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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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Question 16
9701/11 N25 • Q16 • 1 mark
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15 The reversible reaction between methanol and ethanoic acid liquids is catalysed by adding a 
small volume of concentrated sulfuric acid. 

 
Two statements about this reaction are listed. 

 
1 The sulfuric acid is a homogeneous catalyst. 

2 The sulfuric acid lowers the activation energy of the reverse reaction. 
 

Which statements are correct? 

A both 1 and 2 

B 1 only 

C 2 only 

D neither 1 nor 2 
 
 
16 The atomic radii and ionic radii for three elements in Period 3 are shown. 
 

 atomic radius / nm ionic radius / nm 

element X 0.118 0.053 

element Y 0.099 0.180 

element Z 0.160 0.072 
 

Using this data, which statement is correct? 

A Element X has lower electrical conductivity than element Y. 

B Element Y has a higher melting point than element X. 

C Element Y and element Z react to form an ionic compound. 

D Element Z forms ionic compounds by gaining electrons. 
 
 
17 Three equations are listed. x, y and z are all whole numbers. 
 

1 x Al  +  y O2    zAl 2O3 

2 x Mg  +  y O2    z MgO 

3 x Na  +  y O2    z Na2O 
 

Which equations can be balanced if x = 4 and z = 2? 

A 1 and 3 B 1 only C 2 only D 3 only 
 
 
18 Which oxide has a simple structure rather than a giant structure? 

A MgO B Al 2O3 C SiO2 D P4O10 
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Solution 16

Answer: C

Why

X and Z form ions much smaller than their atoms, so both lose electrons –
they are metals.
Y’s ion is much larger than its atom, so it gains electrons – a non-metal.
A metal (Z) with a non-metal (Y) gives an ionic compound.



Past-paper walk-through

Question 17
9701/12 N25 • Q17 • 1 mark
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16 Oxides of nitrogen, NOx, are involved in formation of photochemical smog and acid rain. 
 

Which oxides of nitrogen are involved in each of these processes? 
 

 photochemical smog acid rain 

 NO NO2 NO NO2 

A     

B     

C     

D     
 
 
17 Sodium and sulfur react together to form sodium sulfide, Na2S. 
 

How do the atomic radius and ionic radius of sodium compare with those of sulfur? 
 

 atomic radius ionic radius 

A sulfur is greater sodium is greater 

B sulfur is greater sulfur is greater 

C sodium is greater sodium is greater 

D sodium is greater sulfur is greater 
 
 
18 Compound X is an oxide of a Period 3 element. 
 

Compound X is a white solid at 25 °C. It reacts with water to form an acidic solution. 
 

What is compound X? 

A aluminium oxide 

B silicon dioxide 

C sulfur dioxide 

D phosphorus(V) oxide 
 
 
19 When heated, magnesium nitrate decomposes. 
 

Which equation for the thermal decomposition of magnesium nitrate is correct? 

A Mg(NO3)2    MgO  +  NO2  +  NO  +  O2 

B 2Mg(NO3)2    2MgO  +  4NO  +  3O2 

C 2Mg(NO3)2    2MgO  +  4NO2  +  O2 

D 3Mg(NO3)2    Mg2N3  +  MgO  +  3NO  +  7O2 
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Solution 17

Answer: D

Why

Across a period the atomic radius falls, so the sodium atom is bigger than the
sulfur atom.
Na+ has lost its whole outer shell, so it is much smaller than its atom.
S2− has gained electrons and swollen, so the sulfur ion is the bigger one.
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Question 17
9701/14 N25 • Q17 • 1 mark
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17 Which graph shows the relative melting points of the elements Mg, Al, Si and P plotted against 
their relative electronegativities? 

 

melting point

electronegativity

A

Si

Al

Mg

P

melting point

electronegativity

B

Si

AlMg

P

melting point

electronegativity

C
Si

Al Mg

P

melting point

electronegativity

D

Si

Al

Mg

P

 
 
 
18 Caesium and barium are in Period 6 of the Periodic Table. 
 

Which row is correct? 
 

 the larger 
ionic radius 

the higher 
melting point 

A Ba2+ barium 

B Ba2+ caesium 

C Cs+ barium 

D Cs+ caesium 
 
 
19 Magnesium nitrate, Mg(NO3)2, will decompose when heated to give a white solid and a mixture of 

gases. One of the gases released is oxygen. 
 

29.7 g of anhydrous magnesium nitrate is heated until no further reaction takes place. 
 

Which mass of oxygen is produced? 

A 3.2 g B 6.4 g C 12.8 g D 19.2 g 
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Solution 17

Answer: B

Why

Electronegativity rises across the period: Mg < Al < Si < P.
Melting point rises Mg < Al < Si as the metallic bonding strengthens and
then the giant covalent lattice takes over.
It then collapses at P, which is simple molecular – so the graph peaks at Si
and drops sharply to P.
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Question 2
9701/21 N25 • Q2 • 11 marks
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2 The Period 3 elements show trends in physical and chemical properties across the period.

 (a) Fig. 2.1 shows the variation in atomic and ionic radii of the Period 3 elements Na to Cl .

  The ionic radius of Si is not shown.

0
Na Mg Al Si P S Cl

50

100

150

250

200

radius / pm atomic radius

ionic radius

Key

Fig. 2.1

  (i) Explain the trend shown in the atomic radii of the Period 3 elements Na to Cl .

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

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

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

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

  (ii) Explain why there is a large difference in the ionic radii of Al and P.

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

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

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

 .....................................................................................................................................  [2]
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 (b) Table 2.1 gives some information about some of the Period 3 oxides.

  Row B gives the pH of the solution that forms when the Period 3 oxide is added to water.

Table 2.1

formula of Period 3 oxide Na2O MgO Al 2O3 SiO2 P4O10 SO3

A
oxidation number of 

Period 3 element
+3

B pH of solution — —

  (i) Complete Table 2.1. [2]

  (ii) State why there is no data given in row B for Al 2O3 and SiO2.

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

 (c) (i) Write an equation for the reaction of Na2O with dilute hydrochloric acid.

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

  (ii) Construct an equation for the reaction of Al 2O3 with a base to form NaAl O2.

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

 (d) Group 2 nitrates decompose on heating to form oxides.

  (i) State the trend in thermal stability of the Group 2 nitrates down the group.

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

  (ii) Identify the other products of the thermal decomposition of Group 2 nitrates.

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

 [Total: 11]

* 0000800000007 *

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 2

6

9701/21/O/N/25© UCLES 2025

2 The Period 3 elements show trends in physical and chemical properties across the period.

 (a) Fig. 2.1 shows the variation in atomic and ionic radii of the Period 3 elements Na to Cl .

  The ionic radius of Si is not shown.

0
Na Mg Al Si P S Cl

50

100

150

250

200

radius / pm atomic radius

ionic radius

Key

Fig. 2.1

  (i) Explain the trend shown in the atomic radii of the Period 3 elements Na to Cl .

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

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

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

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

  (ii) Explain why there is a large difference in the ionic radii of Al and P.

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

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

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

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

* 0000800000006 *

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

7

9701/21/O/N/25© UCLES 2025 [Turn over

 (b) Table 2.1 gives some information about some of the Period 3 oxides.

  Row B gives the pH of the solution that forms when the Period 3 oxide is added to water.

Table 2.1

formula of Period 3 oxide Na2O MgO Al 2O3 SiO2 P4O10 SO3

A
oxidation number of 

Period 3 element
+3

B pH of solution — —

  (i) Complete Table 2.1. [2]

  (ii) State why there is no data given in row B for Al 2O3 and SiO2.

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

 (c) (i) Write an equation for the reaction of Na2O with dilute hydrochloric acid.

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

  (ii) Construct an equation for the reaction of Al 2O3 with a base to form NaAl O2.

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

 (d) Group 2 nitrates decompose on heating to form oxides.

  (i) State the trend in thermal stability of the Group 2 nitrates down the group.

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

  (ii) Identify the other products of the thermal decomposition of Group 2 nitrates.

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

 [Total: 11]

* 0000800000007 *

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 2

6

9701/21/O/N/25© UCLES 2025

2 The Period 3 elements show trends in physical and chemical properties across the period.

 (a) Fig. 2.1 shows the variation in atomic and ionic radii of the Period 3 elements Na to Cl .

  The ionic radius of Si is not shown.

0
Na Mg Al Si P S Cl

50

100

150

250

200

radius / pm atomic radius

ionic radius

Key

Fig. 2.1

  (i) Explain the trend shown in the atomic radii of the Period 3 elements Na to Cl .

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

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

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

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

  (ii) Explain why there is a large difference in the ionic radii of Al and P.

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

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

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

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

* 0000800000006 *

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

7

9701/21/O/N/25© UCLES 2025 [Turn over

 (b) Table 2.1 gives some information about some of the Period 3 oxides.

  Row B gives the pH of the solution that forms when the Period 3 oxide is added to water.

Table 2.1

formula of Period 3 oxide Na2O MgO Al 2O3 SiO2 P4O10 SO3

A
oxidation number of 

Period 3 element
+3

B pH of solution — —

  (i) Complete Table 2.1. [2]

  (ii) State why there is no data given in row B for Al 2O3 and SiO2.

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

 (c) (i) Write an equation for the reaction of Na2O with dilute hydrochloric acid.

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

  (ii) Construct an equation for the reaction of Al 2O3 with a base to form NaAl O2.

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

 (d) Group 2 nitrates decompose on heating to form oxides.

  (i) State the trend in thermal stability of the Group 2 nitrates down the group.

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

  (ii) Identify the other products of the thermal decomposition of Group 2 nitrates.

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

 [Total: 11]

* 0000800000007 *

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 2

6

9701/21/O/N/25© UCLES 2025

2 The Period 3 elements show trends in physical and chemical properties across the period.

 (a) Fig. 2.1 shows the variation in atomic and ionic radii of the Period 3 elements Na to Cl .

  The ionic radius of Si is not shown.

0
Na Mg Al Si P S Cl

50

100

150

250

200

radius / pm atomic radius

ionic radius

Key

Fig. 2.1

  (i) Explain the trend shown in the atomic radii of the Period 3 elements Na to Cl .

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

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

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

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

  (ii) Explain why there is a large difference in the ionic radii of Al and P.

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

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

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

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

* 0000800000006 *

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

7

9701/21/O/N/25© UCLES 2025 [Turn over

 (b) Table 2.1 gives some information about some of the Period 3 oxides.

  Row B gives the pH of the solution that forms when the Period 3 oxide is added to water.

Table 2.1

formula of Period 3 oxide Na2O MgO Al 2O3 SiO2 P4O10 SO3

A
oxidation number of 

Period 3 element
+3

B pH of solution — —

  (i) Complete Table 2.1. [2]

  (ii) State why there is no data given in row B for Al 2O3 and SiO2.

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

 (c) (i) Write an equation for the reaction of Na2O with dilute hydrochloric acid.

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

  (ii) Construct an equation for the reaction of Al 2O3 with a base to form NaAl O2.

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

 (d) Group 2 nitrates decompose on heating to form oxides.

  (i) State the trend in thermal stability of the Group 2 nitrates down the group.

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

  (ii) Identify the other products of the thermal decomposition of Group 2 nitrates.

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

 [Total: 11]

* 0000800000007 *

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 2

6

9701/21/O/N/25© UCLES 2025

2 The Period 3 elements show trends in physical and chemical properties across the period.

 (a) Fig. 2.1 shows the variation in atomic and ionic radii of the Period 3 elements Na to Cl .

  The ionic radius of Si is not shown.

0
Na Mg Al Si P S Cl

50

100

150

250

200

radius / pm atomic radius

ionic radius

Key

Fig. 2.1

  (i) Explain the trend shown in the atomic radii of the Period 3 elements Na to Cl .

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

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

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

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

  (ii) Explain why there is a large difference in the ionic radii of Al and P.

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

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

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

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

* 0000800000006 *

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

7

9701/21/O/N/25© UCLES 2025 [Turn over

 (b) Table 2.1 gives some information about some of the Period 3 oxides.

  Row B gives the pH of the solution that forms when the Period 3 oxide is added to water.

Table 2.1

formula of Period 3 oxide Na2O MgO Al 2O3 SiO2 P4O10 SO3

A
oxidation number of 

Period 3 element
+3

B pH of solution — —

  (i) Complete Table 2.1. [2]

  (ii) State why there is no data given in row B for Al 2O3 and SiO2.

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

 (c) (i) Write an equation for the reaction of Na2O with dilute hydrochloric acid.

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

  (ii) Construct an equation for the reaction of Al 2O3 with a base to form NaAl O2.

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

 (d) Group 2 nitrates decompose on heating to form oxides.

  (i) State the trend in thermal stability of the Group 2 nitrates down the group.

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

  (ii) Identify the other products of the thermal decomposition of Group 2 nitrates.

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

 [Total: 11]
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2 The Period 3 elements show trends in physical and chemical properties across the period.

 (a) Fig. 2.1 shows the variation in atomic and ionic radii of the Period 3 elements Na to Cl .

  The ionic radius of Si is not shown.

0
Na Mg Al Si P S Cl

50

100

150

250

200

radius / pm atomic radius

ionic radius

Key

Fig. 2.1

  (i) Explain the trend shown in the atomic radii of the Period 3 elements Na to Cl .

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

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

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

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

  (ii) Explain why there is a large difference in the ionic radii of Al and P.

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

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

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

 .....................................................................................................................................  [2]
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 (b) Table 2.1 gives some information about some of the Period 3 oxides.

  Row B gives the pH of the solution that forms when the Period 3 oxide is added to water.

Table 2.1

formula of Period 3 oxide Na2O MgO Al 2O3 SiO2 P4O10 SO3

A
oxidation number of 

Period 3 element
+3

B pH of solution — —

  (i) Complete Table 2.1. [2]

  (ii) State why there is no data given in row B for Al 2O3 and SiO2.

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

 (c) (i) Write an equation for the reaction of Na2O with dilute hydrochloric acid.

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

  (ii) Construct an equation for the reaction of Al 2O3 with a base to form NaAl O2.

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

 (d) Group 2 nitrates decompose on heating to form oxides.

  (i) State the trend in thermal stability of the Group 2 nitrates down the group.

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

  (ii) Identify the other products of the thermal decomposition of Group 2 nitrates.

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

 [Total: 11]
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2 The Period 3 elements show trends in physical and chemical properties across the period.

 (a) Fig. 2.1 shows the variation in atomic and ionic radii of the Period 3 elements Na to Cl .

  The ionic radius of Si is not shown.

0
Na Mg Al Si P S Cl

50
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150

250

200

radius / pm atomic radius

ionic radius

Key

Fig. 2.1

  (i) Explain the trend shown in the atomic radii of the Period 3 elements Na to Cl .

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

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

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

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

  (ii) Explain why there is a large difference in the ionic radii of Al and P.

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

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

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

 .....................................................................................................................................  [2]
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 (b) Table 2.1 gives some information about some of the Period 3 oxides.

  Row B gives the pH of the solution that forms when the Period 3 oxide is added to water.

Table 2.1

formula of Period 3 oxide Na2O MgO Al 2O3 SiO2 P4O10 SO3

A
oxidation number of 

Period 3 element
+3

B pH of solution — —

  (i) Complete Table 2.1. [2]

  (ii) State why there is no data given in row B for Al 2O3 and SiO2.

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

 (c) (i) Write an equation for the reaction of Na2O with dilute hydrochloric acid.

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

  (ii) Construct an equation for the reaction of Al 2O3 with a base to form NaAl O2.

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

 (d) Group 2 nitrates decompose on heating to form oxides.

  (i) State the trend in thermal stability of the Group 2 nitrates down the group.

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

  (ii) Identify the other products of the thermal decomposition of Group 2 nitrates.

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

 [Total: 11]
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2 The Period 3 elements show trends in physical and chemical properties across the period.

 (a) Fig. 2.1 shows the variation in atomic and ionic radii of the Period 3 elements Na to Cl .

  The ionic radius of Si is not shown.

0
Na Mg Al Si P S Cl
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250

200

radius / pm atomic radius

ionic radius

Key

Fig. 2.1

  (i) Explain the trend shown in the atomic radii of the Period 3 elements Na to Cl .

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

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

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

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

  (ii) Explain why there is a large difference in the ionic radii of Al and P.

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

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

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

 .....................................................................................................................................  [2]
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 (b) Table 2.1 gives some information about some of the Period 3 oxides.

  Row B gives the pH of the solution that forms when the Period 3 oxide is added to water.

Table 2.1

formula of Period 3 oxide Na2O MgO Al 2O3 SiO2 P4O10 SO3

A
oxidation number of 

Period 3 element
+3

B pH of solution — —

  (i) Complete Table 2.1. [2]

  (ii) State why there is no data given in row B for Al 2O3 and SiO2.

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

 (c) (i) Write an equation for the reaction of Na2O with dilute hydrochloric acid.

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

  (ii) Construct an equation for the reaction of Al 2O3 with a base to form NaAl O2.

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

 (d) Group 2 nitrates decompose on heating to form oxides.

  (i) State the trend in thermal stability of the Group 2 nitrates down the group.

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

  (ii) Identify the other products of the thermal decomposition of Group 2 nitrates.

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

 [Total: 11]
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2 The Period 3 elements show trends in physical and chemical properties across the period.

 (a) Fig. 2.1 shows the variation in atomic and ionic radii of the Period 3 elements Na to Cl .

  The ionic radius of Si is not shown.

0
Na Mg Al Si P S Cl

50

100

150

250

200

radius / pm atomic radius

ionic radius

Key

Fig. 2.1

  (i) Explain the trend shown in the atomic radii of the Period 3 elements Na to Cl .

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

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

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

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

  (ii) Explain why there is a large difference in the ionic radii of Al and P.

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

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

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

 .....................................................................................................................................  [2]
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 (b) Table 2.1 gives some information about some of the Period 3 oxides.

  Row B gives the pH of the solution that forms when the Period 3 oxide is added to water.

Table 2.1

formula of Period 3 oxide Na2O MgO Al 2O3 SiO2 P4O10 SO3

A
oxidation number of 

Period 3 element
+3

B pH of solution — —

  (i) Complete Table 2.1. [2]

  (ii) State why there is no data given in row B for Al 2O3 and SiO2.

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

 (c) (i) Write an equation for the reaction of Na2O with dilute hydrochloric acid.

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

  (ii) Construct an equation for the reaction of Al 2O3 with a base to form NaAl O2.

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

 (d) Group 2 nitrates decompose on heating to form oxides.

  (i) State the trend in thermal stability of the Group 2 nitrates down the group.

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

  (ii) Identify the other products of the thermal decomposition of Group 2 nitrates.

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

 [Total: 11]
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Past-paper walk-through

Solution 2

(a)(i)

Mark scheme
M1 nuclear charge increases (across period) AND similar shielding M2

greater / stronger attraction to nucleus
2



Past-paper walk-through

Solution 2

(a)(ii)

Mark scheme
M1 Al loses (3) electrons / Al is 3+, and P gains (3) electrons / P is 3– M2

Al (3+) has (one) fewer shell (than P(3–))
2



Past-paper walk-through

Solution 2

(b)(i) Mark scheme

(+)1
(+)2
(+)3
(+)4
(+)5
(+)6
12-14
8-10



Past-paper walk-through

Solution 2

—
—
0-4
0-4
2



Past-paper walk-through

Solution 2

(b)(ii)

Mark scheme
they are insoluble
1



Past-paper walk-through

Solution 2

(c)(i)

Mark scheme
Na2O + 2HCl → 2NaCl + H2O
1

(c)(ii)

Mark scheme
Al2O3 + 2NaOH → 2NaAlO2 + H2O
1



Past-paper walk-through

Solution 2

(d)(i)

Mark scheme
(thermal stability) increases (down the group)
1



Past-paper walk-through

Solution 2

(d)(ii)

Mark scheme
NO2 AND O2
1
9701/21
October/November 2025



Past-paper walk-through

Question 2

9701/22 N25 • Q2 • 20 marks
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2 The Period 3 elements show trends in physical and chemical properties across the period.

 (a) (i) Explain why the elements Na to Al are good electrical conductors.

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

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

  (ii) Explain why the elements P, S and Cl do not conduct electricity.

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

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

 (b) Fig. 2.1 shows the variation in melting point of the Period 3 elements Si to Cl.

1800

1600

1400

1200

1000melting

point / K 800

600

400

Si P S Cl

200

0

Fig. 2.1

  The Period 3 elements Si to Cl are all non-metals.

  Explain why there is a large difference between the melting point of Si and the melting points 

of P, S and Cl.

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

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

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

 .............................................................................................................................................  [2]
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 (c) Table 2.1 gives some information about some Period 3 chlorides.

  Row B refers to the pH of the solution that forms when the Period 3 chloride is added to 

water.

Table 2.1

formula of Period 3 chloride NaCl MgCl 2 Al Cl 3 SiCl4 PCl 5

A
oxidation number of 

element bonded to Cl

B pH of solution 6.5

C bonding ionic

D structure giant

  Complete Table 2.1.

  You may use the following abbreviations.

I = ionic, C = covalent, M = metallic

G = giant, S = simple

 [4]

 (d) (i) Write an equation for the formation of Al Cl 3 from its elements.

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

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

  (ii) Write an equation for the formation of H3PO4 from PCl 5.

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

 (e) S2Cl2(l) reacts with Cl2(g) in a reversible reaction to form SCl2(l). Under certain conditions, a 

dynamic equilibrium is established.

S2Cl2(l) + Cl2(g)  2SCl2(l)     ΔH = – 41 kJ mol–1

  (i) State what is meant by dynamic equilibrium.

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

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

  (ii) Identify the condition necessary to establish dynamic equilibrium.

 .....................................................................................................................................  [1]
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  (iii) S2Cl2(l) is yellow and SCl2(l) is red.

 S2Cl2(l) + Cl2(g)  2SCl2(l)     ΔH = – 41 kJ mol–1

   State what is observed when the following changes are made to an equilibrium mixture 

of S2Cl2(l) and SCl2(l).

   Explain your answers.

• The equilibrium mixture is warmed gently.

observation  ................................................................................................................

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

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

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

• The overall pressure of the equilibrium mixture is increased.

observation  ................................................................................................................

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

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

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

 [4]

 (f) Aqueous MgCl 2 reacts with aqueous Na2CO3 to form a white precipitate. Upon heating, the 

white precipitate undergoes thermal decomposition.

  (i) Construct an equation to show the reaction of aqueous MgCl 2 with aqueous Na2CO3. 

Use state symbols in your equation.

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

  (ii) Identify the products of the thermal decomposition of the white precipitate.

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

  (iii) State the trend in thermal stability of the Group 2 carbonates down the group.

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

 [Total: 20]
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2 The Period 3 elements show trends in physical and chemical properties across the period.

 (a) (i) Explain why the elements Na to Al are good electrical conductors.

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

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

  (ii) Explain why the elements P, S and Cl do not conduct electricity.

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

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

 (b) Fig. 2.1 shows the variation in melting point of the Period 3 elements Si to Cl.
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Fig. 2.1

  The Period 3 elements Si to Cl are all non-metals.

  Explain why there is a large difference between the melting point of Si and the melting points 

of P, S and Cl.

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

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

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

 .............................................................................................................................................  [2]
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 (c) Table 2.1 gives some information about some Period 3 chlorides.

  Row B refers to the pH of the solution that forms when the Period 3 chloride is added to 

water.

Table 2.1

formula of Period 3 chloride NaCl MgCl 2 Al Cl 3 SiCl4 PCl 5

A
oxidation number of 

element bonded to Cl

B pH of solution 6.5

C bonding ionic

D structure giant

  Complete Table 2.1.

  You may use the following abbreviations.

I = ionic, C = covalent, M = metallic

G = giant, S = simple

 [4]

 (d) (i) Write an equation for the formation of Al Cl 3 from its elements.

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

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

  (ii) Write an equation for the formation of H3PO4 from PCl 5.

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

 (e) S2Cl2(l) reacts with Cl2(g) in a reversible reaction to form SCl2(l). Under certain conditions, a 

dynamic equilibrium is established.

S2Cl2(l) + Cl2(g)  2SCl2(l)     ΔH = – 41 kJ mol–1

  (i) State what is meant by dynamic equilibrium.

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

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

  (ii) Identify the condition necessary to establish dynamic equilibrium.

 .....................................................................................................................................  [1]
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  (iii) S2Cl2(l) is yellow and SCl2(l) is red.

 S2Cl2(l) + Cl2(g)  2SCl2(l)     ΔH = – 41 kJ mol–1

   State what is observed when the following changes are made to an equilibrium mixture 

of S2Cl2(l) and SCl2(l).

   Explain your answers.

• The equilibrium mixture is warmed gently.

observation  ................................................................................................................

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

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

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

• The overall pressure of the equilibrium mixture is increased.

observation  ................................................................................................................

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

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

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

 [4]

 (f) Aqueous MgCl 2 reacts with aqueous Na2CO3 to form a white precipitate. Upon heating, the 

white precipitate undergoes thermal decomposition.

  (i) Construct an equation to show the reaction of aqueous MgCl 2 with aqueous Na2CO3. 

Use state symbols in your equation.

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

  (ii) Identify the products of the thermal decomposition of the white precipitate.

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

  (iii) State the trend in thermal stability of the Group 2 carbonates down the group.

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

 [Total: 20]
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2 The Period 3 elements show trends in physical and chemical properties across the period.

 (a) (i) Explain why the elements Na to Al are good electrical conductors.

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

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

  (ii) Explain why the elements P, S and Cl do not conduct electricity.

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

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

 (b) Fig. 2.1 shows the variation in melting point of the Period 3 elements Si to Cl.
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0

Fig. 2.1

  The Period 3 elements Si to Cl are all non-metals.

  Explain why there is a large difference between the melting point of Si and the melting points 

of P, S and Cl.

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

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

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

 .............................................................................................................................................  [2]
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 (c) Table 2.1 gives some information about some Period 3 chlorides.

  Row B refers to the pH of the solution that forms when the Period 3 chloride is added to 

water.

Table 2.1

formula of Period 3 chloride NaCl MgCl 2 Al Cl 3 SiCl4 PCl 5

A
oxidation number of 

element bonded to Cl

B pH of solution 6.5

C bonding ionic

D structure giant

  Complete Table 2.1.

  You may use the following abbreviations.

I = ionic, C = covalent, M = metallic

G = giant, S = simple

 [4]

 (d) (i) Write an equation for the formation of Al Cl 3 from its elements.

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

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

  (ii) Write an equation for the formation of H3PO4 from PCl 5.

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

 (e) S2Cl2(l) reacts with Cl2(g) in a reversible reaction to form SCl2(l). Under certain conditions, a 

dynamic equilibrium is established.

S2Cl2(l) + Cl2(g)  2SCl2(l)     ΔH = – 41 kJ mol–1

  (i) State what is meant by dynamic equilibrium.

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

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

  (ii) Identify the condition necessary to establish dynamic equilibrium.

 .....................................................................................................................................  [1]
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  (iii) S2Cl2(l) is yellow and SCl2(l) is red.

 S2Cl2(l) + Cl2(g)  2SCl2(l)     ΔH = – 41 kJ mol–1

   State what is observed when the following changes are made to an equilibrium mixture 

of S2Cl2(l) and SCl2(l).

   Explain your answers.

• The equilibrium mixture is warmed gently.

observation  ................................................................................................................

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

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

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

• The overall pressure of the equilibrium mixture is increased.

observation  ................................................................................................................

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

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

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

 [4]

 (f) Aqueous MgCl 2 reacts with aqueous Na2CO3 to form a white precipitate. Upon heating, the 

white precipitate undergoes thermal decomposition.

  (i) Construct an equation to show the reaction of aqueous MgCl 2 with aqueous Na2CO3. 

Use state symbols in your equation.

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

  (ii) Identify the products of the thermal decomposition of the white precipitate.

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

  (iii) State the trend in thermal stability of the Group 2 carbonates down the group.

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

 [Total: 20]
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2 The Period 3 elements show trends in physical and chemical properties across the period.

 (a) (i) Explain why the elements Na to Al are good electrical conductors.

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

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

  (ii) Explain why the elements P, S and Cl do not conduct electricity.

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

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

 (b) Fig. 2.1 shows the variation in melting point of the Period 3 elements Si to Cl.
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Fig. 2.1

  The Period 3 elements Si to Cl are all non-metals.

  Explain why there is a large difference between the melting point of Si and the melting points 

of P, S and Cl.

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

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

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

 .............................................................................................................................................  [2]
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 (c) Table 2.1 gives some information about some Period 3 chlorides.

  Row B refers to the pH of the solution that forms when the Period 3 chloride is added to 

water.

Table 2.1

formula of Period 3 chloride NaCl MgCl 2 Al Cl 3 SiCl4 PCl 5

A
oxidation number of 

element bonded to Cl

B pH of solution 6.5

C bonding ionic

D structure giant

  Complete Table 2.1.

  You may use the following abbreviations.

I = ionic, C = covalent, M = metallic

G = giant, S = simple

 [4]

 (d) (i) Write an equation for the formation of Al Cl 3 from its elements.

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

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

  (ii) Write an equation for the formation of H3PO4 from PCl 5.

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

 (e) S2Cl2(l) reacts with Cl2(g) in a reversible reaction to form SCl2(l). Under certain conditions, a 

dynamic equilibrium is established.

S2Cl2(l) + Cl2(g)  2SCl2(l)     ΔH = – 41 kJ mol–1

  (i) State what is meant by dynamic equilibrium.

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

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

  (ii) Identify the condition necessary to establish dynamic equilibrium.

 .....................................................................................................................................  [1]
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  (iii) S2Cl2(l) is yellow and SCl2(l) is red.

 S2Cl2(l) + Cl2(g)  2SCl2(l)     ΔH = – 41 kJ mol–1

   State what is observed when the following changes are made to an equilibrium mixture 

of S2Cl2(l) and SCl2(l).

   Explain your answers.

• The equilibrium mixture is warmed gently.

observation  ................................................................................................................

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

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

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

• The overall pressure of the equilibrium mixture is increased.

observation  ................................................................................................................

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

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

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

 [4]

 (f) Aqueous MgCl 2 reacts with aqueous Na2CO3 to form a white precipitate. Upon heating, the 

white precipitate undergoes thermal decomposition.

  (i) Construct an equation to show the reaction of aqueous MgCl 2 with aqueous Na2CO3. 

Use state symbols in your equation.

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

  (ii) Identify the products of the thermal decomposition of the white precipitate.

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

  (iii) State the trend in thermal stability of the Group 2 carbonates down the group.

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

 [Total: 20]
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2 The Period 3 elements show trends in physical and chemical properties across the period.

 (a) (i) Explain why the elements Na to Al are good electrical conductors.

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

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

  (ii) Explain why the elements P, S and Cl do not conduct electricity.

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

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

 (b) Fig. 2.1 shows the variation in melting point of the Period 3 elements Si to Cl.
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Fig. 2.1

  The Period 3 elements Si to Cl are all non-metals.

  Explain why there is a large difference between the melting point of Si and the melting points 

of P, S and Cl.

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

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

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

 .............................................................................................................................................  [2]
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 (c) Table 2.1 gives some information about some Period 3 chlorides.

  Row B refers to the pH of the solution that forms when the Period 3 chloride is added to 

water.

Table 2.1

formula of Period 3 chloride NaCl MgCl 2 Al Cl 3 SiCl4 PCl 5

A
oxidation number of 

element bonded to Cl

B pH of solution 6.5

C bonding ionic

D structure giant

  Complete Table 2.1.

  You may use the following abbreviations.

I = ionic, C = covalent, M = metallic

G = giant, S = simple

 [4]

 (d) (i) Write an equation for the formation of Al Cl 3 from its elements.

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

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

  (ii) Write an equation for the formation of H3PO4 from PCl 5.

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

 (e) S2Cl2(l) reacts with Cl2(g) in a reversible reaction to form SCl2(l). Under certain conditions, a 

dynamic equilibrium is established.

S2Cl2(l) + Cl2(g)  2SCl2(l)     ΔH = – 41 kJ mol–1

  (i) State what is meant by dynamic equilibrium.

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

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

  (ii) Identify the condition necessary to establish dynamic equilibrium.

 .....................................................................................................................................  [1]
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  (iii) S2Cl2(l) is yellow and SCl2(l) is red.

 S2Cl2(l) + Cl2(g)  2SCl2(l)     ΔH = – 41 kJ mol–1

   State what is observed when the following changes are made to an equilibrium mixture 

of S2Cl2(l) and SCl2(l).

   Explain your answers.

• The equilibrium mixture is warmed gently.

observation  ................................................................................................................

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

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

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

• The overall pressure of the equilibrium mixture is increased.

observation  ................................................................................................................

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

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

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

 [4]

 (f) Aqueous MgCl 2 reacts with aqueous Na2CO3 to form a white precipitate. Upon heating, the 

white precipitate undergoes thermal decomposition.

  (i) Construct an equation to show the reaction of aqueous MgCl 2 with aqueous Na2CO3. 

Use state symbols in your equation.

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

  (ii) Identify the products of the thermal decomposition of the white precipitate.

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

  (iii) State the trend in thermal stability of the Group 2 carbonates down the group.

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

 [Total: 20]
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2 The Period 3 elements show trends in physical and chemical properties across the period.

 (a) (i) Explain why the elements Na to Al are good electrical conductors.

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

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

  (ii) Explain why the elements P, S and Cl do not conduct electricity.

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

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

 (b) Fig. 2.1 shows the variation in melting point of the Period 3 elements Si to Cl.
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Fig. 2.1

  The Period 3 elements Si to Cl are all non-metals.

  Explain why there is a large difference between the melting point of Si and the melting points 

of P, S and Cl.

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

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

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

 .............................................................................................................................................  [2]
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 (c) Table 2.1 gives some information about some Period 3 chlorides.

  Row B refers to the pH of the solution that forms when the Period 3 chloride is added to 

water.

Table 2.1

formula of Period 3 chloride NaCl MgCl 2 Al Cl 3 SiCl4 PCl 5

A
oxidation number of 

element bonded to Cl

B pH of solution 6.5

C bonding ionic

D structure giant

  Complete Table 2.1.

  You may use the following abbreviations.

I = ionic, C = covalent, M = metallic

G = giant, S = simple

 [4]

 (d) (i) Write an equation for the formation of Al Cl 3 from its elements.

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

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

  (ii) Write an equation for the formation of H3PO4 from PCl 5.

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

 (e) S2Cl2(l) reacts with Cl2(g) in a reversible reaction to form SCl2(l). Under certain conditions, a 

dynamic equilibrium is established.

S2Cl2(l) + Cl2(g)  2SCl2(l)     ΔH = – 41 kJ mol–1

  (i) State what is meant by dynamic equilibrium.

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

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

  (ii) Identify the condition necessary to establish dynamic equilibrium.

 .....................................................................................................................................  [1]
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  (iii) S2Cl2(l) is yellow and SCl2(l) is red.

 S2Cl2(l) + Cl2(g)  2SCl2(l)     ΔH = – 41 kJ mol–1

   State what is observed when the following changes are made to an equilibrium mixture 

of S2Cl2(l) and SCl2(l).

   Explain your answers.

• The equilibrium mixture is warmed gently.

observation  ................................................................................................................

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

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

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

• The overall pressure of the equilibrium mixture is increased.

observation  ................................................................................................................

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

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

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

 [4]

 (f) Aqueous MgCl 2 reacts with aqueous Na2CO3 to form a white precipitate. Upon heating, the 

white precipitate undergoes thermal decomposition.

  (i) Construct an equation to show the reaction of aqueous MgCl 2 with aqueous Na2CO3. 

Use state symbols in your equation.

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

  (ii) Identify the products of the thermal decomposition of the white precipitate.

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

  (iii) State the trend in thermal stability of the Group 2 carbonates down the group.

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

 [Total: 20]
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2 The Period 3 elements show trends in physical and chemical properties across the period.

 (a) (i) Explain why the elements Na to Al are good electrical conductors.

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

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

  (ii) Explain why the elements P, S and Cl do not conduct electricity.

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

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

 (b) Fig. 2.1 shows the variation in melting point of the Period 3 elements Si to Cl.
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1400

1200

1000melting

point / K 800

600
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Si P S Cl

200

0

Fig. 2.1

  The Period 3 elements Si to Cl are all non-metals.

  Explain why there is a large difference between the melting point of Si and the melting points 

of P, S and Cl.

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

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

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

 .............................................................................................................................................  [2]
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 (c) Table 2.1 gives some information about some Period 3 chlorides.

  Row B refers to the pH of the solution that forms when the Period 3 chloride is added to 

water.

Table 2.1

formula of Period 3 chloride NaCl MgCl 2 Al Cl 3 SiCl4 PCl 5

A
oxidation number of 

element bonded to Cl

B pH of solution 6.5

C bonding ionic

D structure giant

  Complete Table 2.1.

  You may use the following abbreviations.

I = ionic, C = covalent, M = metallic

G = giant, S = simple

 [4]

 (d) (i) Write an equation for the formation of Al Cl 3 from its elements.

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

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

  (ii) Write an equation for the formation of H3PO4 from PCl 5.

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

 (e) S2Cl2(l) reacts with Cl2(g) in a reversible reaction to form SCl2(l). Under certain conditions, a 

dynamic equilibrium is established.

S2Cl2(l) + Cl2(g)  2SCl2(l)     ΔH = – 41 kJ mol–1

  (i) State what is meant by dynamic equilibrium.

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

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

  (ii) Identify the condition necessary to establish dynamic equilibrium.

 .....................................................................................................................................  [1]
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  (iii) S2Cl2(l) is yellow and SCl2(l) is red.

 S2Cl2(l) + Cl2(g)  2SCl2(l)     ΔH = – 41 kJ mol–1

   State what is observed when the following changes are made to an equilibrium mixture 

of S2Cl2(l) and SCl2(l).

   Explain your answers.

• The equilibrium mixture is warmed gently.

observation  ................................................................................................................

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

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

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

• The overall pressure of the equilibrium mixture is increased.

observation  ................................................................................................................

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

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

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

 [4]

 (f) Aqueous MgCl 2 reacts with aqueous Na2CO3 to form a white precipitate. Upon heating, the 

white precipitate undergoes thermal decomposition.

  (i) Construct an equation to show the reaction of aqueous MgCl 2 with aqueous Na2CO3. 

Use state symbols in your equation.

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

  (ii) Identify the products of the thermal decomposition of the white precipitate.

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

  (iii) State the trend in thermal stability of the Group 2 carbonates down the group.

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

 [Total: 20]
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2 The Period 3 elements show trends in physical and chemical properties across the period.

 (a) (i) Explain why the elements Na to Al are good electrical conductors.

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

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

  (ii) Explain why the elements P, S and Cl do not conduct electricity.

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

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

 (b) Fig. 2.1 shows the variation in melting point of the Period 3 elements Si to Cl.
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Fig. 2.1

  The Period 3 elements Si to Cl are all non-metals.

  Explain why there is a large difference between the melting point of Si and the melting points 

of P, S and Cl.

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

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

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

 .............................................................................................................................................  [2]
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 (c) Table 2.1 gives some information about some Period 3 chlorides.

  Row B refers to the pH of the solution that forms when the Period 3 chloride is added to 

water.

Table 2.1

formula of Period 3 chloride NaCl MgCl 2 Al Cl 3 SiCl4 PCl 5

A
oxidation number of 

element bonded to Cl

B pH of solution 6.5

C bonding ionic

D structure giant

  Complete Table 2.1.

  You may use the following abbreviations.

I = ionic, C = covalent, M = metallic

G = giant, S = simple

 [4]

 (d) (i) Write an equation for the formation of Al Cl 3 from its elements.

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

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

  (ii) Write an equation for the formation of H3PO4 from PCl 5.

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

 (e) S2Cl2(l) reacts with Cl2(g) in a reversible reaction to form SCl2(l). Under certain conditions, a 

dynamic equilibrium is established.

S2Cl2(l) + Cl2(g)  2SCl2(l)     ΔH = – 41 kJ mol–1

  (i) State what is meant by dynamic equilibrium.

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

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

  (ii) Identify the condition necessary to establish dynamic equilibrium.

 .....................................................................................................................................  [1]
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  (iii) S2Cl2(l) is yellow and SCl2(l) is red.

 S2Cl2(l) + Cl2(g)  2SCl2(l)     ΔH = – 41 kJ mol–1

   State what is observed when the following changes are made to an equilibrium mixture 

of S2Cl2(l) and SCl2(l).

   Explain your answers.

• The equilibrium mixture is warmed gently.

observation  ................................................................................................................

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

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

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

• The overall pressure of the equilibrium mixture is increased.

observation  ................................................................................................................

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

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

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

 [4]

 (f) Aqueous MgCl 2 reacts with aqueous Na2CO3 to form a white precipitate. Upon heating, the 

white precipitate undergoes thermal decomposition.

  (i) Construct an equation to show the reaction of aqueous MgCl 2 with aqueous Na2CO3. 

Use state symbols in your equation.

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

  (ii) Identify the products of the thermal decomposition of the white precipitate.

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

  (iii) State the trend in thermal stability of the Group 2 carbonates down the group.

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

 [Total: 20]
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2 The Period 3 elements show trends in physical and chemical properties across the period.

 (a) (i) Explain why the elements Na to Al are good electrical conductors.

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

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

  (ii) Explain why the elements P, S and Cl do not conduct electricity.

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

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

 (b) Fig. 2.1 shows the variation in melting point of the Period 3 elements Si to Cl.
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Fig. 2.1

  The Period 3 elements Si to Cl are all non-metals.

  Explain why there is a large difference between the melting point of Si and the melting points 

of P, S and Cl.

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

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

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

 .............................................................................................................................................  [2]
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 (c) Table 2.1 gives some information about some Period 3 chlorides.

  Row B refers to the pH of the solution that forms when the Period 3 chloride is added to 

water.

Table 2.1

formula of Period 3 chloride NaCl MgCl 2 Al Cl 3 SiCl4 PCl 5

A
oxidation number of 

element bonded to Cl

B pH of solution 6.5

C bonding ionic

D structure giant

  Complete Table 2.1.

  You may use the following abbreviations.

I = ionic, C = covalent, M = metallic

G = giant, S = simple

 [4]

 (d) (i) Write an equation for the formation of Al Cl 3 from its elements.

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

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

  (ii) Write an equation for the formation of H3PO4 from PCl 5.

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

 (e) S2Cl2(l) reacts with Cl2(g) in a reversible reaction to form SCl2(l). Under certain conditions, a 

dynamic equilibrium is established.

S2Cl2(l) + Cl2(g)  2SCl2(l)     ΔH = – 41 kJ mol–1

  (i) State what is meant by dynamic equilibrium.

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

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

  (ii) Identify the condition necessary to establish dynamic equilibrium.

 .....................................................................................................................................  [1]
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  (iii) S2Cl2(l) is yellow and SCl2(l) is red.

 S2Cl2(l) + Cl2(g)  2SCl2(l)     ΔH = – 41 kJ mol–1

   State what is observed when the following changes are made to an equilibrium mixture 

of S2Cl2(l) and SCl2(l).

   Explain your answers.

• The equilibrium mixture is warmed gently.

observation  ................................................................................................................

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

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

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

• The overall pressure of the equilibrium mixture is increased.

observation  ................................................................................................................

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

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

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

 [4]

 (f) Aqueous MgCl 2 reacts with aqueous Na2CO3 to form a white precipitate. Upon heating, the 

white precipitate undergoes thermal decomposition.

  (i) Construct an equation to show the reaction of aqueous MgCl 2 with aqueous Na2CO3. 

Use state symbols in your equation.

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

  (ii) Identify the products of the thermal decomposition of the white precipitate.

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

  (iii) State the trend in thermal stability of the Group 2 carbonates down the group.

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

 [Total: 20]
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2 The Period 3 elements show trends in physical and chemical properties across the period.

 (a) (i) Explain why the elements Na to Al are good electrical conductors.

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

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

  (ii) Explain why the elements P, S and Cl do not conduct electricity.

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

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

 (b) Fig. 2.1 shows the variation in melting point of the Period 3 elements Si to Cl.
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Fig. 2.1

  The Period 3 elements Si to Cl are all non-metals.

  Explain why there is a large difference between the melting point of Si and the melting points 

of P, S and Cl.

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

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

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

 .............................................................................................................................................  [2]
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 (c) Table 2.1 gives some information about some Period 3 chlorides.

  Row B refers to the pH of the solution that forms when the Period 3 chloride is added to 

water.

Table 2.1

formula of Period 3 chloride NaCl MgCl 2 Al Cl 3 SiCl4 PCl 5

A
oxidation number of 

element bonded to Cl

B pH of solution 6.5

C bonding ionic

D structure giant

  Complete Table 2.1.

  You may use the following abbreviations.

I = ionic, C = covalent, M = metallic

G = giant, S = simple

 [4]

 (d) (i) Write an equation for the formation of Al Cl 3 from its elements.

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

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

  (ii) Write an equation for the formation of H3PO4 from PCl 5.

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

 (e) S2Cl2(l) reacts with Cl2(g) in a reversible reaction to form SCl2(l). Under certain conditions, a 

dynamic equilibrium is established.

S2Cl2(l) + Cl2(g)  2SCl2(l)     ΔH = – 41 kJ mol–1

  (i) State what is meant by dynamic equilibrium.

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

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

  (ii) Identify the condition necessary to establish dynamic equilibrium.

 .....................................................................................................................................  [1]
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  (iii) S2Cl2(l) is yellow and SCl2(l) is red.

 S2Cl2(l) + Cl2(g)  2SCl2(l)     ΔH = – 41 kJ mol–1

   State what is observed when the following changes are made to an equilibrium mixture 

of S2Cl2(l) and SCl2(l).

   Explain your answers.

• The equilibrium mixture is warmed gently.

observation  ................................................................................................................

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

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

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

• The overall pressure of the equilibrium mixture is increased.

observation  ................................................................................................................

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

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

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

 [4]

 (f) Aqueous MgCl 2 reacts with aqueous Na2CO3 to form a white precipitate. Upon heating, the 

white precipitate undergoes thermal decomposition.

  (i) Construct an equation to show the reaction of aqueous MgCl 2 with aqueous Na2CO3. 

Use state symbols in your equation.

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

  (ii) Identify the products of the thermal decomposition of the white precipitate.

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

  (iii) State the trend in thermal stability of the Group 2 carbonates down the group.

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

 [Total: 20]
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2 The Period 3 elements show trends in physical and chemical properties across the period.

 (a) (i) Explain why the elements Na to Al are good electrical conductors.

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

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

  (ii) Explain why the elements P, S and Cl do not conduct electricity.

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

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

 (b) Fig. 2.1 shows the variation in melting point of the Period 3 elements Si to Cl.
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1400
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1000melting

point / K 800
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Si P S Cl

200

0

Fig. 2.1

  The Period 3 elements Si to Cl are all non-metals.

  Explain why there is a large difference between the melting point of Si and the melting points 

of P, S and Cl.

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

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

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

 .............................................................................................................................................  [2]
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 (c) Table 2.1 gives some information about some Period 3 chlorides.

  Row B refers to the pH of the solution that forms when the Period 3 chloride is added to 

water.

Table 2.1

formula of Period 3 chloride NaCl MgCl 2 Al Cl 3 SiCl4 PCl 5

A
oxidation number of 

element bonded to Cl

B pH of solution 6.5

C bonding ionic

D structure giant

  Complete Table 2.1.

  You may use the following abbreviations.

I = ionic, C = covalent, M = metallic

G = giant, S = simple

 [4]

 (d) (i) Write an equation for the formation of Al Cl 3 from its elements.

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

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

  (ii) Write an equation for the formation of H3PO4 from PCl 5.

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

 (e) S2Cl2(l) reacts with Cl2(g) in a reversible reaction to form SCl2(l). Under certain conditions, a 

dynamic equilibrium is established.

S2Cl2(l) + Cl2(g)  2SCl2(l)     ΔH = – 41 kJ mol–1

  (i) State what is meant by dynamic equilibrium.

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

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

  (ii) Identify the condition necessary to establish dynamic equilibrium.

 .....................................................................................................................................  [1]
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  (iii) S2Cl2(l) is yellow and SCl2(l) is red.

 S2Cl2(l) + Cl2(g)  2SCl2(l)     ΔH = – 41 kJ mol–1

   State what is observed when the following changes are made to an equilibrium mixture 

of S2Cl2(l) and SCl2(l).

   Explain your answers.

• The equilibrium mixture is warmed gently.

observation  ................................................................................................................

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

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

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

• The overall pressure of the equilibrium mixture is increased.

observation  ................................................................................................................

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

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

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

 [4]

 (f) Aqueous MgCl 2 reacts with aqueous Na2CO3 to form a white precipitate. Upon heating, the 

white precipitate undergoes thermal decomposition.

  (i) Construct an equation to show the reaction of aqueous MgCl 2 with aqueous Na2CO3. 

Use state symbols in your equation.

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

  (ii) Identify the products of the thermal decomposition of the white precipitate.

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

  (iii) State the trend in thermal stability of the Group 2 carbonates down the group.

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

 [Total: 20]
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2 The Period 3 elements show trends in physical and chemical properties across the period.

 (a) (i) Explain why the elements Na to Al are good electrical conductors.

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

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

  (ii) Explain why the elements P, S and Cl do not conduct electricity.

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

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

 (b) Fig. 2.1 shows the variation in melting point of the Period 3 elements Si to Cl.
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Fig. 2.1

  The Period 3 elements Si to Cl are all non-metals.

  Explain why there is a large difference between the melting point of Si and the melting points 

of P, S and Cl.

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

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

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

 .............................................................................................................................................  [2]
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 (c) Table 2.1 gives some information about some Period 3 chlorides.

  Row B refers to the pH of the solution that forms when the Period 3 chloride is added to 

water.

Table 2.1

formula of Period 3 chloride NaCl MgCl 2 Al Cl 3 SiCl4 PCl 5

A
oxidation number of 

element bonded to Cl

B pH of solution 6.5

C bonding ionic

D structure giant

  Complete Table 2.1.

  You may use the following abbreviations.

I = ionic, C = covalent, M = metallic

G = giant, S = simple

 [4]

 (d) (i) Write an equation for the formation of Al Cl 3 from its elements.

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

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

  (ii) Write an equation for the formation of H3PO4 from PCl 5.

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

 (e) S2Cl2(l) reacts with Cl2(g) in a reversible reaction to form SCl2(l). Under certain conditions, a 

dynamic equilibrium is established.

S2Cl2(l) + Cl2(g)  2SCl2(l)     ΔH = – 41 kJ mol–1

  (i) State what is meant by dynamic equilibrium.

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

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

  (ii) Identify the condition necessary to establish dynamic equilibrium.

 .....................................................................................................................................  [1]
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  (iii) S2Cl2(l) is yellow and SCl2(l) is red.

 S2Cl2(l) + Cl2(g)  2SCl2(l)     ΔH = – 41 kJ mol–1

   State what is observed when the following changes are made to an equilibrium mixture 

of S2Cl2(l) and SCl2(l).

   Explain your answers.

• The equilibrium mixture is warmed gently.

observation  ................................................................................................................

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

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

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

• The overall pressure of the equilibrium mixture is increased.

observation  ................................................................................................................

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

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

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

 [4]

 (f) Aqueous MgCl 2 reacts with aqueous Na2CO3 to form a white precipitate. Upon heating, the 

white precipitate undergoes thermal decomposition.

  (i) Construct an equation to show the reaction of aqueous MgCl 2 with aqueous Na2CO3. 

Use state symbols in your equation.

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

  (ii) Identify the products of the thermal decomposition of the white precipitate.

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

  (iii) State the trend in thermal stability of the Group 2 carbonates down the group.

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

 [Total: 20]
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2 The Period 3 elements show trends in physical and chemical properties across the period.

 (a) (i) Explain why the elements Na to Al are good electrical conductors.

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

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

  (ii) Explain why the elements P, S and Cl do not conduct electricity.

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

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

 (b) Fig. 2.1 shows the variation in melting point of the Period 3 elements Si to Cl.
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Fig. 2.1

  The Period 3 elements Si to Cl are all non-metals.

  Explain why there is a large difference between the melting point of Si and the melting points 

of P, S and Cl.

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

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

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

 .............................................................................................................................................  [2]
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 (c) Table 2.1 gives some information about some Period 3 chlorides.

  Row B refers to the pH of the solution that forms when the Period 3 chloride is added to 

water.

Table 2.1

formula of Period 3 chloride NaCl MgCl 2 Al Cl 3 SiCl4 PCl 5

A
oxidation number of 

element bonded to Cl

B pH of solution 6.5

C bonding ionic

D structure giant

  Complete Table 2.1.

  You may use the following abbreviations.

I = ionic, C = covalent, M = metallic

G = giant, S = simple

 [4]

 (d) (i) Write an equation for the formation of Al Cl 3 from its elements.

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

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

  (ii) Write an equation for the formation of H3PO4 from PCl 5.

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

 (e) S2Cl2(l) reacts with Cl2(g) in a reversible reaction to form SCl2(l). Under certain conditions, a 

dynamic equilibrium is established.

S2Cl2(l) + Cl2(g)  2SCl2(l)     ΔH = – 41 kJ mol–1

  (i) State what is meant by dynamic equilibrium.

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

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

  (ii) Identify the condition necessary to establish dynamic equilibrium.

 .....................................................................................................................................  [1]
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  (iii) S2Cl2(l) is yellow and SCl2(l) is red.

 S2Cl2(l) + Cl2(g)  2SCl2(l)     ΔH = – 41 kJ mol–1

   State what is observed when the following changes are made to an equilibrium mixture 

of S2Cl2(l) and SCl2(l).

   Explain your answers.

• The equilibrium mixture is warmed gently.

observation  ................................................................................................................

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

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

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

• The overall pressure of the equilibrium mixture is increased.

observation  ................................................................................................................

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

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

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

 [4]

 (f) Aqueous MgCl 2 reacts with aqueous Na2CO3 to form a white precipitate. Upon heating, the 

white precipitate undergoes thermal decomposition.

  (i) Construct an equation to show the reaction of aqueous MgCl 2 with aqueous Na2CO3. 

Use state symbols in your equation.

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

  (ii) Identify the products of the thermal decomposition of the white precipitate.

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

  (iii) State the trend in thermal stability of the Group 2 carbonates down the group.

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

 [Total: 20]

* 0000800000006 *

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 2
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2 The Period 3 elements show trends in physical and chemical properties across the period.

 (a) (i) Explain why the elements Na to Al are good electrical conductors.

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

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

  (ii) Explain why the elements P, S and Cl do not conduct electricity.

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

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

 (b) Fig. 2.1 shows the variation in melting point of the Period 3 elements Si to Cl.

1800

1600

1400

1200

1000melting

point / K 800

600

400

Si P S Cl

200

0

Fig. 2.1

  The Period 3 elements Si to Cl are all non-metals.

  Explain why there is a large difference between the melting point of Si and the melting points 

of P, S and Cl.

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

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

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

 .............................................................................................................................................  [2]
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 (c) Table 2.1 gives some information about some Period 3 chlorides.

  Row B refers to the pH of the solution that forms when the Period 3 chloride is added to 

water.

Table 2.1

formula of Period 3 chloride NaCl MgCl 2 Al Cl 3 SiCl4 PCl 5

A
oxidation number of 

element bonded to Cl

B pH of solution 6.5

C bonding ionic

D structure giant

  Complete Table 2.1.

  You may use the following abbreviations.

I = ionic, C = covalent, M = metallic

G = giant, S = simple

 [4]

 (d) (i) Write an equation for the formation of Al Cl 3 from its elements.

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

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

  (ii) Write an equation for the formation of H3PO4 from PCl 5.

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

 (e) S2Cl2(l) reacts with Cl2(g) in a reversible reaction to form SCl2(l). Under certain conditions, a 

dynamic equilibrium is established.

S2Cl2(l) + Cl2(g)  2SCl2(l)     ΔH = – 41 kJ mol–1

  (i) State what is meant by dynamic equilibrium.

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

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

  (ii) Identify the condition necessary to establish dynamic equilibrium.

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

* 0000800000005 *

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

6

9701/22/O/N/25© UCLES 2025

  (iii) S2Cl2(l) is yellow and SCl2(l) is red.

 S2Cl2(l) + Cl2(g)  2SCl2(l)     ΔH = – 41 kJ mol–1

   State what is observed when the following changes are made to an equilibrium mixture 

of S2Cl2(l) and SCl2(l).

   Explain your answers.

• The equilibrium mixture is warmed gently.

observation  ................................................................................................................

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

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

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

• The overall pressure of the equilibrium mixture is increased.

observation  ................................................................................................................

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

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

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

 [4]

 (f) Aqueous MgCl 2 reacts with aqueous Na2CO3 to form a white precipitate. Upon heating, the 

white precipitate undergoes thermal decomposition.

  (i) Construct an equation to show the reaction of aqueous MgCl 2 with aqueous Na2CO3. 

Use state symbols in your equation.

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

  (ii) Identify the products of the thermal decomposition of the white precipitate.

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

  (iii) State the trend in thermal stability of the Group 2 carbonates down the group.

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

 [Total: 20]
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2 The Period 3 elements show trends in physical and chemical properties across the period.

 (a) (i) Explain why the elements Na to Al are good electrical conductors.

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

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

  (ii) Explain why the elements P, S and Cl do not conduct electricity.

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

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

 (b) Fig. 2.1 shows the variation in melting point of the Period 3 elements Si to Cl.
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1600
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point / K 800
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0

Fig. 2.1

  The Period 3 elements Si to Cl are all non-metals.

  Explain why there is a large difference between the melting point of Si and the melting points 

of P, S and Cl.

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

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

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

 .............................................................................................................................................  [2]
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 (c) Table 2.1 gives some information about some Period 3 chlorides.

  Row B refers to the pH of the solution that forms when the Period 3 chloride is added to 

water.

Table 2.1

formula of Period 3 chloride NaCl MgCl 2 Al Cl 3 SiCl4 PCl 5

A
oxidation number of 

element bonded to Cl

B pH of solution 6.5

C bonding ionic

D structure giant

  Complete Table 2.1.

  You may use the following abbreviations.

I = ionic, C = covalent, M = metallic

G = giant, S = simple

 [4]

 (d) (i) Write an equation for the formation of Al Cl 3 from its elements.

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

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

  (ii) Write an equation for the formation of H3PO4 from PCl 5.

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

 (e) S2Cl2(l) reacts with Cl2(g) in a reversible reaction to form SCl2(l). Under certain conditions, a 

dynamic equilibrium is established.

S2Cl2(l) + Cl2(g)  2SCl2(l)     ΔH = – 41 kJ mol–1

  (i) State what is meant by dynamic equilibrium.

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

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

  (ii) Identify the condition necessary to establish dynamic equilibrium.

 .....................................................................................................................................  [1]
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  (iii) S2Cl2(l) is yellow and SCl2(l) is red.

 S2Cl2(l) + Cl2(g)  2SCl2(l)     ΔH = – 41 kJ mol–1

   State what is observed when the following changes are made to an equilibrium mixture 

of S2Cl2(l) and SCl2(l).

   Explain your answers.

• The equilibrium mixture is warmed gently.

observation  ................................................................................................................

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

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

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

• The overall pressure of the equilibrium mixture is increased.

observation  ................................................................................................................

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

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

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

 [4]

 (f) Aqueous MgCl 2 reacts with aqueous Na2CO3 to form a white precipitate. Upon heating, the 

white precipitate undergoes thermal decomposition.

  (i) Construct an equation to show the reaction of aqueous MgCl 2 with aqueous Na2CO3. 

Use state symbols in your equation.

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

  (ii) Identify the products of the thermal decomposition of the white precipitate.

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

  (iii) State the trend in thermal stability of the Group 2 carbonates down the group.

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

 [Total: 20]
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2 The Period 3 elements show trends in physical and chemical properties across the period.

 (a) (i) Explain why the elements Na to Al are good electrical conductors.

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

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

  (ii) Explain why the elements P, S and Cl do not conduct electricity.

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

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

 (b) Fig. 2.1 shows the variation in melting point of the Period 3 elements Si to Cl.
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Fig. 2.1

  The Period 3 elements Si to Cl are all non-metals.

  Explain why there is a large difference between the melting point of Si and the melting points 

of P, S and Cl.

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

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

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

 .............................................................................................................................................  [2]
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 (c) Table 2.1 gives some information about some Period 3 chlorides.

  Row B refers to the pH of the solution that forms when the Period 3 chloride is added to 

water.

Table 2.1

formula of Period 3 chloride NaCl MgCl 2 Al Cl 3 SiCl4 PCl 5

A
oxidation number of 

element bonded to Cl

B pH of solution 6.5

C bonding ionic

D structure giant

  Complete Table 2.1.

  You may use the following abbreviations.

I = ionic, C = covalent, M = metallic

G = giant, S = simple

 [4]

 (d) (i) Write an equation for the formation of Al Cl 3 from its elements.

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

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

  (ii) Write an equation for the formation of H3PO4 from PCl 5.

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

 (e) S2Cl2(l) reacts with Cl2(g) in a reversible reaction to form SCl2(l). Under certain conditions, a 

dynamic equilibrium is established.

S2Cl2(l) + Cl2(g)  2SCl2(l)     ΔH = – 41 kJ mol–1

  (i) State what is meant by dynamic equilibrium.

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

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

  (ii) Identify the condition necessary to establish dynamic equilibrium.

 .....................................................................................................................................  [1]
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  (iii) S2Cl2(l) is yellow and SCl2(l) is red.

 S2Cl2(l) + Cl2(g)  2SCl2(l)     ΔH = – 41 kJ mol–1

   State what is observed when the following changes are made to an equilibrium mixture 

of S2Cl2(l) and SCl2(l).

   Explain your answers.

• The equilibrium mixture is warmed gently.

observation  ................................................................................................................

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

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

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

• The overall pressure of the equilibrium mixture is increased.

observation  ................................................................................................................

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

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

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

 [4]

 (f) Aqueous MgCl 2 reacts with aqueous Na2CO3 to form a white precipitate. Upon heating, the 

white precipitate undergoes thermal decomposition.

  (i) Construct an equation to show the reaction of aqueous MgCl 2 with aqueous Na2CO3. 

Use state symbols in your equation.

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

  (ii) Identify the products of the thermal decomposition of the white precipitate.

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

  (iii) State the trend in thermal stability of the Group 2 carbonates down the group.

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

 [Total: 20]
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Question 2
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2 The Period 3 elements show trends in physical and chemical properties across the period.

 (a) (i) Explain why the elements Na to Al are good electrical conductors.

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

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

  (ii) Explain why the elements P, S and Cl do not conduct electricity.

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

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

 (b) Fig. 2.1 shows the variation in melting point of the Period 3 elements Si to Cl.
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Fig. 2.1

  The Period 3 elements Si to Cl are all non-metals.

  Explain why there is a large difference between the melting point of Si and the melting points 

of P, S and Cl.

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

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

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

 .............................................................................................................................................  [2]
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 (c) Table 2.1 gives some information about some Period 3 chlorides.

  Row B refers to the pH of the solution that forms when the Period 3 chloride is added to 

water.

Table 2.1

formula of Period 3 chloride NaCl MgCl 2 Al Cl 3 SiCl4 PCl 5

A
oxidation number of 

element bonded to Cl

B pH of solution 6.5

C bonding ionic

D structure giant

  Complete Table 2.1.

  You may use the following abbreviations.

I = ionic, C = covalent, M = metallic

G = giant, S = simple

 [4]

 (d) (i) Write an equation for the formation of Al Cl 3 from its elements.

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

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

  (ii) Write an equation for the formation of H3PO4 from PCl 5.

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

 (e) S2Cl2(l) reacts with Cl2(g) in a reversible reaction to form SCl2(l). Under certain conditions, a 

dynamic equilibrium is established.

S2Cl2(l) + Cl2(g)  2SCl2(l)     ΔH = – 41 kJ mol–1

  (i) State what is meant by dynamic equilibrium.

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

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

  (ii) Identify the condition necessary to establish dynamic equilibrium.

 .....................................................................................................................................  [1]
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  (iii) S2Cl2(l) is yellow and SCl2(l) is red.

 S2Cl2(l) + Cl2(g)  2SCl2(l)     ΔH = – 41 kJ mol–1

   State what is observed when the following changes are made to an equilibrium mixture 

of S2Cl2(l) and SCl2(l).

   Explain your answers.

• The equilibrium mixture is warmed gently.

observation  ................................................................................................................

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

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

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

• The overall pressure of the equilibrium mixture is increased.

observation  ................................................................................................................

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

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

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

 [4]

 (f) Aqueous MgCl 2 reacts with aqueous Na2CO3 to form a white precipitate. Upon heating, the 

white precipitate undergoes thermal decomposition.

  (i) Construct an equation to show the reaction of aqueous MgCl 2 with aqueous Na2CO3. 

Use state symbols in your equation.

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

  (ii) Identify the products of the thermal decomposition of the white precipitate.

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

  (iii) State the trend in thermal stability of the Group 2 carbonates down the group.

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

 [Total: 20]
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2 The Period 3 elements show trends in physical and chemical properties across the period.

 (a) (i) Explain why the elements Na to Al are good electrical conductors.

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

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

  (ii) Explain why the elements P, S and Cl do not conduct electricity.

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

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

 (b) Fig. 2.1 shows the variation in melting point of the Period 3 elements Si to Cl.
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Fig. 2.1

  The Period 3 elements Si to Cl are all non-metals.

  Explain why there is a large difference between the melting point of Si and the melting points 

of P, S and Cl.

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

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

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

 .............................................................................................................................................  [2]
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 (c) Table 2.1 gives some information about some Period 3 chlorides.

  Row B refers to the pH of the solution that forms when the Period 3 chloride is added to 

water.

Table 2.1

formula of Period 3 chloride NaCl MgCl 2 Al Cl 3 SiCl4 PCl 5

A
oxidation number of 

element bonded to Cl

B pH of solution 6.5

C bonding ionic

D structure giant

  Complete Table 2.1.

  You may use the following abbreviations.

I = ionic, C = covalent, M = metallic

G = giant, S = simple

 [4]

 (d) (i) Write an equation for the formation of Al Cl 3 from its elements.

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

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

  (ii) Write an equation for the formation of H3PO4 from PCl 5.

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

 (e) S2Cl2(l) reacts with Cl2(g) in a reversible reaction to form SCl2(l). Under certain conditions, a 

dynamic equilibrium is established.

S2Cl2(l) + Cl2(g)  2SCl2(l)     ΔH = – 41 kJ mol–1

  (i) State what is meant by dynamic equilibrium.

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

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

  (ii) Identify the condition necessary to establish dynamic equilibrium.

 .....................................................................................................................................  [1]
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  (iii) S2Cl2(l) is yellow and SCl2(l) is red.

 S2Cl2(l) + Cl2(g)  2SCl2(l)     ΔH = – 41 kJ mol–1

   State what is observed when the following changes are made to an equilibrium mixture 

of S2Cl2(l) and SCl2(l).

   Explain your answers.

• The equilibrium mixture is warmed gently.

observation  ................................................................................................................

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

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

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

• The overall pressure of the equilibrium mixture is increased.

observation  ................................................................................................................

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

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

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

 [4]

 (f) Aqueous MgCl 2 reacts with aqueous Na2CO3 to form a white precipitate. Upon heating, the 

white precipitate undergoes thermal decomposition.

  (i) Construct an equation to show the reaction of aqueous MgCl 2 with aqueous Na2CO3. 

Use state symbols in your equation.

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

  (ii) Identify the products of the thermal decomposition of the white precipitate.

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

  (iii) State the trend in thermal stability of the Group 2 carbonates down the group.

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

 [Total: 20]

* 0000800000006 *

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



Past-paper walk-through

Solution 2

(a)(i)

Mark scheme
delocalised electrons move (through the structure / between layers)
1
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Solution 2

(a)(ii)

Mark scheme
P / S / Cl have no charge carriers
OR (no ions and) no delocalised electrons
OR no mobile / moving ions
1



Past-paper walk-through

Solution 2

(b)

Mark scheme
M1 Si has (lots of) strong covalent bonds broken M2

P / S / Cl (only) has weak Van der Waals’ (forces) broken
2
9701/22
October/November 2025



Past-paper walk-through

Solution 2

(c) Mark scheme

+1
+2
+3
+4
+5
7
6.5
0–4
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Solution 2

0–4
0–4
I
I
I
C
C
G
G
G
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Solution 2

S
S
4
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Solution 2

(d)(i)

Mark scheme
2Al + 3Cl2 → 2AlCl3
1

(d)(ii)

Mark scheme
PCl5 + 4H2O → H3PO4 + 5HCl
1
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Solution 2

(e)(i)

Mark scheme
rate of forward and backward (reaction) are the same / equal
OR (ratio of) concentrations of reactants and products are constant
1
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Solution 2

(e)(ii)

Mark scheme
closed system
1
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Solution 2

(e)(iii) Mark scheme

M1 (mixture / solution becomes more) yellow M2

(forward) reaction is exothermic (equilibrium shifts left)
OR equilibrium / reaction shifts (left) to absorb (additional) heat / energy M3

(mixture / solution becomes more) red M4

fewer moles of gas on right-hand side
OR (gas on left and) no gas on the right
4
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Solution 2

(f)(i)

Mark scheme
MgCl2(aq) + Na2CO3(aq) → MgCO3(s) + 2NaCl(aq) M1

formulae in balanced equation M2

state symbols
2
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Solution 2

(f)(ii)

Mark scheme
MgO / magnesium oxide AND CO2 / carbon dioxide
1
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Solution 2

(f)(iii)

Mark scheme
(thermal stability) increases (down the group)
1
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