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Reading the mark scheme

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

// separates answers the examiner accepts equally.
ecf = error carried forward: a later part is marked on your own earlier answer.
owtte = “or words to that effect” – the wording need not match.
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4 Fig. 4.1 shows a possible synthesis of propene, C3H6.

C2H5COOH C2H5CH2OH

reaction 1 reaction 2 reaction 3

NaOH

C2H5CH2Cl C3H6

Fig. 4.1

 (a) (i) Identify the type of reaction that occurs in reaction 1.

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

  (ii) Suggest a suitable reagent for reaction 2.

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

  (iii) Reaction 3 is an elimination reaction.

   Write an equation for this reaction and identify the solvent and conditions used.

equation  ............................................................................................................................

solvent and conditions  .......................................................................................................

 [2]

  (iv) C2H5CH2OH can be directly converted to C3H6.

   Suggest the reagent and conditions for this conversion.

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

 (b) Under suitable conditions, propene polymerises to form poly(propene).

  Poly(propene) exhibits stereoisomerism.

  (i) Identify the type of polymerisation that forms poly(propene) from propene.

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

  (ii) Define stereoisomerism.

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

 .....................................................................................................................................  [2]
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  (iii) Draw a section of poly(propene), showing two repeat units.

   Use your diagram to identify the type of stereoisomerism shown by poly(propene). 

Explain your answer.

section of poly(propene)

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

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

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

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

 [3]

  (iv) State two difficulties associated with the disposal of poly(propene).

1  ........................................................................................................................................

2  ........................................................................................................................................

 [2]
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 (c) Under different conditions, two molecules of propene can combine to form compounds X and Y.

X Y

  (i) Name X.

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

  (ii) Fig. 4.2 shows the mass spectrum of either compound X or compound Y.

10 20 30 40 50
m / e

60 70 80
0

20

40

60

relative abundance

80

100

Fig. 4.2

   Identify which of X and Y gives this mass spectrum.

   Give one reason for your answer, referring to the fragmentation pattern.

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

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

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

  (iii) The molecular ion peak in the spectrum in Fig. 4.2 has relative abundance 34.7.

   Calculate the relative abundance of the [M+1]+ peak in this spectrum.

 relative abundance of [M+1]+ peak =  .........................................................  [1]

 [Total: 16]
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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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4 Fig. 4.1 shows a possible synthesis of propene, C3H6.

C2H5COOH C2H5CH2OH

reaction 1 reaction 2 reaction 3

NaOH

C2H5CH2Cl C3H6

Fig. 4.1

 (a) (i) Identify the type of reaction that occurs in reaction 1.

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

  (ii) Suggest a suitable reagent for reaction 2.

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

  (iii) Reaction 3 is an elimination reaction.

   Write an equation for this reaction and identify the solvent and conditions used.

equation  ............................................................................................................................

solvent and conditions  .......................................................................................................

 [2]

  (iv) C2H5CH2OH can be directly converted to C3H6.

   Suggest the reagent and conditions for this conversion.

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

 (b) Under suitable conditions, propene polymerises to form poly(propene).

  Poly(propene) exhibits stereoisomerism.

  (i) Identify the type of polymerisation that forms poly(propene) from propene.

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

  (ii) Define stereoisomerism.

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

 .....................................................................................................................................  [2]
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  (iii) Draw a section of poly(propene), showing two repeat units.

   Use your diagram to identify the type of stereoisomerism shown by poly(propene). 

Explain your answer.

section of poly(propene)

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

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

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

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

 [3]

  (iv) State two difficulties associated with the disposal of poly(propene).

1  ........................................................................................................................................

2  ........................................................................................................................................

 [2]
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 (c) Under different conditions, two molecules of propene can combine to form compounds X and Y.

X Y

  (i) Name X.

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

  (ii) Fig. 4.2 shows the mass spectrum of either compound X or compound Y.

10 20 30 40 50
m / e

60 70 80
0

20

40

60

relative abundance

80

100

Fig. 4.2

   Identify which of X and Y gives this mass spectrum.

   Give one reason for your answer, referring to the fragmentation pattern.

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

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

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

  (iii) The molecular ion peak in the spectrum in Fig. 4.2 has relative abundance 34.7.

   Calculate the relative abundance of the [M+1]+ peak in this spectrum.

 relative abundance of [M+1]+ peak =  .........................................................  [1]

 [Total: 16]
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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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4 Fig. 4.1 shows a possible synthesis of propene, C3H6.

C2H5COOH C2H5CH2OH

reaction 1 reaction 2 reaction 3

NaOH

C2H5CH2Cl C3H6

Fig. 4.1

 (a) (i) Identify the type of reaction that occurs in reaction 1.

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

  (ii) Suggest a suitable reagent for reaction 2.

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

  (iii) Reaction 3 is an elimination reaction.

   Write an equation for this reaction and identify the solvent and conditions used.

equation  ............................................................................................................................

solvent and conditions  .......................................................................................................

 [2]

  (iv) C2H5CH2OH can be directly converted to C3H6.

   Suggest the reagent and conditions for this conversion.

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

 (b) Under suitable conditions, propene polymerises to form poly(propene).

  Poly(propene) exhibits stereoisomerism.

  (i) Identify the type of polymerisation that forms poly(propene) from propene.

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

  (ii) Define stereoisomerism.

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

 .....................................................................................................................................  [2]
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  (iii) Draw a section of poly(propene), showing two repeat units.

   Use your diagram to identify the type of stereoisomerism shown by poly(propene). 

Explain your answer.

section of poly(propene)

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

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

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

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

 [3]

  (iv) State two difficulties associated with the disposal of poly(propene).

1  ........................................................................................................................................

2  ........................................................................................................................................

 [2]
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 (c) Under different conditions, two molecules of propene can combine to form compounds X and Y.

X Y

  (i) Name X.

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

  (ii) Fig. 4.2 shows the mass spectrum of either compound X or compound Y.

10 20 30 40 50
m / e

60 70 80
0

20

40

60

relative abundance

80

100

Fig. 4.2

   Identify which of X and Y gives this mass spectrum.

   Give one reason for your answer, referring to the fragmentation pattern.

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

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

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

  (iii) The molecular ion peak in the spectrum in Fig. 4.2 has relative abundance 34.7.

   Calculate the relative abundance of the [M+1]+ peak in this spectrum.

 relative abundance of [M+1]+ peak =  .........................................................  [1]

 [Total: 16]
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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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4 Fig. 4.1 shows a possible synthesis of propene, C3H6.

C2H5COOH C2H5CH2OH

reaction 1 reaction 2 reaction 3

NaOH

C2H5CH2Cl C3H6

Fig. 4.1

 (a) (i) Identify the type of reaction that occurs in reaction 1.

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

  (ii) Suggest a suitable reagent for reaction 2.

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

  (iii) Reaction 3 is an elimination reaction.

   Write an equation for this reaction and identify the solvent and conditions used.

equation  ............................................................................................................................

solvent and conditions  .......................................................................................................

 [2]

  (iv) C2H5CH2OH can be directly converted to C3H6.

   Suggest the reagent and conditions for this conversion.

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

 (b) Under suitable conditions, propene polymerises to form poly(propene).

  Poly(propene) exhibits stereoisomerism.

  (i) Identify the type of polymerisation that forms poly(propene) from propene.

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

  (ii) Define stereoisomerism.

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

 .....................................................................................................................................  [2]
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  (iii) Draw a section of poly(propene), showing two repeat units.

   Use your diagram to identify the type of stereoisomerism shown by poly(propene). 

Explain your answer.

section of poly(propene)

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

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

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

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

 [3]

  (iv) State two difficulties associated with the disposal of poly(propene).

1  ........................................................................................................................................

2  ........................................................................................................................................

 [2]
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 (c) Under different conditions, two molecules of propene can combine to form compounds X and Y.

X Y

  (i) Name X.

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

  (ii) Fig. 4.2 shows the mass spectrum of either compound X or compound Y.

10 20 30 40 50
m / e

60 70 80
0

20

40

60

relative abundance

80

100

Fig. 4.2

   Identify which of X and Y gives this mass spectrum.

   Give one reason for your answer, referring to the fragmentation pattern.

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

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

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

  (iii) The molecular ion peak in the spectrum in Fig. 4.2 has relative abundance 34.7.

   Calculate the relative abundance of the [M+1]+ peak in this spectrum.

 relative abundance of [M+1]+ peak =  .........................................................  [1]

 [Total: 16]
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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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4 Fig. 4.1 shows a possible synthesis of propene, C3H6.

C2H5COOH C2H5CH2OH

reaction 1 reaction 2 reaction 3

NaOH

C2H5CH2Cl C3H6

Fig. 4.1

 (a) (i) Identify the type of reaction that occurs in reaction 1.

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

  (ii) Suggest a suitable reagent for reaction 2.

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

  (iii) Reaction 3 is an elimination reaction.

   Write an equation for this reaction and identify the solvent and conditions used.

equation  ............................................................................................................................

solvent and conditions  .......................................................................................................

 [2]

  (iv) C2H5CH2OH can be directly converted to C3H6.

   Suggest the reagent and conditions for this conversion.

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

 (b) Under suitable conditions, propene polymerises to form poly(propene).

  Poly(propene) exhibits stereoisomerism.

  (i) Identify the type of polymerisation that forms poly(propene) from propene.

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

  (ii) Define stereoisomerism.

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

 .....................................................................................................................................  [2]
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  (iii) Draw a section of poly(propene), showing two repeat units.

   Use your diagram to identify the type of stereoisomerism shown by poly(propene). 

Explain your answer.

section of poly(propene)

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

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

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

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

 [3]

  (iv) State two difficulties associated with the disposal of poly(propene).

1  ........................................................................................................................................

2  ........................................................................................................................................

 [2]
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 (c) Under different conditions, two molecules of propene can combine to form compounds X and Y.

X Y

  (i) Name X.

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

  (ii) Fig. 4.2 shows the mass spectrum of either compound X or compound Y.

10 20 30 40 50
m / e

60 70 80
0

20

40

60

relative abundance

80

100

Fig. 4.2

   Identify which of X and Y gives this mass spectrum.

   Give one reason for your answer, referring to the fragmentation pattern.

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

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

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

  (iii) The molecular ion peak in the spectrum in Fig. 4.2 has relative abundance 34.7.

   Calculate the relative abundance of the [M+1]+ peak in this spectrum.

 relative abundance of [M+1]+ peak =  .........................................................  [1]

 [Total: 16]
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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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4 Fig. 4.1 shows a possible synthesis of propene, C3H6.

C2H5COOH C2H5CH2OH

reaction 1 reaction 2 reaction 3

NaOH

C2H5CH2Cl C3H6

Fig. 4.1

 (a) (i) Identify the type of reaction that occurs in reaction 1.

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

  (ii) Suggest a suitable reagent for reaction 2.

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

  (iii) Reaction 3 is an elimination reaction.

   Write an equation for this reaction and identify the solvent and conditions used.

equation  ............................................................................................................................

solvent and conditions  .......................................................................................................

 [2]

  (iv) C2H5CH2OH can be directly converted to C3H6.

   Suggest the reagent and conditions for this conversion.

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

 (b) Under suitable conditions, propene polymerises to form poly(propene).

  Poly(propene) exhibits stereoisomerism.

  (i) Identify the type of polymerisation that forms poly(propene) from propene.

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

  (ii) Define stereoisomerism.

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

 .....................................................................................................................................  [2]
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  (iii) Draw a section of poly(propene), showing two repeat units.

   Use your diagram to identify the type of stereoisomerism shown by poly(propene). 

Explain your answer.

section of poly(propene)

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

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

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

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

 [3]

  (iv) State two difficulties associated with the disposal of poly(propene).

1  ........................................................................................................................................

2  ........................................................................................................................................

 [2]
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 (c) Under different conditions, two molecules of propene can combine to form compounds X and Y.

X Y

  (i) Name X.

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

  (ii) Fig. 4.2 shows the mass spectrum of either compound X or compound Y.

10 20 30 40 50
m / e

60 70 80
0

20

40

60

relative abundance

80

100

Fig. 4.2

   Identify which of X and Y gives this mass spectrum.

   Give one reason for your answer, referring to the fragmentation pattern.

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

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

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

  (iii) The molecular ion peak in the spectrum in Fig. 4.2 has relative abundance 34.7.

   Calculate the relative abundance of the [M+1]+ peak in this spectrum.

 relative abundance of [M+1]+ peak =  .........................................................  [1]

 [Total: 16]
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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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4 Fig. 4.1 shows a possible synthesis of propene, C3H6.

C2H5COOH C2H5CH2OH

reaction 1 reaction 2 reaction 3

NaOH

C2H5CH2Cl C3H6

Fig. 4.1

 (a) (i) Identify the type of reaction that occurs in reaction 1.

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

  (ii) Suggest a suitable reagent for reaction 2.

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

  (iii) Reaction 3 is an elimination reaction.

   Write an equation for this reaction and identify the solvent and conditions used.

equation  ............................................................................................................................

solvent and conditions  .......................................................................................................

 [2]

  (iv) C2H5CH2OH can be directly converted to C3H6.

   Suggest the reagent and conditions for this conversion.

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

 (b) Under suitable conditions, propene polymerises to form poly(propene).

  Poly(propene) exhibits stereoisomerism.

  (i) Identify the type of polymerisation that forms poly(propene) from propene.

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

  (ii) Define stereoisomerism.

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

 .....................................................................................................................................  [2]
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  (iii) Draw a section of poly(propene), showing two repeat units.

   Use your diagram to identify the type of stereoisomerism shown by poly(propene). 

Explain your answer.

section of poly(propene)

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

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

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

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

 [3]

  (iv) State two difficulties associated with the disposal of poly(propene).

1  ........................................................................................................................................

2  ........................................................................................................................................

 [2]
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 (c) Under different conditions, two molecules of propene can combine to form compounds X and Y.

X Y

  (i) Name X.

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

  (ii) Fig. 4.2 shows the mass spectrum of either compound X or compound Y.

10 20 30 40 50
m / e

60 70 80
0

20

40

60

relative abundance

80

100

Fig. 4.2

   Identify which of X and Y gives this mass spectrum.

   Give one reason for your answer, referring to the fragmentation pattern.

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

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

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

  (iii) The molecular ion peak in the spectrum in Fig. 4.2 has relative abundance 34.7.

   Calculate the relative abundance of the [M+1]+ peak in this spectrum.

 relative abundance of [M+1]+ peak =  .........................................................  [1]

 [Total: 16]
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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)

* 0000800000015 *

D
O

 N
O

T
 W

R
IT

E
 I
N

 T
H

IS
 M

A
R

G
IN

  
  
  
  
  
  
  
  
  
D

O
 N

O
T

 W
R

IT
E

 I
N

 T
H

IS
 M

A
R

G
IN

  
  
  
  
  
  
  
  
  
D

O
 N

O
T

 W
R

IT
E

 I
N

 T
H

IS
 M

A
R

G
IN

  
  
  
  
  
  
  
  
  
D

O
 N

O
T

 W
R

IT
E

 I
N

 T
H

IS
 M

A
R

G
IN

  
  
  
  
  
  
  
  
  
D

O
 N

O
T

 W
R

IT
E

 I
N

 T
H

IS
 M

A
R

G
IN

DFD

16

9701/21/O/N/25© UCLES 2025

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.

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

–

* 0000800000016 *

D
O

 N
O

T
 W

R
IT

E
 I
N

 T
H

IS
 M

A
R

G
IN

  
  
  
  
  
  
  
  
  
D

O
 N

O
T

 W
R

IT
E

 I
N

 T
H

IS
 M

A
R

G
IN

  
  
  
  
  
  
  
  
  
D

O
 N

O
T

 W
R

IT
E

 I
N

 T
H

IS
 M

A
R

G
IN

  
  
  
  
  
  
  
  
  
D

O
 N

O
T

 W
R

IT
E

 I
N

 T
H

IS
 M

A
R

G
IN

  
  
  
  
  
  
  
  
  
D

O
 N

O
T

 W
R

IT
E

 I
N

 T
H

IS
 M

A
R

G
IN

DFD



Question 4

12

9701/21/O/N/25© UCLES 2025

4 Fig. 4.1 shows a possible synthesis of propene, C3H6.

C2H5COOH C2H5CH2OH

reaction 1 reaction 2 reaction 3

NaOH

C2H5CH2Cl C3H6

Fig. 4.1

 (a) (i) Identify the type of reaction that occurs in reaction 1.

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

  (ii) Suggest a suitable reagent for reaction 2.

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

  (iii) Reaction 3 is an elimination reaction.

   Write an equation for this reaction and identify the solvent and conditions used.

equation  ............................................................................................................................

solvent and conditions  .......................................................................................................

 [2]

  (iv) C2H5CH2OH can be directly converted to C3H6.

   Suggest the reagent and conditions for this conversion.

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

 (b) Under suitable conditions, propene polymerises to form poly(propene).

  Poly(propene) exhibits stereoisomerism.

  (i) Identify the type of polymerisation that forms poly(propene) from propene.

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

  (ii) Define stereoisomerism.

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

 .....................................................................................................................................  [2]
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  (iii) Draw a section of poly(propene), showing two repeat units.

   Use your diagram to identify the type of stereoisomerism shown by poly(propene). 

Explain your answer.

section of poly(propene)

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

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

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

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

 [3]

  (iv) State two difficulties associated with the disposal of poly(propene).

1  ........................................................................................................................................

2  ........................................................................................................................................

 [2]
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 (c) Under different conditions, two molecules of propene can combine to form compounds X and Y.

X Y

  (i) Name X.

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

  (ii) Fig. 4.2 shows the mass spectrum of either compound X or compound Y.

10 20 30 40 50
m / e

60 70 80
0

20

40

60

relative abundance

80

100

Fig. 4.2

   Identify which of X and Y gives this mass spectrum.

   Give one reason for your answer, referring to the fragmentation pattern.

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

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

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

  (iii) The molecular ion peak in the spectrum in Fig. 4.2 has relative abundance 34.7.

   Calculate the relative abundance of the [M+1]+ peak in this spectrum.

 relative abundance of [M+1]+ peak =  .........................................................  [1]

 [Total: 16]
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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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4 Fig. 4.1 shows a possible synthesis of propene, C3H6.

C2H5COOH C2H5CH2OH

reaction 1 reaction 2 reaction 3

NaOH

C2H5CH2Cl C3H6

Fig. 4.1

 (a) (i) Identify the type of reaction that occurs in reaction 1.

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

  (ii) Suggest a suitable reagent for reaction 2.

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

  (iii) Reaction 3 is an elimination reaction.

   Write an equation for this reaction and identify the solvent and conditions used.

equation  ............................................................................................................................

solvent and conditions  .......................................................................................................

 [2]

  (iv) C2H5CH2OH can be directly converted to C3H6.

   Suggest the reagent and conditions for this conversion.

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

 (b) Under suitable conditions, propene polymerises to form poly(propene).

  Poly(propene) exhibits stereoisomerism.

  (i) Identify the type of polymerisation that forms poly(propene) from propene.

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

  (ii) Define stereoisomerism.

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

 .....................................................................................................................................  [2]
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  (iii) Draw a section of poly(propene), showing two repeat units.

   Use your diagram to identify the type of stereoisomerism shown by poly(propene). 

Explain your answer.

section of poly(propene)

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

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

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

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

 [3]

  (iv) State two difficulties associated with the disposal of poly(propene).

1  ........................................................................................................................................

2  ........................................................................................................................................

 [2]
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 (c) Under different conditions, two molecules of propene can combine to form compounds X and Y.

X Y

  (i) Name X.

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

  (ii) Fig. 4.2 shows the mass spectrum of either compound X or compound Y.

10 20 30 40 50
m / e

60 70 80
0

20

40

60

relative abundance

80

100

Fig. 4.2

   Identify which of X and Y gives this mass spectrum.

   Give one reason for your answer, referring to the fragmentation pattern.

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

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

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

  (iii) The molecular ion peak in the spectrum in Fig. 4.2 has relative abundance 34.7.

   Calculate the relative abundance of the [M+1]+ peak in this spectrum.

 relative abundance of [M+1]+ peak =  .........................................................  [1]

 [Total: 16]
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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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4 Fig. 4.1 shows a possible synthesis of propene, C3H6.

C2H5COOH C2H5CH2OH

reaction 1 reaction 2 reaction 3

NaOH

C2H5CH2Cl C3H6

Fig. 4.1

 (a) (i) Identify the type of reaction that occurs in reaction 1.

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

  (ii) Suggest a suitable reagent for reaction 2.

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

  (iii) Reaction 3 is an elimination reaction.

   Write an equation for this reaction and identify the solvent and conditions used.

equation  ............................................................................................................................

solvent and conditions  .......................................................................................................

 [2]

  (iv) C2H5CH2OH can be directly converted to C3H6.

   Suggest the reagent and conditions for this conversion.

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

 (b) Under suitable conditions, propene polymerises to form poly(propene).

  Poly(propene) exhibits stereoisomerism.

  (i) Identify the type of polymerisation that forms poly(propene) from propene.

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

  (ii) Define stereoisomerism.

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

 .....................................................................................................................................  [2]
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  (iii) Draw a section of poly(propene), showing two repeat units.

   Use your diagram to identify the type of stereoisomerism shown by poly(propene). 

Explain your answer.

section of poly(propene)

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

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

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

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

 [3]

  (iv) State two difficulties associated with the disposal of poly(propene).

1  ........................................................................................................................................

2  ........................................................................................................................................

 [2]
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 (c) Under different conditions, two molecules of propene can combine to form compounds X and Y.

X Y

  (i) Name X.

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

  (ii) Fig. 4.2 shows the mass spectrum of either compound X or compound Y.

10 20 30 40 50
m / e

60 70 80
0

20

40

60

relative abundance

80

100

Fig. 4.2

   Identify which of X and Y gives this mass spectrum.

   Give one reason for your answer, referring to the fragmentation pattern.

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

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

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

  (iii) The molecular ion peak in the spectrum in Fig. 4.2 has relative abundance 34.7.

   Calculate the relative abundance of the [M+1]+ peak in this spectrum.

 relative abundance of [M+1]+ peak =  .........................................................  [1]

 [Total: 16]
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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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4 Fig. 4.1 shows a possible synthesis of propene, C3H6.

C2H5COOH C2H5CH2OH

reaction 1 reaction 2 reaction 3

NaOH

C2H5CH2Cl C3H6

Fig. 4.1

 (a) (i) Identify the type of reaction that occurs in reaction 1.

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

  (ii) Suggest a suitable reagent for reaction 2.

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

  (iii) Reaction 3 is an elimination reaction.

   Write an equation for this reaction and identify the solvent and conditions used.

equation  ............................................................................................................................

solvent and conditions  .......................................................................................................

 [2]

  (iv) C2H5CH2OH can be directly converted to C3H6.

   Suggest the reagent and conditions for this conversion.

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

 (b) Under suitable conditions, propene polymerises to form poly(propene).

  Poly(propene) exhibits stereoisomerism.

  (i) Identify the type of polymerisation that forms poly(propene) from propene.

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

  (ii) Define stereoisomerism.

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

 .....................................................................................................................................  [2]
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  (iii) Draw a section of poly(propene), showing two repeat units.

   Use your diagram to identify the type of stereoisomerism shown by poly(propene). 

Explain your answer.

section of poly(propene)

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

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

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

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

 [3]

  (iv) State two difficulties associated with the disposal of poly(propene).

1  ........................................................................................................................................

2  ........................................................................................................................................

 [2]
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 (c) Under different conditions, two molecules of propene can combine to form compounds X and Y.

X Y

  (i) Name X.

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

  (ii) Fig. 4.2 shows the mass spectrum of either compound X or compound Y.

10 20 30 40 50
m / e

60 70 80
0

20

40

60

relative abundance

80

100

Fig. 4.2

   Identify which of X and Y gives this mass spectrum.

   Give one reason for your answer, referring to the fragmentation pattern.

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

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

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

  (iii) The molecular ion peak in the spectrum in Fig. 4.2 has relative abundance 34.7.

   Calculate the relative abundance of the [M+1]+ peak in this spectrum.

 relative abundance of [M+1]+ peak =  .........................................................  [1]

 [Total: 16]
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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)

* 0000800000015 *

D
O

 N
O

T
 W

R
IT

E
 I
N

 T
H

IS
 M

A
R

G
IN

  
  
  
  
  
  
  
  
  
D

O
 N

O
T

 W
R

IT
E

 I
N

 T
H

IS
 M

A
R

G
IN

  
  
  
  
  
  
  
  
  
D

O
 N

O
T

 W
R

IT
E

 I
N

 T
H

IS
 M

A
R

G
IN

  
  
  
  
  
  
  
  
  
D

O
 N

O
T

 W
R

IT
E

 I
N

 T
H

IS
 M

A
R

G
IN

  
  
  
  
  
  
  
  
  
D

O
 N

O
T

 W
R

IT
E

 I
N

 T
H

IS
 M

A
R

G
IN

DFD

16

9701/21/O/N/25© UCLES 2025

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.

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

–

* 0000800000016 *

D
O

 N
O

T
 W

R
IT

E
 I
N

 T
H

IS
 M

A
R

G
IN

  
  
  
  
  
  
  
  
  
D

O
 N

O
T

 W
R

IT
E

 I
N

 T
H

IS
 M

A
R

G
IN

  
  
  
  
  
  
  
  
  
D

O
 N

O
T

 W
R

IT
E

 I
N

 T
H

IS
 M

A
R

G
IN

  
  
  
  
  
  
  
  
  
D

O
 N

O
T

 W
R

IT
E

 I
N

 T
H

IS
 M

A
R

G
IN

  
  
  
  
  
  
  
  
  
D

O
 N

O
T

 W
R

IT
E

 I
N

 T
H

IS
 M

A
R

G
IN

DFD



Question 4

12

9701/21/O/N/25© UCLES 2025

4 Fig. 4.1 shows a possible synthesis of propene, C3H6.

C2H5COOH C2H5CH2OH

reaction 1 reaction 2 reaction 3

NaOH

C2H5CH2Cl C3H6

Fig. 4.1

 (a) (i) Identify the type of reaction that occurs in reaction 1.

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

  (ii) Suggest a suitable reagent for reaction 2.

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

  (iii) Reaction 3 is an elimination reaction.

   Write an equation for this reaction and identify the solvent and conditions used.

equation  ............................................................................................................................

solvent and conditions  .......................................................................................................

 [2]

  (iv) C2H5CH2OH can be directly converted to C3H6.

   Suggest the reagent and conditions for this conversion.

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

 (b) Under suitable conditions, propene polymerises to form poly(propene).

  Poly(propene) exhibits stereoisomerism.

  (i) Identify the type of polymerisation that forms poly(propene) from propene.

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

  (ii) Define stereoisomerism.

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

 .....................................................................................................................................  [2]
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  (iii) Draw a section of poly(propene), showing two repeat units.

   Use your diagram to identify the type of stereoisomerism shown by poly(propene). 

Explain your answer.

section of poly(propene)

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

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

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

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

 [3]

  (iv) State two difficulties associated with the disposal of poly(propene).

1  ........................................................................................................................................

2  ........................................................................................................................................

 [2]
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 (c) Under different conditions, two molecules of propene can combine to form compounds X and Y.

X Y

  (i) Name X.

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

  (ii) Fig. 4.2 shows the mass spectrum of either compound X or compound Y.

10 20 30 40 50
m / e

60 70 80
0

20

40

60

relative abundance

80

100

Fig. 4.2

   Identify which of X and Y gives this mass spectrum.

   Give one reason for your answer, referring to the fragmentation pattern.

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

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

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

  (iii) The molecular ion peak in the spectrum in Fig. 4.2 has relative abundance 34.7.

   Calculate the relative abundance of the [M+1]+ peak in this spectrum.

 relative abundance of [M+1]+ peak =  .........................................................  [1]

 [Total: 16]
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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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4 Fig. 4.1 shows a possible synthesis of propene, C3H6.

C2H5COOH C2H5CH2OH

reaction 1 reaction 2 reaction 3

NaOH

C2H5CH2Cl C3H6

Fig. 4.1

 (a) (i) Identify the type of reaction that occurs in reaction 1.

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

  (ii) Suggest a suitable reagent for reaction 2.

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

  (iii) Reaction 3 is an elimination reaction.

   Write an equation for this reaction and identify the solvent and conditions used.

equation  ............................................................................................................................

solvent and conditions  .......................................................................................................

 [2]

  (iv) C2H5CH2OH can be directly converted to C3H6.

   Suggest the reagent and conditions for this conversion.

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

 (b) Under suitable conditions, propene polymerises to form poly(propene).

  Poly(propene) exhibits stereoisomerism.

  (i) Identify the type of polymerisation that forms poly(propene) from propene.

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

  (ii) Define stereoisomerism.

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

 .....................................................................................................................................  [2]
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  (iii) Draw a section of poly(propene), showing two repeat units.

   Use your diagram to identify the type of stereoisomerism shown by poly(propene). 

Explain your answer.

section of poly(propene)

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

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

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

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

 [3]

  (iv) State two difficulties associated with the disposal of poly(propene).

1  ........................................................................................................................................

2  ........................................................................................................................................

 [2]
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 (c) Under different conditions, two molecules of propene can combine to form compounds X and Y.

X Y

  (i) Name X.

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

  (ii) Fig. 4.2 shows the mass spectrum of either compound X or compound Y.

10 20 30 40 50
m / e

60 70 80
0

20

40

60

relative abundance

80

100

Fig. 4.2

   Identify which of X and Y gives this mass spectrum.

   Give one reason for your answer, referring to the fragmentation pattern.

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

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

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

  (iii) The molecular ion peak in the spectrum in Fig. 4.2 has relative abundance 34.7.

   Calculate the relative abundance of the [M+1]+ peak in this spectrum.

 relative abundance of [M+1]+ peak =  .........................................................  [1]

 [Total: 16]
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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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4 Fig. 4.1 shows a possible synthesis of propene, C3H6.

C2H5COOH C2H5CH2OH

reaction 1 reaction 2 reaction 3

NaOH

C2H5CH2Cl C3H6

Fig. 4.1

 (a) (i) Identify the type of reaction that occurs in reaction 1.

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

  (ii) Suggest a suitable reagent for reaction 2.

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

  (iii) Reaction 3 is an elimination reaction.

   Write an equation for this reaction and identify the solvent and conditions used.

equation  ............................................................................................................................

solvent and conditions  .......................................................................................................

 [2]

  (iv) C2H5CH2OH can be directly converted to C3H6.

   Suggest the reagent and conditions for this conversion.

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

 (b) Under suitable conditions, propene polymerises to form poly(propene).

  Poly(propene) exhibits stereoisomerism.

  (i) Identify the type of polymerisation that forms poly(propene) from propene.

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

  (ii) Define stereoisomerism.

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

 .....................................................................................................................................  [2]
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  (iii) Draw a section of poly(propene), showing two repeat units.

   Use your diagram to identify the type of stereoisomerism shown by poly(propene). 

Explain your answer.

section of poly(propene)

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

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

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

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

 [3]

  (iv) State two difficulties associated with the disposal of poly(propene).

1  ........................................................................................................................................

2  ........................................................................................................................................

 [2]
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 (c) Under different conditions, two molecules of propene can combine to form compounds X and Y.

X Y

  (i) Name X.

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

  (ii) Fig. 4.2 shows the mass spectrum of either compound X or compound Y.
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m / e
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0
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40

60

relative abundance

80

100

Fig. 4.2

   Identify which of X and Y gives this mass spectrum.

   Give one reason for your answer, referring to the fragmentation pattern.

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

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

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

  (iii) The molecular ion peak in the spectrum in Fig. 4.2 has relative abundance 34.7.

   Calculate the relative abundance of the [M+1]+ peak in this spectrum.

 relative abundance of [M+1]+ peak =  .........................................................  [1]

 [Total: 16]
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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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4 Fig. 4.1 shows a possible synthesis of propene, C3H6.

C2H5COOH C2H5CH2OH

reaction 1 reaction 2 reaction 3

NaOH

C2H5CH2Cl C3H6

Fig. 4.1

 (a) (i) Identify the type of reaction that occurs in reaction 1.

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

  (ii) Suggest a suitable reagent for reaction 2.

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

  (iii) Reaction 3 is an elimination reaction.

   Write an equation for this reaction and identify the solvent and conditions used.

equation  ............................................................................................................................

solvent and conditions  .......................................................................................................

 [2]

  (iv) C2H5CH2OH can be directly converted to C3H6.

   Suggest the reagent and conditions for this conversion.

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

 (b) Under suitable conditions, propene polymerises to form poly(propene).

  Poly(propene) exhibits stereoisomerism.

  (i) Identify the type of polymerisation that forms poly(propene) from propene.

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

  (ii) Define stereoisomerism.

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

 .....................................................................................................................................  [2]
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  (iii) Draw a section of poly(propene), showing two repeat units.

   Use your diagram to identify the type of stereoisomerism shown by poly(propene). 

Explain your answer.

section of poly(propene)

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

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

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

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

 [3]

  (iv) State two difficulties associated with the disposal of poly(propene).

1  ........................................................................................................................................

2  ........................................................................................................................................

 [2]
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 (c) Under different conditions, two molecules of propene can combine to form compounds X and Y.

X Y

  (i) Name X.

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

  (ii) Fig. 4.2 shows the mass spectrum of either compound X or compound Y.

10 20 30 40 50
m / e

60 70 80
0

20

40

60

relative abundance

80

100

Fig. 4.2

   Identify which of X and Y gives this mass spectrum.

   Give one reason for your answer, referring to the fragmentation pattern.

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

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

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

  (iii) The molecular ion peak in the spectrum in Fig. 4.2 has relative abundance 34.7.

   Calculate the relative abundance of the [M+1]+ peak in this spectrum.

 relative abundance of [M+1]+ peak =  .........................................................  [1]

 [Total: 16]
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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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4 Fig. 4.1 shows a possible synthesis of propene, C3H6.

C2H5COOH C2H5CH2OH

reaction 1 reaction 2 reaction 3

NaOH

C2H5CH2Cl C3H6

Fig. 4.1

 (a) (i) Identify the type of reaction that occurs in reaction 1.

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

  (ii) Suggest a suitable reagent for reaction 2.

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

  (iii) Reaction 3 is an elimination reaction.

   Write an equation for this reaction and identify the solvent and conditions used.

equation  ............................................................................................................................

solvent and conditions  .......................................................................................................

 [2]

  (iv) C2H5CH2OH can be directly converted to C3H6.

   Suggest the reagent and conditions for this conversion.

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

 (b) Under suitable conditions, propene polymerises to form poly(propene).

  Poly(propene) exhibits stereoisomerism.

  (i) Identify the type of polymerisation that forms poly(propene) from propene.

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

  (ii) Define stereoisomerism.

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

 .....................................................................................................................................  [2]
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  (iii) Draw a section of poly(propene), showing two repeat units.

   Use your diagram to identify the type of stereoisomerism shown by poly(propene). 

Explain your answer.

section of poly(propene)

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

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

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

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

 [3]

  (iv) State two difficulties associated with the disposal of poly(propene).

1  ........................................................................................................................................

2  ........................................................................................................................................

 [2]
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 (c) Under different conditions, two molecules of propene can combine to form compounds X and Y.

X Y

  (i) Name X.

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

  (ii) Fig. 4.2 shows the mass spectrum of either compound X or compound Y.

10 20 30 40 50
m / e

60 70 80
0

20

40

60

relative abundance

80

100

Fig. 4.2

   Identify which of X and Y gives this mass spectrum.

   Give one reason for your answer, referring to the fragmentation pattern.

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

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

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

  (iii) The molecular ion peak in the spectrum in Fig. 4.2 has relative abundance 34.7.

   Calculate the relative abundance of the [M+1]+ peak in this spectrum.

 relative abundance of [M+1]+ peak =  .........................................................  [1]

 [Total: 16]
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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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4 Fig. 4.1 shows a possible synthesis of propene, C3H6.

C2H5COOH C2H5CH2OH

reaction 1 reaction 2 reaction 3

NaOH

C2H5CH2Cl C3H6

Fig. 4.1

 (a) (i) Identify the type of reaction that occurs in reaction 1.

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

  (ii) Suggest a suitable reagent for reaction 2.

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

  (iii) Reaction 3 is an elimination reaction.

   Write an equation for this reaction and identify the solvent and conditions used.

equation  ............................................................................................................................

solvent and conditions  .......................................................................................................

 [2]

  (iv) C2H5CH2OH can be directly converted to C3H6.

   Suggest the reagent and conditions for this conversion.

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

 (b) Under suitable conditions, propene polymerises to form poly(propene).

  Poly(propene) exhibits stereoisomerism.

  (i) Identify the type of polymerisation that forms poly(propene) from propene.

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

  (ii) Define stereoisomerism.

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

 .....................................................................................................................................  [2]
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  (iii) Draw a section of poly(propene), showing two repeat units.

   Use your diagram to identify the type of stereoisomerism shown by poly(propene). 

Explain your answer.

section of poly(propene)

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

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

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

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

 [3]

  (iv) State two difficulties associated with the disposal of poly(propene).

1  ........................................................................................................................................

2  ........................................................................................................................................

 [2]
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 (c) Under different conditions, two molecules of propene can combine to form compounds X and Y.

X Y

  (i) Name X.

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

  (ii) Fig. 4.2 shows the mass spectrum of either compound X or compound Y.

10 20 30 40 50
m / e

60 70 80
0

20

40

60

relative abundance

80

100

Fig. 4.2

   Identify which of X and Y gives this mass spectrum.

   Give one reason for your answer, referring to the fragmentation pattern.

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

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

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

  (iii) The molecular ion peak in the spectrum in Fig. 4.2 has relative abundance 34.7.

   Calculate the relative abundance of the [M+1]+ peak in this spectrum.

 relative abundance of [M+1]+ peak =  .........................................................  [1]

 [Total: 16]
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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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4 Fig. 4.1 shows a possible synthesis of propene, C3H6.

C2H5COOH C2H5CH2OH

reaction 1 reaction 2 reaction 3

NaOH

C2H5CH2Cl C3H6

Fig. 4.1

 (a) (i) Identify the type of reaction that occurs in reaction 1.

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

  (ii) Suggest a suitable reagent for reaction 2.

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

  (iii) Reaction 3 is an elimination reaction.

   Write an equation for this reaction and identify the solvent and conditions used.

equation  ............................................................................................................................

solvent and conditions  .......................................................................................................

 [2]

  (iv) C2H5CH2OH can be directly converted to C3H6.

   Suggest the reagent and conditions for this conversion.

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

 (b) Under suitable conditions, propene polymerises to form poly(propene).

  Poly(propene) exhibits stereoisomerism.

  (i) Identify the type of polymerisation that forms poly(propene) from propene.

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

  (ii) Define stereoisomerism.

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

 .....................................................................................................................................  [2]
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  (iii) Draw a section of poly(propene), showing two repeat units.

   Use your diagram to identify the type of stereoisomerism shown by poly(propene). 

Explain your answer.

section of poly(propene)

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

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

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

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

 [3]

  (iv) State two difficulties associated with the disposal of poly(propene).

1  ........................................................................................................................................

2  ........................................................................................................................................

 [2]
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 (c) Under different conditions, two molecules of propene can combine to form compounds X and Y.

X Y

  (i) Name X.

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

  (ii) Fig. 4.2 shows the mass spectrum of either compound X or compound Y.

10 20 30 40 50
m / e

60 70 80
0

20

40

60

relative abundance

80

100

Fig. 4.2

   Identify which of X and Y gives this mass spectrum.

   Give one reason for your answer, referring to the fragmentation pattern.

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

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

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

  (iii) The molecular ion peak in the spectrum in Fig. 4.2 has relative abundance 34.7.

   Calculate the relative abundance of the [M+1]+ peak in this spectrum.

 relative abundance of [M+1]+ peak =  .........................................................  [1]

 [Total: 16]
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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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4 Fig. 4.1 shows a possible synthesis of propene, C3H6.

C2H5COOH C2H5CH2OH

reaction 1 reaction 2 reaction 3

NaOH

C2H5CH2Cl C3H6

Fig. 4.1

 (a) (i) Identify the type of reaction that occurs in reaction 1.

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

  (ii) Suggest a suitable reagent for reaction 2.

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

  (iii) Reaction 3 is an elimination reaction.

   Write an equation for this reaction and identify the solvent and conditions used.

equation  ............................................................................................................................

solvent and conditions  .......................................................................................................

 [2]

  (iv) C2H5CH2OH can be directly converted to C3H6.

   Suggest the reagent and conditions for this conversion.

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

 (b) Under suitable conditions, propene polymerises to form poly(propene).

  Poly(propene) exhibits stereoisomerism.

  (i) Identify the type of polymerisation that forms poly(propene) from propene.

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

  (ii) Define stereoisomerism.

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

 .....................................................................................................................................  [2]
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  (iii) Draw a section of poly(propene), showing two repeat units.

   Use your diagram to identify the type of stereoisomerism shown by poly(propene). 

Explain your answer.

section of poly(propene)

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

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

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

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

 [3]

  (iv) State two difficulties associated with the disposal of poly(propene).

1  ........................................................................................................................................

2  ........................................................................................................................................

 [2]
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 (c) Under different conditions, two molecules of propene can combine to form compounds X and Y.

X Y

  (i) Name X.

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

  (ii) Fig. 4.2 shows the mass spectrum of either compound X or compound Y.

10 20 30 40 50
m / e

60 70 80
0

20

40

60

relative abundance

80

100

Fig. 4.2

   Identify which of X and Y gives this mass spectrum.

   Give one reason for your answer, referring to the fragmentation pattern.

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

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

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

  (iii) The molecular ion peak in the spectrum in Fig. 4.2 has relative abundance 34.7.

   Calculate the relative abundance of the [M+1]+ peak in this spectrum.

 relative abundance of [M+1]+ peak =  .........................................................  [1]

 [Total: 16]

* 0000800000014 *

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

15

9701/21/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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Past-paper walk-through

Solution 4

(a)(i)

Mark scheme
reduction
1



Past-paper walk-through

Solution 4

(a)(ii)

Mark scheme
PCl5 / PCl3 / SOCl2
OR KCl / NaCl AND conc. H2SO4 / conc.H3PO4
1 M1

C2H5CH2Cl + NaOH → C3H6 + H2O + NaCl M2

ethanol (solvent) AND heat / reflux
2



Past-paper walk-through

Solution 4

(a)(iv)

Mark scheme
conc. H2SO4 OR conc. H3PO4 OR Al2O3 AND heat
1



Past-paper walk-through

Solution 4

(b)(i)

Mark scheme
addition
1



Past-paper walk-through

Solution 4

(b)(ii)

Mark scheme
M1 (molecules that have the) same structural formula (and same molecular
formula) M2

but different 3D / spatial arrangement of atoms / groups
2



Past-paper walk-through

Solution 4

(b)(iii)

Mark scheme
M2 optical isomerism M3

the methylated carbon has four different groups attached
3



Past-paper walk-through

Solution 4

(b)(iv)

Mark scheme
M1 non-biodegradability M2

harmful combustion products
2



Past-paper walk-through

Solution 4

(c)(i)

Mark scheme
2,3-dimethylbut-1-ene
1
9701/21
October/November 2025



Past-paper walk-through

Solution 4

(c)(ii) Mark scheme

(The spectrum is of) X
AND
41 is [CH2=CCH3]+ / 41 is C3H5+
OR 43 is [CH3CHCH3]+ / 43 is C3H7+
OR X would NOT have significant peak at 54 / [(CH3)2C=C+] / C4H6+
OR X would NOT have significant peak at 42 due to [(CH3)2C+] / C3H6+
1



Past-paper walk-through

Solution 4

(c)(iii)

Mark scheme
([M+1]+ / 34.7 × 100 / 1.1 = 6)

M+1 + = 2.29
1



Past-paper walk-through

Question 4
9701/22 N25 • Q4 • 16 marks

10
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4 Fig. 4.1 shows how propane, C3H8, can be converted to propanoic acid, CH3CH2COOH.

C3H8 CH3CH2CH2Cl CH3CH2CH2OH CH3CH2COOH

reaction 1 reaction 2 reaction 3

Fig. 4.1

 (a) Reaction 1 in Fig. 4.1 takes place in the presence of sunlight.

C3H8 + Cl 2  CH3CH2CH2Cl + HCl

  The reaction takes place via initiation, propagation and termination steps.

  (i) Name the mechanism shown by reaction 1.

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

  (ii) Complete the mechanism for reaction 1.

   Construct equations to describe the steps of the mechanism.

   initiation Cl 2 → 2Cl•

propagation 1  ....................................................................................................................

propagation 2  ....................................................................................................................

   termination ............................................................................................  CH3CH2CH2Cl

 [3]

  (iii) Reaction 1 is initiated by the bond fission of Cl 2.

   State the type of bond fission shown in the initiation step.

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

  (iv) Compound Q is a by-product of reaction 1.

H C C C

H H H

H Cl

Q

H

Cl

   Name Q.

 .....................................................................................................................................  [1]
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9701/22/O/N/25© UCLES 2025 [Turn over

  (v) The molecular formula of Q is C3H6Cl 2.

   Identify the types of structural isomerism and stereoisomerism that a molecule with 

molecular formula C3H6Cl 2 can show.

type of structural isomerism  ..............................................................................................

type of stereoisomerism  ....................................................................................................

 [2]

 (b) State the reagent and solvent required for reaction 2.

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

 (c) Reaction 3 takes place when CH3CH2CH2OH is heated under reflux with acidified potassium 

dichromate(VI) solution.

  (i) State the colour change that takes place in the reaction mixture.

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

  (ii) Construct an equation to represent reaction 3. Use [O] to represent an atom of oxygen 

from the oxidising agent.

 .....................................................................................................................................  [1]
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 (d) CH3CH2COOH reacts with an unsaturated alcohol R to form unsaturated ester S.

  (i) State the type of reaction that forms S.

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

  (ii) The infrared spectrum of S is shown in Fig. 4.2.

100

50

4000 3000 2000 1500

wavenumber / cm−1

1000 500

transmittance / %

0

Fig. 4.2

   Three absorptions in the infrared spectrum in Fig. 4.2 confirm that S is an ester and is 

unsaturated.

• Write 1, 2 or 3 on Fig. 4.2 against each of these three absorptions.

• Complete Table 4.1 to show which bond is responsible for each absorption that you 

have identified in Fig. 4.2.

Table 4.1

absorption 1 2 3

bond responsible

 [3]
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Table 4.2

bond functional groups containing the bond
characteristic infrared absorption range 

(in wavenumbers) / cm–1

C–O hydroxy, ester 1040–1300

C=C aromatic compound, alkene 1500–1680

C=O

amide 

carbonyl, carboxyl 

ester

1640–1690 

1670–1740 

1710–1750

C N nitrile 2200–2250

C–H alkane 2850–2950

N–H amine, amide 3300–3500

O–H
carboxyl 

hydroxy

2500–3000 

3200–3650

  (iii) The mass spectrum of S shows the following peaks.

Table 4.3

peak relative abundance

M+ 4.7

[M+1]+ 0.31

   Use Table 4.3 to calculate the number of carbon atoms in S.

number of carbon atoms in S =  ...................................................................................  [1]

 [Total: 16]
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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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4 Fig. 4.1 shows how propane, C3H8, can be converted to propanoic acid, CH3CH2COOH.

C3H8 CH3CH2CH2Cl CH3CH2CH2OH CH3CH2COOH

reaction 1 reaction 2 reaction 3

Fig. 4.1

 (a) Reaction 1 in Fig. 4.1 takes place in the presence of sunlight.

C3H8 + Cl 2  CH3CH2CH2Cl + HCl

  The reaction takes place via initiation, propagation and termination steps.

  (i) Name the mechanism shown by reaction 1.

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

  (ii) Complete the mechanism for reaction 1.

   Construct equations to describe the steps of the mechanism.

   initiation Cl 2 → 2Cl•

propagation 1  ....................................................................................................................

propagation 2  ....................................................................................................................

   termination ............................................................................................  CH3CH2CH2Cl

 [3]

  (iii) Reaction 1 is initiated by the bond fission of Cl 2.

   State the type of bond fission shown in the initiation step.

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

  (iv) Compound Q is a by-product of reaction 1.

H C C C

H H H

H Cl

Q

H

Cl

   Name Q.

 .....................................................................................................................................  [1]
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  (v) The molecular formula of Q is C3H6Cl 2.

   Identify the types of structural isomerism and stereoisomerism that a molecule with 

molecular formula C3H6Cl 2 can show.

type of structural isomerism  ..............................................................................................

type of stereoisomerism  ....................................................................................................

 [2]

 (b) State the reagent and solvent required for reaction 2.

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

 (c) Reaction 3 takes place when CH3CH2CH2OH is heated under reflux with acidified potassium 

dichromate(VI) solution.

  (i) State the colour change that takes place in the reaction mixture.

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

  (ii) Construct an equation to represent reaction 3. Use [O] to represent an atom of oxygen 

from the oxidising agent.

 .....................................................................................................................................  [1]
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 (d) CH3CH2COOH reacts with an unsaturated alcohol R to form unsaturated ester S.

  (i) State the type of reaction that forms S.

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

  (ii) The infrared spectrum of S is shown in Fig. 4.2.

100

50

4000 3000 2000 1500

wavenumber / cm−1

1000 500

transmittance / %

0

Fig. 4.2

   Three absorptions in the infrared spectrum in Fig. 4.2 confirm that S is an ester and is 

unsaturated.

• Write 1, 2 or 3 on Fig. 4.2 against each of these three absorptions.

• Complete Table 4.1 to show which bond is responsible for each absorption that you 

have identified in Fig. 4.2.

Table 4.1

absorption 1 2 3

bond responsible

 [3]
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Table 4.2

bond functional groups containing the bond
characteristic infrared absorption range 

(in wavenumbers) / cm–1

C–O hydroxy, ester 1040–1300

C=C aromatic compound, alkene 1500–1680

C=O

amide 

carbonyl, carboxyl 

ester

1640–1690 

1670–1740 

1710–1750

C N nitrile 2200–2250

C–H alkane 2850–2950

N–H amine, amide 3300–3500

O–H
carboxyl 

hydroxy

2500–3000 

3200–3650

  (iii) The mass spectrum of S shows the following peaks.

Table 4.3

peak relative abundance

M+ 4.7

[M+1]+ 0.31

   Use Table 4.3 to calculate the number of carbon atoms in S.

number of carbon atoms in S =  ...................................................................................  [1]

 [Total: 16]
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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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4 Fig. 4.1 shows how propane, C3H8, can be converted to propanoic acid, CH3CH2COOH.

C3H8 CH3CH2CH2Cl CH3CH2CH2OH CH3CH2COOH

reaction 1 reaction 2 reaction 3

Fig. 4.1

 (a) Reaction 1 in Fig. 4.1 takes place in the presence of sunlight.

C3H8 + Cl 2  CH3CH2CH2Cl + HCl

  The reaction takes place via initiation, propagation and termination steps.

  (i) Name the mechanism shown by reaction 1.

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

  (ii) Complete the mechanism for reaction 1.

   Construct equations to describe the steps of the mechanism.

   initiation Cl 2 → 2Cl•

propagation 1  ....................................................................................................................

propagation 2  ....................................................................................................................

   termination ............................................................................................  CH3CH2CH2Cl

 [3]

  (iii) Reaction 1 is initiated by the bond fission of Cl 2.

   State the type of bond fission shown in the initiation step.

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

  (iv) Compound Q is a by-product of reaction 1.

H C C C

H H H

H Cl

Q

H

Cl

   Name Q.

 .....................................................................................................................................  [1]
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  (v) The molecular formula of Q is C3H6Cl 2.

   Identify the types of structural isomerism and stereoisomerism that a molecule with 

molecular formula C3H6Cl 2 can show.

type of structural isomerism  ..............................................................................................

type of stereoisomerism  ....................................................................................................

 [2]

 (b) State the reagent and solvent required for reaction 2.

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

 (c) Reaction 3 takes place when CH3CH2CH2OH is heated under reflux with acidified potassium 

dichromate(VI) solution.

  (i) State the colour change that takes place in the reaction mixture.

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

  (ii) Construct an equation to represent reaction 3. Use [O] to represent an atom of oxygen 

from the oxidising agent.

 .....................................................................................................................................  [1]
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 (d) CH3CH2COOH reacts with an unsaturated alcohol R to form unsaturated ester S.

  (i) State the type of reaction that forms S.

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

  (ii) The infrared spectrum of S is shown in Fig. 4.2.

100

50

4000 3000 2000 1500

wavenumber / cm−1

1000 500

transmittance / %

0

Fig. 4.2

   Three absorptions in the infrared spectrum in Fig. 4.2 confirm that S is an ester and is 

unsaturated.

• Write 1, 2 or 3 on Fig. 4.2 against each of these three absorptions.

• Complete Table 4.1 to show which bond is responsible for each absorption that you 

have identified in Fig. 4.2.

Table 4.1

absorption 1 2 3

bond responsible

 [3]
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Table 4.2

bond functional groups containing the bond
characteristic infrared absorption range 

(in wavenumbers) / cm–1

C–O hydroxy, ester 1040–1300

C=C aromatic compound, alkene 1500–1680

C=O

amide 

carbonyl, carboxyl 

ester

1640–1690 

1670–1740 

1710–1750

C N nitrile 2200–2250

C–H alkane 2850–2950

N–H amine, amide 3300–3500

O–H
carboxyl 

hydroxy

2500–3000 

3200–3650

  (iii) The mass spectrum of S shows the following peaks.

Table 4.3

peak relative abundance

M+ 4.7

[M+1]+ 0.31

   Use Table 4.3 to calculate the number of carbon atoms in S.

number of carbon atoms in S =  ...................................................................................  [1]

 [Total: 16]
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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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4 Fig. 4.1 shows how propane, C3H8, can be converted to propanoic acid, CH3CH2COOH.

C3H8 CH3CH2CH2Cl CH3CH2CH2OH CH3CH2COOH

reaction 1 reaction 2 reaction 3

Fig. 4.1

 (a) Reaction 1 in Fig. 4.1 takes place in the presence of sunlight.

C3H8 + Cl 2  CH3CH2CH2Cl + HCl

  The reaction takes place via initiation, propagation and termination steps.

  (i) Name the mechanism shown by reaction 1.

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

  (ii) Complete the mechanism for reaction 1.

   Construct equations to describe the steps of the mechanism.

   initiation Cl 2 → 2Cl•

propagation 1  ....................................................................................................................

propagation 2  ....................................................................................................................

   termination ............................................................................................  CH3CH2CH2Cl

 [3]

  (iii) Reaction 1 is initiated by the bond fission of Cl 2.

   State the type of bond fission shown in the initiation step.

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

  (iv) Compound Q is a by-product of reaction 1.

H C C C

H H H

H Cl

Q

H

Cl

   Name Q.

 .....................................................................................................................................  [1]
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  (v) The molecular formula of Q is C3H6Cl 2.

   Identify the types of structural isomerism and stereoisomerism that a molecule with 

molecular formula C3H6Cl 2 can show.

type of structural isomerism  ..............................................................................................

type of stereoisomerism  ....................................................................................................

 [2]

 (b) State the reagent and solvent required for reaction 2.

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

 (c) Reaction 3 takes place when CH3CH2CH2OH is heated under reflux with acidified potassium 

dichromate(VI) solution.

  (i) State the colour change that takes place in the reaction mixture.

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

  (ii) Construct an equation to represent reaction 3. Use [O] to represent an atom of oxygen 

from the oxidising agent.

 .....................................................................................................................................  [1]
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 (d) CH3CH2COOH reacts with an unsaturated alcohol R to form unsaturated ester S.

  (i) State the type of reaction that forms S.

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

  (ii) The infrared spectrum of S is shown in Fig. 4.2.

100

50

4000 3000 2000 1500

wavenumber / cm−1

1000 500

transmittance / %

0

Fig. 4.2

   Three absorptions in the infrared spectrum in Fig. 4.2 confirm that S is an ester and is 

unsaturated.

• Write 1, 2 or 3 on Fig. 4.2 against each of these three absorptions.

• Complete Table 4.1 to show which bond is responsible for each absorption that you 

have identified in Fig. 4.2.

Table 4.1

absorption 1 2 3

bond responsible

 [3]
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Table 4.2

bond functional groups containing the bond
characteristic infrared absorption range 

(in wavenumbers) / cm–1

C–O hydroxy, ester 1040–1300

C=C aromatic compound, alkene 1500–1680

C=O

amide 

carbonyl, carboxyl 

ester

1640–1690 

1670–1740 

1710–1750

C N nitrile 2200–2250

C–H alkane 2850–2950

N–H amine, amide 3300–3500

O–H
carboxyl 

hydroxy

2500–3000 

3200–3650

  (iii) The mass spectrum of S shows the following peaks.

Table 4.3

peak relative abundance

M+ 4.7

[M+1]+ 0.31

   Use Table 4.3 to calculate the number of carbon atoms in S.

number of carbon atoms in S =  ...................................................................................  [1]

 [Total: 16]
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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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4 Fig. 4.1 shows how propane, C3H8, can be converted to propanoic acid, CH3CH2COOH.

C3H8 CH3CH2CH2Cl CH3CH2CH2OH CH3CH2COOH

reaction 1 reaction 2 reaction 3

Fig. 4.1

 (a) Reaction 1 in Fig. 4.1 takes place in the presence of sunlight.

C3H8 + Cl 2  CH3CH2CH2Cl + HCl

  The reaction takes place via initiation, propagation and termination steps.

  (i) Name the mechanism shown by reaction 1.

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

  (ii) Complete the mechanism for reaction 1.

   Construct equations to describe the steps of the mechanism.

   initiation Cl 2 → 2Cl•

propagation 1  ....................................................................................................................

propagation 2  ....................................................................................................................

   termination ............................................................................................  CH3CH2CH2Cl

 [3]

  (iii) Reaction 1 is initiated by the bond fission of Cl 2.

   State the type of bond fission shown in the initiation step.

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

  (iv) Compound Q is a by-product of reaction 1.

H C C C

H H H

H Cl

Q

H

Cl

   Name Q.

 .....................................................................................................................................  [1]
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  (v) The molecular formula of Q is C3H6Cl 2.

   Identify the types of structural isomerism and stereoisomerism that a molecule with 

molecular formula C3H6Cl 2 can show.

type of structural isomerism  ..............................................................................................

type of stereoisomerism  ....................................................................................................

 [2]

 (b) State the reagent and solvent required for reaction 2.

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

 (c) Reaction 3 takes place when CH3CH2CH2OH is heated under reflux with acidified potassium 

dichromate(VI) solution.

  (i) State the colour change that takes place in the reaction mixture.

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

  (ii) Construct an equation to represent reaction 3. Use [O] to represent an atom of oxygen 

from the oxidising agent.

 .....................................................................................................................................  [1]
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 (d) CH3CH2COOH reacts with an unsaturated alcohol R to form unsaturated ester S.

  (i) State the type of reaction that forms S.

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

  (ii) The infrared spectrum of S is shown in Fig. 4.2.

100

50

4000 3000 2000 1500

wavenumber / cm−1

1000 500

transmittance / %

0

Fig. 4.2

   Three absorptions in the infrared spectrum in Fig. 4.2 confirm that S is an ester and is 

unsaturated.

• Write 1, 2 or 3 on Fig. 4.2 against each of these three absorptions.

• Complete Table 4.1 to show which bond is responsible for each absorption that you 

have identified in Fig. 4.2.

Table 4.1

absorption 1 2 3

bond responsible

 [3]
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Table 4.2

bond functional groups containing the bond
characteristic infrared absorption range 

(in wavenumbers) / cm–1

C–O hydroxy, ester 1040–1300

C=C aromatic compound, alkene 1500–1680

C=O

amide 

carbonyl, carboxyl 

ester

1640–1690 

1670–1740 

1710–1750

C N nitrile 2200–2250

C–H alkane 2850–2950

N–H amine, amide 3300–3500

O–H
carboxyl 

hydroxy

2500–3000 

3200–3650

  (iii) The mass spectrum of S shows the following peaks.

Table 4.3

peak relative abundance

M+ 4.7

[M+1]+ 0.31

   Use Table 4.3 to calculate the number of carbon atoms in S.

number of carbon atoms in S =  ...................................................................................  [1]

 [Total: 16]
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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)

* 0000800000015 *

D
O

 N
O

T
 W

R
IT

E
 I
N

 T
H

IS
 M

A
R

G
IN

  
  
  
  
  
  
  
  
  
D

O
 N

O
T

 W
R

IT
E

 I
N

 T
H

IS
 M

A
R

G
IN

  
  
  
  
  
  
  
  
  
D

O
 N

O
T

 W
R

IT
E

 I
N

 T
H

IS
 M

A
R

G
IN

  
  
  
  
  
  
  
  
  
D

O
 N

O
T

 W
R

IT
E

 I
N

 T
H

IS
 M

A
R

G
IN

  
  
  
  
  
  
  
  
  
D

O
 N

O
T

 W
R

IT
E

 I
N

 T
H

IS
 M

A
R

G
IN

DFD

16

9701/22/O/N/25© UCLES 2025

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.

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

–

* 0000800000016 *

D
O

 N
O

T
 W

R
IT

E
 I
N

 T
H

IS
 M

A
R

G
IN

  
  
  
  
  
  
  
  
  
D

O
 N

O
T

 W
R

IT
E

 I
N

 T
H

IS
 M

A
R

G
IN

  
  
  
  
  
  
  
  
  
D

O
 N

O
T

 W
R

IT
E

 I
N

 T
H

IS
 M

A
R

G
IN

  
  
  
  
  
  
  
  
  
D

O
 N

O
T

 W
R

IT
E

 I
N

 T
H

IS
 M

A
R

G
IN

  
  
  
  
  
  
  
  
  
D

O
 N

O
T

 W
R

IT
E

 I
N

 T
H

IS
 M

A
R

G
IN

DFD



Question 4

10

9701/22/O/N/25© UCLES 2025

4 Fig. 4.1 shows how propane, C3H8, can be converted to propanoic acid, CH3CH2COOH.

C3H8 CH3CH2CH2Cl CH3CH2CH2OH CH3CH2COOH

reaction 1 reaction 2 reaction 3

Fig. 4.1

 (a) Reaction 1 in Fig. 4.1 takes place in the presence of sunlight.

C3H8 + Cl 2  CH3CH2CH2Cl + HCl

  The reaction takes place via initiation, propagation and termination steps.

  (i) Name the mechanism shown by reaction 1.

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

  (ii) Complete the mechanism for reaction 1.

   Construct equations to describe the steps of the mechanism.

   initiation Cl 2 → 2Cl•

propagation 1  ....................................................................................................................

propagation 2  ....................................................................................................................

   termination ............................................................................................  CH3CH2CH2Cl

 [3]

  (iii) Reaction 1 is initiated by the bond fission of Cl 2.

   State the type of bond fission shown in the initiation step.

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

  (iv) Compound Q is a by-product of reaction 1.

H C C C

H H H

H Cl

Q

H

Cl

   Name Q.

 .....................................................................................................................................  [1]
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  (v) The molecular formula of Q is C3H6Cl 2.

   Identify the types of structural isomerism and stereoisomerism that a molecule with 

molecular formula C3H6Cl 2 can show.

type of structural isomerism  ..............................................................................................

type of stereoisomerism  ....................................................................................................

 [2]

 (b) State the reagent and solvent required for reaction 2.

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

 (c) Reaction 3 takes place when CH3CH2CH2OH is heated under reflux with acidified potassium 

dichromate(VI) solution.

  (i) State the colour change that takes place in the reaction mixture.

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

  (ii) Construct an equation to represent reaction 3. Use [O] to represent an atom of oxygen 

from the oxidising agent.

 .....................................................................................................................................  [1]
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 (d) CH3CH2COOH reacts with an unsaturated alcohol R to form unsaturated ester S.

  (i) State the type of reaction that forms S.

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

  (ii) The infrared spectrum of S is shown in Fig. 4.2.

100

50

4000 3000 2000 1500

wavenumber / cm−1

1000 500

transmittance / %

0

Fig. 4.2

   Three absorptions in the infrared spectrum in Fig. 4.2 confirm that S is an ester and is 

unsaturated.

• Write 1, 2 or 3 on Fig. 4.2 against each of these three absorptions.

• Complete Table 4.1 to show which bond is responsible for each absorption that you 

have identified in Fig. 4.2.

Table 4.1

absorption 1 2 3

bond responsible

 [3]
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Table 4.2

bond functional groups containing the bond
characteristic infrared absorption range 

(in wavenumbers) / cm–1

C–O hydroxy, ester 1040–1300

C=C aromatic compound, alkene 1500–1680

C=O

amide 

carbonyl, carboxyl 

ester

1640–1690 

1670–1740 

1710–1750

C N nitrile 2200–2250

C–H alkane 2850–2950

N–H amine, amide 3300–3500

O–H
carboxyl 

hydroxy

2500–3000 

3200–3650

  (iii) The mass spectrum of S shows the following peaks.

Table 4.3

peak relative abundance

M+ 4.7

[M+1]+ 0.31

   Use Table 4.3 to calculate the number of carbon atoms in S.

number of carbon atoms in S =  ...................................................................................  [1]

 [Total: 16]
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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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4 Fig. 4.1 shows how propane, C3H8, can be converted to propanoic acid, CH3CH2COOH.

C3H8 CH3CH2CH2Cl CH3CH2CH2OH CH3CH2COOH

reaction 1 reaction 2 reaction 3

Fig. 4.1

 (a) Reaction 1 in Fig. 4.1 takes place in the presence of sunlight.

C3H8 + Cl 2  CH3CH2CH2Cl + HCl

  The reaction takes place via initiation, propagation and termination steps.

  (i) Name the mechanism shown by reaction 1.

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

  (ii) Complete the mechanism for reaction 1.

   Construct equations to describe the steps of the mechanism.

   initiation Cl 2 → 2Cl•

propagation 1  ....................................................................................................................

propagation 2  ....................................................................................................................

   termination ............................................................................................  CH3CH2CH2Cl

 [3]

  (iii) Reaction 1 is initiated by the bond fission of Cl 2.

   State the type of bond fission shown in the initiation step.

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

  (iv) Compound Q is a by-product of reaction 1.

H C C C

H H H

H Cl

Q

H

Cl

   Name Q.

 .....................................................................................................................................  [1]
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  (v) The molecular formula of Q is C3H6Cl 2.

   Identify the types of structural isomerism and stereoisomerism that a molecule with 

molecular formula C3H6Cl 2 can show.

type of structural isomerism  ..............................................................................................

type of stereoisomerism  ....................................................................................................

 [2]

 (b) State the reagent and solvent required for reaction 2.

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

 (c) Reaction 3 takes place when CH3CH2CH2OH is heated under reflux with acidified potassium 

dichromate(VI) solution.

  (i) State the colour change that takes place in the reaction mixture.

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

  (ii) Construct an equation to represent reaction 3. Use [O] to represent an atom of oxygen 

from the oxidising agent.

 .....................................................................................................................................  [1]
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 (d) CH3CH2COOH reacts with an unsaturated alcohol R to form unsaturated ester S.

  (i) State the type of reaction that forms S.

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

  (ii) The infrared spectrum of S is shown in Fig. 4.2.

100

50

4000 3000 2000 1500

wavenumber / cm−1

1000 500

transmittance / %

0

Fig. 4.2

   Three absorptions in the infrared spectrum in Fig. 4.2 confirm that S is an ester and is 

unsaturated.

• Write 1, 2 or 3 on Fig. 4.2 against each of these three absorptions.

• Complete Table 4.1 to show which bond is responsible for each absorption that you 

have identified in Fig. 4.2.

Table 4.1

absorption 1 2 3

bond responsible

 [3]
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Table 4.2

bond functional groups containing the bond
characteristic infrared absorption range 

(in wavenumbers) / cm–1

C–O hydroxy, ester 1040–1300

C=C aromatic compound, alkene 1500–1680

C=O

amide 

carbonyl, carboxyl 

ester

1640–1690 

1670–1740 

1710–1750

C N nitrile 2200–2250

C–H alkane 2850–2950

N–H amine, amide 3300–3500

O–H
carboxyl 

hydroxy

2500–3000 

3200–3650

  (iii) The mass spectrum of S shows the following peaks.

Table 4.3

peak relative abundance

M+ 4.7

[M+1]+ 0.31

   Use Table 4.3 to calculate the number of carbon atoms in S.

number of carbon atoms in S =  ...................................................................................  [1]

 [Total: 16]
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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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4 Fig. 4.1 shows how propane, C3H8, can be converted to propanoic acid, CH3CH2COOH.

C3H8 CH3CH2CH2Cl CH3CH2CH2OH CH3CH2COOH

reaction 1 reaction 2 reaction 3

Fig. 4.1

 (a) Reaction 1 in Fig. 4.1 takes place in the presence of sunlight.

C3H8 + Cl 2  CH3CH2CH2Cl + HCl

  The reaction takes place via initiation, propagation and termination steps.

  (i) Name the mechanism shown by reaction 1.

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

  (ii) Complete the mechanism for reaction 1.

   Construct equations to describe the steps of the mechanism.

   initiation Cl 2 → 2Cl•

propagation 1  ....................................................................................................................

propagation 2  ....................................................................................................................

   termination ............................................................................................  CH3CH2CH2Cl

 [3]

  (iii) Reaction 1 is initiated by the bond fission of Cl 2.

   State the type of bond fission shown in the initiation step.

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

  (iv) Compound Q is a by-product of reaction 1.

H C C C

H H H

H Cl

Q

H

Cl

   Name Q.

 .....................................................................................................................................  [1]
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  (v) The molecular formula of Q is C3H6Cl 2.

   Identify the types of structural isomerism and stereoisomerism that a molecule with 

molecular formula C3H6Cl 2 can show.

type of structural isomerism  ..............................................................................................

type of stereoisomerism  ....................................................................................................

 [2]

 (b) State the reagent and solvent required for reaction 2.

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

 (c) Reaction 3 takes place when CH3CH2CH2OH is heated under reflux with acidified potassium 

dichromate(VI) solution.

  (i) State the colour change that takes place in the reaction mixture.

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

  (ii) Construct an equation to represent reaction 3. Use [O] to represent an atom of oxygen 

from the oxidising agent.

 .....................................................................................................................................  [1]
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 (d) CH3CH2COOH reacts with an unsaturated alcohol R to form unsaturated ester S.

  (i) State the type of reaction that forms S.

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

  (ii) The infrared spectrum of S is shown in Fig. 4.2.

100

50

4000 3000 2000 1500

wavenumber / cm−1

1000 500

transmittance / %

0

Fig. 4.2

   Three absorptions in the infrared spectrum in Fig. 4.2 confirm that S is an ester and is 

unsaturated.

• Write 1, 2 or 3 on Fig. 4.2 against each of these three absorptions.

• Complete Table 4.1 to show which bond is responsible for each absorption that you 

have identified in Fig. 4.2.

Table 4.1

absorption 1 2 3

bond responsible

 [3]
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Table 4.2

bond functional groups containing the bond
characteristic infrared absorption range 

(in wavenumbers) / cm–1

C–O hydroxy, ester 1040–1300

C=C aromatic compound, alkene 1500–1680

C=O

amide 

carbonyl, carboxyl 

ester

1640–1690 

1670–1740 

1710–1750

C N nitrile 2200–2250

C–H alkane 2850–2950

N–H amine, amide 3300–3500

O–H
carboxyl 

hydroxy

2500–3000 

3200–3650

  (iii) The mass spectrum of S shows the following peaks.

Table 4.3

peak relative abundance

M+ 4.7

[M+1]+ 0.31

   Use Table 4.3 to calculate the number of carbon atoms in S.

number of carbon atoms in S =  ...................................................................................  [1]

 [Total: 16]
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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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4 Fig. 4.1 shows how propane, C3H8, can be converted to propanoic acid, CH3CH2COOH.

C3H8 CH3CH2CH2Cl CH3CH2CH2OH CH3CH2COOH

reaction 1 reaction 2 reaction 3

Fig. 4.1

 (a) Reaction 1 in Fig. 4.1 takes place in the presence of sunlight.

C3H8 + Cl 2  CH3CH2CH2Cl + HCl

  The reaction takes place via initiation, propagation and termination steps.

  (i) Name the mechanism shown by reaction 1.

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

  (ii) Complete the mechanism for reaction 1.

   Construct equations to describe the steps of the mechanism.

   initiation Cl 2 → 2Cl•

propagation 1  ....................................................................................................................

propagation 2  ....................................................................................................................

   termination ............................................................................................  CH3CH2CH2Cl

 [3]

  (iii) Reaction 1 is initiated by the bond fission of Cl 2.

   State the type of bond fission shown in the initiation step.

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

  (iv) Compound Q is a by-product of reaction 1.

H C C C

H H H

H Cl

Q

H

Cl

   Name Q.

 .....................................................................................................................................  [1]
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  (v) The molecular formula of Q is C3H6Cl 2.

   Identify the types of structural isomerism and stereoisomerism that a molecule with 

molecular formula C3H6Cl 2 can show.

type of structural isomerism  ..............................................................................................

type of stereoisomerism  ....................................................................................................

 [2]

 (b) State the reagent and solvent required for reaction 2.

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

 (c) Reaction 3 takes place when CH3CH2CH2OH is heated under reflux with acidified potassium 

dichromate(VI) solution.

  (i) State the colour change that takes place in the reaction mixture.

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

  (ii) Construct an equation to represent reaction 3. Use [O] to represent an atom of oxygen 

from the oxidising agent.

 .....................................................................................................................................  [1]
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 (d) CH3CH2COOH reacts with an unsaturated alcohol R to form unsaturated ester S.

  (i) State the type of reaction that forms S.

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

  (ii) The infrared spectrum of S is shown in Fig. 4.2.

100

50

4000 3000 2000 1500

wavenumber / cm−1

1000 500

transmittance / %

0

Fig. 4.2

   Three absorptions in the infrared spectrum in Fig. 4.2 confirm that S is an ester and is 

unsaturated.

• Write 1, 2 or 3 on Fig. 4.2 against each of these three absorptions.

• Complete Table 4.1 to show which bond is responsible for each absorption that you 

have identified in Fig. 4.2.

Table 4.1

absorption 1 2 3

bond responsible

 [3]

* 0000800000012 *

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

13

9701/22/O/N/25© UCLES 2025

Table 4.2

bond functional groups containing the bond
characteristic infrared absorption range 

(in wavenumbers) / cm–1

C–O hydroxy, ester 1040–1300

C=C aromatic compound, alkene 1500–1680

C=O

amide 

carbonyl, carboxyl 

ester

1640–1690 

1670–1740 

1710–1750

C N nitrile 2200–2250

C–H alkane 2850–2950

N–H amine, amide 3300–3500

O–H
carboxyl 

hydroxy

2500–3000 

3200–3650

  (iii) The mass spectrum of S shows the following peaks.

Table 4.3

peak relative abundance

M+ 4.7

[M+1]+ 0.31

   Use Table 4.3 to calculate the number of carbon atoms in S.

number of carbon atoms in S =  ...................................................................................  [1]

 [Total: 16]
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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)

* 0000800000015 *
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4 Fig. 4.1 shows how propane, C3H8, can be converted to propanoic acid, CH3CH2COOH.

C3H8 CH3CH2CH2Cl CH3CH2CH2OH CH3CH2COOH

reaction 1 reaction 2 reaction 3

Fig. 4.1

 (a) Reaction 1 in Fig. 4.1 takes place in the presence of sunlight.

C3H8 + Cl 2  CH3CH2CH2Cl + HCl

  The reaction takes place via initiation, propagation and termination steps.

  (i) Name the mechanism shown by reaction 1.

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

  (ii) Complete the mechanism for reaction 1.

   Construct equations to describe the steps of the mechanism.

   initiation Cl 2 → 2Cl•

propagation 1  ....................................................................................................................

propagation 2  ....................................................................................................................

   termination ............................................................................................  CH3CH2CH2Cl

 [3]

  (iii) Reaction 1 is initiated by the bond fission of Cl 2.

   State the type of bond fission shown in the initiation step.

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

  (iv) Compound Q is a by-product of reaction 1.

H C C C

H H H

H Cl

Q

H

Cl

   Name Q.

 .....................................................................................................................................  [1]
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  (v) The molecular formula of Q is C3H6Cl 2.

   Identify the types of structural isomerism and stereoisomerism that a molecule with 

molecular formula C3H6Cl 2 can show.

type of structural isomerism  ..............................................................................................

type of stereoisomerism  ....................................................................................................

 [2]

 (b) State the reagent and solvent required for reaction 2.

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

 (c) Reaction 3 takes place when CH3CH2CH2OH is heated under reflux with acidified potassium 

dichromate(VI) solution.

  (i) State the colour change that takes place in the reaction mixture.

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

  (ii) Construct an equation to represent reaction 3. Use [O] to represent an atom of oxygen 

from the oxidising agent.

 .....................................................................................................................................  [1]
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 (d) CH3CH2COOH reacts with an unsaturated alcohol R to form unsaturated ester S.

  (i) State the type of reaction that forms S.

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

  (ii) The infrared spectrum of S is shown in Fig. 4.2.

100

50

4000 3000 2000 1500

wavenumber / cm−1

1000 500

transmittance / %

0

Fig. 4.2

   Three absorptions in the infrared spectrum in Fig. 4.2 confirm that S is an ester and is 

unsaturated.

• Write 1, 2 or 3 on Fig. 4.2 against each of these three absorptions.

• Complete Table 4.1 to show which bond is responsible for each absorption that you 

have identified in Fig. 4.2.

Table 4.1

absorption 1 2 3

bond responsible

 [3]
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Table 4.2

bond functional groups containing the bond
characteristic infrared absorption range 

(in wavenumbers) / cm–1

C–O hydroxy, ester 1040–1300

C=C aromatic compound, alkene 1500–1680

C=O

amide 

carbonyl, carboxyl 

ester

1640–1690 

1670–1740 

1710–1750

C N nitrile 2200–2250

C–H alkane 2850–2950

N–H amine, amide 3300–3500

O–H
carboxyl 

hydroxy

2500–3000 

3200–3650

  (iii) The mass spectrum of S shows the following peaks.

Table 4.3

peak relative abundance

M+ 4.7

[M+1]+ 0.31

   Use Table 4.3 to calculate the number of carbon atoms in S.

number of carbon atoms in S =  ...................................................................................  [1]

 [Total: 16]

* 0000800000013 *
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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)

* 0000800000015 *
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4 Fig. 4.1 shows how propane, C3H8, can be converted to propanoic acid, CH3CH2COOH.

C3H8 CH3CH2CH2Cl CH3CH2CH2OH CH3CH2COOH

reaction 1 reaction 2 reaction 3

Fig. 4.1

 (a) Reaction 1 in Fig. 4.1 takes place in the presence of sunlight.

C3H8 + Cl 2  CH3CH2CH2Cl + HCl

  The reaction takes place via initiation, propagation and termination steps.

  (i) Name the mechanism shown by reaction 1.

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

  (ii) Complete the mechanism for reaction 1.

   Construct equations to describe the steps of the mechanism.

   initiation Cl 2 → 2Cl•

propagation 1  ....................................................................................................................

propagation 2  ....................................................................................................................

   termination ............................................................................................  CH3CH2CH2Cl

 [3]

  (iii) Reaction 1 is initiated by the bond fission of Cl 2.

   State the type of bond fission shown in the initiation step.

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

  (iv) Compound Q is a by-product of reaction 1.

H C C C

H H H

H Cl

Q

H

Cl

   Name Q.

 .....................................................................................................................................  [1]
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  (v) The molecular formula of Q is C3H6Cl 2.

   Identify the types of structural isomerism and stereoisomerism that a molecule with 

molecular formula C3H6Cl 2 can show.

type of structural isomerism  ..............................................................................................

type of stereoisomerism  ....................................................................................................

 [2]

 (b) State the reagent and solvent required for reaction 2.

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

 (c) Reaction 3 takes place when CH3CH2CH2OH is heated under reflux with acidified potassium 

dichromate(VI) solution.

  (i) State the colour change that takes place in the reaction mixture.

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

  (ii) Construct an equation to represent reaction 3. Use [O] to represent an atom of oxygen 

from the oxidising agent.

 .....................................................................................................................................  [1]
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 (d) CH3CH2COOH reacts with an unsaturated alcohol R to form unsaturated ester S.

  (i) State the type of reaction that forms S.

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

  (ii) The infrared spectrum of S is shown in Fig. 4.2.

100

50

4000 3000 2000 1500

wavenumber / cm−1

1000 500

transmittance / %

0

Fig. 4.2

   Three absorptions in the infrared spectrum in Fig. 4.2 confirm that S is an ester and is 

unsaturated.

• Write 1, 2 or 3 on Fig. 4.2 against each of these three absorptions.

• Complete Table 4.1 to show which bond is responsible for each absorption that you 

have identified in Fig. 4.2.

Table 4.1

absorption 1 2 3

bond responsible

 [3]
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Table 4.2

bond functional groups containing the bond
characteristic infrared absorption range 

(in wavenumbers) / cm–1

C–O hydroxy, ester 1040–1300

C=C aromatic compound, alkene 1500–1680

C=O

amide 

carbonyl, carboxyl 

ester

1640–1690 

1670–1740 

1710–1750

C N nitrile 2200–2250

C–H alkane 2850–2950

N–H amine, amide 3300–3500

O–H
carboxyl 

hydroxy

2500–3000 

3200–3650

  (iii) The mass spectrum of S shows the following peaks.

Table 4.3

peak relative abundance

M+ 4.7

[M+1]+ 0.31

   Use Table 4.3 to calculate the number of carbon atoms in S.

number of carbon atoms in S =  ...................................................................................  [1]

 [Total: 16]
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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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4 Fig. 4.1 shows how propane, C3H8, can be converted to propanoic acid, CH3CH2COOH.

C3H8 CH3CH2CH2Cl CH3CH2CH2OH CH3CH2COOH

reaction 1 reaction 2 reaction 3

Fig. 4.1

 (a) Reaction 1 in Fig. 4.1 takes place in the presence of sunlight.

C3H8 + Cl 2  CH3CH2CH2Cl + HCl

  The reaction takes place via initiation, propagation and termination steps.

  (i) Name the mechanism shown by reaction 1.

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

  (ii) Complete the mechanism for reaction 1.

   Construct equations to describe the steps of the mechanism.

   initiation Cl 2 → 2Cl•

propagation 1  ....................................................................................................................

propagation 2  ....................................................................................................................

   termination ............................................................................................  CH3CH2CH2Cl

 [3]

  (iii) Reaction 1 is initiated by the bond fission of Cl 2.

   State the type of bond fission shown in the initiation step.

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

  (iv) Compound Q is a by-product of reaction 1.

H C C C

H H H

H Cl

Q

H

Cl

   Name Q.

 .....................................................................................................................................  [1]
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  (v) The molecular formula of Q is C3H6Cl 2.

   Identify the types of structural isomerism and stereoisomerism that a molecule with 

molecular formula C3H6Cl 2 can show.

type of structural isomerism  ..............................................................................................

type of stereoisomerism  ....................................................................................................

 [2]

 (b) State the reagent and solvent required for reaction 2.

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

 (c) Reaction 3 takes place when CH3CH2CH2OH is heated under reflux with acidified potassium 

dichromate(VI) solution.

  (i) State the colour change that takes place in the reaction mixture.

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

  (ii) Construct an equation to represent reaction 3. Use [O] to represent an atom of oxygen 

from the oxidising agent.

 .....................................................................................................................................  [1]
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 (d) CH3CH2COOH reacts with an unsaturated alcohol R to form unsaturated ester S.

  (i) State the type of reaction that forms S.

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

  (ii) The infrared spectrum of S is shown in Fig. 4.2.

100

50

4000 3000 2000 1500

wavenumber / cm−1

1000 500

transmittance / %

0

Fig. 4.2

   Three absorptions in the infrared spectrum in Fig. 4.2 confirm that S is an ester and is 

unsaturated.

• Write 1, 2 or 3 on Fig. 4.2 against each of these three absorptions.

• Complete Table 4.1 to show which bond is responsible for each absorption that you 

have identified in Fig. 4.2.

Table 4.1

absorption 1 2 3

bond responsible

 [3]
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Table 4.2

bond functional groups containing the bond
characteristic infrared absorption range 

(in wavenumbers) / cm–1

C–O hydroxy, ester 1040–1300

C=C aromatic compound, alkene 1500–1680

C=O

amide 

carbonyl, carboxyl 

ester

1640–1690 

1670–1740 

1710–1750

C N nitrile 2200–2250

C–H alkane 2850–2950

N–H amine, amide 3300–3500

O–H
carboxyl 

hydroxy

2500–3000 

3200–3650

  (iii) The mass spectrum of S shows the following peaks.

Table 4.3

peak relative abundance

M+ 4.7

[M+1]+ 0.31

   Use Table 4.3 to calculate the number of carbon atoms in S.

number of carbon atoms in S =  ...................................................................................  [1]

 [Total: 16]
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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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4 Fig. 4.1 shows how propane, C3H8, can be converted to propanoic acid, CH3CH2COOH.

C3H8 CH3CH2CH2Cl CH3CH2CH2OH CH3CH2COOH

reaction 1 reaction 2 reaction 3

Fig. 4.1

 (a) Reaction 1 in Fig. 4.1 takes place in the presence of sunlight.

C3H8 + Cl 2  CH3CH2CH2Cl + HCl

  The reaction takes place via initiation, propagation and termination steps.

  (i) Name the mechanism shown by reaction 1.

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

  (ii) Complete the mechanism for reaction 1.

   Construct equations to describe the steps of the mechanism.

   initiation Cl 2 → 2Cl•

propagation 1  ....................................................................................................................

propagation 2  ....................................................................................................................

   termination ............................................................................................  CH3CH2CH2Cl

 [3]

  (iii) Reaction 1 is initiated by the bond fission of Cl 2.

   State the type of bond fission shown in the initiation step.

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

  (iv) Compound Q is a by-product of reaction 1.

H C C C

H H H

H Cl

Q

H

Cl

   Name Q.

 .....................................................................................................................................  [1]
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  (v) The molecular formula of Q is C3H6Cl 2.

   Identify the types of structural isomerism and stereoisomerism that a molecule with 

molecular formula C3H6Cl 2 can show.

type of structural isomerism  ..............................................................................................

type of stereoisomerism  ....................................................................................................

 [2]

 (b) State the reagent and solvent required for reaction 2.

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

 (c) Reaction 3 takes place when CH3CH2CH2OH is heated under reflux with acidified potassium 

dichromate(VI) solution.

  (i) State the colour change that takes place in the reaction mixture.

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

  (ii) Construct an equation to represent reaction 3. Use [O] to represent an atom of oxygen 

from the oxidising agent.

 .....................................................................................................................................  [1]
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 (d) CH3CH2COOH reacts with an unsaturated alcohol R to form unsaturated ester S.

  (i) State the type of reaction that forms S.

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

  (ii) The infrared spectrum of S is shown in Fig. 4.2.

100

50

4000 3000 2000 1500

wavenumber / cm−1

1000 500

transmittance / %

0

Fig. 4.2

   Three absorptions in the infrared spectrum in Fig. 4.2 confirm that S is an ester and is 

unsaturated.

• Write 1, 2 or 3 on Fig. 4.2 against each of these three absorptions.

• Complete Table 4.1 to show which bond is responsible for each absorption that you 

have identified in Fig. 4.2.

Table 4.1

absorption 1 2 3

bond responsible

 [3]
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Table 4.2

bond functional groups containing the bond
characteristic infrared absorption range 

(in wavenumbers) / cm–1

C–O hydroxy, ester 1040–1300

C=C aromatic compound, alkene 1500–1680

C=O

amide 

carbonyl, carboxyl 

ester

1640–1690 

1670–1740 

1710–1750

C N nitrile 2200–2250

C–H alkane 2850–2950

N–H amine, amide 3300–3500

O–H
carboxyl 

hydroxy

2500–3000 

3200–3650

  (iii) The mass spectrum of S shows the following peaks.

Table 4.3

peak relative abundance

M+ 4.7

[M+1]+ 0.31

   Use Table 4.3 to calculate the number of carbon atoms in S.

number of carbon atoms in S =  ...................................................................................  [1]

 [Total: 16]
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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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4 Fig. 4.1 shows how propane, C3H8, can be converted to propanoic acid, CH3CH2COOH.

C3H8 CH3CH2CH2Cl CH3CH2CH2OH CH3CH2COOH

reaction 1 reaction 2 reaction 3

Fig. 4.1

 (a) Reaction 1 in Fig. 4.1 takes place in the presence of sunlight.

C3H8 + Cl 2  CH3CH2CH2Cl + HCl

  The reaction takes place via initiation, propagation and termination steps.

  (i) Name the mechanism shown by reaction 1.

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

  (ii) Complete the mechanism for reaction 1.

   Construct equations to describe the steps of the mechanism.

   initiation Cl 2 → 2Cl•

propagation 1  ....................................................................................................................

propagation 2  ....................................................................................................................

   termination ............................................................................................  CH3CH2CH2Cl

 [3]

  (iii) Reaction 1 is initiated by the bond fission of Cl 2.

   State the type of bond fission shown in the initiation step.

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

  (iv) Compound Q is a by-product of reaction 1.

H C C C

H H H

H Cl

Q

H

Cl

   Name Q.

 .....................................................................................................................................  [1]
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  (v) The molecular formula of Q is C3H6Cl 2.

   Identify the types of structural isomerism and stereoisomerism that a molecule with 

molecular formula C3H6Cl 2 can show.

type of structural isomerism  ..............................................................................................

type of stereoisomerism  ....................................................................................................

 [2]

 (b) State the reagent and solvent required for reaction 2.

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

 (c) Reaction 3 takes place when CH3CH2CH2OH is heated under reflux with acidified potassium 

dichromate(VI) solution.

  (i) State the colour change that takes place in the reaction mixture.

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

  (ii) Construct an equation to represent reaction 3. Use [O] to represent an atom of oxygen 

from the oxidising agent.

 .....................................................................................................................................  [1]
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 (d) CH3CH2COOH reacts with an unsaturated alcohol R to form unsaturated ester S.

  (i) State the type of reaction that forms S.

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

  (ii) The infrared spectrum of S is shown in Fig. 4.2.

100

50

4000 3000 2000 1500

wavenumber / cm−1

1000 500

transmittance / %

0

Fig. 4.2

   Three absorptions in the infrared spectrum in Fig. 4.2 confirm that S is an ester and is 

unsaturated.

• Write 1, 2 or 3 on Fig. 4.2 against each of these three absorptions.

• Complete Table 4.1 to show which bond is responsible for each absorption that you 

have identified in Fig. 4.2.

Table 4.1

absorption 1 2 3

bond responsible

 [3]
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Table 4.2

bond functional groups containing the bond
characteristic infrared absorption range 

(in wavenumbers) / cm–1

C–O hydroxy, ester 1040–1300

C=C aromatic compound, alkene 1500–1680

C=O

amide 

carbonyl, carboxyl 

ester

1640–1690 

1670–1740 

1710–1750

C N nitrile 2200–2250

C–H alkane 2850–2950

N–H amine, amide 3300–3500

O–H
carboxyl 

hydroxy

2500–3000 

3200–3650

  (iii) The mass spectrum of S shows the following peaks.

Table 4.3

peak relative abundance

M+ 4.7

[M+1]+ 0.31

   Use Table 4.3 to calculate the number of carbon atoms in S.

number of carbon atoms in S =  ...................................................................................  [1]

 [Total: 16]
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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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4 Fig. 4.1 shows how propane, C3H8, can be converted to propanoic acid, CH3CH2COOH.

C3H8 CH3CH2CH2Cl CH3CH2CH2OH CH3CH2COOH

reaction 1 reaction 2 reaction 3

Fig. 4.1

 (a) Reaction 1 in Fig. 4.1 takes place in the presence of sunlight.

C3H8 + Cl 2  CH3CH2CH2Cl + HCl

  The reaction takes place via initiation, propagation and termination steps.

  (i) Name the mechanism shown by reaction 1.

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

  (ii) Complete the mechanism for reaction 1.

   Construct equations to describe the steps of the mechanism.

   initiation Cl 2 → 2Cl•

propagation 1  ....................................................................................................................

propagation 2  ....................................................................................................................

   termination ............................................................................................  CH3CH2CH2Cl

 [3]

  (iii) Reaction 1 is initiated by the bond fission of Cl 2.

   State the type of bond fission shown in the initiation step.

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

  (iv) Compound Q is a by-product of reaction 1.

H C C C

H H H

H Cl

Q

H

Cl

   Name Q.

 .....................................................................................................................................  [1]
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  (v) The molecular formula of Q is C3H6Cl 2.

   Identify the types of structural isomerism and stereoisomerism that a molecule with 

molecular formula C3H6Cl 2 can show.

type of structural isomerism  ..............................................................................................

type of stereoisomerism  ....................................................................................................

 [2]

 (b) State the reagent and solvent required for reaction 2.

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

 (c) Reaction 3 takes place when CH3CH2CH2OH is heated under reflux with acidified potassium 

dichromate(VI) solution.

  (i) State the colour change that takes place in the reaction mixture.

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

  (ii) Construct an equation to represent reaction 3. Use [O] to represent an atom of oxygen 

from the oxidising agent.

 .....................................................................................................................................  [1]
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 (d) CH3CH2COOH reacts with an unsaturated alcohol R to form unsaturated ester S.

  (i) State the type of reaction that forms S.

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

  (ii) The infrared spectrum of S is shown in Fig. 4.2.

100

50

4000 3000 2000 1500

wavenumber / cm−1

1000 500

transmittance / %

0

Fig. 4.2

   Three absorptions in the infrared spectrum in Fig. 4.2 confirm that S is an ester and is 

unsaturated.

• Write 1, 2 or 3 on Fig. 4.2 against each of these three absorptions.

• Complete Table 4.1 to show which bond is responsible for each absorption that you 

have identified in Fig. 4.2.

Table 4.1

absorption 1 2 3

bond responsible

 [3]
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Table 4.2

bond functional groups containing the bond
characteristic infrared absorption range 

(in wavenumbers) / cm–1

C–O hydroxy, ester 1040–1300

C=C aromatic compound, alkene 1500–1680

C=O

amide 

carbonyl, carboxyl 

ester

1640–1690 

1670–1740 

1710–1750

C N nitrile 2200–2250

C–H alkane 2850–2950

N–H amine, amide 3300–3500

O–H
carboxyl 

hydroxy

2500–3000 

3200–3650

  (iii) The mass spectrum of S shows the following peaks.

Table 4.3

peak relative abundance

M+ 4.7

[M+1]+ 0.31

   Use Table 4.3 to calculate the number of carbon atoms in S.

number of carbon atoms in S =  ...................................................................................  [1]

 [Total: 16]

* 0000800000013 *

D
O

 N
O

T
 W

R
IT

E
 I
N

 T
H

IS
 M

A
R

G
IN

  
  
  
  
  
  
  
  
  
D

O
 N

O
T

 W
R

IT
E

 I
N

 T
H

IS
 M

A
R

G
IN

  
  
  
  
  
  
  
  
  
D

O
 N

O
T

 W
R

IT
E

 I
N

 T
H

IS
 M

A
R

G
IN

  
  
  
  
  
  
  
  
  
D

O
 N

O
T

 W
R

IT
E

 I
N

 T
H

IS
 M

A
R

G
IN

  
  
  
  
  
  
  
  
  
D

O
 N

O
T

 W
R

IT
E

 I
N

 T
H

IS
 M

A
R

G
IN

DFD

15

9701/22/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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4 Fig. 4.1 shows how propane, C3H8, can be converted to propanoic acid, CH3CH2COOH.

C3H8 CH3CH2CH2Cl CH3CH2CH2OH CH3CH2COOH

reaction 1 reaction 2 reaction 3

Fig. 4.1

 (a) Reaction 1 in Fig. 4.1 takes place in the presence of sunlight.

C3H8 + Cl 2  CH3CH2CH2Cl + HCl

  The reaction takes place via initiation, propagation and termination steps.

  (i) Name the mechanism shown by reaction 1.

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

  (ii) Complete the mechanism for reaction 1.

   Construct equations to describe the steps of the mechanism.

   initiation Cl 2 → 2Cl•

propagation 1  ....................................................................................................................

propagation 2  ....................................................................................................................

   termination ............................................................................................  CH3CH2CH2Cl

 [3]

  (iii) Reaction 1 is initiated by the bond fission of Cl 2.

   State the type of bond fission shown in the initiation step.

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

  (iv) Compound Q is a by-product of reaction 1.

H C C C

H H H

H Cl

Q

H

Cl

   Name Q.

 .....................................................................................................................................  [1]
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  (v) The molecular formula of Q is C3H6Cl 2.

   Identify the types of structural isomerism and stereoisomerism that a molecule with 

molecular formula C3H6Cl 2 can show.

type of structural isomerism  ..............................................................................................

type of stereoisomerism  ....................................................................................................

 [2]

 (b) State the reagent and solvent required for reaction 2.

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

 (c) Reaction 3 takes place when CH3CH2CH2OH is heated under reflux with acidified potassium 

dichromate(VI) solution.

  (i) State the colour change that takes place in the reaction mixture.

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

  (ii) Construct an equation to represent reaction 3. Use [O] to represent an atom of oxygen 

from the oxidising agent.

 .....................................................................................................................................  [1]
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 (d) CH3CH2COOH reacts with an unsaturated alcohol R to form unsaturated ester S.

  (i) State the type of reaction that forms S.

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

  (ii) The infrared spectrum of S is shown in Fig. 4.2.

100

50

4000 3000 2000 1500

wavenumber / cm−1

1000 500

transmittance / %

0

Fig. 4.2

   Three absorptions in the infrared spectrum in Fig. 4.2 confirm that S is an ester and is 

unsaturated.

• Write 1, 2 or 3 on Fig. 4.2 against each of these three absorptions.

• Complete Table 4.1 to show which bond is responsible for each absorption that you 

have identified in Fig. 4.2.

Table 4.1

absorption 1 2 3

bond responsible

 [3]
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Table 4.2

bond functional groups containing the bond
characteristic infrared absorption range 

(in wavenumbers) / cm–1

C–O hydroxy, ester 1040–1300

C=C aromatic compound, alkene 1500–1680

C=O

amide 

carbonyl, carboxyl 

ester

1640–1690 

1670–1740 

1710–1750

C N nitrile 2200–2250

C–H alkane 2850–2950

N–H amine, amide 3300–3500

O–H
carboxyl 

hydroxy

2500–3000 

3200–3650

  (iii) The mass spectrum of S shows the following peaks.

Table 4.3

peak relative abundance

M+ 4.7

[M+1]+ 0.31

   Use Table 4.3 to calculate the number of carbon atoms in S.

number of carbon atoms in S =  ...................................................................................  [1]

 [Total: 16]

* 0000800000013 *

D
O

 N
O

T
 W

R
IT

E
 I
N

 T
H

IS
 M

A
R

G
IN

  
  
  
  
  
  
  
  
  
D

O
 N

O
T

 W
R

IT
E

 I
N

 T
H

IS
 M

A
R

G
IN

  
  
  
  
  
  
  
  
  
D

O
 N

O
T

 W
R

IT
E

 I
N

 T
H

IS
 M

A
R

G
IN

  
  
  
  
  
  
  
  
  
D

O
 N

O
T

 W
R

IT
E

 I
N

 T
H

IS
 M

A
R

G
IN

  
  
  
  
  
  
  
  
  
D

O
 N

O
T

 W
R

IT
E

 I
N

 T
H

IS
 M

A
R

G
IN

DFD

15

9701/22/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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4 Fig. 4.1 shows how propane, C3H8, can be converted to propanoic acid, CH3CH2COOH.

C3H8 CH3CH2CH2Cl CH3CH2CH2OH CH3CH2COOH

reaction 1 reaction 2 reaction 3

Fig. 4.1

 (a) Reaction 1 in Fig. 4.1 takes place in the presence of sunlight.

C3H8 + Cl 2  CH3CH2CH2Cl + HCl

  The reaction takes place via initiation, propagation and termination steps.

  (i) Name the mechanism shown by reaction 1.

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

  (ii) Complete the mechanism for reaction 1.

   Construct equations to describe the steps of the mechanism.

   initiation Cl 2 → 2Cl•

propagation 1  ....................................................................................................................

propagation 2  ....................................................................................................................

   termination ............................................................................................  CH3CH2CH2Cl

 [3]

  (iii) Reaction 1 is initiated by the bond fission of Cl 2.

   State the type of bond fission shown in the initiation step.

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

  (iv) Compound Q is a by-product of reaction 1.

H C C C

H H H

H Cl

Q

H

Cl

   Name Q.

 .....................................................................................................................................  [1]
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  (v) The molecular formula of Q is C3H6Cl 2.

   Identify the types of structural isomerism and stereoisomerism that a molecule with 

molecular formula C3H6Cl 2 can show.

type of structural isomerism  ..............................................................................................

type of stereoisomerism  ....................................................................................................

 [2]

 (b) State the reagent and solvent required for reaction 2.

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

 (c) Reaction 3 takes place when CH3CH2CH2OH is heated under reflux with acidified potassium 

dichromate(VI) solution.

  (i) State the colour change that takes place in the reaction mixture.

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

  (ii) Construct an equation to represent reaction 3. Use [O] to represent an atom of oxygen 

from the oxidising agent.

 .....................................................................................................................................  [1]
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 (d) CH3CH2COOH reacts with an unsaturated alcohol R to form unsaturated ester S.

  (i) State the type of reaction that forms S.

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

  (ii) The infrared spectrum of S is shown in Fig. 4.2.

100

50

4000 3000 2000 1500

wavenumber / cm−1

1000 500

transmittance / %

0

Fig. 4.2

   Three absorptions in the infrared spectrum in Fig. 4.2 confirm that S is an ester and is 

unsaturated.

• Write 1, 2 or 3 on Fig. 4.2 against each of these three absorptions.

• Complete Table 4.1 to show which bond is responsible for each absorption that you 

have identified in Fig. 4.2.

Table 4.1

absorption 1 2 3

bond responsible

 [3]
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Table 4.2

bond functional groups containing the bond
characteristic infrared absorption range 

(in wavenumbers) / cm–1

C–O hydroxy, ester 1040–1300

C=C aromatic compound, alkene 1500–1680

C=O

amide 

carbonyl, carboxyl 

ester

1640–1690 

1670–1740 

1710–1750

C N nitrile 2200–2250

C–H alkane 2850–2950

N–H amine, amide 3300–3500

O–H
carboxyl 

hydroxy

2500–3000 

3200–3650

  (iii) The mass spectrum of S shows the following peaks.

Table 4.3

peak relative abundance

M+ 4.7

[M+1]+ 0.31

   Use Table 4.3 to calculate the number of carbon atoms in S.

number of carbon atoms in S =  ...................................................................................  [1]

 [Total: 16]
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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)

* 0000800000015 *

D
O

 N
O

T
 W

R
IT

E
 I
N

 T
H

IS
 M

A
R

G
IN

  
  
  
  
  
  
  
  
  
D

O
 N

O
T

 W
R

IT
E

 I
N

 T
H

IS
 M

A
R

G
IN

  
  
  
  
  
  
  
  
  
D

O
 N

O
T

 W
R

IT
E

 I
N

 T
H

IS
 M

A
R

G
IN

  
  
  
  
  
  
  
  
  
D

O
 N

O
T

 W
R

IT
E

 I
N

 T
H

IS
 M

A
R

G
IN

  
  
  
  
  
  
  
  
  
D

O
 N

O
T

 W
R

IT
E

 I
N

 T
H

IS
 M

A
R

G
IN

DFD

16

9701/22/O/N/25© UCLES 2025

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.

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

–

* 0000800000016 *

D
O

 N
O

T
 W

R
IT

E
 I
N

 T
H

IS
 M

A
R

G
IN

  
  
  
  
  
  
  
  
  
D

O
 N

O
T

 W
R

IT
E

 I
N

 T
H

IS
 M

A
R

G
IN

  
  
  
  
  
  
  
  
  
D

O
 N

O
T

 W
R

IT
E

 I
N

 T
H

IS
 M

A
R

G
IN

  
  
  
  
  
  
  
  
  
D

O
 N

O
T

 W
R

IT
E

 I
N

 T
H

IS
 M

A
R

G
IN

  
  
  
  
  
  
  
  
  
D

O
 N

O
T

 W
R

IT
E

 I
N

 T
H

IS
 M

A
R

G
IN

DFD



Question 4

10

9701/22/O/N/25© UCLES 2025

4 Fig. 4.1 shows how propane, C3H8, can be converted to propanoic acid, CH3CH2COOH.

C3H8 CH3CH2CH2Cl CH3CH2CH2OH CH3CH2COOH

reaction 1 reaction 2 reaction 3

Fig. 4.1

 (a) Reaction 1 in Fig. 4.1 takes place in the presence of sunlight.

C3H8 + Cl 2  CH3CH2CH2Cl + HCl

  The reaction takes place via initiation, propagation and termination steps.

  (i) Name the mechanism shown by reaction 1.

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

  (ii) Complete the mechanism for reaction 1.

   Construct equations to describe the steps of the mechanism.

   initiation Cl 2 → 2Cl•

propagation 1  ....................................................................................................................

propagation 2  ....................................................................................................................

   termination ............................................................................................  CH3CH2CH2Cl

 [3]

  (iii) Reaction 1 is initiated by the bond fission of Cl 2.

   State the type of bond fission shown in the initiation step.

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

  (iv) Compound Q is a by-product of reaction 1.

H C C C

H H H

H Cl

Q

H

Cl

   Name Q.

 .....................................................................................................................................  [1]
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  (v) The molecular formula of Q is C3H6Cl 2.

   Identify the types of structural isomerism and stereoisomerism that a molecule with 

molecular formula C3H6Cl 2 can show.

type of structural isomerism  ..............................................................................................

type of stereoisomerism  ....................................................................................................

 [2]

 (b) State the reagent and solvent required for reaction 2.

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

 (c) Reaction 3 takes place when CH3CH2CH2OH is heated under reflux with acidified potassium 

dichromate(VI) solution.

  (i) State the colour change that takes place in the reaction mixture.

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

  (ii) Construct an equation to represent reaction 3. Use [O] to represent an atom of oxygen 

from the oxidising agent.

 .....................................................................................................................................  [1]
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 (d) CH3CH2COOH reacts with an unsaturated alcohol R to form unsaturated ester S.

  (i) State the type of reaction that forms S.

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

  (ii) The infrared spectrum of S is shown in Fig. 4.2.

100

50

4000 3000 2000 1500

wavenumber / cm−1

1000 500

transmittance / %

0

Fig. 4.2

   Three absorptions in the infrared spectrum in Fig. 4.2 confirm that S is an ester and is 

unsaturated.

• Write 1, 2 or 3 on Fig. 4.2 against each of these three absorptions.

• Complete Table 4.1 to show which bond is responsible for each absorption that you 

have identified in Fig. 4.2.

Table 4.1

absorption 1 2 3

bond responsible

 [3]
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Table 4.2

bond functional groups containing the bond
characteristic infrared absorption range 

(in wavenumbers) / cm–1

C–O hydroxy, ester 1040–1300

C=C aromatic compound, alkene 1500–1680

C=O

amide 

carbonyl, carboxyl 

ester

1640–1690 

1670–1740 

1710–1750

C N nitrile 2200–2250

C–H alkane 2850–2950

N–H amine, amide 3300–3500

O–H
carboxyl 

hydroxy

2500–3000 

3200–3650

  (iii) The mass spectrum of S shows the following peaks.

Table 4.3

peak relative abundance

M+ 4.7

[M+1]+ 0.31

   Use Table 4.3 to calculate the number of carbon atoms in S.

number of carbon atoms in S =  ...................................................................................  [1]

 [Total: 16]
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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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4 Fig. 4.1 shows how propane, C3H8, can be converted to propanoic acid, CH3CH2COOH.

C3H8 CH3CH2CH2Cl CH3CH2CH2OH CH3CH2COOH

reaction 1 reaction 2 reaction 3

Fig. 4.1

 (a) Reaction 1 in Fig. 4.1 takes place in the presence of sunlight.

C3H8 + Cl 2  CH3CH2CH2Cl + HCl

  The reaction takes place via initiation, propagation and termination steps.

  (i) Name the mechanism shown by reaction 1.

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

  (ii) Complete the mechanism for reaction 1.

   Construct equations to describe the steps of the mechanism.

   initiation Cl 2 → 2Cl•

propagation 1  ....................................................................................................................

propagation 2  ....................................................................................................................

   termination ............................................................................................  CH3CH2CH2Cl

 [3]

  (iii) Reaction 1 is initiated by the bond fission of Cl 2.

   State the type of bond fission shown in the initiation step.

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

  (iv) Compound Q is a by-product of reaction 1.

H C C C

H H H

H Cl

Q

H

Cl

   Name Q.

 .....................................................................................................................................  [1]
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  (v) The molecular formula of Q is C3H6Cl 2.

   Identify the types of structural isomerism and stereoisomerism that a molecule with 

molecular formula C3H6Cl 2 can show.

type of structural isomerism  ..............................................................................................

type of stereoisomerism  ....................................................................................................

 [2]

 (b) State the reagent and solvent required for reaction 2.

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

 (c) Reaction 3 takes place when CH3CH2CH2OH is heated under reflux with acidified potassium 

dichromate(VI) solution.

  (i) State the colour change that takes place in the reaction mixture.

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

  (ii) Construct an equation to represent reaction 3. Use [O] to represent an atom of oxygen 

from the oxidising agent.

 .....................................................................................................................................  [1]
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 (d) CH3CH2COOH reacts with an unsaturated alcohol R to form unsaturated ester S.

  (i) State the type of reaction that forms S.

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

  (ii) The infrared spectrum of S is shown in Fig. 4.2.

100

50

4000 3000 2000 1500

wavenumber / cm−1

1000 500

transmittance / %

0

Fig. 4.2

   Three absorptions in the infrared spectrum in Fig. 4.2 confirm that S is an ester and is 

unsaturated.

• Write 1, 2 or 3 on Fig. 4.2 against each of these three absorptions.

• Complete Table 4.1 to show which bond is responsible for each absorption that you 

have identified in Fig. 4.2.

Table 4.1

absorption 1 2 3

bond responsible

 [3]
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Table 4.2

bond functional groups containing the bond
characteristic infrared absorption range 

(in wavenumbers) / cm–1

C–O hydroxy, ester 1040–1300

C=C aromatic compound, alkene 1500–1680

C=O

amide 

carbonyl, carboxyl 

ester

1640–1690 

1670–1740 

1710–1750

C N nitrile 2200–2250

C–H alkane 2850–2950

N–H amine, amide 3300–3500

O–H
carboxyl 

hydroxy

2500–3000 

3200–3650

  (iii) The mass spectrum of S shows the following peaks.

Table 4.3

peak relative abundance

M+ 4.7

[M+1]+ 0.31

   Use Table 4.3 to calculate the number of carbon atoms in S.

number of carbon atoms in S =  ...................................................................................  [1]

 [Total: 16]
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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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4 Fig. 4.1 shows how propane, C3H8, can be converted to propanoic acid, CH3CH2COOH.

C3H8 CH3CH2CH2Cl CH3CH2CH2OH CH3CH2COOH

reaction 1 reaction 2 reaction 3

Fig. 4.1

 (a) Reaction 1 in Fig. 4.1 takes place in the presence of sunlight.

C3H8 + Cl 2  CH3CH2CH2Cl + HCl

  The reaction takes place via initiation, propagation and termination steps.

  (i) Name the mechanism shown by reaction 1.

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

  (ii) Complete the mechanism for reaction 1.

   Construct equations to describe the steps of the mechanism.

   initiation Cl 2 → 2Cl•

propagation 1  ....................................................................................................................

propagation 2  ....................................................................................................................

   termination ............................................................................................  CH3CH2CH2Cl

 [3]

  (iii) Reaction 1 is initiated by the bond fission of Cl 2.

   State the type of bond fission shown in the initiation step.

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

  (iv) Compound Q is a by-product of reaction 1.

H C C C

H H H

H Cl

Q

H

Cl

   Name Q.

 .....................................................................................................................................  [1]
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  (v) The molecular formula of Q is C3H6Cl 2.

   Identify the types of structural isomerism and stereoisomerism that a molecule with 

molecular formula C3H6Cl 2 can show.

type of structural isomerism  ..............................................................................................

type of stereoisomerism  ....................................................................................................

 [2]

 (b) State the reagent and solvent required for reaction 2.

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

 (c) Reaction 3 takes place when CH3CH2CH2OH is heated under reflux with acidified potassium 

dichromate(VI) solution.

  (i) State the colour change that takes place in the reaction mixture.

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

  (ii) Construct an equation to represent reaction 3. Use [O] to represent an atom of oxygen 

from the oxidising agent.

 .....................................................................................................................................  [1]
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 (d) CH3CH2COOH reacts with an unsaturated alcohol R to form unsaturated ester S.

  (i) State the type of reaction that forms S.

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

  (ii) The infrared spectrum of S is shown in Fig. 4.2.

100

50

4000 3000 2000 1500

wavenumber / cm−1

1000 500

transmittance / %

0

Fig. 4.2

   Three absorptions in the infrared spectrum in Fig. 4.2 confirm that S is an ester and is 

unsaturated.

• Write 1, 2 or 3 on Fig. 4.2 against each of these three absorptions.

• Complete Table 4.1 to show which bond is responsible for each absorption that you 

have identified in Fig. 4.2.

Table 4.1

absorption 1 2 3

bond responsible

 [3]
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Table 4.2

bond functional groups containing the bond
characteristic infrared absorption range 

(in wavenumbers) / cm–1

C–O hydroxy, ester 1040–1300

C=C aromatic compound, alkene 1500–1680

C=O

amide 

carbonyl, carboxyl 

ester

1640–1690 

1670–1740 

1710–1750

C N nitrile 2200–2250

C–H alkane 2850–2950

N–H amine, amide 3300–3500

O–H
carboxyl 

hydroxy

2500–3000 

3200–3650

  (iii) The mass spectrum of S shows the following peaks.

Table 4.3

peak relative abundance

M+ 4.7

[M+1]+ 0.31

   Use Table 4.3 to calculate the number of carbon atoms in S.

number of carbon atoms in S =  ...................................................................................  [1]

 [Total: 16]

* 0000800000013 *
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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)

* 0000800000015 *
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4 Fig. 4.1 shows how propane, C3H8, can be converted to propanoic acid, CH3CH2COOH.

C3H8 CH3CH2CH2Cl CH3CH2CH2OH CH3CH2COOH

reaction 1 reaction 2 reaction 3

Fig. 4.1

 (a) Reaction 1 in Fig. 4.1 takes place in the presence of sunlight.

C3H8 + Cl 2  CH3CH2CH2Cl + HCl

  The reaction takes place via initiation, propagation and termination steps.

  (i) Name the mechanism shown by reaction 1.

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

  (ii) Complete the mechanism for reaction 1.

   Construct equations to describe the steps of the mechanism.

   initiation Cl 2 → 2Cl•

propagation 1  ....................................................................................................................

propagation 2  ....................................................................................................................

   termination ............................................................................................  CH3CH2CH2Cl

 [3]

  (iii) Reaction 1 is initiated by the bond fission of Cl 2.

   State the type of bond fission shown in the initiation step.

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

  (iv) Compound Q is a by-product of reaction 1.

H C C C

H H H

H Cl

Q

H

Cl

   Name Q.

 .....................................................................................................................................  [1]
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  (v) The molecular formula of Q is C3H6Cl 2.

   Identify the types of structural isomerism and stereoisomerism that a molecule with 

molecular formula C3H6Cl 2 can show.

type of structural isomerism  ..............................................................................................

type of stereoisomerism  ....................................................................................................

 [2]

 (b) State the reagent and solvent required for reaction 2.

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

 (c) Reaction 3 takes place when CH3CH2CH2OH is heated under reflux with acidified potassium 

dichromate(VI) solution.

  (i) State the colour change that takes place in the reaction mixture.

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

  (ii) Construct an equation to represent reaction 3. Use [O] to represent an atom of oxygen 

from the oxidising agent.

 .....................................................................................................................................  [1]
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 (d) CH3CH2COOH reacts with an unsaturated alcohol R to form unsaturated ester S.

  (i) State the type of reaction that forms S.

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

  (ii) The infrared spectrum of S is shown in Fig. 4.2.

100

50

4000 3000 2000 1500

wavenumber / cm−1

1000 500

transmittance / %

0

Fig. 4.2

   Three absorptions in the infrared spectrum in Fig. 4.2 confirm that S is an ester and is 

unsaturated.

• Write 1, 2 or 3 on Fig. 4.2 against each of these three absorptions.

• Complete Table 4.1 to show which bond is responsible for each absorption that you 

have identified in Fig. 4.2.

Table 4.1

absorption 1 2 3

bond responsible

 [3]
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Table 4.2

bond functional groups containing the bond
characteristic infrared absorption range 

(in wavenumbers) / cm–1

C–O hydroxy, ester 1040–1300

C=C aromatic compound, alkene 1500–1680

C=O

amide 

carbonyl, carboxyl 

ester

1640–1690 

1670–1740 

1710–1750

C N nitrile 2200–2250

C–H alkane 2850–2950

N–H amine, amide 3300–3500

O–H
carboxyl 

hydroxy

2500–3000 

3200–3650

  (iii) The mass spectrum of S shows the following peaks.

Table 4.3

peak relative abundance

M+ 4.7

[M+1]+ 0.31

   Use Table 4.3 to calculate the number of carbon atoms in S.

number of carbon atoms in S =  ...................................................................................  [1]

 [Total: 16]
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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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4 Fig. 4.1 shows how propane, C3H8, can be converted to propanoic acid, CH3CH2COOH.

C3H8 CH3CH2CH2Cl CH3CH2CH2OH CH3CH2COOH

reaction 1 reaction 2 reaction 3

Fig. 4.1

 (a) Reaction 1 in Fig. 4.1 takes place in the presence of sunlight.

C3H8 + Cl 2  CH3CH2CH2Cl + HCl

  The reaction takes place via initiation, propagation and termination steps.

  (i) Name the mechanism shown by reaction 1.

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

  (ii) Complete the mechanism for reaction 1.

   Construct equations to describe the steps of the mechanism.

   initiation Cl 2 → 2Cl•

propagation 1  ....................................................................................................................

propagation 2  ....................................................................................................................

   termination ............................................................................................  CH3CH2CH2Cl

 [3]

  (iii) Reaction 1 is initiated by the bond fission of Cl 2.

   State the type of bond fission shown in the initiation step.

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

  (iv) Compound Q is a by-product of reaction 1.

H C C C

H H H

H Cl

Q

H

Cl

   Name Q.

 .....................................................................................................................................  [1]
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  (v) The molecular formula of Q is C3H6Cl 2.

   Identify the types of structural isomerism and stereoisomerism that a molecule with 

molecular formula C3H6Cl 2 can show.

type of structural isomerism  ..............................................................................................

type of stereoisomerism  ....................................................................................................

 [2]

 (b) State the reagent and solvent required for reaction 2.

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

 (c) Reaction 3 takes place when CH3CH2CH2OH is heated under reflux with acidified potassium 

dichromate(VI) solution.

  (i) State the colour change that takes place in the reaction mixture.

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

  (ii) Construct an equation to represent reaction 3. Use [O] to represent an atom of oxygen 

from the oxidising agent.

 .....................................................................................................................................  [1]
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 (d) CH3CH2COOH reacts with an unsaturated alcohol R to form unsaturated ester S.

  (i) State the type of reaction that forms S.

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

  (ii) The infrared spectrum of S is shown in Fig. 4.2.

100

50

4000 3000 2000 1500

wavenumber / cm−1

1000 500

transmittance / %

0

Fig. 4.2

   Three absorptions in the infrared spectrum in Fig. 4.2 confirm that S is an ester and is 

unsaturated.

• Write 1, 2 or 3 on Fig. 4.2 against each of these three absorptions.

• Complete Table 4.1 to show which bond is responsible for each absorption that you 

have identified in Fig. 4.2.

Table 4.1

absorption 1 2 3

bond responsible

 [3]
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Table 4.2

bond functional groups containing the bond
characteristic infrared absorption range 

(in wavenumbers) / cm–1

C–O hydroxy, ester 1040–1300

C=C aromatic compound, alkene 1500–1680

C=O

amide 

carbonyl, carboxyl 

ester

1640–1690 

1670–1740 

1710–1750

C N nitrile 2200–2250

C–H alkane 2850–2950

N–H amine, amide 3300–3500

O–H
carboxyl 

hydroxy

2500–3000 

3200–3650

  (iii) The mass spectrum of S shows the following peaks.

Table 4.3

peak relative abundance

M+ 4.7

[M+1]+ 0.31

   Use Table 4.3 to calculate the number of carbon atoms in S.

number of carbon atoms in S =  ...................................................................................  [1]

 [Total: 16]
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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 4

(a)(i)

Mark scheme
free-radical substitution
1
9701/22
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Past-paper walk-through

Solution 4

(a)(ii) Mark scheme

M1 C3H8 + Cl� → CH3CH2CH2� + HCl
OR C3H8 + Cl� → C3H7� + HCl M2

CH3CH2CH2� + Cl2 → CH3CH2CH2Cl + Cl�
OR C3H7� + Cl2 → C3H7Cl + Cl� etc M3

CH3CH2CH2� + Cl� → CH3CH2CH2Cl
OR C3H7� + Cl� → CH3CH2CH2Cl
3
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Solution 4

(a)(iii)

Mark scheme
homolytic
1

(a)(iv)

Mark scheme
1,2-dichloropropane
1
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Solution 4

(a)(v)

Mark scheme
M1 (type of structural isomerism) positional M2

(type of stereoisomerism) optical
2
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Solution 4

(b)

Mark scheme
sodium hydroxide AND water
1
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Solution 4

(c)(i)

Mark scheme
orange to green
1

(c)(ii)

Mark scheme
CH3CH2CH2OH + 2[O] → CH3CH2COOH + H2O
1
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Solution 4

(d)(i)

Mark scheme
condensation
1



Past-paper walk-through

Solution 4

(d)(ii)

Mark scheme
M1 absorption labelled at approx. 1750 cm–1 identified as C=O M2

absorption labelled at approx. 1650 cm–1 identified as C=C M3

absorption labelled at approx. 1170 cm–1 identified as C—O
3
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Solution 4

(d)(iii)

Mark scheme
(0.31 / 4.7 × 100 / 1.1) = 6 carbon atoms
1


