fig. 8.1

 [3]
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 (d) A polypeptide formed from four amino acids, A, B, C and D, is completely hydrolysed and 

then analysed by gas–liquid chromatography.

  The chromatogram produced is shown in Fig. 8.2.

intensity

time / minutes

A

B

C

D28

58

13

42

Fig. 8.2

  The number above each peak represents the area under the peak.

  The area under each peak is proportional to the mass of the respective amino acid in 

the mixture.

  (i) Calculate the percentage by mass of amino acid A in the original mixture.

 percentage by mass of amino acid A =  .........................................................  [1]

  (ii) The retention time for amino acid D is the longest.

   Explain why D has a longer retention time than the other amino acids A, B and C.

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

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

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

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

[Total: 11]
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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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8 (a) Describe the difference in reactivity between ethanoyl chloride and chlorobenzene with water.

  Explain your answer.

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

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

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

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

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

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

 (b) The structure of compound V is shown.

V

CN O

O

O

N

H

O

  (i) Name all the functional groups in V.

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

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

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

  (ii) Deduce the number of possible optical isomers for V.

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

  (iii) Suggest one reason, other than better biological activity and lower dosage required, why 

it is beneficial to synthesise a single optical isomer of V for use as a drug.

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

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

 .....................................................................................................................................  [1]
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 (c) A sample of V is hydrolysed with an excess of hot aqueous alkali.

  The products are isolated from the reaction mixture at pH 12.

  Draw the structures of the two organic products of the complete alkaline hydrolysis of V 

in Fig. 8.1.

 Fig. 8.1

 [3]
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 (d) A polypeptide formed from four amino acids, A, B, C and D, is completely hydrolysed and 

then analysed by gas–liquid chromatography.

  The chromatogram produced is shown in Fig. 8.2.

intensity

time / minutes

A

B

C

D28

58

13

42

Fig. 8.2

  The number above each peak represents the area under the peak.

  The area under each peak is proportional to the mass of the respective amino acid in 

the mixture.

  (i) Calculate the percentage by mass of amino acid A in the original mixture.

 percentage by mass of amino acid A =  .........................................................  [1]

  (ii) The retention time for amino acid D is the longest.

   Explain why D has a longer retention time than the other amino acids A, B and C.

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

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

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

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

[Total: 11]
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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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8 (a) Describe the difference in reactivity between ethanoyl chloride and chlorobenzene with water.

  Explain your answer.

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

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

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

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

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

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

 (b) The structure of compound V is shown.

V

CN O

O

O

N

H

O

  (i) Name all the functional groups in V.

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

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

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

  (ii) Deduce the number of possible optical isomers for V.

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

  (iii) Suggest one reason, other than better biological activity and lower dosage required, why 

it is beneficial to synthesise a single optical isomer of V for use as a drug.

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

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

 .....................................................................................................................................  [1]
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 (c) A sample of V is hydrolysed with an excess of hot aqueous alkali.

  The products are isolated from the reaction mixture at pH 12.

  Draw the structures of the two organic products of the complete alkaline hydrolysis of V 

in Fig. 8.1.

 Fig. 8.1

 [3]
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 (d) A polypeptide formed from four amino acids, A, B, C and D, is completely hydrolysed and 

then analysed by gas–liquid chromatography.

  The chromatogram produced is shown in Fig. 8.2.

intensity

time / minutes

A

B

C

D28

58

13

42

Fig. 8.2

  The number above each peak represents the area under the peak.

  The area under each peak is proportional to the mass of the respective amino acid in 

the mixture.

  (i) Calculate the percentage by mass of amino acid A in the original mixture.

 percentage by mass of amino acid A =  .........................................................  [1]

  (ii) The retention time for amino acid D is the longest.

   Explain why D has a longer retention time than the other amino acids A, B and C.

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

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

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

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

[Total: 11]
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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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8 (a) Describe the difference in reactivity between ethanoyl chloride and chlorobenzene with water.

  Explain your answer.

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

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

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

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

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

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

 (b) The structure of compound V is shown.

V

CN O

O

O

N

H

O

  (i) Name all the functional groups in V.

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

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

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

  (ii) Deduce the number of possible optical isomers for V.

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

  (iii) Suggest one reason, other than better biological activity and lower dosage required, why 

it is beneficial to synthesise a single optical isomer of V for use as a drug.

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

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

 .....................................................................................................................................  [1]
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 (c) A sample of V is hydrolysed with an excess of hot aqueous alkali.

  The products are isolated from the reaction mixture at pH 12.

  Draw the structures of the two organic products of the complete alkaline hydrolysis of V 

in Fig. 8.1.

 Fig. 8.1

 [3]
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 (d) A polypeptide formed from four amino acids, A, B, C and D, is completely hydrolysed and 

then analysed by gas–liquid chromatography.

  The chromatogram produced is shown in Fig. 8.2.

intensity

time / minutes

A

B

C

D28

58

13

42

Fig. 8.2

  The number above each peak represents the area under the peak.

  The area under each peak is proportional to the mass of the respective amino acid in 

the mixture.

  (i) Calculate the percentage by mass of amino acid A in the original mixture.

 percentage by mass of amino acid A =  .........................................................  [1]

  (ii) The retention time for amino acid D is the longest.

   Explain why D has a longer retention time than the other amino acids A, B and C.

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

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

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

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

[Total: 11]
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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 *

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

24

9701/44/O/N/25© UCLES 2025

G
ro

u
p

T
h

e
 P

e
ri

o
d

ic
 T

a
b

le
 o

f 
E

le
m

e
n

ts

1 H
h
y
d
ro

g
e
n

1
.0

2

H
e

h
e
liu

m

4
.0

1
2

1
3

1
4

1
5

1
6

1
7

1
8

3
4

5
6

7
8

9
1
0

1
1

1
2

3 L
i

lit
h
iu

m

6
.9

4 B
e

b
e
ry

lli
u
m

9
.0

a
to

m
ic

 n
u
m

b
e
r

a
to

m
ic

 s
y
m

b
o
l

K
e
y

n
a
m

e

re
la

ti
v
e
 a

to
m

ic
 m

a
s
s

1
1

N
a

s
o
d
iu

m

2
3
.0

1
2

M
g

m
a
g
n
e
s
iu

m

2
4
.3

1
9 K

p
o
ta

s
s
iu

m

3
9
.1

2
0

C
a

c
a
lc

iu
m

4
0
.1

3
7

R
b

ru
b
id

iu
m

8
5
.5

3
8

S
r

s
tr

o
n
ti
u
m

8
7
.6

5
5

C
s

c
a
e
s
iu

m

1
3
2
.9

5
6

B
a

b
a
ri
u
m

1
3
7
.3

8
7

F
r

fr
a
n
c
iu

m

–

8
8

R
a

ra
d
iu

m

–

5 B
b
o
ro

n

1
0
.8

1
3

A
l

a
lu

m
in

iu
m

2
7
.0

3
1

G
a

g
a
lli

u
m

6
9
.7

4
9

In
in

d
iu

m

1
1
4
.8

8
1 T
l

th
a
lli

u
m

2
0
4
.4

6 C
c
a
rb

o
n

1
2
.0

1
4 S
i

s
ili

c
o
n

2
8
.1

3
2

G
e

g
e
rm

a
n
iu

m

7
2
.6

5
0

S
n

ti
n

1
1
8
.7

8
2

P
b

le
a
d

2
0
7
.2

2
2 T
i

ti
ta

n
iu

m

4
7
.9

4
0

Z
r

z
ir
c
o
n
iu

m

9
1
.2

7
2

H
f

h
a
fn

iu
m

1
7
8
.5

1
0
4

R
f

ru
th

e
rf

o
rd

iu
m

–

2
3 V

v
a
n
a
d
iu

m

5
0
.9

4
1

N
b

n
io

b
iu

m

9
2
.9

7
3

T
a

ta
n
ta

lu
m

1
8
0
.9

1
0
5

D
b

d
u
b
n
iu

m

–

2
4

C
r

c
h
ro

m
iu

m

5
2
.0

4
2

M
o

m
o
ly

b
d
e
n
u
m

9
5
.9

7
4

W
tu

n
g
s
te

n

1
8
3
.8

1
0
6

S
g

s
e
a
b
o
rg

iu
m

–

2
5

M
n

m
a
n
g
a
n
e
s
e

5
4
.9

4
3

T
c

te
c
h
n
e
ti
u
m

– 7
5

R
e

rh
e
n
iu

m

1
8
6
.2

1
0
7

B
h

b
o
h
ri
u
m

–

2
6

F
e

ir
o
n

5
5
.8

4
4

R
u

ru
th

e
n
iu

m

1
0
1
.1

7
6

O
s

o
s
m

iu
m

1
9
0
.2

1
0
8

H
s

h
a
s
s
iu

m

–

2
7

C
o

c
o
b
a
lt

5
8
.9

4
5

R
h

rh
o
d
iu

m

1
0
2
.9

7
7 Ir

ir
id

iu
m

1
9
2
.2

1
0
9

M
t

m
e
it
n
e
ri
u
m

–

2
8

N
i

n
ic

k
e
l

5
8
.7

4
6

P
d

p
a
lla

d
iu

m

1
0
6
.4

7
8

P
t

p
la

ti
n
u
m

1
9
5
.1

1
1
0

D
s

d
a
rm

s
ta

d
ti
u
m

–

2
9

C
u

c
o
p
p
e
r

6
3
.5

4
7

A
g

s
ilv

e
r

1
0
7
.9

7
9

A
u

g
o
ld

1
9
7
.0

1
1
1

R
g

ro
e
n
tg

e
n
iu

m

–

3
0

Z
n

z
in

c

6
5
.4

4
8

C
d

c
a
d
m

iu
m

1
1
2
.4

8
0

H
g

m
e
rc

u
ry

2
0
0
.6

1
1
2

C
n

c
o
p
e
rn

ic
iu

m

–

1
1
4

F
l

fl
e
ro

v
iu

m

–

1
1
6

L
v

liv
e
rm

o
ri
u
m

–

7 N
n
it
ro

g
e
n

1
4
.0

1
5 P

p
h
o
s
p
h
o
ru

s

3
1
.0

3
3

A
s

a
rs

e
n
ic

7
4
.9

5
1

S
b

a
n
ti
m

o
n
y

1
2
1
.8

8
3 B
i

b
is

m
u
th

2
0
9
.0

8 O
o
x
y
g
e
n

1
6
.0

1
6 S

s
u
lf
u
r

3
2
.1

3
4

S
e

s
e
le

n
iu

m

7
9
.0

5
2

T
e

te
llu

ri
u
m

1
2
7
.6

8
4

P
o

p
o
lo

n
iu

m

–

9 F
fl
u
o
ri
n
e

1
9
.0

1
7

C
l

c
h
lo

ri
n
e

3
5
.5

3
5

B
r

b
ro

m
in

e

7
9
.9

5
3 I

io
d
in

e

1
2
6
.9

8
5

A
t

a
s
ta

ti
n
e

–

1
0

N
e

n
e
o
n

2
0
.2

1
8

A
r

a
rg

o
n

3
9
.9

3
6

K
r

k
ry

p
to

n

8
3
.8

5
4

X
e

x
e
n
o
n

1
3
1
.3

8
6

R
n

ra
d
o
n

–

1
1
3

N
h

n
ih

o
n
iu

m

–

1
1
5

M
c

m
o
s
c
o
v
iu

m

–

1
1
7

T
s

te
n
n
e
s
s
in

e

–

1
1
8

O
g

o
g
a
n
e
s
s
o
n

–

2
1

S
c

s
c
a
n
d
iu

m

4
5
.0

3
9 Y

y
tt
ri
u
m

8
8
.9

5
7
–
7
1

la
n
th

a
n
o
id

s

8
9
–
1
0
3

a
c
ti
n
o
id

s

5
7

L
a

la
n
th

a
n
u
m

1
3
8
.9

8
9

A
c

la
n
th

a
n
o
id

s

a
c
ti
n
o
id

s
a
c
ti
n
iu

m

–

5
8

C
e

c
e
ri
u
m

1
4
0
.1

9
0

T
h

th
o
ri
u
m

2
3
2
.0

5
9

P
r

p
ra

s
e
o
d
y
m

iu
m

1
4
0
.9

9
1

P
a

p
ro

ta
c
ti
n
iu

m

2
3
1
.0

6
0

N
d

n
e
o
d
y
m

iu
m

1
4
4
.2

9
2 U

u
ra

n
iu

m

2
3
8
.0

6
1

P
m

p
ro

m
e
th

iu
m

– 9
3

N
p

n
e
p
tu

n
iu

m

–

6
2

S
m

s
a
m

a
ri
u
m

1
5
0
.4

9
4

P
u

p
lu

to
n
iu

m

–

6
3

E
u

e
u
ro

p
iu

m

1
5
2
.0

9
5

A
m

a
m

e
ri
c
iu

m

–

6
4

G
d

g
a
d
o
lin

iu
m

1
5
7
.3

9
6

C
m

c
u
ri
u
m

–

6
5

T
b

te
rb

iu
m

1
5
8
.9

9
7

B
k

b
e
rk

e
liu

m

–

6
6

D
y

d
y
s
p
ro

s
iu

m

1
6
2
.5

9
8

C
f

c
a
lif

o
rn

iu
m

–

6
7

H
o

h
o
lm

iu
m

1
6
4
.9

9
9

E
s

e
in

s
te

in
iu

m

–

6
8

E
r

e
rb

iu
m

1
6
7
.3

1
0
0

F
m

fe
rm

iu
m

–

6
9

T
m

th
u
liu

m

1
6
8
.9

1
0
1

M
d

m
e
n
d
e
le

v
iu

m

–

7
0

Y
b

y
tt
e
rb

iu
m

1
7
3
.1

1
0
2

N
o

n
o
b
e
liu

m

–

7
1

L
u

lu
te

ti
u
m

1
7
5
.0

1
0
3

L
r

la
w

re
n
c
iu

m

–

To avoid the issue of disclosure of answer‑related information to candidates, all copyright acknowledgements are reproduced online in the Cambridge 

Assessment International Education Copyright Acknowledgements Booklet. This is produced for each series of examinations and is freely available to download 

at www.cambridgeinternational.org after the live examination series.

* 0000800000024 *

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 8

20

9701/44/O/N/25© UCLES 2025

8 (a) Describe the difference in reactivity between ethanoyl chloride and chlorobenzene with water.

  Explain your answer.

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

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

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

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

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

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

 (b) The structure of compound V is shown.

V

CN O

O

O

N

H

O

  (i) Name all the functional groups in V.

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

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

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

  (ii) Deduce the number of possible optical isomers for V.

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

  (iii) Suggest one reason, other than better biological activity and lower dosage required, why 

it is beneficial to synthesise a single optical isomer of V for use as a drug.

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

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

 .....................................................................................................................................  [1]
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 (c) A sample of V is hydrolysed with an excess of hot aqueous alkali.

  The products are isolated from the reaction mixture at pH 12.

  Draw the structures of the two organic products of the complete alkaline hydrolysis of V 

in Fig. 8.1.

 Fig. 8.1

 [3]

* 0000800000021 *

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

22

9701/44/O/N/25© UCLES 2025

 (d) A polypeptide formed from four amino acids, A, B, C and D, is completely hydrolysed and 

then analysed by gas–liquid chromatography.

  The chromatogram produced is shown in Fig. 8.2.

intensity

time / minutes

A

B

C

D28

58

13

42

Fig. 8.2

  The number above each peak represents the area under the peak.

  The area under each peak is proportional to the mass of the respective amino acid in 

the mixture.

  (i) Calculate the percentage by mass of amino acid A in the original mixture.

 percentage by mass of amino acid A =  .........................................................  [1]

  (ii) The retention time for amino acid D is the longest.

   Explain why D has a longer retention time than the other amino acids A, B and C.

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

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

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

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

[Total: 11]

* 0000800000022 *

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

23

9701/44/O/N/25© UCLES 2025

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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8 (a) Describe the difference in reactivity between ethanoyl chloride and chlorobenzene with water.

  Explain your answer.

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

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

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

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

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

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

 (b) The structure of compound V is shown.

V

CN O

O

O

N

H

O

  (i) Name all the functional groups in V.

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

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

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

  (ii) Deduce the number of possible optical isomers for V.

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

  (iii) Suggest one reason, other than better biological activity and lower dosage required, why 

it is beneficial to synthesise a single optical isomer of V for use as a drug.

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

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

 .....................................................................................................................................  [1]
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 (c) A sample of V is hydrolysed with an excess of hot aqueous alkali.

  The products are isolated from the reaction mixture at pH 12.

  Draw the structures of the two organic products of the complete alkaline hydrolysis of V 

in Fig. 8.1.

 Fig. 8.1

 [3]
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 (d) A polypeptide formed from four amino acids, A, B, C and D, is completely hydrolysed and 

then analysed by gas–liquid chromatography.

  The chromatogram produced is shown in Fig. 8.2.

intensity

time / minutes

A

B

C

D28

58

13

42

Fig. 8.2

  The number above each peak represents the area under the peak.

  The area under each peak is proportional to the mass of the respective amino acid in 

the mixture.

  (i) Calculate the percentage by mass of amino acid A in the original mixture.

 percentage by mass of amino acid A =  .........................................................  [1]

  (ii) The retention time for amino acid D is the longest.

   Explain why D has a longer retention time than the other amino acids A, B and C.

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

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

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

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

[Total: 11]

* 0000800000022 *

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

23

9701/44/O/N/25© UCLES 2025

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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8 (a) Describe the difference in reactivity between ethanoyl chloride and chlorobenzene with water.

  Explain your answer.

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

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

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

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

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

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

 (b) The structure of compound V is shown.

V

CN O

O

O

N

H

O

  (i) Name all the functional groups in V.

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

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

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

  (ii) Deduce the number of possible optical isomers for V.

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

  (iii) Suggest one reason, other than better biological activity and lower dosage required, why 

it is beneficial to synthesise a single optical isomer of V for use as a drug.

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

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

 .....................................................................................................................................  [1]
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 (c) A sample of V is hydrolysed with an excess of hot aqueous alkali.

  The products are isolated from the reaction mixture at pH 12.

  Draw the structures of the two organic products of the complete alkaline hydrolysis of V 

in Fig. 8.1.

 Fig. 8.1

 [3]
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 (d) A polypeptide formed from four amino acids, A, B, C and D, is completely hydrolysed and 

then analysed by gas–liquid chromatography.

  The chromatogram produced is shown in Fig. 8.2.

intensity

time / minutes

A

B

C

D28

58

13

42

Fig. 8.2

  The number above each peak represents the area under the peak.

  The area under each peak is proportional to the mass of the respective amino acid in 

the mixture.

  (i) Calculate the percentage by mass of amino acid A in the original mixture.

 percentage by mass of amino acid A =  .........................................................  [1]

  (ii) The retention time for amino acid D is the longest.

   Explain why D has a longer retention time than the other amino acids A, B and C.

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

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

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

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

[Total: 11]
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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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8 (a) Describe the difference in reactivity between ethanoyl chloride and chlorobenzene with water.

  Explain your answer.

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

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

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

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

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

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

 (b) The structure of compound V is shown.

V

CN O

O

O

N

H

O

  (i) Name all the functional groups in V.

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

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

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

  (ii) Deduce the number of possible optical isomers for V.

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

  (iii) Suggest one reason, other than better biological activity and lower dosage required, why 

it is beneficial to synthesise a single optical isomer of V for use as a drug.

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

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

 .....................................................................................................................................  [1]
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 (c) A sample of V is hydrolysed with an excess of hot aqueous alkali.

  The products are isolated from the reaction mixture at pH 12.

  Draw the structures of the two organic products of the complete alkaline hydrolysis of V 

in Fig. 8.1.

 Fig. 8.1

 [3]
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 (d) A polypeptide formed from four amino acids, A, B, C and D, is completely hydrolysed and 

then analysed by gas–liquid chromatography.

  The chromatogram produced is shown in Fig. 8.2.

intensity

time / minutes

A

B

C

D28

58

13

42

Fig. 8.2

  The number above each peak represents the area under the peak.

  The area under each peak is proportional to the mass of the respective amino acid in 

the mixture.

  (i) Calculate the percentage by mass of amino acid A in the original mixture.

 percentage by mass of amino acid A =  .........................................................  [1]

  (ii) The retention time for amino acid D is the longest.

   Explain why D has a longer retention time than the other amino acids A, B and C.

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

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

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

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

[Total: 11]
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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 *

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

24

9701/44/O/N/25© UCLES 2025

G
ro

u
p

T
h

e
 P

e
ri

o
d

ic
 T

a
b

le
 o

f 
E

le
m

e
n

ts

1 H
h
y
d
ro

g
e
n

1
.0

2

H
e

h
e
liu

m

4
.0

1
2

1
3

1
4

1
5

1
6

1
7

1
8

3
4

5
6

7
8

9
1
0

1
1

1
2

3 L
i

lit
h
iu

m

6
.9

4 B
e

b
e
ry

lli
u
m

9
.0

a
to

m
ic

 n
u
m

b
e
r

a
to

m
ic

 s
y
m

b
o
l

K
e
y

n
a
m

e

re
la

ti
v
e
 a

to
m

ic
 m

a
s
s

1
1

N
a

s
o
d
iu

m

2
3
.0

1
2

M
g

m
a
g
n
e
s
iu

m

2
4
.3

1
9 K

p
o
ta

s
s
iu

m

3
9
.1

2
0

C
a

c
a
lc

iu
m

4
0
.1

3
7

R
b

ru
b
id

iu
m

8
5
.5

3
8

S
r

s
tr

o
n
ti
u
m

8
7
.6

5
5

C
s

c
a
e
s
iu

m

1
3
2
.9

5
6

B
a

b
a
ri
u
m

1
3
7
.3

8
7

F
r

fr
a
n
c
iu

m

–

8
8

R
a

ra
d
iu

m

–

5 B
b
o
ro

n

1
0
.8

1
3

A
l

a
lu

m
in

iu
m

2
7
.0

3
1

G
a

g
a
lli

u
m

6
9
.7

4
9

In
in

d
iu

m

1
1
4
.8

8
1 T
l

th
a
lli

u
m

2
0
4
.4

6 C
c
a
rb

o
n

1
2
.0

1
4 S
i

s
ili

c
o
n

2
8
.1

3
2

G
e

g
e
rm

a
n
iu

m

7
2
.6

5
0

S
n

ti
n

1
1
8
.7

8
2

P
b

le
a
d

2
0
7
.2

2
2 T
i

ti
ta

n
iu

m

4
7
.9

4
0

Z
r

z
ir
c
o
n
iu

m

9
1
.2

7
2

H
f

h
a
fn

iu
m

1
7
8
.5

1
0
4

R
f

ru
th

e
rf

o
rd

iu
m

–

2
3 V

v
a
n
a
d
iu

m

5
0
.9

4
1

N
b

n
io

b
iu

m

9
2
.9

7
3

T
a

ta
n
ta

lu
m

1
8
0
.9

1
0
5

D
b

d
u
b
n
iu

m

–

2
4

C
r

c
h
ro

m
iu

m

5
2
.0

4
2

M
o

m
o
ly

b
d
e
n
u
m

9
5
.9

7
4

W
tu

n
g
s
te

n

1
8
3
.8

1
0
6

S
g

s
e
a
b
o
rg

iu
m

–

2
5

M
n

m
a
n
g
a
n
e
s
e

5
4
.9

4
3

T
c

te
c
h
n
e
ti
u
m

– 7
5

R
e

rh
e
n
iu

m

1
8
6
.2

1
0
7

B
h

b
o
h
ri
u
m

–

2
6

F
e

ir
o
n

5
5
.8

4
4

R
u

ru
th

e
n
iu

m

1
0
1
.1

7
6

O
s

o
s
m

iu
m

1
9
0
.2

1
0
8

H
s

h
a
s
s
iu

m

–

2
7

C
o

c
o
b
a
lt

5
8
.9

4
5

R
h

rh
o
d
iu

m

1
0
2
.9

7
7 Ir

ir
id

iu
m

1
9
2
.2

1
0
9

M
t

m
e
it
n
e
ri
u
m

–

2
8

N
i

n
ic

k
e
l

5
8
.7

4
6

P
d

p
a
lla

d
iu

m

1
0
6
.4

7
8

P
t

p
la

ti
n
u
m

1
9
5
.1

1
1
0

D
s

d
a
rm

s
ta

d
ti
u
m

–

2
9

C
u

c
o
p
p
e
r

6
3
.5

4
7

A
g

s
ilv

e
r

1
0
7
.9

7
9

A
u

g
o
ld

1
9
7
.0

1
1
1

R
g

ro
e
n
tg

e
n
iu

m

–

3
0

Z
n

z
in

c

6
5
.4

4
8

C
d

c
a
d
m

iu
m

1
1
2
.4

8
0

H
g

m
e
rc

u
ry

2
0
0
.6

1
1
2

C
n

c
o
p
e
rn

ic
iu

m

–

1
1
4

F
l

fl
e
ro

v
iu

m

–

1
1
6

L
v

liv
e
rm

o
ri
u
m

–

7 N
n
it
ro

g
e
n

1
4
.0

1
5 P

p
h
o
s
p
h
o
ru

s

3
1
.0

3
3

A
s

a
rs

e
n
ic

7
4
.9

5
1

S
b

a
n
ti
m

o
n
y

1
2
1
.8

8
3 B
i

b
is

m
u
th

2
0
9
.0

8 O
o
x
y
g
e
n

1
6
.0

1
6 S

s
u
lf
u
r

3
2
.1

3
4

S
e

s
e
le

n
iu

m

7
9
.0

5
2

T
e

te
llu

ri
u
m

1
2
7
.6

8
4

P
o

p
o
lo

n
iu

m

–

9 F
fl
u
o
ri
n
e

1
9
.0

1
7

C
l

c
h
lo

ri
n
e

3
5
.5

3
5

B
r

b
ro

m
in

e

7
9
.9

5
3 I

io
d
in

e

1
2
6
.9

8
5

A
t

a
s
ta

ti
n
e

–

1
0

N
e

n
e
o
n

2
0
.2

1
8

A
r

a
rg

o
n

3
9
.9

3
6

K
r

k
ry

p
to

n

8
3
.8

5
4

X
e

x
e
n
o
n

1
3
1
.3

8
6

R
n

ra
d
o
n

–

1
1
3

N
h

n
ih

o
n
iu

m

–

1
1
5

M
c

m
o
s
c
o
v
iu

m

–

1
1
7

T
s

te
n
n
e
s
s
in

e

–

1
1
8

O
g

o
g
a
n
e
s
s
o
n

–

2
1

S
c

s
c
a
n
d
iu

m

4
5
.0

3
9 Y

y
tt
ri
u
m

8
8
.9

5
7
–
7
1

la
n
th

a
n
o
id

s

8
9
–
1
0
3

a
c
ti
n
o
id

s

5
7

L
a

la
n
th

a
n
u
m

1
3
8
.9

8
9

A
c

la
n
th

a
n
o
id

s

a
c
ti
n
o
id

s
a
c
ti
n
iu

m

–

5
8

C
e

c
e
ri
u
m

1
4
0
.1

9
0

T
h

th
o
ri
u
m

2
3
2
.0

5
9

P
r

p
ra

s
e
o
d
y
m

iu
m

1
4
0
.9

9
1

P
a

p
ro

ta
c
ti
n
iu

m

2
3
1
.0

6
0

N
d

n
e
o
d
y
m

iu
m

1
4
4
.2

9
2 U

u
ra

n
iu

m

2
3
8
.0

6
1

P
m

p
ro

m
e
th

iu
m

– 9
3

N
p

n
e
p
tu

n
iu

m

–

6
2

S
m

s
a
m

a
ri
u
m

1
5
0
.4

9
4

P
u

p
lu

to
n
iu

m

–

6
3

E
u

e
u
ro

p
iu

m

1
5
2
.0

9
5

A
m

a
m

e
ri
c
iu

m

–

6
4

G
d

g
a
d
o
lin

iu
m

1
5
7
.3

9
6

C
m

c
u
ri
u
m

–

6
5

T
b

te
rb

iu
m

1
5
8
.9

9
7

B
k

b
e
rk

e
liu

m

–

6
6

D
y

d
y
s
p
ro

s
iu

m

1
6
2
.5

9
8

C
f

c
a
lif

o
rn

iu
m

–

6
7

H
o

h
o
lm

iu
m

1
6
4
.9

9
9

E
s

e
in

s
te

in
iu

m

–

6
8

E
r

e
rb

iu
m

1
6
7
.3

1
0
0

F
m

fe
rm

iu
m

–

6
9

T
m

th
u
liu

m

1
6
8
.9

1
0
1

M
d

m
e
n
d
e
le

v
iu

m

–

7
0

Y
b

y
tt
e
rb

iu
m

1
7
3
.1

1
0
2

N
o

n
o
b
e
liu

m

–

7
1

L
u

lu
te

ti
u
m

1
7
5
.0

1
0
3

L
r

la
w

re
n
c
iu

m

–

To avoid the issue of disclosure of answer‑related information to candidates, all copyright acknowledgements are reproduced online in the Cambridge 

Assessment International Education Copyright Acknowledgements Booklet. This is produced for each series of examinations and is freely available to download 

at www.cambridgeinternational.org after the live examination series.

* 0000800000024 *

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 8
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8 (a) Describe the difference in reactivity between ethanoyl chloride and chlorobenzene with water.

  Explain your answer.

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

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

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

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

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

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

 (b) The structure of compound V is shown.

V

CN O

O

O

N

H

O

  (i) Name all the functional groups in V.

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

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

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

  (ii) Deduce the number of possible optical isomers for V.

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

  (iii) Suggest one reason, other than better biological activity and lower dosage required, why 

it is beneficial to synthesise a single optical isomer of V for use as a drug.

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

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

 .....................................................................................................................................  [1]
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 (c) A sample of V is hydrolysed with an excess of hot aqueous alkali.

  The products are isolated from the reaction mixture at pH 12.

  Draw the structures of the two organic products of the complete alkaline hydrolysis of V 

in Fig. 8.1.

 Fig. 8.1

 [3]
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 (d) A polypeptide formed from four amino acids, A, B, C and D, is completely hydrolysed and 

then analysed by gas–liquid chromatography.

  The chromatogram produced is shown in Fig. 8.2.

intensity

time / minutes

A

B

C

D28

58

13

42

Fig. 8.2

  The number above each peak represents the area under the peak.

  The area under each peak is proportional to the mass of the respective amino acid in 

the mixture.

  (i) Calculate the percentage by mass of amino acid A in the original mixture.

 percentage by mass of amino acid A =  .........................................................  [1]

  (ii) The retention time for amino acid D is the longest.

   Explain why D has a longer retention time than the other amino acids A, B and C.

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

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

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

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

[Total: 11]
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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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8 (a) Describe the difference in reactivity between ethanoyl chloride and chlorobenzene with water.

  Explain your answer.

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

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

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

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

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

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

 (b) The structure of compound V is shown.

V

CN O

O

O

N

H

O

  (i) Name all the functional groups in V.

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

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

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

  (ii) Deduce the number of possible optical isomers for V.

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

  (iii) Suggest one reason, other than better biological activity and lower dosage required, why 

it is beneficial to synthesise a single optical isomer of V for use as a drug.

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

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

 .....................................................................................................................................  [1]
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 (c) A sample of V is hydrolysed with an excess of hot aqueous alkali.

  The products are isolated from the reaction mixture at pH 12.

  Draw the structures of the two organic products of the complete alkaline hydrolysis of V 

in Fig. 8.1.

 Fig. 8.1

 [3]
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 (d) A polypeptide formed from four amino acids, A, B, C and D, is completely hydrolysed and 

then analysed by gas–liquid chromatography.

  The chromatogram produced is shown in Fig. 8.2.

intensity

time / minutes

A

B

C

D28

58

13

42

Fig. 8.2

  The number above each peak represents the area under the peak.

  The area under each peak is proportional to the mass of the respective amino acid in 

the mixture.

  (i) Calculate the percentage by mass of amino acid A in the original mixture.

 percentage by mass of amino acid A =  .........................................................  [1]

  (ii) The retention time for amino acid D is the longest.

   Explain why D has a longer retention time than the other amino acids A, B and C.

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

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

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

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

[Total: 11]
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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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8 (a) Describe the difference in reactivity between ethanoyl chloride and chlorobenzene with water.

  Explain your answer.

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

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

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

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

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

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

 (b) The structure of compound V is shown.

V

CN O

O

O

N

H

O

  (i) Name all the functional groups in V.

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

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

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

  (ii) Deduce the number of possible optical isomers for V.

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

  (iii) Suggest one reason, other than better biological activity and lower dosage required, why 

it is beneficial to synthesise a single optical isomer of V for use as a drug.

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

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

 .....................................................................................................................................  [1]
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 (c) A sample of V is hydrolysed with an excess of hot aqueous alkali.

  The products are isolated from the reaction mixture at pH 12.

  Draw the structures of the two organic products of the complete alkaline hydrolysis of V 

in Fig. 8.1.

 Fig. 8.1

 [3]
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 (d) A polypeptide formed from four amino acids, A, B, C and D, is completely hydrolysed and 

then analysed by gas–liquid chromatography.

  The chromatogram produced is shown in Fig. 8.2.

intensity

time / minutes

A

B

C

D28

58

13

42

Fig. 8.2

  The number above each peak represents the area under the peak.

  The area under each peak is proportional to the mass of the respective amino acid in 

the mixture.

  (i) Calculate the percentage by mass of amino acid A in the original mixture.

 percentage by mass of amino acid A =  .........................................................  [1]

  (ii) The retention time for amino acid D is the longest.

   Explain why D has a longer retention time than the other amino acids A, B and C.

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

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

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

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

[Total: 11]
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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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8 (a) Describe the difference in reactivity between ethanoyl chloride and chlorobenzene with water.

  Explain your answer.

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

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

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

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

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

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

 (b) The structure of compound V is shown.

V

CN O

O

O

N

H

O

  (i) Name all the functional groups in V.

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

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

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

  (ii) Deduce the number of possible optical isomers for V.

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

  (iii) Suggest one reason, other than better biological activity and lower dosage required, why 

it is beneficial to synthesise a single optical isomer of V for use as a drug.

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

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

 .....................................................................................................................................  [1]
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 (c) A sample of V is hydrolysed with an excess of hot aqueous alkali.

  The products are isolated from the reaction mixture at pH 12.

  Draw the structures of the two organic products of the complete alkaline hydrolysis of V 

in Fig. 8.1.

 Fig. 8.1

 [3]
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 (d) A polypeptide formed from four amino acids, A, B, C and D, is completely hydrolysed and 

then analysed by gas–liquid chromatography.

  The chromatogram produced is shown in Fig. 8.2.

intensity

time / minutes

A

B

C

D28

58

13

42

Fig. 8.2

  The number above each peak represents the area under the peak.

  The area under each peak is proportional to the mass of the respective amino acid in 

the mixture.

  (i) Calculate the percentage by mass of amino acid A in the original mixture.

 percentage by mass of amino acid A =  .........................................................  [1]

  (ii) The retention time for amino acid D is the longest.

   Explain why D has a longer retention time than the other amino acids A, B and C.

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

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

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

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

[Total: 11]
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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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Solution 8

(a) Mark scheme

•
chlorobenzene is less reactive than ethanoyl chloride
•
p orbital / lone pair on Cl / –Cl will overlap / delocalise into the ring
OR C of COCl has most electron deficient OR has an electronegative oxygen atom
/ two electronegative atoms / electron
withdrawing C=O group
•
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due to partial double C–Cl bond
OR C–Cl bond strengthened (more) / stronger bond between Cl and
benzene / ring
OR C–Cl weakened in ROCl
any two [1], all three [2]
2
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(b)(i) Mark scheme

•
nitrile
•
amide
•
ketone / carbonyl
•
ester
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any two [1], all four [2]
2
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(b)(ii)

Mark scheme
8 / eight
1
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(b)(iii)

Mark scheme
no need to separate optical isomers
1
9701/44
October/November 2025



Past-paper walk-through

Solution 8

(c)

Mark scheme
M1: amide bond hydrolysed and COO– and NH2 formed
M2: nitrile bond hydrolysed and COO– formed
M3: ester bond hydrolysed and COO– and OH formed
3
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(d)(i)

Mark scheme
percentage = 100 × 28 / (28 + 58 + 13 + 42) = 19.9 (%) min 2sf
1

(d)(ii)

Mark scheme
D is attracted more strongly to the stationary phase / forms stronger
intermolecular forces with the stationary phase
1


