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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 
 
 A-Level Chemistry: w25 12

7  
 

© UCLES 2025 9701/12/O/N/25 [Turn over 

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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20 R is the aqueous solution of an ionic compound. 
 

● A white precipitate is formed when R is added to Sr(NO3)2(aq). 

● No visible reaction is seen when R is added to dilute HNO3(aq). 
 

What is the anion present in compound R? 

A Cl – B SO4
2– C HCO3

– D CO3
2– 

 
 
21 In an experiment, 0.600 mol of chlorine gas, Cl 2, is reacted with an excess of hot aqueous 

sodium hydroxide. One of the products is NaCl O3. 
 

Which mass of NaCl O3 is formed? 

A 21.3 g B 44.7 g C 63.9 g D 128 g 
 
 
22 X and Y are sodium salts of Group 17 elements. 
 

When X reacts with concentrated sulfuric acid, hydrogen sulfide, H2S, is produced. 
 

When Y reacts with concentrated sulfuric acid, there is no change in the oxidation number of the 
sulfur. 

 
Which statement is correct? 

A Aqueous X reduces aqueous bromine. 

B Aqueous Y reacts with aqueous silver nitrate to give a precipitate which is insoluble in 
concentrated aqueous ammonia. 

C X and Y react separately with concentrated sulfuric acid to produce halogens. 

D When X reacts with concentrated sulfuric acid, six halide ions are needed to reduce  
one sulfur atom to H2S. 

 
 
23 Element E is in Period 3. It forms a chloride which reacts with a small amount of water to produce 

a white precipitate and steamy fumes. This precipitate is soluble in NaOH(aq) and in HCl (aq). 
 

What is element E? 

A magnesium 

B aluminium 

C silicon 

D phosphorus 
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15 A mixture of gases reacts faster as its temperature increases. 
 

Which row explains this? 
 

 
the activation 

energy remains 
unchanged 

more particles 
have energy equal 

to or above the 
activation energy 

there is an increase 
in the rate of 

successful collisions 

A false false false 

B true true true 

C false true true 

D true false false 
 
 
16 A student investigated the chloride of a Period 3 element. This is what the student wrote down as 

their observations. 
 

The compound was a white crystalline solid. It dissolved easily in water to 
give a solution of pH 12. When placed in a test-tube and heated in a 
roaring Bunsen flame, the compound melted after several minutes’ 
heating. 

 
What can be deduced from these observations? 

A At least one of the recorded observations is not correct. 

B The compound was magnesium chloride, MgCl 2. 

C The compound was phosphorus pentachloride, PCl 5. 

D The compound was sodium chloride, NaCl. 
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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) (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]

* 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

6



A-Level Chemistry: w25 24Name: 6

9701/24/O/N/25© UCLES 2025

2 Aluminium oxide, Al 2O3, and phosphorus(V) oxide, P4O10, are both used as reagents 

and catalysts.

 (a) The melting point of Al 2O3 is 2072 °C. The melting point of P4O10 is 340 °C.

  Explain the difference in the melting points of these two compounds.

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

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

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

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

 (b) A 5.00 dm3 sealed flask contains 0.400 mol of CO(g) and 0.800 mol of H2(g) and an Al 2O3 

catalyst. The flask is heated to a temperature of 290 °C and allowed to reach equilibrium. 

Equation 1 shows the reaction.

  equation 1 CO(g)  +  2H2(g)    CH3OH(g)

  The equilibrium constant, Kc, of equation 1 is given.

Kc = 
[CH3OH]

[CO][H2]
2

  (i) State the units of Kc.

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

  (ii) The equilibrium mixture contains 0.280 mol of CH3OH(g).

   Calculate the value of Kc.

   Give your answer to three significant figures.

 value of Kc =  .........................................................  [3]

  (iii) State and explain the effect, if any, on the value of Kc when the overall pressure in the 

sealed flask is increased.

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

 .....................................................................................................................................  [1]
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 (c) P4O10 catalyses the reversible reaction of CO with H2 to form CH3OH.

  equation 1 CO(g)  +  2H2(g)    CH3OH(g)

  P4O10 then acts as a dehydrating agent, causing CH3OH to form CH3OCH3.

  (i) Explain how the presence of a catalyst affects a chemical reaction.

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

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

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

  (ii) Construct an equation for the dehydration reaction of CH3OH to form CH3OCH3.

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

  (iii) Write an equation to show the reaction of P4O10 with an excess of water.

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

 [Total: 11]
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