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8 Solid carbon dioxide, CO2, is similar to solid iodine, I2, in its structure and properties. Carbon is in 
Group 14. Silica, SiO2, is a Group 14 compound. 

 
Which statement about solid CO2 and solid SiO2 is correct? 

A Both solids exist in a lattice structure. 

B Both solids have a simple molecular structure. 

C Both solids have atoms joined by single covalent bonds. 

D Both solids change spontaneously to gas at s.t.p. 
 
 
9 An article in a science magazine contains the following statement. 
 

‘It is lighter than a feather, stronger than steel, yet incredibly flexible and more conductive than 
copper.’ 

 
Which form of carbon is being described? 

A buckminsterfullerene 

B diamond 

C graphene 

D graphite 
 
 
10 Which equation has an enthalpy change of reaction which corresponds to the standard enthalpy 

change of atomisation of chlorine? 

A 2
1 Cl 2(g)  →  Cl (g) 

B 2
1 Cl 2(l)  →  Cl (g) 

C Cl 2(g)  →  2Cl (g) 

D Cl 2(l)  →  2Cl (g) 
 
 
11 In an experiment, 2.00 mol of hydrogen and 3.00 mol of iodine were heated together in a sealed 

container and allowed to reach equilibrium at a fixed temperature. The container had a fixed 
volume of 1.00 dm3. At equilibrium, there were 2.40 mol of iodine present in the mixture. 

 
H2(g)  +  I2(g)    2HI(g) 

 
What is the value of the equilibrium constant, Kc? 

A 0.107 B 0.357 C 0.429 D 2.33 
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The responses A to D should be selected on the basis of 
 

A B C D 

1, 2 and 3 
are 

correct 

1 and 2 
only are 
correct 

2 and 3 
only are 
correct 

1 only 
is 

correct 

 
No other combination of statements is used as a correct response. 
 
 
33 Which statements about reversible reactions are correct? 

1 An increase in concentration of a reactant always increases the concentration of the product. 

2 An increase in temperature always increases the rate at which the equilibrium is established. 

3 An increase in temperature always increases the concentration of the product at equilibrium. 
 
 
34 A chemist puts a sample of dilute aqueous hydrochloric acid into beaker 1. She adds a sample of 

zinc and measures the rate of production of hydrogen gas. 
 

She then puts a different sample of dilute aqueous hydrochloric acid into beaker 2. She adds a 
different sample of zinc and measures the rate of production of hydrogen gas. 

 
The rate of the reaction in beaker 2 is greater than the rate of the reaction in beaker 1. 

 
Which factors could help to explain this observation? 

1 The reaction in beaker 1 has a higher activation energy than the reaction in beaker 2. 

2 The zinc in beaker 1 is in larger pieces than the zinc in beaker 2. 

3 The acid in beaker 1 is at a lower concentration than the acid in beaker 2. 
 
 
35 In some rice-growing parts of the world, farmers use a combination of paddy fields and a fish 

farm. Rice paddy fields are flooded for much of the growing cycle and water running off the fields 
flows through pens where fish are raised. Nitrogen-based fertilisers are generally very soluble in 
water. 

 
Which problems could result from farmers applying excess nitrogen-based fertilisers to their 
paddy fields? 

1 decreased fish production in the fish pens 

2 decreased levels of oxygen in the water 

3 increased growth of algae in the fish pens 
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7 At room temperature and pressure, H2O is a liquid and H2S is a gas. 
 

What is the reason for this difference? 

A O has higher first and second ionisation energies than S. 

B The covalent bond between O and H is stronger than the covalent bond between S and H. 

C There is significant hydrogen bonding between H2O molecules but not between H2S 
molecules. 

D The instantaneous dipole-induced dipole forces between H2O molecules are stronger than 
the instantaneous dipole-induced dipole forces between H2S molecules. 

 
 
8 Gaseous phosphorus pentachloride can be decomposed into gaseous phosphorus trichloride and 

chlorine by heating. The table gives the bond energies. 
 

bond bond energy / kJ mol–1 

P–Cl (in both chlorides) 330 

Cl –Cl 242 

 
What is the enthalpy change for the decomposition of PCl 5 to PCl 3 and Cl 2? 

A –418 kJ mol–1 

B –88 kJ mol–1 

C +88 kJ mol–1 

D +418 kJ mol–1 
 
 
9 An aqueous solution was prepared containing a mixture of 1.0 mol of AgNO3 and 1.0 mol of 

FeSO4 in 1.00 dm3 of water. When equilibrium was established, there was 0.44 mol of Ag+(aq) in 
the mixture. 

 
Ag+(aq)  +  Fe2+(aq)    Ag(s)  +  Fe3+(aq) 

 
What is the numerical value of Kc? 

A 0.62 B 1.40 C 1.62 D 2.89 
 
 
10 The equation for the reaction between carbon monoxide and hydrogen is shown. 
 

CO(g)  +  3H2(g)    CH4(g)  +  H2O(g) 
 

What are the units of Kp for this reaction?  

A kPa B kPa–1 C kPa2 D kPa–2 
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7 At room temperature and pressure, H2O is a liquid and H2S is a gas. 
 

What is the reason for this difference? 

A O has higher first and second ionisation energies than S. 

B The covalent bond between O and H is stronger than the covalent bond between S and H. 

C There is significant hydrogen bonding between H2O molecules but not between H2S 
molecules. 

D The instantaneous dipole-induced dipole forces between H2O molecules are stronger than 
the instantaneous dipole-induced dipole forces between H2S molecules. 

 
 
8 Gaseous phosphorus pentachloride can be decomposed into gaseous phosphorus trichloride and 

chlorine by heating. The table gives the bond energies. 
 

bond bond energy / kJ mol–1 

P–Cl (in both chlorides) 330 

Cl –Cl 242 

 
What is the enthalpy change for the decomposition of PCl 5 to PCl 3 and Cl 2? 

A –418 kJ mol–1 

B –88 kJ mol–1 

C +88 kJ mol–1 

D +418 kJ mol–1 
 
 
9 An aqueous solution was prepared containing a mixture of 1.0 mol of AgNO3 and 1.0 mol of 

FeSO4 in 1.00 dm3 of water. When equilibrium was established, there was 0.44 mol of Ag+(aq) in 
the mixture. 

 
Ag+(aq)  +  Fe2+(aq)    Ag(s)  +  Fe3+(aq) 

 
What is the numerical value of Kc? 

A 0.62 B 1.40 C 1.62 D 2.89 
 
 
10 The equation for the reaction between carbon monoxide and hydrogen is shown. 
 

CO(g)  +  3H2(g)    CH4(g)  +  H2O(g) 
 

What are the units of Kp for this reaction?  

A kPa B kPa–1 C kPa2 D kPa–2 
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10 When solid ammonium chloride dissociates at a certain temperature in a 0.500 dm3 container, 
ammonia and hydrogen chloride are formed. 

 
NH4Cl (s)    NH3(g)  +  HCl (g) 

 
The initial amount of ammonium chloride was 1.00 mol, and when the system had reached 
equilibrium there was 0.300 mol of ammonium chloride. 

 
What is the numerical value of Kc for this reaction under these conditions? 

A 0.490 B 1.63 C 1.96 D 3.27 
 
 
11 Which stage in the free radical substitution of ethane by chlorine has the lowest activation 

energy? 

A Cl 2  →  2Cl ● 

B Cl ●  +  C2H6  →  C2H5●  +  HCl 

C C2H5●  +  Cl 2  →  C2H5Cl  +  Cl ● 

D Cl ●  +  C2H5●  →  C2H5Cl 
 
 
12 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 sodium < sulfur sodium > sulfur 

B sodium < sulfur sodium < sulfur 

C sodium > sulfur sodium > sulfur 

D sodium > sulfur sodium < sulfur 

 
 
13 Solid aluminium chloride sublimes at 178 

oC. 
 

Which structure best represents the species in the vapour at this temperature? 
 

Cl 

Cl 

Cl 

Cl 

Al 

Cl 

Cl 

Al 

Cl 

Cl 

Cl 

Cl 

Al 

Cl 

Cl 

Al 
Al

Al 
3+(Cl 

–)3

A B C D 

Cl

ClCl
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14 A 0.005 mol sample of anhydrous calcium carbonate was completely thermally decomposed to 
give 100 cm3 of gas measured at a certain temperature and pressure. 

 
In a separate experiment carried out at the same temperature and pressure, a 0.005 mol sample 
of anhydrous calcium nitrate was completely thermally decomposed. The volume of gaseous 
products was measured. 

 
What total volume of gaseous products was produced from the calcium nitrate? 

A 50 cm3 B 100 cm3 C 200 cm3 D 250 cm3 
 
 
15 Ammonia gas, NH3, and hydrogen sulfide gas, H2S, react together to form the salt ammonium 

sulfide, (NH4)2S. Ammonium sulfide dissolves in water to produce an orange alkaline solution. 
 

(NH4)2S(aq)    NH3(aq)  +  NH4SH(aq) 
 

The addition of NaOH(aq) to this solution produces a gas, X. 
The addition of HCl (aq) to a separate portion of this solution produces a gas, Y. 

 
What are the identities of X and Y? 

 

 X Y 

A H2S H2S 

B H2S NH3 

C NH3 H2S 

D NH3 NH3 

 
 
16 A solid, T, was placed in an excess of the liquid U. 
 

A colourless gas was given off and a white precipitate was seen. The precipitate was not T. 
 

What could be the identities of T and U? 
 

 T U 

A BaCO3 H2O 

B Ca dilute H2SO4 

C Mg dilute H2SO4 

D SrCO3 dilute HCl 
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33 In this question, all gases can be assumed to behave ideally. 
 
A chemist heats a mixture of nitrogen and oxygen gases in a sealed container at a constant 
temperature until the mixture reaches a dynamic equilibrium containing N2(g), O2(g) and NO(g). 

 
N2(g)  +  O2(g)    2NO(g) 

 
The chemist repeats the experiment at the same temperature using the same initial amounts of 
N2(g) and O2(g), but at a much higher pressure. 

 
Which statements about the second experiment at higher pressure are correct? 

1 At higher pressure, there are more particles per unit volume. 

2 The composition of the equilibrium mixture does not change. 

3 There are more collisions per second so equilibrium is reached faster. 
 
 
34 An ethanol burner can be used to heat water. If appropriate measurements are taken, a value for 

the enthalpy of combustion of ethanol can be calculated. The equation 
 

heat transferred = –mc∆T 
 

is used as part of the calculation. 
 

Which symbols are correctly described? 

1 ∆T is the change in temperature of the water. 

2 m is the mass of water used in the experiment. 

3 c is the specific heat capacity of ethanol. 
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7 Methyl isocyanate, CH3NCO, is a toxic liquid which is used in the manufacture of some 
pesticides. 

 
What is the approximate angle between the bonds formed by the N atom in a molecule of methyl 
isocyanate? 

 
A

104°

B

109°

C

120°

D

180°

N CH3C O
N C

H3C

ON C

H3C

ON C

H3C

O

 
 
 
8 Methanol may be prepared by the reaction between carbon monoxide and hydrogen. 
 

CO(g)  +  2H2(g)  →  CH3OH(g) 
 

The relevant average bond energies are given below. 
 

E (C ≡ O) 1077 kJ mol–1 

E (C – O) 360 kJ mol–1 

E (C – H) 410 kJ mol–1 

E (H – H) 436 kJ mol–1 

E (O – H) 460 kJ mol–1 

 
What is the enthalpy change of this reaction? 

A –537 kJ mol–1 

B –101 kJ mol–1 

C +101 kJ mol–1 

D +537 kJ mol–1 
 
 
9 The equilibrium constant, Kc, for the reaction shown is 2 mol–2 dm6, at 600 K. 
 

N2(g)  +  3H2(g)    2NH3(g) 
 

What is the concentration of NH3 at equilibrium, at 600 K, when the equilibrium concentrations of 
N2 and H2 are both 2 mol dm–3? 

A 8 mol dm–3 B 16 mol dm–3 C 32 mol dm–3 D 32 mol dm–3 

 
 

9. Question | 9701 May-June 2016 P1 V3 Q11

5 

© UCLES 2016 9701/13/M/J/16 [Turn over 

10 Sulfur dioxide is used as a preservative in wine making. 
 

The following equations describe the reactions that occur when sulfur dioxide dissolves in water. 
 

H2O + SO2  HSO3
– + H+ 

HSO3
– + H+  SO3

2– + 2H+ 
 

Which statement about these two reactions is correct? 

A HSO3
– acts as a base. 

B SO2 acts as an oxidising agent. 

C SO3
2– acts as an acid. 

D SO3
2– acts as a reducing agent. 

 
 
11 Catalysts are an important feature of many industrial processes and biochemical reactions. 
 

Which row correctly describes the effect of a catalyst on a reversible chemical reaction? 
 

 position of equilibrium effect on value of ∆H 

A moved to right decreased 

B unaffected decreased 

C unaffected increased 

D unaffected unaffected 

 
 
12 The oxide and chloride of an element X are separately mixed with water. The two resulting 

solutions have the same effect on litmus. 
 

What could element X be? 

A Al B Ca C Na D P 
 
 
13 Each pair below consists of a sample of two separate elements. Each element is in its standard 

state at room temperature and pressure. 
 

Which pair of elements has chemical bonds of the same type between their atoms? 

A aluminium and phosphorus 

B chlorine and argon 

C magnesium and silicon 

D sulfur and chlorine 
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9 Sodium chromate(VI), Na2CrO4, is manufactured by heating chromite, FeCr2O4, with sodium 
carbonate in an oxidising atmosphere. Chromite contains Cr2O4

2– ions. 
 

2FeCr2O4  +  4Na2CO3  +  3 2
1 O2  →  4Na2CrO4  +  Fe2O3  +  4CO2 

 
What happens in this reaction? 

A Chromium and iron are the only elements oxidised. 

B Chromium, iron and carbon are oxidised. 

C Only chromium is oxidised. 

D Only iron is oxidised. 
 
 
10 The table shows the partial pressures in an equilibrium mixture formed by the Haber process. 

 
 
 
          3H2(g)  +  N2(g)    2NH3(g) 
 

 

 
What is the numerical value of the equilibrium constant, Kp, for this reaction? 

A 4.46 × 10–9 

B 4.76 × 10–5 

C 7.14 × 10–5 

D 2.24 × 108 
 
 
11 An autocatalytic reaction is a reaction in which one of the products catalyses the reaction. 
 

Which curve would be obtained if the rate of an autocatalytic reaction is plotted against time? 
 

rate 

time 
0 

0 

A 

rate 

time 
0 

0 

B 

rate 

time 
0 

0 

C 

rate 

time 
0 

0 

D 

 
 
 

substance partial pressure / kPa 

nitrogen 7000 

hydrogen 8000 

ammonia 4000 
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34 In the manufacture of sulfuric acid, the following exothermic reaction occurs. 
 

2SO2(g)  +  O2(g)    2SO3(g) 
 

Which changes will move the position of the equilibrium to the right? 

1 increasing the pressure 

2 increasing the temperature 

3 using twice as much catalyst 
 
 
35 Water is added to anhydrous aluminium chloride to make a 0.1 mol dm–3 solution. 
 

Which observations are correct? 

1 The reaction is endothermic. 

2 The solution is acidic. 

3 The solution contains the ion [Al (H2O)6]3+. 
 
 
36 Catalytic converters are used to modify exhaust emissions from motor vehicles. 
 

Which reactions occur in catalytic converters? 

1 C8H18  +  12 2
1 O2  →  8CO2  +  9H2O 

2 2NO  +  2CO  →  N2  +  2CO2 

3 NO  +  SO3  →  NO2  +  SO2 
 
 
37 Which compounds would produce a carboxylic acid and a ketone when treated with hot, 

concentrated, acidified KMnO4? 
 

1 2 3

 
 
 
38 Bromoethane reacts with NaOH in different ways depending on the solvent used. 
 

Which statements about these reactions are correct? 
 

 solvent used main organic product 

1 water ethane-1,2-diol 

2 ethanol ethene 

3 water ethanol 
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10 Nitrogen reacts with hydrogen to produce ammonia. 
 

N2(g)  +  3H2(g)    2NH3(g) 
 

A mixture of 2.00 mol of nitrogen, 6.00 mol of hydrogen and 2.40 mol of ammonia is allowed to 
reach equilibrium in a sealed vessel of volume 1 dm3. It was found that 2.32 mol of nitrogen were 
present in the equilibrium mixture. 

 
What is the value of Kc? 

A 
3

2

)96.6)(32.2(

)76.1(
 

B 
3

2

)32.6)(32.2(

)76.1(
 

C 
3

2

)32.6)(32.2(

)08.2(
 

D 
3

2

)00.6)(32.2(

)40.2(
 

 
 
11 Lithium reacts with nitrogen at room temperature to form solid Li3N. 
 

Three vessels of equal volume are connected by taps, A and B, as shown. 
 

evacuated N2(g) + 3H2(g) 2NH3(g)

Li
A B

 
 

At the start, A and B are closed, the left-hand vessel is evacuated, the middle vessel has the 
indicated reaction at equilibrium and the right-hand vessel contains lithium only. 

 
Which action would allow the equilibrium mixture to contain the most ammonia? 

A Keep both A and B closed. 

B Open both A and B. 

C Open A only. 

D Open B only. 
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10 Nitrogen reacts with hydrogen to produce ammonia. 
 

N2(g)  +  3H2(g)    2NH3(g) 
 

A mixture of 2.00 mol of nitrogen, 6.00 mol of hydrogen and 2.40 mol of ammonia is allowed to 
reach equilibrium in a sealed vessel of volume 1 dm3. It was found that 2.32 mol of nitrogen were 
present in the equilibrium mixture. 

 
What is the value of Kc? 

A 
3

2

)96.6)(32.2(

)76.1(
 

B 
3

2

)32.6)(32.2(

)76.1(
 

C 
3

2

)32.6)(32.2(

)08.2(
 

D 
3

2

)00.6)(32.2(

)40.2(
 

 
 
11 Lithium reacts with nitrogen at room temperature to form solid Li3N. 
 

Three vessels of equal volume are connected by taps, A and B, as shown. 
 

evacuated N2(g) + 3H2(g) 2NH3(g)

Li
A B

 
 

At the start, A and B are closed, the left-hand vessel is evacuated, the middle vessel has the 
indicated reaction at equilibrium and the right-hand vessel contains lithium only. 

 
Which action would allow the equilibrium mixture to contain the most ammonia? 

A Keep both A and B closed. 

B Open both A and B. 

C Open A only. 

D Open B only. 
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9 Sodium chromate(VI), Na2CrO4, is manufactured by heating chromite, FeCr2O4, with sodium 
carbonate in an oxidising atmosphere. Chromite contains Cr2O4

2– ions. 
 

2FeCr2O4  +  4Na2CO3  +  3 2
1 O2  →  4Na2CrO4  +  Fe2O3  +  4CO2 

 
What happens in this reaction? 

A Chromium and iron are the only elements oxidised. 

B Chromium, iron and carbon are oxidised. 

C Only chromium is oxidised. 

D Only iron is oxidised. 
 
 
10 The table shows the partial pressures in an equilibrium mixture formed by the Haber process. 

 
 
 
          3H2(g)  +  N2(g)    2NH3(g) 
 

 

 
What is the numerical value of the equilibrium constant, Kp, for this reaction? 

A 4.46 × 10–9 

B 4.76 × 10–5 

C 7.14 × 10–5 

D 2.24 × 108 
 
 
11 An autocatalytic reaction is a reaction in which one of the products catalyses the reaction. 
 

Which curve would be obtained if the rate of an autocatalytic reaction is plotted against time? 
 

rate 

time 
0 

0 

A 

rate 

time 
0 

0 

B 

rate 

time 
0 

0 

C 

rate 

time 
0 

0 

D 

 
 
 

substance partial pressure / kPa 

nitrogen 7000 

hydrogen 8000 

ammonia 4000 
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34 In the manufacture of sulfuric acid, the following exothermic reaction occurs. 
 

2SO2(g)  +  O2(g)    2SO3(g) 
 

Which changes will move the position of the equilibrium to the right? 

1 increasing the pressure 

2 increasing the temperature 

3 using twice as much catalyst 
 
 
35 Water is added to anhydrous aluminium chloride to make a 0.1 mol dm–3 solution. 
 

Which observations are correct? 

1 The reaction is endothermic. 

2 The solution is acidic. 

3 The solution contains the ion [Al (H2O)6]3+. 
 
 
36 Catalytic converters are used to modify exhaust emissions from motor vehicles. 
 

Which reactions occur in catalytic converters? 

1 C8H18  +  12 2
1 O2  →  8CO2  +  9H2O 

2 2NO  +  2CO  →  N2  +  2CO2 

3 NO  +  SO3  →  NO2  +  SO2 
 
 
37 Which compounds would produce a carboxylic acid and a ketone when treated with hot, 

concentrated, acidified KMnO4? 
 

1 2 3

 
 
 
38 Bromoethane reacts with NaOH in different ways depending on the solvent used. 
 

Which statements about these reactions are correct? 
 

 solvent used main organic product 

1 water ethane-1,2-diol 

2 ethanol ethene 

3 water ethanol 
 
 



9701 Chemistry Paper 1 - Equilibria
Topical questions | 152 questions

16. Question | 9701 Feb-March 2017 P1 V2 Q3

2 

© UCLES 2017 9701/12/F/M/17  

Section A 
 
For each question there are four possible answers, A, B, C and D. Choose the one you consider to 
be correct. 
 
Use of the Data Booklet may be appropriate for some questions. 
 
 
1 Which ion has the same electronic configuration as Cl 

–? 

A F– B P+ C Sc3+ D Si4+ 
 
 
2 Compounds J and K each contain 40% carbon by mass. 
 

What could J and K be? 
 

 J K 

A a hexose, C6H12O6 starch, (C6H10O5)n 

B a pentose, C5H10O5 a hexose, C6H12O6 

C a pentose, C5H10O5 sucrose, C12H22O11 

D starch, (C6H10O5)n sucrose, C12H22O11 

 
 
3 Two moles of compound P were placed in a sealed container. The container was heated and P 

was partially decomposed to produce Q and R only. A dynamic equilibrium between P, Q and R 
was established. 

At equilibrium x moles of R were present and the total number of moles present was 







+
2
  2
x . 

What is the equation for this reversible reaction? 

A P    2Q  +  R 

B 2P    2Q  +  R 

C 2P    Q  +  R 

D 2P    Q  +  2R 
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10 Oxidation of ethanedioate ions by acidified manganate(VII) ions is very slow at room 
temperature. 

 

2MnO4
–  +  5C2O4

2–  +  16H+  →  2Mn2+  +  10CO2  +  8H2O 
 

Mn2+ ions catalyse this reaction. 
 

Which graph shows how the concentration of acidified manganate(VII) ions varies after 

ethanedioate ions are added? 
 

concentration
of MnO4

–

time

A

concentration
of MnO4

–

time

B

concentration
of MnO4

–

time

C

concentration
of MnO4

–

time

D

 
 
 
11 Ammonia is manufactured from nitrogen and hydrogen using the Haber process. 
 

N2(g)  +  3H2(g)    2NH3(g) 
 

What is the expression for Kc for this equilibrium? 

A 
(g)]3[H    (g)][N

(g)]2[NH

22

3

+

 

B 
(g)]3[H    (g)][N

(g)]2[NH

22

3

×

 

C 
3

22

2
3

(g)][H    (g)][N

(g)][NH

+

 

D 
3

22

2
3

(g)][H    (g)][N

(g)][NH

×
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34 Sulfur dioxide and oxygen react in the gas phase. 
 

 2SO2(g)  +  O2(g)    2SO3(g) ∆H = –197 kJ mol–1 
 

Which statements are correct? 

1 Increasing the pressure increases the equilibrium yield of SO3. 

2 Increasing the temperature lowers the value of the equilibrium constant Kp. 

3 The presence of a vanadium(V) oxide catalyst increases the equilibrium yield of SO3. 

 
 
35 Three test-tubes, X, Y, and Z, each contain a small amount of water. 
 

● A small amount of NaCl is added to test-tube X. 

● A small amount of SiCl 4 is added to test-tube Y. 

● A small amount of Al Cl 3 is added to test-tube Z. 
 

After a short time, two drops of Universal Indicator solution are added to each test-tube. 
 

Which observations are made? 

1 The indicator added to test-tube X stays green. 

2 The indicator added to test-tube Y turns red. 

3 The indicator added to test-tube Z turns red. 
 
 
36 Sodium chloride and sodium iodide react with concentrated sulfuric acid. 
 

Which statements are correct? 

1 Sodium chloride is not oxidised by concentrated sulfuric acid. 

2 No colour change is seen when concentrated sulfuric acid is added to sodium chloride. 

3 Sodium iodide is oxidised by concentrated sulfuric acid. 
 
 
37 Which compounds can be obtained from but-2-ene in a single reaction? 

1 CH3CH(OH)CH(OH)CH3 

2 CH3CH(OH)CH2CH3 

3 CH3CO2H 
 
 



9701 Chemistry Paper 1 - Equilibria
Topical questions | 152 questions

19. Question | 9701 May-June 2017 P1 V1 Q10 4 

© UCLES 2017 9701/11/M/J/17  

10 Methanol can be produced from hydrogen and carbon monoxide. 
 

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

What is the expression for K p for this reaction? 
 

A K p = 

OHCH

CO
2

H

3

2
)(2

p
pp ×

 

B K p = 

OHCH

CO
2

H

3

2
)(

p
pp ×

 

C K p = 

CO
2

H

OHCH

)(
2

3

pp
p

×
 

D K p = 2
HCO

OHCH

)(2
2

3

pp
p
×

 

 
 
11 When 4 g of powdered calcium carbonate, Mr = 100, were added to 100 cm3 of 0.10 mol dm–3 

hydrochloric acid the volume of carbon dioxide produced was recorded. 
 

time / s 30 60 90 120 150 180 210 240 

total volume of carbon 
dioxide given off / cm3 40 70 88 101 110 116 120 120 

 
Which row gives the correct explanations about these results? 

 

 why the rate of the 
reaction changes with time why the reaction stops 

A 
 

fewer collisions between  
reacting molecules occur 

the calcium carbonate is used up 
 

B 
 

fewer collisions between  
reacting molecules occur 

the hydrochloric acid is used up 
 

C 
 

more collisions between  
reacting molecules occur 

the calcium carbonate is used up 
 

D 
 

more collisions between  
reacting molecules occur 

the hydrochloric acid is used up 
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8 A reaction sequence is shown. 
 
 1 2 3 4 

SO2    SO3    H2SO4    H2S    SO2 
 

In each stage of this sequence the sulfur is oxidised, reduced or neither oxidised nor reduced. 
 

Which row is correct? 
 

 1 2 3 4 

A neither oxidised reduced reduced 

B oxidised neither reduced reduced 

C oxidised neither reduced oxidised 

D oxidised oxidised reduced oxidised 
 
 
9 Hydrogen and carbon dioxide gases are mixed at 800 K. A reversible reaction takes place. 
 

H2(g)  +  CO2(g)    H2O(g)  +  CO(g) 
 

At equilibrium, the partial pressures of H2 and CO2 are both 10.0 kPa. Kp is 0.288 at 800 K. 
 

What is the partial pressure of CO in the equilibrium mixture? 

A 5.37 kPa B 18.6 kPa C 28.8 kPa D 347 kPa 
 
 
10 A reaction involved in the Contact process is shown. 
 
 2SO2(g)  +  O2(g)    2SO3(g) ∆H 

o = –197 kJ mol–1 
 

The reaction is investigated at 200 kPa and 700 K and the value of the equilibrium constant, Kp, is 
found to be Y. The reaction is then investigated at 1000 kPa and 700 K and the value of Kp is 
found to be Z. 

 
Which statement comparing Y and Z is correct? 

A Y and Z are the same. 

B Y is greater than Z. 

C Z is 2.2 times greater than Y. 

D Z is 5.0 times greater than Y. 
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8 A reaction sequence is shown. 
 
 1 2 3 4 

SO2    SO3    H2SO4    H2S    SO2 
 

In each stage of this sequence the sulfur is oxidised, reduced or neither oxidised nor reduced. 
 

Which row is correct? 
 

 1 2 3 4 

A neither oxidised reduced reduced 

B oxidised neither reduced reduced 

C oxidised neither reduced oxidised 

D oxidised oxidised reduced oxidised 
 
 
9 Hydrogen and carbon dioxide gases are mixed at 800 K. A reversible reaction takes place. 
 

H2(g)  +  CO2(g)    H2O(g)  +  CO(g) 
 

At equilibrium, the partial pressures of H2 and CO2 are both 10.0 kPa. Kp is 0.288 at 800 K. 
 

What is the partial pressure of CO in the equilibrium mixture? 

A 5.37 kPa B 18.6 kPa C 28.8 kPa D 347 kPa 
 
 
10 A reaction involved in the Contact process is shown. 
 
 2SO2(g)  +  O2(g)    2SO3(g) ∆H 

o = –197 kJ mol–1 
 

The reaction is investigated at 200 kPa and 700 K and the value of the equilibrium constant, Kp, is 
found to be Y. The reaction is then investigated at 1000 kPa and 700 K and the value of Kp is 
found to be Z. 

 
Which statement comparing Y and Z is correct? 

A Y and Z are the same. 

B Y is greater than Z. 

C Z is 2.2 times greater than Y. 

D Z is 5.0 times greater than Y. 
 
 

22. Question | 9701 May-June 2017 P1 V3 Q9

4 

© UCLES 2017 9701/13/M/J/17  

8 Na2S2O3 reacts with HCl as shown. 
 

Na2S2O3(aq)  +  2HCl (aq)  →  2NaCl (aq)  +  H2O(l)  +  SO2(g)  +  S(s) 
 

When calculating the oxidation number of sulfur in Na2S2O3, the average oxidation number of the 
two sulfur atoms should be found. 

 
What is the oxidation number of sulfur in each of Na2S2O3, SO2, and S? 

 
 Na2S2O3 SO2 S 

A +2 +2 +1 

B +2 +4 0 

C +4 +4 0 

D +5 +4 0 
 
 
9 Ammonia is produced by the Haber process. 
 
 N2  +  3H2    2NH3 ∆H 

o = –92 kJ mol–1 
 

A fault in the temperature control during the process resulted in the temperature changing to 
600 °C for two hours. 

 
What effect did this have on the ammonia production during this time? 

A Ammonia was formed faster. The equilibrium yield decreased. 

B Ammonia was formed faster. The equilibrium yield increased. 

C Ammonia was formed slower. The equilibrium yield decreased. 

D Ammonia was formed slower. The equilibrium yield increased. 
 
 
10 For the reaction shown, an equilibrium is established at a temperature of 700 K. 
 

The equilibrium constant, Kp, for the reaction is 9.80 kPa. The partial pressure of N2O4 at 
equilibrium is 80.0 kPa. 

 
N2O4(g)    2NO2(g) 

 
What is the partial pressure of NO2 at equilibrium? 

A 8.16 kPa B 28.0 kPa C 66.6 kPa D 784 kPa 
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8 Na2S2O3 reacts with HCl as shown. 
 

Na2S2O3(aq)  +  2HCl (aq)  →  2NaCl (aq)  +  H2O(l)  +  SO2(g)  +  S(s) 
 

When calculating the oxidation number of sulfur in Na2S2O3, the average oxidation number of the 
two sulfur atoms should be found. 

 
What is the oxidation number of sulfur in each of Na2S2O3, SO2, and S? 

 
 Na2S2O3 SO2 S 

A +2 +2 +1 

B +2 +4 0 

C +4 +4 0 

D +5 +4 0 
 
 
9 Ammonia is produced by the Haber process. 
 
 N2  +  3H2    2NH3 ∆H 

o = –92 kJ mol–1 
 

A fault in the temperature control during the process resulted in the temperature changing to 
600 °C for two hours. 

 
What effect did this have on the ammonia production during this time? 

A Ammonia was formed faster. The equilibrium yield decreased. 

B Ammonia was formed faster. The equilibrium yield increased. 

C Ammonia was formed slower. The equilibrium yield decreased. 

D Ammonia was formed slower. The equilibrium yield increased. 
 
 
10 For the reaction shown, an equilibrium is established at a temperature of 700 K. 
 

The equilibrium constant, Kp, for the reaction is 9.80 kPa. The partial pressure of N2O4 at 
equilibrium is 80.0 kPa. 

 
N2O4(g)    2NO2(g) 

 
What is the partial pressure of NO2 at equilibrium? 

A 8.16 kPa B 28.0 kPa C 66.6 kPa D 784 kPa 
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7 Iodine and propanone react according to the following equation. 
 

I2(aq)  +  CH3COCH3(aq)  →  CH3COCH2I(aq)  +  HI(aq) 
 

If the concentration of propanone is increased, keeping the total reaction volume constant, the 
rate of the reaction also increases. 

 
What could be the reason for this? 

A A greater proportion of collisions is successful at the higher concentration. 

B The particles are further apart at the higher concentration. 

C The particles have more energy at the higher concentration. 

D There are more collisions between reactant particles per second at the higher concentration. 
 
 
8 Sulfur can be oxidised in two ways. 
 
 S(s)  +  O2(g)  →  SO2(g) ∆H 

o = –296.5 kJ mol–1 

 2S(s)  +  3O2(g)  →  2SO3(g) ∆H 
o = –791.4 kJ mol–1 

 
Sulfur trioxide can be made from sulfur dioxide and oxygen. 

 
2SO2(g)  +  O2(g)  →  2SO3(g) 

 
What is the standard enthalpy change for this reaction? 

A –1384.4 kJ mol–1 

B –989.8 kJ mol–1 

C –494.9 kJ mol–1 

D –198.4 kJ mol–1 
 
 
9 Hydrogen iodide dissociates into hydrogen and iodine. 
 

2HI(g)    H2(g)  +  I2(g) 
 

In an experiment, b mol of hydrogen iodide were put into a sealed vessel at pressure p. At 
equilibrium, x mol of the hydrogen iodide had dissociated. 

 
Which expression for Kp is correct? 

A 2

2

)( xb
x
−

 B 2

22

)(
p
x b

x
−

 C 
)(4

p22

x bb
x

−
 D 2

2

)4( xb
x
− 
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33 One way of recovering tin from old printed circuit boards is to dissolve it in a mixture of 
concentrated hydrochloric acid and concentrated nitric acid. The tin dissolves because it reacts 
with the mixture of these concentrated acids. 

 
Sn  +  4HCl  +  2HNO3  →  SnCl 4  +  NO2  +  NO  +  3H2O 

 
Which statements about this reaction are correct? 

1 Nitrogen is present in three different oxidation states in the reactants and products. 

2 The oxidation state of tin increases from 0 to +4. 

3 The oxidation state of chlorine remains the same. 
 
 
34 The following reaction takes place in a suitable solvent. 
 

Na+NH2
–  +  NH4

+Cl 
–  →  Na+Cl 

–  +  2NH3 
 

Which statements explain why this reaction should be classified as a Brønsted-Lowry acid-base 
reaction? 

1 The ammonium ion acts as a proton donor. 

2 Na+Cl 
– is a salt. 

3 Ammonia is a nucleophile. 
 
 
35 Which statements about the elements barium and calcium and their compounds are correct? 

1 Barium nitrate decomposes at a higher temperature than calcium nitrate. 

2 Barium hydroxide is more soluble in water than is calcium hydroxide. 

3 Calcium is more reactive with water than is barium. 
 
 
36 Which statements explain why nitrogen gas is unreactive? 

1 Nitrogen atoms are highly electronegative. 

2 Nitrogen molecules are non-polar. 

3 The triple bond between nitrogen atoms is very strong. 
 
 
37 In which molecules do all the carbon atoms lie in the same plane? 

1 2,3-dimethylbut-2-ene 

2 propane 

3 cyclohexane 
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7 The following data are needed for this question. 
 

 (P4O10(s)) = –3012 kJ mol–1 

 (H2O(l)) = –286 kJ mol–1 

 (H3PO4(s)) = –1279 kJ mol–1 
 

What is ∆H 
o for the reaction shown? 

 
P4O10(s)  +  6H2O(l)  →  4H3PO4(s) 

 
A –9844 kJ mol–1 

B –388 kJ mol–1 

C –97 kJ mol–1 

D +2019 kJ mol–1 
 
 
8 Which statement is always correct for an oxidation reaction? 

A It involves the gain of oxygen by an element. 

B For one reactant to be oxidised a different reactant must be reduced. 

C The element or ion being oxidised will gain electrons. 

D The oxidation number of the element being oxidised will increase. 
 
 
9 Nitrogen dioxide, NO2, is a brown gas. 
 

Dinitrogen tetroxide, N2O4, is a colourless gas. 
 
An equilibrium is established between NO2 and N2O4 in a closed vessel. 

 
 2NO2(g)    N2O4(g) ∆H = –57 kJ mol–1 
 brown colourless 
 

Which row describes the effects of changing conditions on the colour of an equilibrium mixture of 
NO2 and N2O4? 

 
 increasing the pressure increasing the temperature 

A colour becomes darker colour becomes darker 

B colour becomes darker colour becomes lighter 

C colour becomes lighter colour becomes darker 

D colour becomes lighter colour becomes lighter 
 
 



9701 Chemistry Paper 1 - Equilibria
Topical questions | 152 questions

27. Question | 9701 Oct-Nov 2017 P1 V2 Q34

12 

© UCLES 2017 9701/12/O/N/17  

The responses A to D should be selected on the basis of 
 

A B C D 

1, 2 and 3 
are 

correct 

1 and 2 
only are 
correct 

2 and 3 
only are 
correct 

1 only 
is 

correct 

 
No other combination of statements is used as a correct response. 
 
 
33 Hydrogen sulfide can be oxidised to form sulfur dioxide. 
 

2H2S  +  3O2  →  2SO2  +  2H2O 
 

Which statements are correct? 

1 The oxidation number of sulfur increases by 6. 

2 The oxidation number of oxygen increases by 2. 

3 The oxidation number of hydrogen decreases. 
 
 
34 Methanoic acid, HCO2H, and hydrocyanic acid, HCN, can both behave as acids. 
 

A solution of methanoic acid has a lower pH than a solution of hydrocyanic acid of the same 
concentration. 

 
Which statements explain this? 

1 HCO2H molecules dissociate more fully than HCN molecules do. 

2 Each HCO2H molecule has two hydrogen atoms; each HCN molecule only has one. 

3 Methanoic acid is a weaker acid than hydrocyanic acid. 
 
 
35 Which statements correctly describe a trend on going down Group 2? 

1 Reactivity of the elements increases. 

2 First ionisation energy of the elements decreases. 

3 The hydroxides become more soluble in water. 
 
 
36 Modern cars are fitted with catalytic converters to reduce atmospheric pollution caused by 

unwanted reactions during the combustion of the fuel. 
 

Which statements are correct? 

1 Carbon monoxide is oxidised to carbon dioxide in a catalytic converter. 

2 Catalytic converters have a very large surface area. 

3 Nitrogen dioxide is reduced to nitrogen monoxide in a catalytic converter. 
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7 Iodine and propanone react according to the following equation. 
 

I2(aq)  +  CH3COCH3(aq)  →  CH3COCH2I(aq)  +  HI(aq) 
 

If the concentration of propanone is increased, keeping the total reaction volume constant, the 
rate of the reaction also increases. 

 
What could be the reason for this? 

A A greater proportion of collisions is successful at the higher concentration. 

B The particles are further apart at the higher concentration. 

C The particles have more energy at the higher concentration. 

D There are more collisions between reactant particles per second at the higher concentration. 
 
 
8 Sulfur can be oxidised in two ways. 
 
 S(s)  +  O2(g)  →  SO2(g) ∆H 

o = –296.5 kJ mol–1 

 2S(s)  +  3O2(g)  →  2SO3(g) ∆H 
o = –791.4 kJ mol–1 

 
Sulfur trioxide can be made from sulfur dioxide and oxygen. 

 
2SO2(g)  +  O2(g)  →  2SO3(g) 

 
What is the standard enthalpy change for this reaction? 

A –1384.4 kJ mol–1 

B –989.8 kJ mol–1 

C –494.9 kJ mol–1 

D –198.4 kJ mol–1 
 
 
9 Hydrogen iodide dissociates into hydrogen and iodine. 
 

2HI(g)    H2(g)  +  I2(g) 
 

In an experiment, b mol of hydrogen iodide were put into a sealed vessel at pressure p. At 
equilibrium, x mol of the hydrogen iodide had dissociated. 

 
Which expression for Kp is correct? 

A 2
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22

)(
p
x b

x
−

 C 
)(4

p22

x bb
x

−
 D 2

2

)4( xb
x
− 
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33 One way of recovering tin from old printed circuit boards is to dissolve it in a mixture of 
concentrated hydrochloric acid and concentrated nitric acid. The tin dissolves because it reacts 
with the mixture of these concentrated acids. 

 
Sn  +  4HCl  +  2HNO3  →  SnCl 4  +  NO2  +  NO  +  3H2O 

 
Which statements about this reaction are correct? 

1 Nitrogen is present in three different oxidation states in the reactants and products. 

2 The oxidation state of tin increases from 0 to +4. 

3 The oxidation state of chlorine remains the same. 
 
 
34 The following reaction takes place in a suitable solvent. 
 

Na+NH2
–  +  NH4

+Cl 
–  →  Na+Cl 

–  +  2NH3 
 

Which statements explain why this reaction should be classified as a Brønsted-Lowry acid-base 
reaction? 

1 The ammonium ion acts as a proton donor. 

2 Na+Cl 
– is a salt. 

3 Ammonia is a nucleophile. 
 
 
35 Which statements about the elements barium and calcium and their compounds are correct? 

1 Barium nitrate decomposes at a higher temperature than calcium nitrate. 

2 Barium hydroxide is more soluble in water than is calcium hydroxide. 

3 Calcium is more reactive with water than is barium. 
 
 
36 Which statements explain why nitrogen gas is unreactive? 

1 Nitrogen atoms are highly electronegative. 

2 Nitrogen molecules are non-polar. 

3 The triple bond between nitrogen atoms is very strong. 
 
 
37 In which molecules do all the carbon atoms lie in the same plane? 

1 2,3-dimethylbut-2-ene 

2 propane 

3 cyclohexane 
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10 Which reaction is not a redox reaction? 

A Mg  +  2HNO3  →  Mg(NO3)2  +  H2 

B 2Mg(NO3)2  →  2MgO  +  4NO2  +  O2 

C SO2  +  NO2  →  SO3  +  NO 

D SO3  +  H2O  →  H2SO4 
 
 
11 The reaction between sulfur dioxide and oxygen is reversible. 
 
 2SO2  +  O2    2SO3 ∆H 

o = –196 kJ mol–1 
 

Which conditions of pressure and temperature favour the reverse reaction? 
 

 pressure temperature 

A high high 

B high low 

C low high 

D low low 
 
 
12 Which statement about the effect of a catalyst on a reversible reaction is correct? 

A The activation energy of the forward reaction stays the same. 

B The composition of the equilibrium mixture stays the same. 

C The rate of the backward reaction stays the same. 

D The value of the equilibrium constant changes. 
 
 
13 Which oxide is insoluble in aqueous sodium hydroxide? 

A MgO B Al 2O3 C P4O10 D SO2 
 
 
14 X, Y and Z are three elements in the third period. 
 

● X reacts with chlorine to give a liquid product. 

● Y reacts with chlorine to give a solid product that dissolves in water to give a 
solution of pH 7. 

● Z reacts with chlorine to give a solid product that dissolves in water to give a solution 
of pH 6. 

 
Which elements are good conductors of electricity? 

A X and Y B Y and Z C Y only D Z only 
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10 Which reaction is not a redox reaction? 

A Mg  +  2HNO3  →  Mg(NO3)2  +  H2 

B 2Mg(NO3)2  →  2MgO  +  4NO2  +  O2 

C SO2  +  NO2  →  SO3  +  NO 

D SO3  +  H2O  →  H2SO4 
 
 
11 The reaction between sulfur dioxide and oxygen is reversible. 
 
 2SO2  +  O2    2SO3 ∆H 

o = –196 kJ mol–1 
 

Which conditions of pressure and temperature favour the reverse reaction? 
 

 pressure temperature 

A high high 

B high low 

C low high 

D low low 
 
 
12 Which statement about the effect of a catalyst on a reversible reaction is correct? 

A The activation energy of the forward reaction stays the same. 

B The composition of the equilibrium mixture stays the same. 

C The rate of the backward reaction stays the same. 

D The value of the equilibrium constant changes. 
 
 
13 Which oxide is insoluble in aqueous sodium hydroxide? 

A MgO B Al 2O3 C P4O10 D SO2 
 
 
14 X, Y and Z are three elements in the third period. 
 

● X reacts with chlorine to give a liquid product. 

● Y reacts with chlorine to give a solid product that dissolves in water to give a 
solution of pH 7. 

● Z reacts with chlorine to give a solid product that dissolves in water to give a solution 
of pH 6. 

 
Which elements are good conductors of electricity? 

A X and Y B Y and Z C Y only D Z only 
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34 In which reactions does NH3 behave as a Brønsted-Lowry acid? 

1 2NH3  →  NH2
–  +  NH4

+ 

2 HSO4
–  +  NH3  →  SO4

2–  +  NH4
+ 

3 Ag+  +  2NH3  →  [Ag(NH3)2]+ 
 
 
35 Chlorine reacts with hot aqueous sodium hydroxide. 
 

Which oxidation states does chlorine show in the products of this reaction? 

1 –1 

2 +3 

3 +1 
 
 
36 In which different forms does nitrogen exist in compounds? 

1 bonded by a triple covalent bond 

2 as part of a cation 

3 in an oxidation state of +5 
 
 
37 Poly(ethene) and PVC are examples of addition polymers. 
 

Which statements are correct? 

1 On combustion, PVC can produce carbon monoxide, carbon dioxide and hydrogen chloride. 

2 When poly(ethene) is buried in a landfill site, it will not significantly biodegrade. 

3 The empirical formula of an addition polymer is the same as that of the monomer. 
 
 
38 Organic compound X gives a precipitate when warmed with aqueous silver nitrate. This 

precipitate dissolves when concentrated aqueous ammonia is added. 
 

What could X be? 

1 1-bromopropane 

2 2-chlorobutane 

3 2-iodo-2-methylpropane 
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12 Silicon is heated in an excess of chlorine, producing compound J. 
 

Excess water is added to the sample of J produced. 
 

Which row is correct? 
 

 structure of J 
Is HCl produced 

when water is 
added to J? 

A giant molecular no 

B giant molecular yes 

C simple molecular no 

D simple molecular yes 
 
 
13 Which element has the second smallest atomic radius in its group and the third lowest first 

ionisation energy in its period? 

A boron 

B calcium 

C magnesium 

D sodium 
 
 
14 Chlorine reacts with cold aqueous sodium hydroxide to produce sodium chloride, water and 

compound X. 
 

Chlorine reacts with hot aqueous sodium hydroxide to produce sodium chloride, water and 
compound Y. 

 
What are the oxidation states of chlorine in compound X and compound Y? 

 
 X Y 

A –1 –5 

B –1 +5 

C +1 –5 

D +1 +5 
 
 
15 In which reaction does ammonia behave as a Brønsted-Lowry base? 

A NH3  +  CH3CH2Br  →  CH3CH2NH2  +  HBr 

B NH3  +  H2O  +  CO2  →  (NH4)HCO3 

C 2NH3  +  2Na  →  2NaNH2  +  H2 

D 4NH3  +  3O2  →  2N2  +  6H2O 
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34 Which statements are correct when a reversible reaction is at equilibrium? 

1 All species are at equal concentration. 

2 The concentrations of all species remain constant. 

3 The rate of the forward reaction equals the rate of the reverse reaction. 
 
 
35 Each of the three mixtures shown can result in a chemical reaction. 
 

Which mixtures result in a redox reaction? 

1 bromine + hydrogen 

2 sodium chloride + concentrated sulfuric acid 

3 potassium iodide + silver nitrate 
 
 
36 Which statements correctly describe an oxide of nitrogen acting as an atmospheric pollutant? 

1 Nitrogen monoxide, NO, reacts with oxygen to form nitrogen dioxide which contributes to 
acid rain. 

2 Nitrogen dioxide reacts with sulfur dioxide to form sulfur trioxide which reacts with water to 
form sulfuric acid. 

3 Nitrogen oxides react with unburnt hydrocarbons in sunlight to form other pollutants. 
 
 
37 Polymer Z contains the length of polymer chain shown below. 
 

This short length of chain is found many times within the chains of polymer Z, although it is not 
the repeat unit. 

 
– CH2 – CHCl – CH2 – 

 
What could be the name of polymer Z? 

1 poly(2-chloropropene) 

2 poly(chloroethene) 

3 PVC 
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5 The gases X and Y react to form Z. 
 

X(g)  +  Y(g)    Z(g) 
 

An equilibrium mixture of these three gases is compressed at constant temperature. 
 

What will be the changes in the mole fraction of Z and in Kp? 
 

 mole fraction of Z Kp 

A increase increase 

B increase no change 

C no change increase 

D no change no change 
 
 
6 Which gas is likely to deviate most from ideal gas behaviour? 

A HCl B He C CH4 D N2 
 
 
7 The enthalpy change of reaction 1 is –114 kJ mol–1. 
 
 2NaOH(aq)  +  H2SO4(aq)  →  Na2SO4(aq)  +  2H2O(l) reaction 1 
 

By using this information, what is the most likely value for the enthalpy change of reaction 2? 
 
 Ba(OH)2(aq)  +  2HCl (aq)  →  BaCl 2(aq)  +  2H2O(l) reaction 2 
 

A –57 kJ mol–1 B –76 kJ mol–1 C –114 kJ mol–1 D –228 kJ mol–1 
 
 
8 Sulfur reacts with concentrated nitric acid in a redox reaction. 
 

S  +  4HNO3  →  SO2  +  4NO2  +  2H2O 
 

What are the changes in oxidation number of sulfur and of nitrogen in this reaction? 
 

 sulfur nitrogen 

A +2 –3 

B +2 –1 

C +4 –3 

D +4 –1 
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9 Materials can be classified by their chemical structures. Four common types of structure are 
metallic, ionic, simple molecular and giant molecular. 

 
Some physical properties of four substances are shown in the table. 

 
Which substance has a simple molecular structure? 

 

 melting point 
/ °C 

effect of 
adding water 

electrical 
conductivity 

A 64 reacts good when solid 

B 113 insoluble always poor 

C 767 soluble good when solid 

D 1600 insoluble always poor 
 
 
10 In a particular reversible reaction the yield of product is increased 
 

● if the temperature is increased; 

● if the pressure is decreased. 
 

Which equation could describe this reversible reaction? 

A CH4(g)  +  H2O(g)    3H2(g)  +  CO(g) ∆H = +206 kJ mol–1 

B 4NH3(g)  +  3O2(g)    2N2(g)  +  6H2O(g) ∆H = –227 kJ mol–1 

C 2NO2(g)    N2O4(g) ∆H = –58 kJ mol–1 

D 3O2(g)    2O3(g) ∆H = +143 kJ mol–1 
 
 
11 A chemical company used a catalyst in a chemical process. The company has now decided not 

to use the catalyst but to increase the temperature so that the rate of the reaction is the same as 
it was when the catalyst was used. 

 
Which statement about the new conditions compared to the original conditions is correct? 

A The activation energy has been decreased. 

B The activation energy has been increased. 

C There are fewer successful collisions per unit time. 

D There are more successful collisions per unit time. 
 
 
12 Which oxide does not react with cold, dilute sodium hydroxide to produce a salt? 

A Al 2O3 B P4O10 C SO2 D SiO2 
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34 The temperature of a reversible gas phase reaction is increased. 
 

Which statements are always correct? 

1 More product is present at equilibrium. 

2 The average speed of the particles increases. 

3 There are more successful collisions per unit time. 
 
 
35 Three samples of chlorine gas each contain 0.710 g of chlorine. Each sample is reacted with a 

reagent. 
 

● In the first reaction a sample is reacted completely with hydrogen gas. 

● In the second reaction a sample is reacted completely with cold NaOH(aq). 

● In the third reaction a sample is reacted completely with hot NaOH(aq). 
 

Which masses of the named products would be formed? 

1 Exactly 0.730 g of HCl form in the first reaction. 

2 Exactly 0.585 g of NaCl form in the second reaction. 

3 Exactly 0.975 g of NaCl form in the third reaction. 
 
 
36 Solid barium oxide is added to some ammonium sulfate solution in a test-tube and the mixture is 

warmed. A piece of damp red litmus paper is held over the mouth of the test-tube. 
 

Which observations would be made? 

1 The damp litmus paper initially turns from red to blue. 

2 A white precipitate forms in the test-tube. 

3 A brown gas is evolved with strong heating. 
 
 
37 Which compounds show geometrical (cis-trans) isomerism? 

1 CH3CH=C(CH3)C2H5 

2 CH3CH=CHCH2CH2CH3 

3 C2H5CH=CHC2H5 
 
 
38 Which pairs of compounds may be distinguished from each other by testing with alkaline aqueous 

iodine? 

1 ethane-1,2-diol and ethanol 

2 propan-2-ol and methylpropan-2-ol 

3 ethanol and butan-2-ol 
 

38. Question | 9701 May-June 2018 P1 V3 Q9
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7 Anhydrous copper(II) chloride, CuCl 2, combines with water to form CuCl 2.2H2O. The standard 
enthalpy changes of formation for this reaction are shown in the table. 

 
  

H2O –286 

CuCl 2 –206 

CuCl 2.2H2O –808 
 

What is the standard enthalpy change of the reaction shown? 
 

CuCl 2  +  2H2O  →  CuCl 2.2H2O 
 

A –1586 kJ mol–1 

B –316 kJ  mol–1 

C –110 kJ  mol–1 

D –30 kJ  mol–1 
 
 
8 Xenon hexafluoride, XeF6, reacts with water. 
 

XeF6  +  3H2O  →  XeO3  +  6HF 
 

Which statement is correct? 

A Hydrogen is reduced in this reaction. 

B Hydrogen is the only element oxidised in this reaction. 

C The only element oxidised in this reaction is xenon. 

D This is not a redox reaction. 
 
 
9 Hydrogen is produced industrially from methane as shown in the equation. 
 
 CH4(g)  +  H2O(g)    CO(g)  +  3H2(g) ∆H 

o = +205 kJ mol–1 
 

Which conditions would most favour the formation of hydrogen? 
 

 pressure temperature 

A high high 

B high low 

C low high 

D low low 
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10 The chemical equilibrium shown is formed when ammonia is produced in the Haber process. 
 

N2  +  3H2    2NH3 
 

The following concentrations are found to be present at equilibrium under certain conditions. 
 

N2 H2 NH3 

0.200 mol dm–3 0.300 mol dm–3 0.600 mol dm–3 
 

What is the numerical value of Kc under these conditions? 

A 0.0150 B 6.0 C 10.0 D 66.7 
 
 
11 The enzyme maltase speeds up the reaction between maltose and water. 
 
 maltase 

maltose + water  glucose 
 

Maltase shows specificity. 
 

Which statement describes the specificity of maltase? 

A Maltase is a biological catalyst and it is a type of protein. 

B Maltase is most effective between pH 6.1 and pH 6.8. 

C Maltase lowers the activation energies of the reactions it catalyses. 

D Maltase only speeds up a small number of chemical reactions. 
 
 
12 Which description of the bonding and acid / base nature of aluminium oxide is correct? 
 

 bonding acid / base nature 

A simple covalent amphoteric 

B giant covalent basic only 

C ionic amphoteric 

D ionic basic only 
 
 
13 X and Y are elements of the third period. 
 

X and Y are individually heated in excess chlorine. Each product is purified and then separately 
added to water, producing two solutions. Both solutions have a pH of less than 5. 

 
What could be X and Y? 

A Na and P B Mg and Al C Mg and Si D Si and P 
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17 Silver chloride and silver iodide form equilibria when added to water. 
 
 AgCl(s)    Ag+(aq)  +  Cl 

–(aq) Kc = K1 

 AgI(s)    Ag+(aq)  +  I–(aq) Kc = K2 
 

Each equilibrium position lies well to the left. 
 

Silver iodide will not dissolve in aqueous ammonia. Silver chloride will dissolve in aqueous 
ammonia. Another equilibrium is formed. 

 
 Ag+(aq)  +  2NH3(aq)    Ag(NH3)2

+(aq) Kc = K3 
 

The position of this equilibrium lies to the right. 
 

What is the order of magnitude for these three equilibrium constants? 

A K1 > K2 > K3 

B K2 > K1 > K3 

C K3 > K1 > K2 

D K3 > K2 > K1 
 
 
18 Elements and their compounds are important as catalysts. 
 

In which process is a compound used, rather than an element? 

A catalytic converters 

B Contact process 

C Haber process 

D hydrogenation of alkenes 
 
 
19 The gaseous products of heating a mixture of Ca(OH)2 and NH4Cl are passed through solid CaO. 

This absorbs water vapour and a gas, W, is collected. 
 

A sample of W is oxidised by Cl 2(g) to produce two gases, X and Y. 
 

X is an element. Y is acidic. 
 

Y reacts with W to produce Z. 
 

What are X and Z? 
 

 X Z 

A N2 CaCl 2 

B N2 NH4Cl 

C O2 CaCl 2 

D O2 NH4Cl 

41. Question | 9701 Oct-Nov 2018 P1 V1 Q9
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7 Nitric acid is known to take part in the oxidation of atmospheric sulfur dioxide. One possible 
reaction is shown. 

 
SO2  +  HNO3  →  NO+  +  HSO4

– 
 

Which row shows the correct changes in oxidation numbers of nitrogen and sulfur? 
 

 nitrogen sulfur 

A –3 +3 

B –2 +2 

C –2 +3 

D –1 +2 
 
 
8 A transition metal ion, M2+, reacts with acidified dichromate(VI) ions to form M4+ ions, Cr3+ ions, 

and H2O. 
 

Which equation correctly represents this reaction? 

A Cr2O7
2–  +  14H+  +  M2+  →  2Cr3+  +  7H2O  +  M4+ 

B Cr2O7
2–  +  14H+  +  2M2+  →  2Cr3+  +  7H2O  +  2M4+ 

C Cr2O7
2–  +  14H+  +  3M2+  →  2Cr3+  +  7H2O  +  3M4+ 

D Cr2O7
2–  +  14H+  +  6M2+  →  2Cr3+  +  7H2O  +  6M4+ 

 
 
9 In this question you should assume that all gases behave ideally. 
 

Hydrogen and iodine react reversibly in the following reaction. The system reaches dynamic 
equilibrium. 

 
 H2(g)  +  I2(g)    2HI(g) ∆H = –9.5 kJ mol–1 
 

Which statement must be true for the Kp of this equilibrium to be constant? 

A The partial pressures of H2, I2 and HI are equal. 

B The external pressure is constant. 

C The forward and reverse reactions have stopped. 

D The temperature is constant. 
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10 0.200 mol of sulfur dioxide and 0.200 mol of oxygen are placed in a 1.00 dm3 sealed container. 
The gases are allowed to react until equilibrium is reached. 

 
2SO2  +  O2    2SO3 

 
At equilibrium there is 0.100 mol of SO3 in the container. 

 
What is the value of Kc? 

A 0.150 mol dm–3 

B 0.800 mol dm–3 

C 1.25 mol–1
 dm3 

D 6.67 mol–1
 dm3 

 
 
11 Two reactions are shown. 
 

reaction 1 N2(g)  +  3H2(g)    2NH3(g) 

reaction 2 2O3(g)    3O2(g) 
 

In reaction 1, a finely powdered iron catalyst is used. 
 

In reaction 2, a vaporised tetrachloromethane catalyst in ultraviolet light is used. 
 

Which statement about the catalysts used is correct? 

A Both reaction 1 and reaction 2 use a heterogeneous catalyst. 

B Both reaction 1 and reaction 2 use a homogeneous catalyst. 

C Reaction 1 uses a heterogeneous catalyst and reaction 2 uses a homogeneous catalyst. 

D Reaction 1 uses a homogeneous catalyst and reaction 2 uses a heterogeneous catalyst. 
 
 
12 Sodium and sulfur are burned separately in oxygen. 
 

Each reaction has a distinctive coloured flame. 
 

Which row is correct? 
 

 Na  +  O2 S  +  O2 

A white blue 

B white yellow 

C yellow blue 

D yellow yellow 
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9 In this question, all pressures are measured in atm. 
 

The equation represents the equilibrium between three gaseous substances X, Y and Z. 
 

X  +  3Y    2Z 
 

At temperature T1, the numerical value of Kp, the equilibrium constant, is 2. 
 

At a higher temperature T2, the partial pressures at equilibrium are as shown. 
 

X Y Z 

2 3 5 
 

Which row is correct? 
 

 the numerical 
value of Kp at T2 

the forward 
reaction is 

A 54 / 25 endothermic 

B 54 / 25 exothermic 

C 25 / 54 endothermic 

D 25 / 54 exothermic 
 
 
10 In a chemical system the particles involved have a range of energies. This can be shown on a 

graph called the Boltzmann distribution. 
 

Which statement correctly explains the effect of a catalyst on the particles in a chemical system? 

A A catalyst enables particles with a lower energy to collide successfully. 

B A catalyst increases the number of particles with higher energies. 

C A catalyst increases the number of particles with the most probable energy value. 

D A catalyst increases the value of the most probable particle energy. 
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11 Nitrogen and hydrogen can react together to form ammonia. 
 

The formation of ammonia is exothermic. 
 

The rate and yield of the reaction can be altered by changing the conditions under which the 
reaction is carried out. 

 
Which row shows the effects of adding iron to the mixture and increasing the temperature? 

 
adding iron increasing the temperature 

A has no effect on the equilibrium yield reduces the equilibrium yield 

B increases the equilibrium yield increases the equilibrium yield 

C increases the equilibrium yield increases the rate 

D increases the rate has no effect on the equilibrium yield 
 
 
12 The melting points of the Period 3 elements phosphorus to argon are shown in the table. 
 

element P S Cl Ar 

mp / K 317 392 172 84 
 

Which factor explains the changes in melting points from phosphorus to argon? 

A the changes in electronegativity from phosphorus to argon 

B the changes in first ionisation energy from phosphorus to argon 

C the increase in the number of electrons in each atom from phosphorus to argon 

D the number of atoms in each molecule of the element from phosphorus to argon 
 
 
13 Which observations are made when a sample of silicon chloride, SiCl 4, is added to a beaker of 

water? 

A No visible change is observed. 

B Steamy fumes and a precipitate are both observed. 

C The appearance of a precipitate is the only observation. 

D The appearance of steamy fumes is the only observation. 
 
 

45. Question | 9701 Oct-Nov 2018 P1 V2 Q34

13 

© UCLES 2018 9701/12/O/N/18 [Turn over 

33 Aqueous iron(II) sulfate can take part in redox reactions. 
 

6FeSO4  +  7H2SO4  +  Na2Cr2O7  →  3Fe2(SO4)3  +  Cr2(SO4)3  +  Na2SO4  +  7H2O 
 

Which redox changes occur during this reaction? 

1 Fe(II) is oxidised to Fe(III). 

2 Cr(VI) is reduced to Cr(III). 

3 Oxygen is reduced to water. 
 
 
34 The equation represents an equilibrium. 
 
 4NH3(g)  +  5O2(g)    4NO(g)  +  6H2O(g) ∆H = –900 kJ mol–1 
 

What would increase the concentration of NO at equilibrium? 

1 a reduction in the reaction temperature 

2 the use of a suitable catalyst 

3 an increase in the total pressure 
 
 
35 A sample containing x mol of Al 2Cl 6 is dissolved in water to give solution W. 
 

In order to precipitate all of the aluminium as its hydroxide, y mol of sodium hydroxide are 
required. 

 
More of the alkali is added to re-dissolve the precipitate, giving solution Z. 

 
Which statements are correct? 

1 the initial pH of solution W is below 7 

2 y = 3x 

3 Z contains x mol of aluminium 
 
 
36 Which statements concerning calcium hydroxide are correct? 

1 It is less soluble in water than strontium hydroxide. 

2 When it is added to water an alkaline solution is formed. 

3 It is used in agriculture to lower soil pH. 
 
 
37 Which bromopropenes would react with cold bromine in the dark to form a product containing a 

chiral carbon atom? 

1 CHBr=CHCH3 

2 CH2=CHCH2Br 

3 CH2=CBrCH3 
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7 Nitric acid is known to take part in the oxidation of atmospheric sulfur dioxide. One possible 
reaction is shown. 

 
SO2  +  HNO3  →  NO+  +  HSO4

– 
 

Which row shows the correct changes in oxidation numbers of nitrogen and sulfur? 
 

 nitrogen sulfur 

A –3 +3 

B –2 +2 

C –2 +3 

D –1 +2 
 
 
8 A transition metal ion, M2+, reacts with acidified dichromate(VI) ions to form M4+ ions, Cr3+ ions, 

and H2O. 
 

Which equation correctly represents this reaction? 

A Cr2O7
2–  +  14H+  +  M2+  →  2Cr3+  +  7H2O  +  M4+ 

B Cr2O7
2–  +  14H+  +  2M2+  →  2Cr3+  +  7H2O  +  2M4+ 

C Cr2O7
2–  +  14H+  +  3M2+  →  2Cr3+  +  7H2O  +  3M4+ 

D Cr2O7
2–  +  14H+  +  6M2+  →  2Cr3+  +  7H2O  +  6M4+ 

 
 
9 In this question you should assume that all gases behave ideally. 
 

Hydrogen and iodine react reversibly in the following reaction. The system reaches dynamic 
equilibrium. 

 
 H2(g)  +  I2(g)    2HI(g) ∆H = –9.5 kJ mol–1 
 

Which statement must be true for the Kp of this equilibrium to be constant? 

A The partial pressures of H2, I2 and HI are equal. 

B The external pressure is constant. 

C The forward and reverse reactions have stopped. 

D The temperature is constant. 
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10 0.200 mol of sulfur dioxide and 0.200 mol of oxygen are placed in a 1.00 dm3 sealed container. 
The gases are allowed to react until equilibrium is reached. 

 
2SO2  +  O2    2SO3 

 
At equilibrium there is 0.100 mol of SO3 in the container. 

 
What is the value of Kc? 

A 0.150 mol dm–3 

B 0.800 mol dm–3 

C 1.25 mol–1
 dm3 

D 6.67 mol–1
 dm3 

 
 
11 Two reactions are shown. 
 

reaction 1 N2(g)  +  3H2(g)    2NH3(g) 

reaction 2 2O3(g)    3O2(g) 
 

In reaction 1, a finely powdered iron catalyst is used. 
 

In reaction 2, a vaporised tetrachloromethane catalyst in ultraviolet light is used. 
 

Which statement about the catalysts used is correct? 

A Both reaction 1 and reaction 2 use a heterogeneous catalyst. 

B Both reaction 1 and reaction 2 use a homogeneous catalyst. 

C Reaction 1 uses a heterogeneous catalyst and reaction 2 uses a homogeneous catalyst. 

D Reaction 1 uses a homogeneous catalyst and reaction 2 uses a heterogeneous catalyst. 
 
 
12 Sodium and sulfur are burned separately in oxygen. 
 

Each reaction has a distinctive coloured flame. 
 

Which row is correct? 
 

 Na  +  O2 S  +  O2 

A white blue 

B white yellow 

C yellow blue 

D yellow yellow 
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9 The equation for a chemical reaction is shown. All substances are in their standard states. 
 

XeF6  +  3H2O  →  XeO3  +  6HF 
 

Which statement describes the standard enthalpy change of reaction for this reaction? 

A the enthalpy change when a total of one mole of products is produced 

B the enthalpy change when a total of one mole of reactants is reacted 

C the enthalpy change when one mole of water reacts 

D the enthalpy change when six moles of hydrogen fluoride are produced 
 
 
10 Acidified potassium manganate(VII) reacts with iron(II) ethanedioate, FeC2O4. 
 

The reactions taking place are shown. 
 

MnO4
–  +  8H+  +  5e–  →  Mn2+  +  4H2O 

Fe2+  →  Fe3+  +  e– 

C2O4
2–  →  2CO2  +  2e– 

 
How many moles of iron(II) ethanedioate react with one mole of potassium manganate(VII)? 

A 0.60 B 1.67 C 2.50 D 5.00 
 
 
11 When copper is added to a solution of silver ions, the following equilibrium is established. 
 
 Cu(s)  +  2Ag+(aq)    Cu2+(aq)  +  2Ag(s) Kc = 1.0 × 105 
 

What is the concentration of silver ions at equilibrium when [Cu2+] = 0.10 mol dm–3? 

A 5.0 × 10–7
 mol dm–3 

B 5.0 × 10–4
 mol dm–3 

C 1.0 × 10–3
 mol dm–3 

D 1.0 × 102
 mol dm–3 
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8 Two reactions and their enthalpy changes are shown. 
 
 2C(s)  +  2H2(g)  →  C2H4(g) ∆H 

o = +52.2 kJ mol–1 

 C2H2(g)  +  H2(g)  →  C2H4(g) ∆H 
o = –175.8 kJ mol–1 

 
These data can be used to calculate the enthalpy change for the reaction shown. 

 
 2C(s)  +  H2(g)  →  C2H2(g) ∆H 

o = X 
 

What is the value of X? 

A –228.0 kJ mol–1 

B –123.6 kJ mol–1 

C +123.6 kJ mol–1 

D +228.0 kJ mol–1 
 
 
9 Ethanedioic acid, HO2CCO2H, can be oxidised by KMnO4 in dilute sulfuric acid. The products of 

this reaction are carbon dioxide, water, potassium sulfate and manganese(II) sulfate. 
 

In this reaction each ethanedioic acid molecule loses two electrons as it is oxidised. A  
half-equation for this process is shown. 

 
HO2CCO2H  →  2CO2  +  2H+  +  2e– 

 
How many water molecules are produced when five ethanedioic acid molecules are oxidised by 
KMnO4 in dilute sulfuric acid? 

A 5 B 8 C 10 D 16 
 
 
10 Hydrogen iodide gas decomposes reversibly producing iodine vapour and hydrogen. 
 
 2HI(g)    I2(g)  +  H2(g) ∆H = +12 kJ mol–1 
 

The position of the equilibrium for this reaction may be altered by changing the external 
conditions. 

 
Which row correctly describes the change in position of equilibrium? 

 

 effect of increasing 
the pressure 

effect of increasing 
the temperature 

A moves to the right moves to the right 

B moves to the right moves to the left 

C no change moves to the right 

D no change moves to the left 
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11 The reaction between sulfur dioxide and oxygen is reversible. 
 
 2SO2(g)  +  O2(g)    2SO3(g) Kc = 280 mol–1

 dm3 at 1000 K 
 

In an equilibrium mixture at 1000 K the sulfur trioxide concentration is 6.00 mol dm–3. 
 

The sulfur dioxide concentration is twice the oxygen concentration. 
 

What is the sulfur dioxide concentration? 

A 0.175 mol dm–3 

B 0.254 mol dm–3 

C 0.318 mol dm–3 

D 0.636 mol dm–3 
 
 
12 1.15 g of a metallic element needs 300 cm3 of oxygen for complete reaction, under room 

conditions, to form an oxide which contains O2– ions. 
 

What could be the identity of this metallic element? 

A calcium 

B magnesium 

C potassium 

D sodium 
 
 
13 The relative melting points of four consecutive elements in the Periodic Table are shown in the 

graph. 
 

The elements all have proton numbers less than 20. 
 

Which element is in Group 16? 
 

melting
point / K

273

A

B C

D

proton number  
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9 X is either chlorine or an oxide of chlorine. 
 

X reacts with water, under suitable conditions, to form the two acids HCl and HCl O3 in the mole 
ratio of 1 (HCl ) : 5 (HCl O3). 

 
What could be X? 

A Cl 2 B Cl 2O C Cl O2 D Cl 2O7 
 
 
10 Ethyl ethanoate undergoes the following reaction. 
 
 CH3CO2C2H5  +  H2O    C2H5OH  +  CH3CO2H Kc = 0.27 
 

Equal amounts of ethanoic acid and ethanol were mixed together and allowed to reach 
equilibrium. 

 
At equilibrium, the concentrations of both ethanoic acid and ethanol were 0.42 mol dm–3. 

 
What is the concentration of ethyl ethanoate at equilibrium? 

A 0.22 mol dm–3 

B 0.65 mol dm–3 

C 0.81 mol dm–3 

D 1.54 mol dm–3 
 
 
11 Which row is an example of heterogeneous catalysis? 
 

 reaction catalyst 

A esterification sulfuric acid 

B the Contact process divanadium pentoxide 

C destruction of the ozone layer chlorine radicals 

D atmospheric formation of sulfur trioxide nitrogen dioxide 
 
 
12 Element Q readily oxidises in air. The oxide produced reacts with water to form a solution of very 

low pH. 
 

Where could element Q be found in the Periodic Table? 
 

 period group 

A 2 1 

B 2 14 

C 3 14 

D 3 15 
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34 The manufacture of ammonia from nitrogen and hydrogen is an important industrial process. 
 

Which of the following would leave the equilibrium constant, Kp, for the formation of ammonia 
unchanged? 

1 addition of an iron catalyst 

2 addition of ammonia 

3 an increase in pressure 
 
 
35 Which reactions involving calcium and its compounds produce two gaseous products? 

1 heating solid anhydrous calcium nitrate 

2 heating solid anhydrous calcium carbonate 

3 adding calcium metal to water 
 
 
36 A small quantity of hot, concentrated sulfuric acid is added separately to solid samples of 

potassium halides, KX. 
 

Which potassium halides react and produce a mixture of products that include a halogen, X2? 

1 potassium iodide 

2 potassium bromide 

3 potassium chloride 
 
 
37 The diagram shows a compound used as a flame retardant. 
 

Br

Br

Br

Br

Br

Br  
 

Which statements about this structure are correct? 

1 The empirical formula is C2H3Br. 

2 The C12 ring is not planar. 

3 There are six chiral carbon atoms. 
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9 What is the correct expression for Kc for the reaction shown? 
 

I2(aq)  +  2Fe2+(aq)    2I–(aq)  +  2Fe3+(aq) 
 

A 
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10 X and Y react together to form Z in a reversible reaction. 
 

The equilibrium yield of Z is lower at higher temperature. 
 

The equilibrium yield of Z is lower at lower pressure. 
 

Which equation could represent this reaction? 

A X(g)  +  Y(g)    Z(g) ∆H = –100 kJ mol–1 

B X(g)  +  Y(g)    Z(g) ∆H = +100 kJ mol–1 

C X(s)  +  Y(g)    2Z(g) ∆H = –100 kJ mol–1 

D X(s)  +  Y(g)    2Z(g) ∆H = +100 kJ mol–1 
 
 
11 The volume of carbon dioxide collected by reacting 0.100 mol of magnesium carbonate with 

50.0 cm3 of 1.00 mol dm–3 sulfuric acid is measured against time. The volume produced is plotted 
against time and the line labelled P on the graph is obtained. 

 

volume of
CO2 / cm3

time / s0
0

P

Q

 
 

The experiment is repeated using 0.100 mol of the same magnesium carbonate, and a different 
sample of acid. All other conditions remain the same. Plotting these results gives the line labelled 
Q. 

 
Which sample of acid could give the line labelled Q? 

A 100 cm3 of 0.500 mol dm–3 sulfuric acid 

B 100 cm3 of 1.00 mol dm–3 sulfuric acid 

C 200 cm3 of 0.500 mol dm–3 hydrochloric acid 

D 200 cm3 of 1.00 mol dm–3 hydrochloric acid 
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9 What is the correct expression for Kc for the reaction shown? 
 

I2(aq)  +  2Fe2+(aq)    2I–(aq)  +  2Fe3+(aq) 
 

A 
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10 X and Y react together to form Z in a reversible reaction. 
 

The equilibrium yield of Z is lower at higher temperature. 
 

The equilibrium yield of Z is lower at lower pressure. 
 

Which equation could represent this reaction? 

A X(g)  +  Y(g)    Z(g) ∆H = –100 kJ mol–1 

B X(g)  +  Y(g)    Z(g) ∆H = +100 kJ mol–1 

C X(s)  +  Y(g)    2Z(g) ∆H = –100 kJ mol–1 

D X(s)  +  Y(g)    2Z(g) ∆H = +100 kJ mol–1 
 
 
11 The volume of carbon dioxide collected by reacting 0.100 mol of magnesium carbonate with 

50.0 cm3 of 1.00 mol dm–3 sulfuric acid is measured against time. The volume produced is plotted 
against time and the line labelled P on the graph is obtained. 

 

volume of
CO2 / cm3

time / s0
0

P

Q

 
 

The experiment is repeated using 0.100 mol of the same magnesium carbonate, and a different 
sample of acid. All other conditions remain the same. Plotting these results gives the line labelled 
Q. 

 
Which sample of acid could give the line labelled Q? 

A 100 cm3 of 0.500 mol dm–3 sulfuric acid 

B 100 cm3 of 1.00 mol dm–3 sulfuric acid 

C 200 cm3 of 0.500 mol dm–3 hydrochloric acid 

D 200 cm3 of 1.00 mol dm–3 hydrochloric acid 
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10 Two compounds X and Y react to produce compound Z. The reaction is reversible. 
 

X  +  Y    Z 
 

When X and Y are mixed together in a closed system a dynamic equilibrium is gradually 
established. 

 
Which graph could represent the change in the rates of the forward and reverse reactions over 
time? 

 
A

time

rate

rate of
forward
reaction

key

rate of
reverse
reaction

B

time

rate

C

time

rate

D

time

rate

0 0

0 0  
 
 
11 The reaction between sulfur dioxide and oxygen is reversible. 
 
 2SO2(g)  +  O2(g)    2SO3(g) Kc = 280 mol–1

 dm3 at 1000 K 
 

In an equilibrium mixture at 1000 K the sulfur dioxide concentration is 0.200 mol dm–3 and the 
oxygen concentration is 0.100 mol dm–3. 

 
What is the sulfur trioxide concentration? 

A 1.058 mol dm–3 

B 1.120 mol dm–3 

C 2.366 mol dm–3 

D 5.600 mol dm–3 
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10 Two compounds X and Y react to produce compound Z. The reaction is reversible. 
 

X  +  Y    Z 
 

When X and Y are mixed together in a closed system a dynamic equilibrium is gradually 
established. 

 
Which graph could represent the change in the rates of the forward and reverse reactions over 
time? 
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11 The reaction between sulfur dioxide and oxygen is reversible. 
 
 2SO2(g)  +  O2(g)    2SO3(g) Kc = 280 mol–1

 dm3 at 1000 K 
 

In an equilibrium mixture at 1000 K the sulfur dioxide concentration is 0.200 mol dm–3 and the 
oxygen concentration is 0.100 mol dm–3. 

 
What is the sulfur trioxide concentration? 

A 1.058 mol dm–3 

B 1.120 mol dm–3 

C 2.366 mol dm–3 

D 5.600 mol dm–3 
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10 The decomposition of SO3(g) is a dynamic equilibrium. 
 

2SO3(g)    2SO2(g)  +  O2(g) 
 

What happens when the pressure of the system is increased? 

A The rate of reaction will decrease and the position of the equilibrium will move to the left. 

B The rate of reaction will decrease and the position of the equilibrium will move to the right. 

C The rate of reaction will increase and the position of the equilibrium will move to the left. 

D The rate of reaction will increase and the position of the equilibrium will move to the right. 
 
 
11 Hydrated aluminium ions undergo the following reaction. 
 

[Al (H2O)6]3+(aq)  +  H2O(l)    [Al (H2O)5OH]2+(aq)  +  H3O+(aq) 
 

Which statement about this reaction is correct? 

A H2O(l) and [Al (H2O)5OH]2+(aq) are a conjugate acid-base pair. 

B H2O(l) is acting as an acid as it is donating H+ ions. 

C If OH–(aq) is added, the equilibrium will move to the right. 

D Kc varies as the pH is varied. 
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10 The decomposition of SO3(g) is a dynamic equilibrium. 
 

2SO3(g)    2SO2(g)  +  O2(g) 
 

What happens when the pressure of the system is increased? 

A The rate of reaction will decrease and the position of the equilibrium will move to the left. 

B The rate of reaction will decrease and the position of the equilibrium will move to the right. 

C The rate of reaction will increase and the position of the equilibrium will move to the left. 

D The rate of reaction will increase and the position of the equilibrium will move to the right. 
 
 
11 Hydrated aluminium ions undergo the following reaction. 
 

[Al (H2O)6]3+(aq)  +  H2O(l)    [Al (H2O)5OH]2+(aq)  +  H3O+(aq) 
 

Which statement about this reaction is correct? 

A H2O(l) and [Al (H2O)5OH]2+(aq) are a conjugate acid-base pair. 

B H2O(l) is acting as an acid as it is donating H+ ions. 

C If OH–(aq) is added, the equilibrium will move to the right. 

D Kc varies as the pH is varied. 
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10 Two compounds X and Y react to produce compound Z. The reaction is reversible. 
 

X  +  Y    Z 
 

When X and Y are mixed together in a closed system a dynamic equilibrium is gradually 
established. 

 
Which graph could represent the change in the rates of the forward and reverse reactions over 
time? 
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11 The reaction between sulfur dioxide and oxygen is reversible. 
 
 2SO2(g)  +  O2(g)    2SO3(g) Kc = 280 mol–1

 dm3 at 1000 K 
 

In an equilibrium mixture at 1000 K the sulfur dioxide concentration is 0.200 mol dm–3 and the 
oxygen concentration is 0.100 mol dm–3. 

 
What is the sulfur trioxide concentration? 

A 1.058 mol dm–3 

B 1.120 mol dm–3 

C 2.366 mol dm–3 

D 5.600 mol dm–3 
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10 Two compounds X and Y react to produce compound Z. The reaction is reversible. 
 

X  +  Y    Z 
 

When X and Y are mixed together in a closed system a dynamic equilibrium is gradually 
established. 

 
Which graph could represent the change in the rates of the forward and reverse reactions over 
time? 
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11 The reaction between sulfur dioxide and oxygen is reversible. 
 
 2SO2(g)  +  O2(g)    2SO3(g) Kc = 280 mol–1

 dm3 at 1000 K 
 

In an equilibrium mixture at 1000 K the sulfur dioxide concentration is 0.200 mol dm–3 and the 
oxygen concentration is 0.100 mol dm–3. 

 
What is the sulfur trioxide concentration? 

A 1.058 mol dm–3 

B 1.120 mol dm–3 

C 2.366 mol dm–3 

D 5.600 mol dm–3 
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5 In the redox reaction shown, how do the oxidation states of vanadium and sulfur change? 
 

VO2
+  +  SO2  →  V3+  +  SO4

2– 
 

 
vanadium sulfur 

from to from to 

A +1 +3 0 –2 

B +1 +3 +4 +6 

C +5 +3 0 –2 

D +5 +3 +4 +6 
 
 
6 The equation for the reaction between silver chloride and aqueous ammonia is shown. 
 

AgCl (s)  +  2NH3(aq)    [Ag(NH3)2]+(aq)  +  Cl –(aq) 
 

What are the units of Kc for this reaction? 

A no units B mol–1
 dm3 C mol dm–3 D mol2 dm–6 

 
 
7 Sodium azide, NaN3, decomposes as shown. 
 

2NaN3  →  2Na  +  3N2 
 

Which volume of nitrogen, measured at room temperature and pressure, will be produced by the 
decomposition of 150 g of sodium azide? 

A 166 dm3 B 83 dm3 C 55 dm3 D 37 dm3 
 
 
8 A stable ion N5

+ has been produced by research chemists. 
 

Which structure is most likely to show the electron arrangement of this ion? 
 

A N N N NN

B N N N NN

C N N N NN

D N N N N

+

+

+

+
N
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9 1.8 g of water, heated to 227 °C in a sealed container, turns to steam with a pressure of 200 kPa. 
 

What is the approximate volume of the container? 

A 9 × 10–4
 m3 B 2 × 10–3

 m3 C 2 m3 D 8 × 107
 m3 

 
 
10 When the equation is correctly balanced, what is the value of c? 
 

aC2H4  +  bH2O  +  cH+  +  2MnO4
–  →  dC2H6O2  +  eMn2+ 

 
A 3 B 4 C 5 D 6 

 
 
11 The main stage in the Contact process is an equilibrium reaction. 
 

2SO2  +  O2    2SO3 
 

Which row describes the effect of the named condition on the equilibrium yield? 
 

 presence of catalyst high pressure high temperature 

A no effect on yield decreases yield increases yield 

B no effect on yield increases yield decreases yield 

C increases yield decreases yield increases yield 

D increases yield increases yield decreases yield 
 
 
12 X and Y are oxides of different Period 3 elements. 
 

If one mole of X is added to water, the solution formed is neutralised by exactly one mole of Y. 
 

What could be the identities of X and Y? 
 

 X Y 

A P4O10 Al 2O3 

B SO3 Al 2O3 

C P4O10 Na2O 

D SO3 Na2O 
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Section A 
 
For each question there are four possible answers A, B, C and D. Choose the one you consider to be 
correct. 
 
Use of the Data Booklet may be appropriate for some questions. 
 
 
1 Ethene can be oxidised to form epoxyethane, C2H4O. 
 
 C2H4(g)  +  2

1 O2(g)    C2H4O(g) ∆H 
o = –107 kJ mol–1 

 
Which set of conditions gives the greatest yield of epoxyethane at equilibrium? 

 

 pressure temperature 
/ °C 

A high 100 

B high 200 

C low 100 

D low 200 
 
 
2 Cobalt can form the positive ion Co(NH3)4Cl 2+. 
 

What is the oxidation number of cobalt in this ion? 

A +1 B +2 C +3 D +6 
 
 
3 When considering one molecule of ethene, which row describes both the hybridisation of the 

atomic orbitals in the carbon atoms and the overall bonding? 
 

 hybridisation bonding 

A sp2 4 σ bonds 1 π bond 

B sp2 5 σ bonds 1 π bond 

C sp3 4 σ bonds 1 π bond 

D sp3 5 σ bonds 1 π bond 
 
 
4 10 cm3 of ethane is burned in 45 cm3 of oxygen at a pressure of 101 kPa and a temperature of 

200 °C. Complete combustion takes place. 
 

What is the total volume of gas present when the reaction is complete, measured under the same 
conditions? 

A 30 cm3 B 50 cm3 C 55 cm3 D 60 cm3 
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5 Two reactions are shown. 
 

H2(g)  →  2H(g) 

CO(g)  +  2
1O2(g)  →  CO2(g) 

 
If molar amounts are used, how can the two energy changes associated with these reactions be 
described? 

A enthalpy of atomisation and enthalpy of combustion 

B enthalpy of atomisation and enthalpy of formation 

C bond energy and enthalpy of combustion 

D bond energy and enthalpy of formation 
 
 
6 The diagram shows the Boltzmann energy distribution curves for molecules of a sample of a gas 

at two different temperatures. 
 

Which letter on the axes represents the most probable energy for molecules of the same sample 
of gas at the lower temperature? 

 

A

B

C D  
 
 
7 What are the units of Kp for the reaction shown? 
 

H2O(g)  +  C(s)    H2(g)  +  CO(g) 
 

A Pa–1 B Pa C Pa2 D no units 
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Section A 
 
For each question there are four possible answers A, B, C and D. Choose the one you consider to be 
correct. 
 
Use of the Data Booklet may be appropriate for some questions. 
 
 
1 In which carbon allotrope are all electrons localised? 

A buckminsterfullerene 

B diamond 

C graphite 

D graphene 
 
 
2 A copper ore contains 3.00% of copper carbonate, CuCO3, by mass. 
 

Which mass of copper would be obtained from 1 tonne of the ore? 

A 1.91 kg B 3.71 kg C 15.4 kg D 58.4 kg 
 
 
3 The catalysed formation of ammonia by the Haber process can be represented by the equation 

shown. 
 
 N2(g)  +  3H2(g)    2NH3(g) ∆H = –92 kJ mol–1 
 

Which change in conditions will increase both the rate of formation and the equilibrium yield of 
ammonia? 

A decrease in the temperature 

B increase in the temperature 

C increase in the pressure 

D increase in the surface area of the catalyst 
 
 
4 Solid sulfur consists of S8 molecules. 
 

Which equation represents the standard enthalpy of atomisation of sulfur? 

A 8
1S8(s)  →  S(g) 

B 8
1S8(g)  →  S(g) 

C S8(s)  →  8S(g) 

D S8(g)  →  8S(g) 
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10 In which reaction does an element undergo the largest change in oxidation number? 

A Cl 2  +  2OH–  →  OCl –  +  Cl –  +  H2O 

B 3Cl 2  +  6OH–  →  Cl O3
–  +  5Cl –  +  3H2O 

C Cr2O7
2–  +  6Fe2+  +  14H+  →  2Cr3+  +  6Fe3+  +  7H2O 

D 3MnO4
2–  +  4H+  →  MnO2  +  2MnO4

–  +  2H2O 
 
 
11 PCl 5 decomposes as shown. 
 

PCl 5(g)    PCl 3(g)  +  Cl 2(g) 
 

1.0 mol of PCl 5(g), 1.0 mol of PCl 3(g) and 1.0 mol of Cl 2(g) are placed in a container of volume 
1 dm3 at 250 °C and allowed to reach equilibrium. 

 
At this temperature, the equilibrium mixture contains 1.8 moles of PCl 3. 

 
What is the value of Kc at 250 °C? 

A 1 B 1.8 C 9 D 16.2 
 
 
12 The fifth to eighth ionisation energies of four elements in Period 3 of the Periodic Table are 

shown. 
 

Which row refers to chlorine? 
 

 
ionisation energies / kJ mol–1 

fifth sixth seventh eighth 

A 6280 21 200 25 900 30 500 

B 6990 8 490 27 100 31 700 

C 6540 9 330 11 000 33 600 

D 7240 8 790 12 000 13 800 
 
 
13 Magnesium nitrate, Mg(NO3)2, decomposes when heated to give a white solid and a mixture of 

gases. One of the gases released is an oxide of nitrogen, X. 
 

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

What mass of X is produced? 

A 1.5 g B 2.3 g C 3.0 g D 4.6 g 
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14 Which statement explains why iodine is less volatile than chlorine? 

A Chlorine is more electronegative than iodine and so has more repulsion between its 
molecules. 

B The greater number of electrons in iodine leads to larger temporary dipole-induced dipole 
forces. 

C The I–I bond energy is smaller than the Cl –Cl bond energy. 

D The iodine molecules have stronger permanent dipole-permanent dipole forces. 
 
 
15 Ammonium carbonate is a crystalline solid. On gentle warming a reaction occurs, forming 

ammonia as one product. 
 

How are the carbonate ions behaving during this reaction? 

A Brønsted-Lowry acid 

B Brønsted-Lowry base 

C oxidising agent 

D reducing agent 
 
 
16 One molecule of an oxide of element Z reacts with six molecules of water to produce an acidic 

compound. 
 

What is element Z? 

A aluminium 

B phosphorus 

C silicon 

D sulfur 
 
 
17 Which property shows an increase from magnesium to barium? 

A the first ionisation energy of the elements 

B the oxidising power of the metals 

C the solubility of the hydroxides  

D the solubility of the sulfates 
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5 Nitrogen reacts with oxygen to form nitrogen monoxide, NO, and nitrogen dioxide, NO2. Nitrogen 
dioxide reacts with water and with hydroxide ions. 

 
N2(g)  +  O2(g)  →  2NO(g) 

2NO(g)  +  O2(g)  →  2NO2(g) 

2NO2(g)  +  H2O(l)  →  HNO2(aq)  +  H+(aq)  +  NO3
–(aq) 

2NO2(g)  +  2OH–(aq)  →  NO2
–(aq)  +  NO3

–(aq)  +  H2O(l) 
 

What can be deduced using only the information from these equations? 

A HNO2 is a strong acid. 

B HNO3 is a weak acid. 

C NO2 is a neutral gas. 

D NO is a reducing agent. 
 
 
6 Which solution has the lowest pH value? 

A 0.01 mol dm–3 butanoic acid 

B 0.01 mol dm–3 ethanoic acid 

C 0.01 mol dm–3 hydrochloric acid 

D 0.01 mol dm–3 sulfuric acid 
 
 
7 The element sulfur produces a mass spectrum with the following peaks. 
 

m / e value 
of peak 

relative 
abundance 

32 95.02 

33 0.76 

34 4.20 

36 0.02 
 

Which relative atomic mass of sulfur can be calculated from these data, given to four significant 
figures? 

A 32.07 B 32.08 C 32.09 D 32.10 
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8 What is the electronic configuration of an isolated Ni2+ ion? 

A 1s22s22p63s23p63d64s2 

B 1s22s22p63s23p63d74s1 

C 1s22s22p63s23p63d104s2 

D 1s22s22p63s23p63d8 
 
 
9 At 200 °C aluminium chloride is a gas with Mr = 267. 
 

What is the number of covalent bonds, dative covalent bonds and Ione pairs of electrons in one 
molecule of aluminium chloride at 200 °C? 

 

 covalent 
bonds 

dative 
covalent bonds Ione pairs 

A 6 2 0 

B 6 2 16 

C 6 2 18 

D 3 0 9 
 
 
10 When solid KCl O3 is heated in the absence of air, a mixture of two chlorine compounds in the 

mole ratio of 3 : 1 is formed. Chlorine is the only element whose oxidation number changes in this 
reaction. 

 
What could be the oxidation numbers of chlorine in the two compounds that are formed? 

A +3 and –1 B +6 and +4 C +7 and –1 D +7 and +1 
 
 
11 Two reactions are shown. 
 

reaction 1 X2(g)  +  Y2(g)    2XY(g) 

reaction 2 XY(g)    2
1 X2(g)  +  2

1 Y2(g) 
 

The equilibrium constant, Kp, for reaction 1 is 0.0052. 
 

What is Kp for reaction 2? 

A 2.6 × 10–3 B 13.9 C 192.3 D 384.6 
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9 The first stage in the chloride process for the manufacture of titanium consists of the following 
reaction. 

 
2TiO2  +  4Cl 2  +  3C    2TiCl 4  +  2CO  +  CO2 

 
What is reduced in this reaction? 

A carbon 

B chlorine 

C oxygen 

D titanium 
 
 
10 In aqueous solution, sulfuric acid dissociates as shown. 
 

H2SO4    HSO4
–  +  H+ This reaction goes to completion. 

HSO4
–    SO4

2–  +  H+ This reaction reaches equilibrium with constant Kc. 
 

Analysis of a 2.00 mol dm–3 solution of H2SO4 found the HSO4
– concentration to be  

1.988 mol dm–3. 
 

What is Kc? 

A 1.381  105
 dm3

 mol–1 

B 82.34 dm3
 mol–1 

C 1.214  10–2
 mol dm–3 

D 7.244  10–5
 mol dm–3 

 
 
11 An autocatalytic reaction is a reaction in which one of the products catalyses the reaction. 
 

Which curve would be obtained if the rate of an autocatalytic reaction is plotted against time? 
 

rate

time
0

0

A

rate

time
0

0

B

rate

time
0

0

C

rate

time
0

0

D
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Section B 
 
For each of the questions in this section, one or more of the three numbered statements 1 to 3 may 
be correct. 
 
Decide whether each of the statements is or is not correct (you may find it helpful to put a tick against 
the statements that you consider to be correct). 
 
The responses A to D should be selected on the basis of 
 

A B C D 

1, 2 and 3 
are 

correct 

1 and 2 
only are 
correct 

2 and 3 
only are 
correct 

1 only 
is 

correct 

 
No other combination of statements is used as a correct response. 
 
Use of the Data Booklet may be appropriate for some questions. 
 
 
31 Nitrogen forms a number of oxides. Their enthalpies of formation are given. 
 

       [NO(g)] = +90 kJ mol–1 

       [N2O(g)] = +82 kJ mol–1 

       [NO2(g)] = +33 kJ mol–1 
 

Which statements are correct? 

1 If N2O(g) is oxidised by O2(g) to NO2(g), 16 kJ is released per mole of N2O. 

2 The decomposition of N2O(g) to N2(g) and O2(g) is exothermic. 

3 The reaction between NO and oxygen is exothermic. 
 
 
32 Which statements are correct? 

1 enthalpy of combustion of H2  =  enthalpy of formation of H2O 

2 enthalpy of formation of H2  =  –(enthalpy of atomisation of H2) 

3 enthalpy of solution of HCl  =  enthalpy of hydration of H+  +  enthalpy of hydration of Cl 
– 

 
 
33 The units of Kc for an equilibrium reaction are mol–1

 dm3. 
 

What could be the equation for the equilibrium? 

1 A(aq)  +  B(aq)    C(s)  +  D(aq) 

2 P(aq)  +  Q(aq)    R(aq) 

3 W(aq)  +  2X(aq)    Y(aq)  +  Z(aq) 
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7 A weather balloon is filled with 12.0 kg helium. The weather balloon reaches a height of 20 km, 
the pressure inside the balloon is 6000 Pa and the temperature is 216 K. 

 
What is the volume of the weather balloon at this height, correct to three significant figures? 

A 897 dm3 B 1790 dm3 C 897 000 dm3 D 1 790 000 dm3 
 
 
8 Which pair of enthalpy changes will always share the same sign (i.e. both are always exothermic 

or both are always endothermic)? 

A enthalpy change of atomisation and enthalpy change of neutralisation 

B enthalpy change of atomisation and enthalpy change of solution 

C enthalpy change of combustion and enthalpy change of hydration 

D enthalpy change of solution and enthalpy change of hydration 
 
 
9 Chlorine dioxide, Cl O2, reacts with sodium hydroxide in the reaction shown. 
 

2Cl O2  +  2OH–  →  Cl O2
–  +  Cl O3

–  +  H2O 
 

Which statement correctly describes this redox reaction? 

A Chlorine atoms are oxidised and oxygen atoms are reduced. 

B Chlorine atoms are reduced and oxygen atoms are oxidised. 

C Some chlorine atoms are oxidised and some chlorine atoms are reduced. 

D Some oxygen atoms are oxidised and some oxygen atoms are reduced. 
 
 
10 Sulfur dioxide and oxygen react to form sulfur trioxide. The reaction is reversible. 
 
 2SO2(g)  +  O2(g)    2SO3(g) Kp = 2.96 × 10–9

 Pa–1 at 700 °C 
 

The reaction is allowed to reach equilibrium at 700 °C. The partial pressure of O2(g) is 375 kPa 
and the partial pressure of SO3(g) is 20.3 kPa. 

 
What is the partial pressure of SO2(g)? 

A 19.3 kPa B 609 kPa C 18 300 kPa D 609 000 kPa 
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14 AgNO3(aq) is added to a solution of a halide ion, X–(aq), and aqueous ammonia is then added. 
 

The ionic equations for the two reactions that occur are shown. 
 
 Ag+(aq)  +  X–(aq)    AgX(s) equilibrium 1 

 Ag+(aq)  +  2NH3(aq)    Ag(NH3)2
+(aq) equilibrium 2 

 
Which statement is correct? 

A The position of equilibrium 1 lies to the left when X– = I–. 

B Increasing the concentration of ammonia causes the position of equilibrium 1 to move to the 
left. 

C Kc for equilibrium 2 is larger when X– = Cl 
– than when X– = I–. 

D Equilibrium 2 is a redox reaction. 
 
 
15 Water and ammonia take part in a reaction that produces the ammonium ion. 
 

Which statement about this reaction is correct? 

A The ammonia molecule and the ammonium ion do not have dipole moments. 

B The bond angle changes from 109.5° in the ammonia molecule to 107° in the ammonium ion. 

C The reaction is a redox reaction. 

D The water is acting as an acid. 
 
 
16 Due to their similar ionic radii, the reactions of lithium and magnesium and their corresponding 

compounds are very similar. 
 

Which statement about the reactions of lithium or its compounds can be predicted from this 
statement? 

A Lithium burns very slowly in oxygen. 

B Lithium carbonate decomposes on heating in a blue Bunsen burner flame, forming lithium 
oxide and carbon dioxide. 

C Lithium nitrate decomposes on heating, forming lithium nitrite, LiNO2, and oxygen. 

D Lithium reacts very violently with cold water, producing hydrogen. 
 
 
17 Which statement about Group 17 elements and their compounds is correct? 

A Chlorine reacts with cold concentrated sodium hydroxide to form NaCl and NaCl O3. 

B HCl is more thermally stable than HBr because chlorine is less electronegative than bromine. 

C Iodide ions are oxidised to iodine by concentrated sulfuric acid. 

D Silver iodide is soluble in dilute aqueous ammonia. 
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The responses A to D should be selected on the basis of 
 

A B C D 

1, 2 and 3 
are 

correct 

1 and 2 
only are 
correct 

2 and 3 
only are 
correct 

1 only 
is 

correct 

 
No other combination of statements is used as a correct response. 
 
 
33 The diagram illustrates the enthalpy changes of a set of reactions. 
 

R
∆H = –134 kJ mol–1

∆H = –75 kJ mol–1

∆H = +92 kJ mol–1

S

T U  
 

Which statements are correct? 

1 The enthalpy change for the transformation U → R is + 42 kJ mol–1. 

2 The enthalpy change for the transformation T → S is endothermic. 

3 The enthalpy change for the transformation R → T is – 33 kJ mol–1. 
 
 
34 Which statements about a reaction that has reached dynamic equilibrium are correct? 

1 The rate of the forward reaction equals the rate of the reverse reaction. 

2 There is no overall change in the concentrations of reactants and products. 

3 There is no change in the measurable properties of the system. 
 
 
35 Group 2 elements and their compounds show trends in their physical and chemical properties. 

Barium is above radium in Group 2 of the Periodic Table. 
 

Which statements are likely to be correct? 

1 Barium hydroxide is less soluble than radium hydroxide. 

2 Barium reacts less vigorously with water than radium does. 

3 Barium sulfate is more soluble than radium sulfate. 
 
 

75. Question | 9701 Oct-Nov 2020 P1 V3 Q10

4 

© UCLES 2020 9701/13/O/N/20  

9 The first stage in the chloride process for the manufacture of titanium consists of the following 
reaction. 

 
2TiO2  +  4Cl 2  +  3C    2TiCl 4  +  2CO  +  CO2 

 
What is reduced in this reaction? 

A carbon 

B chlorine 

C oxygen 

D titanium 
 
 
10 In aqueous solution, sulfuric acid dissociates as shown. 
 

H2SO4    HSO4
–  +  H+ This reaction goes to completion. 

HSO4
–    SO4

2–  +  H+ This reaction reaches equilibrium with constant Kc. 
 

Analysis of a 2.00 mol dm–3 solution of H2SO4 found the HSO4
– concentration to be  

1.988 mol dm–3. 
 

What is Kc? 

A 1.381  105
 dm3

 mol–1 

B 82.34 dm3
 mol–1 

C 1.214  10–2
 mol dm–3 

D 7.244  10–5
 mol dm–3 

 
 
11 An autocatalytic reaction is a reaction in which one of the products catalyses the reaction. 
 

Which curve would be obtained if the rate of an autocatalytic reaction is plotted against time? 
 

rate

time
0

0

A

rate

time
0

0

B

rate

time
0

0

C

rate

time
0

0

D
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Section B 
 
For each of the questions in this section, one or more of the three numbered statements 1 to 3 may 
be correct. 
 
Decide whether each of the statements is or is not correct (you may find it helpful to put a tick against 
the statements that you consider to be correct). 
 
The responses A to D should be selected on the basis of 
 

A B C D 

1, 2 and 3 
are 

correct 

1 and 2 
only are 
correct 

2 and 3 
only are 
correct 

1 only 
is 

correct 

 
No other combination of statements is used as a correct response. 
 
Use of the Data Booklet may be appropriate for some questions. 
 
 
31 Nitrogen forms a number of oxides. Their enthalpies of formation are given. 
 

       [NO(g)] = +90 kJ mol–1 

       [N2O(g)] = +82 kJ mol–1 

       [NO2(g)] = +33 kJ mol–1 
 

Which statements are correct? 

1 If N2O(g) is oxidised by O2(g) to NO2(g), 16 kJ is released per mole of N2O. 

2 The decomposition of N2O(g) to N2(g) and O2(g) is exothermic. 

3 The reaction between NO and oxygen is exothermic. 
 
 
32 Which statements are correct? 

1 enthalpy of combustion of H2  =  enthalpy of formation of H2O 

2 enthalpy of formation of H2  =  –(enthalpy of atomisation of H2) 

3 enthalpy of solution of HCl  =  enthalpy of hydration of H+  +  enthalpy of hydration of Cl 
– 

 
 
33 The units of Kc for an equilibrium reaction are mol–1

 dm3. 
 

What could be the equation for the equilibrium? 

1 A(aq)  +  B(aq)    C(s)  +  D(aq) 

2 P(aq)  +  Q(aq)    R(aq) 

3 W(aq)  +  2X(aq)    Y(aq)  +  Z(aq) 
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8 VO2Cl reacts with NaI under acidic conditions. 
 

2VO2Cl  +  2H2SO4  +  2NaI    VOCl 2  +  VOSO4  +  I2  +  Na2SO4  +  2H2O 
 

The oxidation state of Cl is –1 in VO2Cl and in VOCl 2. 
 

Which row about this reaction is correct? 
 

 vanadium iodine 

A is oxidised is oxidised 

B is oxidised is reduced 

C is reduced is oxidised 

D is reduced is reduced 
 
 
9 In which reaction is water behaving as a Brønsted–Lowry base? 

A H2O  +  Na    NaOH  +  1
2 2H  

B H2O  +  H3PO4    H3O+  +  H2PO4
– 

C H2O  +  CaO    Ca(OH)2 

D NH3  +  [Cu(H2O)6]2+    NH4
+  +  [Cu(H2O)5(OH)]+ 

 
 
10 A large excess of marble chips is reacted with 25 cm3 of 1.0 mol dm–3 hydrochloric acid at 40 C. 
 

How is the result different when the reaction is repeated with 60 cm3 of 0.5 mol dm–3 hydrochloric 
acid at 40 C? 

A The reaction is faster and more of the products are made when the reaction is complete. 

B The reaction is faster and less of the products are made when the reaction is complete. 

C The reaction is slower and more of the products are made when the reaction is complete. 

D The reaction is slower and less of the products are made when the reaction is complete. 
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Section B 
 
For each of the questions in this section, one or more of the three numbered statements 1 to 3 may 
be correct. 
 
Decide whether each of the statements is or is not correct (you may find it helpful to put a tick against 
the statements that you consider to be correct). 
 
The responses A to D should be selected on the basis of 
 

A B C D 

1, 2 and 3 
are 

correct 

1 and 2 
only are 
correct 

2 and 3 
only are 
correct 

1 only 
is 

correct 

 
No other combination of statements is used as a correct response. 
 
Use of the Data Booklet may be appropriate for some questions. 
 
 
31 A sample of 17.15 mol HI(g) is in dynamic equilibrium with 2.27 mol H2(g) and 2.84 mol I2(g) in a 

volume of 1 m3 at 764 K and 141 kPa. 
 

H2(g)  +  I2(g)    2HI(g) 
 

Two equilibrium constants, Kc and Kp, can be calculated for this mixture. 
 

Which statements about the equilibrium constants for this mixture are correct? 

1 neither Kc nor Kp has any units 

2 Kc = 45.6 

3 Kc > Kp 
 
 
32 An energy cycle for the combustion of methane is shown. 
 

∆H o CH4(g)c

∆H o CH4(g)f ∆H oz

CO2(g)  +  2H2O(l)CH4(g)  +  2O2(g)

C(s)  +  2H2(g)  +  2O2(g)  
 

Which expressions can be used to calculate the energy change,        ? 

∆H o CH4(g)  +  ∆H o CH4(g)f c1

∆H o C(s)  +  2∆H o H2(g)c c2

∆H o CO(g)  +  2∆H o H2(g)c c3  
 

∆H oz
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10 The diagram represents the Haber process for the manufacture of ammonia from nitrogen and 
hydrogen. 

 
heat exchanger

condenser

catalytic
converter

N2 + H2

NH3  
 

What is the purpose of the heat exchanger? 

A to cool the incoming gas mixture to avoid overheating the catalyst 

B to cool the reaction products and separate the NH3 from unused N2 and H2 

C to warm the incoming gas mixture and shift the equilibrium to give more NH3 

D to warm the incoming gas mixture and speed up the reaction 
 
 
11 Which statement about catalysts is correct? 

A They change the reaction pathway by increasing the activation energy. 

B They increase the rate of reaction by lowering the enthalpy change of the reaction. 

C They increase the number of particles that have sufficient energy to react. 

D Heterogeneous catalysts are in the same state as the reactant. 
 
 
12 Element X is in Period 3. Element X forms a solid oxide Y. 
 

Y reacts with hot concentrated hydrochloric acid. Y reacts with hot aqueous sodium hydroxide to 
form a compound in which X is part of an anion. 

 
How many p electrons does one atom of X have in its outer shell? 

A 0 B 1 C 2 D 3 
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Section B 
 
For each of the questions in this section, one or more of the three numbered statements 1 to 3 may 
be correct. 
 
Decide whether each of the statements is or is not correct (you may find it helpful to put a tick against 
the statements that you consider to be correct). 
 
The responses A to D should be selected on the basis of 
 

A B C D 

1, 2 and 3 
are 

correct 

1 and 2 
only are 
correct 

2 and 3 
only are 
correct 

1 only 
is 

correct 

 
No other combination of statements is used as a correct response. 
 
Use of the Data Booklet may be appropriate for some questions. 
 
 
31 Ethanol combines with ethanoic acid to form ethyl ethanoate according to the following reaction. 
 
 C2H5OH(I)  +  CH3CO2H(I)    CH3CO2C2H5(I)  +  H2O(I) ∆H 

o = –6 kJ mol–1 
 

9.2 g ethanol, 12 g ethanoic acid and 8.8 g ethyl ethanoate are mixed and allowed to stand at 
298 K, until equilibrium is reached. 
(Mr:  C2H5OH, 46;  CH3CO2H, 60;  CH3CO2C2H5, 88) 

 
The resulting equilibrium mixture is found to contain 4.8 g ethanoic acid. 

 
The experiment is repeated at 323 K. 

 
Which statements are correct? 

1 There are 0.22 moles of ethyl ethanoate in the mixture at equilibrium at 298 K. 

2 The equilibrium mixture at 323 K will contain more than 4.8 g of ethanoic acid. 

3 If a small amount of water is added at the start of either experiment the value of Kc would not 
be affected. 
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7 The reaction pathway diagram for the catalysed reaction and the uncatalysed reaction between 
N2 and H2 is shown. 

 
N2(g)  +  3H2(g)    2NH3(g) 

 
Which letter represents the activation energy for the first step in the decomposition of NH3 in the 
presence of a catalyst? 

 

A

B
C

D

energy

reaction pathway

N2(g) + 3H2(g)

2NH3(g)

 
 
 
8 Nitrogen and oxygen can react together to form nitrogen monoxide, NO. 
 
 N2  +  O2    2NO H = +180 kJ mol–1 
 

What is the bond energy of the bond between the atoms in NO? 

A 630 kJ mol–1 B 810 kJ mol–1 C 1260 kJ mol–1 D 1620 kJ mol–1 
 
 
9 The equation for a redox reaction is shown. 
 

SnCl 2(aq)  +  2HgCl 2(aq)    SnCl 4(aq)  +  Hg2Cl 2(s) 
 

Which species is being oxidised in this reaction? 

A Sn2+ B Cl – C Hg+ D Hg2+ 
 
 
10 3.60 moles of hydrogen gas and 2.00 moles of iodine vapour are placed in a reaction vessel 

which is then sealed and maintained at a constant temperature. 
 

The equation for the reaction is shown. 
 

H2  +  I2    2HI 
 

At equilibrium, 3.20 moles of hydrogen remain. All reactants and products are gaseous. 
 

What is the value of Kp under these conditions? 

A 0.0313 B 0.125 C 0.156 D 8.00 
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The responses A to D should be selected on the basis of 
 

A B C D 

1, 2 and 3 
are 

correct 

1 and 2 
only are 
correct 

2 and 3 
only are 
correct 

1 only 
is 

correct 

 
No other combination of statements is used as a correct response. 
 
 
33 When a sample of ammonium chloride is warmed it decomposes into ammonia and hydrogen 

chloride gas. 
 
 NH4Cl (s)    NH3(g)  +  HCl (g) reaction 1 
 

heat

cold surface

solid
ammonium chloride

solid ammonium
chloride (reformed)

 
 

When the mixture of hot ammonia and hydrogen chloride gases hit a cold surface, a white solid of 
ammonium chloride reforms. 

 
Which statements are correct? 

1 Reaction 1 is in dynamic equilibrium. 

2 Reaction 1 is reversible. 

3 Reaction 1 is an endothermic reaction. 
 
 
34 Hydrogen chloride gas is formed by the reaction shown. 
 

H2(g)  +  Cl 2(g)    2HCl (g) 
 

What will change the average kinetic energy of the reacting gas particles? 

1 increasing the temperature and increasing the concentration of hydrogen 

2 cooling the reaction mixture and adding a catalyst 

3 adding a catalyst and increasing the concentration of chlorine 
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8 Which enthalpy change is indicated by X in the enthalpy cycle shown? 
 

C(s)  +  2H2(g)  +  2O2(g)

CH4(g)  +  2O2(g)
CH4(g)

CH4(g)

CO2(g)  +  2H2O(l)

CO2(g)  +  X

 
 

A – 4  the enthalpy of combustion of hydrogen 

B + 4  the enthalpy of combustion of hydrogen 

C – 2  the enthalpy of formation of water 

D + 2  the enthalpy of formation of water 
 
 
9 Copper dissolves in dilute nitric acid producing a blue solution of Cu(NO3)2, water and  

nitrogen(II) oxide as the only products. 
 

How many moles of acid react with three moles of copper in the balanced equation? 

A 2 B 4 C 6 D 8 
 
 
10 Nitrogen reacts with hydrogen to produce ammonia. 
 

N2(g)  +  3H2(g)    2NH3(g) 
 

A mixture of 2.00 mol of nitrogen, 6.00 mol of hydrogen and 2.40 mol of ammonia is allowed to 
reach equilibrium in a sealed vessel of volume 1 dm3. It is found that 2.32 mol of nitrogen were 
present in the equilibrium mixture. 

 
Which expression will give the value of Kc? 

A 
3

2

)96.6)(32.2(
)76.1(  

B 
3

2

)32.6)(32.2(
)76.1(  

C 
3

2

)32.6)(32.2(
)08.2(  

D 
3

2

)00.6)(32.2(
)40.2(  
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11 Nitric acid is produced by oxidising ammonia. The first step is to react ammonia with oxygen in 
the presence of a catalyst to form nitrogen monoxide. 

 
 4NH3(g)  +  5O2(g)    4NO(g)  +  6H2O(g) H = –1636 kJ mol–1 
 

Which set of conditions will produce the greatest yield of nitrogen monoxide at equilibrium? 
 

 temperature pressure 

A high high 

B high low 

C low high 

D low low 
 
 
12 The height of the peak of the curve in a Boltzmann distribution represents the number of 

molecules that have the most probable energy. 
 

A sample of gas has its temperature decreased without changing the number of molecules 
present. 

 
Which statement correctly describes a feature of the Boltzmann distribution for the gas when the 
temperature decreases? 

A The value of the most probable energy would stay the same. 

B The number of molecules with the most probable energy would increase. 

C The area under the molecular energy distribution curve would decrease. 

D The number of molecules at the very high energy end of the distribution would stay the 
same. 

 
 
13 Ammonia exists as simple covalent molecules, NH3. Ammonia can react with suitable reagents to 

form products containing ammonium ions, NH4
+. Ammonia can also react with suitable reagents 

to form products containing amide ions, NH2
–. 

 
Which of these nitrogen-containing species are present in an aqueous solution of ammonia? 

A ammonia molecules and amide ions 

B ammonia molecules and ammonium ions 

C ammonia molecules only 

D ammonium ions only 
 
 



9701 Chemistry Paper 1 - Equilibria
Topical questions | 152 questions

85. Question | 9701 May-June 2021 P1 V3 Q13

5  
 

© UCLES 2021 9701/13/M/J/21 [Turn over 

11 Nitric acid is produced by oxidising ammonia. The first step is to react ammonia with oxygen in 
the presence of a catalyst to form nitrogen monoxide. 

 
 4NH3(g)  +  5O2(g)    4NO(g)  +  6H2O(g) H = –1636 kJ mol–1 
 

Which set of conditions will produce the greatest yield of nitrogen monoxide at equilibrium? 
 

 temperature pressure 

A high high 

B high low 

C low high 

D low low 
 
 
12 The height of the peak of the curve in a Boltzmann distribution represents the number of 

molecules that have the most probable energy. 
 

A sample of gas has its temperature decreased without changing the number of molecules 
present. 

 
Which statement correctly describes a feature of the Boltzmann distribution for the gas when the 
temperature decreases? 

A The value of the most probable energy would stay the same. 

B The number of molecules with the most probable energy would increase. 

C The area under the molecular energy distribution curve would decrease. 

D The number of molecules at the very high energy end of the distribution would stay the 
same. 

 
 
13 Ammonia exists as simple covalent molecules, NH3. Ammonia can react with suitable reagents to 

form products containing ammonium ions, NH4
+. Ammonia can also react with suitable reagents 

to form products containing amide ions, NH2
–. 

 
Which of these nitrogen-containing species are present in an aqueous solution of ammonia? 

A ammonia molecules and amide ions 

B ammonia molecules and ammonium ions 

C ammonia molecules only 

D ammonium ions only 
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10 The equation shows that H2(g) and I2(g) react to form an equilibrium mixture. 
 
 H2(g)  +  I2(g)    2HI(g) H 

o = –9.6 kJ mol–1 
 

A mixture containing equal amounts of H2(g) and I2(g) is made at temperature T1 and the 
composition of the mixture is monitored. A graph of the results is shown. 

 

time
0

0

0.5

0.23

mole fraction
of I2(g)

 
 

The experiment is repeated at a lower temperature, T2. 
 

Which new graph would be obtained? 
 

time

A

0
0

0.5

mole fraction
of I2(g)

time

B

0
0

0.5

mole fraction
of I2(g)

time

C

0
0

0.5

mole fraction
of I2(g)

time

D

0
0

0.5

mole fraction
of I2(g)

0.23 0.23

0.23 0.23
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Section B 
 
For each of the questions in this section, one or more of the three numbered statements 1 to 3 may 
be correct. 
 
Decide whether each of the statements is or is not correct (you may find it helpful to put a tick against 
the statements that you consider to be correct). 
 
The responses A to D should be selected on the basis of 
 

A B C D 

1, 2 and 3 
are 

correct 

1 and 2 
only are 
correct 

2 and 3 
only are 
correct 

1 only 
is 

correct 

 
No other combination of statements is used as a correct response. 
 
Use of the Data Booklet may be appropriate for some questions. 
 
 
31 Which changes can be used to measure the rates of chemical reactions? 

1 the decrease in concentration of a reactant per unit time 

2 the rate of appearance of a product 

3 the increase in total volume of gas per unit time at constant pressure 
 
 
32 Iron reacts with steam to produce hydrogen and an oxide of iron. 
 

3Fe(s)  +  4H2O(g)    Fe3O4(s)  +  4H2(g) 
 

A system containing all four substances is at equilibrium. 
 

Which changes will decrease the mass of Fe present at equilibrium? 

1 addition of steam at constant pressure 

2 increase in overall pressure 

3 addition of an effective catalyst 
 
 
33 Ethylene glycol, HOCH2CH2OH, is used as a de-icer. It allows ice to melt at temperatures  

below 0 C. 
 

Which statements are correct? 

1 Ethylene glycol disrupts the extensive network of hydrogen bonds in ice. 

2 Ethylene glycol molecules form hydrogen bonds with other ethylene glycol molecules. 

3 Ethylene glycol molecules will dissolve in the water formed from the ice. 
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16 Silver chloride and silver iodide form equilibria when added to water. 
 
 AgCl (s)    Ag+(aq)  +  Cl 

–(aq) Kc = K1 

 AgI(s)    Ag+(aq)  +  I–(aq) Kc = K2 
 

Each equilibrium position lies well to the left. 
 

Silver iodide will not dissolve in aqueous ammonia. Silver chloride will dissolve in aqueous 
ammonia. Another equilibrium is formed. 

 
 Ag+(aq)  +  2NH3(aq)    Ag(NH3)2

+(aq) Kc = K3 
 

The position of this equilibrium lies to the right. 
 

What is the order of magnitude for these three equilibrium constants? 
 

 smallest  largest 

A K3 K2 K1 

B K3 K1 K2 

C K2 K1 K3 

D K1 K2 K3 
 
 
17 X is the ion of a metal which burns with a red flame. 
 

Y is an ion that reacts with concentrated H2SO4 to produce H2S. 
 

What could be the formula of a compound containing X and Y? 

A BaBr2 B BaI2 C SrBr2 D SrI2 
 
 
18 Oxides of nitrogen are present in the environment due to natural and man-made sources. 
 

Which row is correct? 
 

 natural source of nitrogen oxides man-made source of nitrogen oxides 

A electrical discharges in the atmosphere internal combustion engines 

B electrical discharges in the atmosphere as a by-product of the Haber process 

C decomposition of dead plants in rivers internal combustion engines 

D decomposition of dead plants in rivers as a by-product of the Haber process 
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19 Magnesium hydroxide dissolves in aqueous ammonium chloride, but not in aqueous sodium 
chloride. 

 
Which statement explains this observation? 

A The ionic radius of the NH4
+ ion is similar to that of Mg2+ but not that of Na+. 

B NH4Cl dissociates less fully than NaCl. 

C The Na+ and Mg2+ ions have the same number of electrons. 

D The NH4
+ ion can donate a proton. 

 
 
20 The formula of hydrocortisone acetate is shown. 
 

CH3

O

O

HO

CH2OCOCH3

OHCH3

hydrocortisone acetate

 
 

Which row is correct? 
 

 number of C atoms 
in one molecule 

number of chiral atoms 
in one molecule 

A 22 7 

B 22 8 

C 23 7 

D 23 8 
 
 
21 Bromomethane, CH3Br, decomposes in the stratosphere forming methyl free radicals and 

bromine free radicals. 
 

Which row correctly describes this decomposition? 
 

 type of bond fission number of electrons in 
a bromine free radical 

A homolytic 35 

B heterolytic 35 

C homolytic 36 

D heterolytic 36 
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32 Four solutions, each of concentration 0.1 mol dm–3, were tested with a pH meter. The results are 
shown. 

 
solution formula of acid or base pH 

acid 1 CH3CO2H 4 

acid 2 HNO3 1 

base 1 CH3NH2 11 

base 2 NaOH 14 
 

Which statements explain these results? 

1 Acid 2 has a lower pH than acid 1 because it is more soluble. 

2 Base 2 has a higher concentration of hydroxide ions in solution than base 1. 

3 Acid 1 dissociates less than acid 2. 
 
 
33 Which reactions are redox reactions? 

1 Mg  +  2HCl    MgCl 2  +  H2 

2 2K2CrO4  +  2H+    K2Cr2O7  +  2K+  +  H2O 

3 CuCO3  +  2HCl    CuCl 2  +  H2O  +  CO2 
 
 
34 When the liquid N2F4 is heated, it decomposes into a single product, X. 
 

Which statements are correct? 

1 N–F bonds are broken during this decomposition. 

2 The enthalpy change when N2F4 decomposes into X is approximately +160 kJ mol–1. 

3 Molecules of X are non-linear. 
 
 
35 The following statements compare some properties of the oxides and chlorides of sodium and 

silicon. 
 

Which statements are correct? 

1 The melting point of SiCl 4 is higher than the melting point of SiO2. 

2 SiCl 4 reacts with water, NaCl does not. 

3 The melting point of SiCl 4 is lower than the melting point of NaCl. 
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10 The equation shows that H2(g) and I2(g) react to form an equilibrium mixture. 
 
 H2(g)  +  I2(g)    2HI(g) H 

o = –9.6 kJ mol–1 
 

A mixture containing equal amounts of H2(g) and I2(g) is made at temperature T1 and the 
composition of the mixture is monitored. A graph of the results is shown. 

 

time
0

0

0.5

0.23

mole fraction
of I2(g)

 
 

The experiment is repeated at a lower temperature, T2. 
 

Which new graph would be obtained? 
 

time

A

0
0

0.5

mole fraction
of I2(g)

time

B

0
0

0.5

mole fraction
of I2(g)

time

C

0
0

0.5

mole fraction
of I2(g)

time

D

0
0

0.5

mole fraction
of I2(g)

0.23 0.23

0.23 0.23
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Section B 
 
For each of the questions in this section, one or more of the three numbered statements 1 to 3 may 
be correct. 
 
Decide whether each of the statements is or is not correct (you may find it helpful to put a tick against 
the statements that you consider to be correct). 
 
The responses A to D should be selected on the basis of 
 

A B C D 

1, 2 and 3 
are 

correct 

1 and 2 
only are 
correct 

2 and 3 
only are 
correct 

1 only 
is 

correct 

 
No other combination of statements is used as a correct response. 
 
Use of the Data Booklet may be appropriate for some questions. 
 
 
31 Which changes can be used to measure the rates of chemical reactions? 

1 the decrease in concentration of a reactant per unit time 

2 the rate of appearance of a product 

3 the increase in total volume of gas per unit time at constant pressure 
 
 
32 Iron reacts with steam to produce hydrogen and an oxide of iron. 
 

3Fe(s)  +  4H2O(g)    Fe3O4(s)  +  4H2(g) 
 

A system containing all four substances is at equilibrium. 
 

Which changes will decrease the mass of Fe present at equilibrium? 

1 addition of steam at constant pressure 

2 increase in overall pressure 

3 addition of an effective catalyst 
 
 
33 Ethylene glycol, HOCH2CH2OH, is used as a de-icer. It allows ice to melt at temperatures  

below 0 C. 
 

Which statements are correct? 

1 Ethylene glycol disrupts the extensive network of hydrogen bonds in ice. 

2 Ethylene glycol molecules form hydrogen bonds with other ethylene glycol molecules. 

3 Ethylene glycol molecules will dissolve in the water formed from the ice. 
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11 Hydrogen peroxide, H2O2, decomposes to form water and oxygen. 
 

The reaction is catalysed by bromide ions. 
 

step 1 2Br 
–(aq)  +  H2O2(aq)  +  2H+(aq)    2H2O(l)  +  Br2(aq) 

step 2 H2O2(aq)  +  Br2(aq)    2Br 
–(aq)  +  2H+(aq)  +  O2(g) 

 
Which row is correct? 

 
 type of catalyst in step 1 

A heterogeneous bromide ions are oxidised 

B heterogeneous bromide ions are reduced 

C homogeneous bromide ions are oxidised 

D homogeneous bromide ions are reduced 
 
 
12 Hydrogen and iodine react to form hydrogen iodide in an exothermic reaction. The equation is 

shown. 
 

H2(g)  +  I2(g)    2HI(g) 
 

A 1 m3 reaction vessel contains H2, I2 and HI gases at equilibrium. The temperature is changed 
such that the total pressure in the 1 m3 vessel doubles. 

 
What is the effect on the value of Kp and on the position of equilibrium? 

 

 effect on the 
value of Kp 

effect on the 
position of equilibrium 

A decreases moves left 

B increases moves right 

C no change moves left 

D no change no change 
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13 Diethylzinc, (C2H5)2Zn, is added to NaOH(aq). Two reactions occur. 
 

reaction 1 (C2H5)2Zn  +  H2O    ZnO  +  2C2H6 

reaction 2 H2O  +  ZnO  +  2OH–    Zn(OH)4
2– 

 
In these reactions, which compounds act as Brønsted–Lowry acids? 

 
 reaction 1 reaction 2 

A (C2H5)2Zn H2O 

B H2O H2O 

C H2O ZnO 

D the reaction is not acid / base ZnO 
 
 
14 Which statement about atoms and molecules is correct? 

A The molecular formula of a compound is the simplest whole number ratio of atoms of each 
element in the compound. 

B One mole of any substance contains 6  1023 atoms. 

C The relative atomic mass of an element is the ratio of the average mass of one atom of the 
element to the mass of an atom of carbon-12. 

D The relative formula mass of a compound is the sum of the individual atomic masses of all 
the atoms in the formula. 
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13 Ethanoic acid is mixed with ethanol. 
 

The ethanol is contaminated with a small amount of methanol. 
 

The following equilibria are established. 
 
 CH3CO2H(l)  +  CH3CH2OH(l)    CH3CO2CH2CH3(l)  +  H2O(l) Kc = K1 

 CH3CO2H(l)  +  CH3OH(l)    CH3CO2CH3(l)  +  H2O(l) Kc = K2 
 

Which statement about the equilibrium mixture is correct? 

A Only ethyl ethanoate will be formed because there is much more ethanol present than 
methanol. 

B In this mixture 
]CHCO[CH

]CHCHCO[CH
323

3223  = 
2

1

K
K . 

C Adding water to the mixture will alter the mole ratio of the two esters. 

D Adding methyl ethanoate to the mixture will increase the number of moles of ethyl ethanoate. 
 
 
14 SO3 is manufactured from SO2 and O2 in the Contact process. 
 

The reaction is exothermic. 
 

Which row shows the effect on the equilibrium yield obtained in the Contact process of increasing 
the temperature and of adding a vanadium(V) oxide catalyst? 

 

 increasing the temperature adding vanadium(V) oxide 
as catalyst 

A equilibrium yield decreases equilibrium yield increases 

B equilibrium yield decreases equilibrium yield unchanged 

C equilibrium yield increases equilibrium yield unchanged 

D equilibrium yield increases equilibrium yield increases 
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13 Ethanoic acid is mixed with ethanol. 
 

The ethanol is contaminated with a small amount of methanol. 
 

The following equilibria are established. 
 
 CH3CO2H(l)  +  CH3CH2OH(l)    CH3CO2CH2CH3(l)  +  H2O(l) Kc = K1 

 CH3CO2H(l)  +  CH3OH(l)    CH3CO2CH3(l)  +  H2O(l) Kc = K2 
 

Which statement about the equilibrium mixture is correct? 

A Only ethyl ethanoate will be formed because there is much more ethanol present than 
methanol. 

B In this mixture 
]CHCO[CH

]CHCHCO[CH
323

3223  = 
2

1

K
K . 

C Adding water to the mixture will alter the mole ratio of the two esters. 

D Adding methyl ethanoate to the mixture will increase the number of moles of ethyl ethanoate. 
 
 
14 SO3 is manufactured from SO2 and O2 in the Contact process. 
 

The reaction is exothermic. 
 

Which row shows the effect on the equilibrium yield obtained in the Contact process of increasing 
the temperature and of adding a vanadium(V) oxide catalyst? 

 

 increasing the temperature adding vanadium(V) oxide 
as catalyst 

A equilibrium yield decreases equilibrium yield increases 

B equilibrium yield decreases equilibrium yield unchanged 

C equilibrium yield increases equilibrium yield unchanged 

D equilibrium yield increases equilibrium yield increases 
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12 In which row do the oxidation numbers of vanadium increase? 
 

 smallest  largest 

A VO4
3– VO3

– VO2
+ 

B VO2+ V2O3 VO4
3– 

C V2O3 VO2+ VO3
– 

D VO4
3– VO2

+ VO2+ 
 
 
13 A synthesis for methanol is shown. 
 
 CO2  +  3H2    CH3OH  +  H2O H = – 49 kJ mol–1 
 

Which conditions would produce the greatest yield of methanol at equilibrium? 
 

 pressure temperature / C 

A high 80 

B high 20 

C low 80 

D low 20 
 
 
14 Hydrogen and iodine can react reversibly to produce hydrogen iodide. The equation is shown. 
 

H2(g)  +  I2(g)    2HI(g) 
 

4.00 mol of hydrogen gas and X mol of iodine vapour are mixed in a sealed container of volume 
1.00 dm3 at a temperature of 460 K. The system is allowed to reach equilibrium. 

 
The equilibrium mixture contains 2.00 mol of hydrogen iodide. The equilibrium constant, Kc, for 
the reaction at 460 K is 4.0. 

 
What is the value of X? 

A 0.50 mol B 1.17 mol C 1.33 mol D 2.50 mol 
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12 In which row do the oxidation numbers of vanadium increase? 
 

 smallest  largest 

A VO4
3– VO3

– VO2
+ 

B VO2+ V2O3 VO4
3– 

C V2O3 VO2+ VO3
– 

D VO4
3– VO2

+ VO2+ 
 
 
13 A synthesis for methanol is shown. 
 
 CO2  +  3H2    CH3OH  +  H2O H = – 49 kJ mol–1 
 

Which conditions would produce the greatest yield of methanol at equilibrium? 
 

 pressure temperature / C 

A high 80 

B high 20 

C low 80 

D low 20 
 
 
14 Hydrogen and iodine can react reversibly to produce hydrogen iodide. The equation is shown. 
 

H2(g)  +  I2(g)    2HI(g) 
 

4.00 mol of hydrogen gas and X mol of iodine vapour are mixed in a sealed container of volume 
1.00 dm3 at a temperature of 460 K. The system is allowed to reach equilibrium. 

 
The equilibrium mixture contains 2.00 mol of hydrogen iodide. The equilibrium constant, Kc, for 
the reaction at 460 K is 4.0. 

 
What is the value of X? 

A 0.50 mol B 1.17 mol C 1.33 mol D 2.50 mol 
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13 Which statement about acids and bases is always correct? 

A An acid with two H atoms per molecule will be stronger than an acid with one H atom per 
molecule. 

B A concentrated solution of a strong acid will have a lower pH than a dilute solution of a weak 
acid. 

C A concentrated solution of a strong base will have a lower pH than a dilute solution of a weak 
base. 

D A strong acid is more dissociated in solution than a strong base. 
 
 
14 The reaction between sulfur dioxide and oxygen is reversible. 
 
 2SO2(g)  +  O2(g)    2SO3(g) Kc = 280 mol–1

 dm3 at 1000 K 
 

In an equilibrium mixture at 1000 K the sulfur trioxide concentration is 6.00 mol dm–3. 
 

The sulfur dioxide concentration is twice the oxygen concentration. 
 

What is the sulfur dioxide concentration? 

A 0.175 mol dm–3 

B 0.252 mol dm–3 

C 0.318 mol dm–3 

D 0.636 mol dm–3 
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13 Which statement about acids and bases is always correct? 

A An acid with two H atoms per molecule will be stronger than an acid with one H atom per 
molecule. 

B A concentrated solution of a strong acid will have a lower pH than a dilute solution of a weak 
acid. 

C A concentrated solution of a strong base will have a lower pH than a dilute solution of a weak 
base. 

D A strong acid is more dissociated in solution than a strong base. 
 
 
14 The reaction between sulfur dioxide and oxygen is reversible. 
 
 2SO2(g)  +  O2(g)    2SO3(g) Kc = 280 mol–1

 dm3 at 1000 K 
 

In an equilibrium mixture at 1000 K the sulfur trioxide concentration is 6.00 mol dm–3. 
 

The sulfur dioxide concentration is twice the oxygen concentration. 
 

What is the sulfur dioxide concentration? 

A 0.175 mol dm–3 

B 0.252 mol dm–3 

C 0.318 mol dm–3 

D 0.636 mol dm–3 
 
 



9701 Chemistry Paper 1 - Equilibria
Topical questions | 152 questions

101. Question | 9701 Oct-Nov 2022 P1 V1 Q13

4 

© UCLES 2022 9701/11/O/N/22  

10 A student mixes 25.0 cm3 of 0.350 mol dm–3 sodium hydroxide solution with 25.0 cm3 of 
0.350 mol dm–3 hydrochloric acid. The temperature increases by 2.5 °C. No heat is lost to the 
surroundings. 

 
The final mixture has a specific heat capacity of 4.2 J cm–3

 K–1. 
 

What is the molar enthalpy change for the reaction? 

A –150 kJ mol–1 

B –60 kJ mol–1 

C –30 kJ mol–1 

D –0.15 kJ mol–1 
 
 
11 Ammonium ions are converted into nitrate ions by bacteria. 
 

What is the change in the oxidation number of nitrogen? 

A –6 B +6 C +8 D +9 
 
 
12 Sodium dichromate(VI), Na2Cr2O7, reacts with hydrogen peroxide, H2O2, producing Cr3+ ions, 

water and oxygen. 
 

What is the correctly balanced ionic equation for this reaction? 

A Cr2O7
2–  +  2H+  +  H2O2  →  2Cr3+  +  2H2O  +  4O2 

B Cr2O7
2–  +  8H+  +  3H2O2  →  2Cr3+  +  7H2O  +  3O2 

C Cr2O7
2–  +  8H+  +  6H2O2  →  2Cr3+  +  10H2O  +  6O2 

D Cr2O7
2–  +  14H+  +  3H2O2  →  2Cr3+  +  7H2O  +  3O2 

 
 
13 In which equilibrium reaction is the position of equilibrium moved to the right-hand side by 

increasing the temperature and also by decreasing the pressure? 

A H2(g)  +  CO2(g)    H2O(g)  +  CO(g) ∆H = 40 kJ mol–1 

B N2O4(g)    2NO2(g) ∆H = 58 kJ mol–1 

C 2SO2(g)  +  O2(g)    2SO3(g) ∆H = –197 kJ mol–1 

D 2HI(g)    H2(g)  +  I2(g) ∆H = –10 kJ mol–1 
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14 Ethanol is produced industrially by reacting ethene and steam. 
 

C2H4(g)  +  H2O(g)    C2H5OH(g) 
 

Kp has a value of 1.8 × 10–5 and the partial pressures of the reactants at equilibrium are shown. 
 

reactant partial pressure 
/ kPa 

ethene 4.8 × 103 

steam 2.8 × 103 
 

Which row is correct? 
 

 
partial pressure 

of ethanol at 
equilibrium / kPa 

units of Kp 

A 2.42 × 102 kPa–1 

B 2.42 × 102 kPa 

C 7.47 × 1011 kPa–1 

D 7.47 × 1011 kPa 
 
 
15 A large excess of magnesium ribbon is added to dilute hydrochloric acid and the volume of 

hydrogen gas produced is measured as the reaction proceeds. The reaction is exothermic. 
 

The results are shown. 
 

total
volume
/ cm3

time / s

P

Q

R

 
 

Which row explains the changes in the rate of reaction between points P and Q and between 
points Q and R? 

 
 between points P and Q between points Q and R 

A the reaction temperature is increasing the acid concentration is falling 

B the reaction temperature is increasing the magnesium has been used up 

C magnesium’s surface area is decreasing the acid concentration is falling 

D magnesium’s surface area is decreasing the magnesium has been used up 
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6 The compound potassium bismuthate(V), KBiO3, is a powerful oxidising agent. 
 

What is the significance of the (V) in potassium bismuthate(V)? 

A It is the oxidation number of the bismuth atom. 

B It is the charge of the bismuthate ion. 

C It is the oxidation number of the bismuthate ion. 

D It is the sum of the charges of the two ions present. 
 
 
7 Hydrogen peroxide decomposes slowly at 20 C to form water and oxygen. 
 
 2H2O2    2H2O  +  O2 equilibrium constant = Kc 
 

The reaction is faster when a catalyst is present. 
 

Which statement is correct? 

A The catalyst alters the Boltzmann distribution so that the reactant molecules have more 
energy. 

B The catalyst has no effect on the value of Kc. 

C The catalyst increases the value of Kc. 

D The catalyst provides a different reaction mechanism with a higher activation energy. 
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8 A dimer, Q, is stable when solid but a dynamic equilibrium is set up in solution. 
 

Q(aq)    2R(aq) 
 

A solution of Q has an initial concentration of 0.50 mol dm–3. When equilibrium has been reached, 
[Q(aq)] has fallen to 0.25 mol dm–3. 

 
The changes in [Q(aq)] and [R(aq)] are plotted against time until equilibrium is reached. The 
value of Kc is then calculated. 

 
Which graph and value for Kc are correct? 

 

A 1

Kc / mol dm–3graph

0.5
0.4
0.3
0.2
0.1

0
0 time

Q

R

B 0.25

0.5
0.4
0.3
0.2
0.1

0
0 time

Q

R

C 1

0.5
0.4
0.3
0.2
0.1

0
0 time

Q

R

Q

R

D 2

0.5
0.4
0.3
0.2
0.1

0
0 time

concentration
/ mol dm–3

concentration
/ mol dm–3

concentration
/ mol dm–3

concentration
/ mol dm–3

 



9701 Chemistry Paper 1 - Equilibria
Topical questions | 152 questions

105. Question | 9701 Oct-Nov 2022 P1 V3 Q13

4 

© UCLES 2022 9701/13/O/N/22  

10 A student mixes 25.0 cm3 of 0.350 mol dm–3 sodium hydroxide solution with 25.0 cm3 of 
0.350 mol dm–3 hydrochloric acid. The temperature increases by 2.5 C. No heat is lost to the 
surroundings. 

 
The final mixture has a specific heat capacity of 4.2 J cm–3

 K–1. 
 

What is the molar enthalpy change for the reaction? 

A –150 kJ mol–1 

B –60 kJ mol–1 

C –30 kJ mol–1 

D –0.15 kJ mol–1 
 
 
11 Ammonium ions are converted into nitrate ions by bacteria. 
 

What is the change in the oxidation number of nitrogen? 

A –6 B +6 C +8 D +9 
 
 
12 Sodium dichromate(VI), Na2Cr2O7, reacts with hydrogen peroxide, H2O2, producing Cr3+ ions, 

water and oxygen. 
 

What is the correctly balanced ionic equation for this reaction? 

A Cr2O7
2–  +  2H+  +  H2O2    2Cr3+  +  2H2O  +  4O2 

B Cr2O7
2–  +  8H+  +  3H2O2    2Cr3+  +  7H2O  +  3O2 

C Cr2O7
2–  +  8H+  +  6H2O2    2Cr3+  +  10H2O  +  6O2 

D Cr2O7
2–  +  14H+  +  3H2O2    2Cr3+  +  7H2O  +  3O2 

 
 
13 In which equilibrium reaction is the position of equilibrium moved to the right-hand side by 

increasing the temperature and also by decreasing the pressure? 

A H2(g)  +  CO2(g)    H2O(g)  +  CO(g) ∆H = 40 kJ mol–1 

B N2O4(g)    2NO2(g) ∆H = 58 kJ mol–1 

C 2SO2(g)  +  O2(g)    2SO3(g) ∆H = –197 kJ mol–1 

D 2HI(g)    H2(g)  +  I2(g) ∆H = –10 kJ mol–1 
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14 Ethanol is produced industrially by reacting ethene and steam. 
 

C2H4(g)  +  H2O(g)    C2H5OH(g) 
 

Kp has a value of 1.8  10–5 and the partial pressures of the reactants at equilibrium are shown. 
 

reactant partial pressure 
/ kPa 

ethene 4.8  103 

steam 2.8  103 
 

Which row is correct? 
 

 
partial pressure 

of ethanol at 
equilibrium / kPa 

units of Kp 

A 2.42  102 kPa–1 

B 2.42  102 kPa 

C 7.47  1011 kPa–1 

D 7.47  1011 kPa 
 
 
15 A large excess of magnesium ribbon is added to dilute hydrochloric acid and the volume of 

hydrogen gas produced is measured as the reaction proceeds. The reaction is exothermic. 
 

The results are shown. 
 

total
volume
/ cm3

time / s

P

Q

R

 
 

Which row explains the changes in the rate of reaction between points P and Q and between 
points Q and R? 

 
 between points P and Q between points Q and R 

A the reaction temperature is increasing the acid concentration is falling 

B the reaction temperature is increasing the magnesium has been used up 

C magnesium’s surface area is decreasing the acid concentration is falling 

D magnesium’s surface area is decreasing the magnesium has been used up 
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10	 Solutions containing chlorate(I) ions are used as household bleaches and disinfectants. These 
solutions decompose on heating as shown.

3Cl O–  →  Cl O3
–  +  2Cl –

	 Which oxidation states are shown by chlorine in these three ions?

Cl O– Cl O3
– Cl –

A

B

C

D

+1

–1

+1

–1

+3

+3

+5

+5

–1

+1

–1

+1

11	 When K2MnO4 is dissolved in water, the following reaction occurs.

aMnO4
2–(aq)  +  bH2O(l)  →  cMnO4

–(aq)  +  d MnO2(s)  +  eOH–(aq)

	 What could be the values of a and c in the balanced chemical equation?

a c

A

B

C

D

2

3

3

4

1

1

2

3

12	 Methanol can be produced from hydrogen and carbon monoxide.

2H2(g)  +  CO(g)  ⇌  CH3OH(g)

	 What is the expression for Kp for this reaction? 

	 A	 K p
p p2

CH OH

H CO
2

p
3

2=
#

	 B	 K p
p p

CH OH

H CO
2

p
3

2=
#

	 C	 K
p p

pCH OH

H CO
2p
2

3=
#

	 D	 K
p p

p

2
CH OH

H CO
2p
2

3=
#

108. Question | 9701 Feb-March 2023 P1 V2 Q4

A student carries out four experiments to investigate the rate of reaction between 3.0g of

calciumcarbonate and hydrochloric acid.

CaCO3(s) + 2HCl (aq) → CaCl 2(aq) + CO2(g) + H2O(l)

3

CaCO3 powder + 2.0moldm
–3
HCl at 35 °Cexperiment 1

CaCO3 powder + 2.0moldm
–3
HCl at 35 °Cexperiment 2

large chips of CaCO3 + 1.0moldm
–3
HCl at room temperatureexperiment 3

large chips of CaCO3 + 1.0moldm
–3
HCl at 35 °Cexperiment 4

The student collects the CO2(g) and times how long it takes to produce the same volume of gas 
for each experiment.

What could be the correct times for the four experiments?

experiment 4

/ s

experiment 3

/ s

experiment 2

/ s

experiment 1

/ s

9530105A

3095105B

1095305C

5103095D

The table shows the partial pressures in an equilibrium mixture formed by the Haber process.

3H2(g) + N2(g) ⇌ 2NH3(g)

4

partial pressure / kPasubstance

7000nitrogen

8000hydrogen

4000ammonia

What is the numerical value of the equilibrium constant, Kp, for this reaction?

2.24 × 10
8D7.14 × 10

–5C4.76 × 10
–5B4.46 × 10

–9A

3
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A reversible reaction is shown.

2NOCl (g) ⇌ 2NO(g) + Cl 2(g) ∆H = +77.0 kJ mol–1

Which change in conditions will move the position of equilibrium to the right and increase the value

of the equilibrium constant?

5

a decrease in pressureA

a decrease in temperatureB

an increase in pressureC

an increase in temperatureD

The ore psilomelane may be considered to have the general formula Ba(Mn
x+
)(Mn

y+
)8O16(OH)4.

In this general formula, x+ and y+ are the two different oxidation states of manganese in psilomelane.

What could be the values of x and y?

6

yx

42A

46B

36C

37D

Silicon reacts with a mixture of calcium oxide and magnesium oxide at 1200°C.

2MgO + 2CaO + Si → 2Mg + Ca2SiO4

Which statement about this reaction is correct?

7

Calcium is reduced and silicon is neither oxidised nor reduced.A

Magnesium is reduced and calcium is neither oxidised nor reduced.B

Magnesium is reduced and silicon is neither oxidised nor reduced.C

Silicon is reduced and calcium is neither oxidised nor reduced.D

In which species is there a lone pair of electrons?8

CH4DCH3
–

CCH3
+

BCH3A

4

© UCLES 2023 03_9701_12_1.18 
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Element X has six more protons than element Y.

Which statement must be correct?

1

Atoms of element Y are smaller than atoms of element X.A

Element X has a full shell of electrons.B

Element X and element Y are in the same group.C

Element X and element Y are in the same period.D

Which statement explains why calcium has a higher melting point than barium?2

Calcium cations are smaller than barium cations and have a stronger attraction to the
delocalised electrons.

A

The structure of calcium is partly giant molecular.B

C There are more delocalised electrons in calcium than in barium as it has a lower ionisation
energy.

There is greater repulsion between barium atoms as they have more complete electron
shells than calcium atoms.

D

Three statements about potassium and chlorine and their ions are listed.3

The atomic radius of a potassium atom is greater than the atomic radius of a chlorine
atom.

1

The first ionisation energy of potassium is greater than the first ionisation energy of
chlorine.

2

The ionic radius of a potassium ion is greater than the ionic radius of a chloride ion.3

Which statements are correct?

2 and 3D1 and 3C2 onlyB1 onlyA

For which equilibrium do both of the equilibrium constants Kc and Kp have no units?4

H2(g) + I2(g) � 2HI(g)A

N2(g) + 3H2(g) � 2NH3(g)B

N2O4(g) � 2NO2(g)C

SO2(g) + O2(g) � SO3(g)D

2
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111. Question | 9701 May-June 2023 P1 V1 Q8

Histidine is an amino acid.7

histidine

C

C

C

H

H

N

C C

H

O

O

N

H

N

H

H H

C

H

H

1

2

3

What are the approximate bond angles 1, 2, and 3?

321

90°107°109.5°A

109.5°107°120°B

90°120°120°C

109.5°120°120°D

The Contact process takes place at a pressure between 100000Pa and 200000Pa. A catalyst is
used.

Which statement is correct?

8

A V2O5 catalyst is added to increase the equilibrium yield of the reaction.A

Changes in pressure have no effect on the position of equilibrium.B

The equilibrium yield of the reaction is very high under the conditions used.C

An iron catalyst is added to increase the rate of reaction.D

4

112. Question | 9701 May-June 2023 P1 V2 Q13

In which equilibrium will an increase in pressure at constant temperature increase the yield of the
products on the right-hand side of the equation?

13

CaCO3(s) � CaO(s) + CO2(g)A

4HCl (g) + O2(g) � 2H2O(g) + 2Cl 2(g)B

2HI(g) � H2(g) + I2(g)C

3Fe(s) + 4H2O(g) � Fe3O4(s) + 4H2(g)D

Hydrogen iodide is added to an evacuated reaction vessel. The vessel is sealed and warmed. A
decomposition reaction occurs. Hydrogen and iodine are formed. Some hydrogen iodide remains.

When equilibrium is established, the total pressure is 1.20 105Pa. The partial pressure of hydrogen
is 4.00 103Pa.

Hydrogen iodide, hydrogen and iodine are all gaseous under the conditions used.

What is the value of Kp for the equilibrium at this temperature, assuming the decomposition is the
forward reaction?

14

1.43 10–3D1.38 10–3C1.28 10–3B1.19 10–3A

The equations for two reactions are shown.

reaction X 2NOBr → 2NO + Br2

reaction Y 2NOCl → 2NO + Cl 2

The two reactions have similar reaction mechanisms.

The initial rate of reaction X is greater than that of reaction Y when measured under identical
conditions of temperature, pressure and reactant concentration.

Which statements explain this difference?

15

3 onlyD1 onlyC2 and 3B1 and 2A

5

1

2

The activation energy for reaction X is less than that of reaction Y.

The Br−Br bond is weaker than the Cl−Cl bond.

A higher frequency of collisions between molecules of NOBr occur than between
molecules of NOCl .

3
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113. Question | 9701 May-June 2023 P1 V2 Q14

In which equilibrium will an increase in pressure at constant temperature increase the yield of the
products on the right-hand side of the equation?

13

CaCO3(s) � CaO(s) + CO2(g)A

4HCl (g) + O2(g) � 2H2O(g) + 2Cl 2(g)B

2HI(g) � H2(g) + I2(g)C

3Fe(s) + 4H2O(g) � Fe3O4(s) + 4H2(g)D

Hydrogen iodide is added to an evacuated reaction vessel. The vessel is sealed and warmed. A
decomposition reaction occurs. Hydrogen and iodine are formed. Some hydrogen iodide remains.

When equilibrium is established, the total pressure is 1.20 105Pa. The partial pressure of hydrogen
is 4.00 103Pa.

Hydrogen iodide, hydrogen and iodine are all gaseous under the conditions used.

What is the value of Kp for the equilibrium at this temperature, assuming the decomposition is the
forward reaction?

14

1.43 10–3D1.38 10–3C1.28 10–3B1.19 10–3A

The equations for two reactions are shown.

reaction X 2NOBr → 2NO + Br2

reaction Y 2NOCl → 2NO + Cl 2

The two reactions have similar reaction mechanisms.

The initial rate of reaction X is greater than that of reaction Y when measured under identical
conditions of temperature, pressure and reactant concentration.

Which statements explain this difference?

15

3 onlyD1 onlyC2 and 3B1 and 2A

5

1

2

The activation energy for reaction X is less than that of reaction Y.

The Br−Br bond is weaker than the Cl−Cl bond.

A higher frequency of collisions between molecules of NOBr occur than between
molecules of NOCl .

3

114. Question | 9701 May-June 2023 P1 V3 Q15

Sulfur dioxide reacts with oxygen as shown.15

H⦵ = –197kJmol–12SO2(g) + O2(g) � 2SO3(g)

Which change will move the equilibrium position to the right side and change the value of the
equilibrium constant, Kc?

the addition of a catalystA

increasing the pressure of the reactionB

decreasing the temperature of the reactionC

decreasing the concentration of productD

Solutions X and Y both have a concentration of 0.10moldm–3. A fixed volume of solution X is added
to a conical flask, and solution Y is added from a burette to the conical flask. A titration is performed.

The diagram shows the pH titration curve for the acid–base reaction between the solutions.

16

14
13
12
11
10

9
8
7
6
5
4
3
2
1
0

volume of solution Y / cm3

pH

What are solutions X and Y?

solution Ysolution X

nitric acidammoniaA

ethanoic acidammoniaB

nitric acidpotassium hydroxideC

ethanoic acidpotassium hydroxideD

6
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115. Question | 9701 May-June 2023 P1 V3 Q16

Sulfur dioxide reacts with oxygen as shown.15

H⦵ = –197kJmol–12SO2(g) + O2(g) � 2SO3(g)

Which change will move the equilibrium position to the right side and change the value of the
equilibrium constant, Kc?

the addition of a catalystA

increasing the pressure of the reactionB

decreasing the temperature of the reactionC

decreasing the concentration of productD

Solutions X and Y both have a concentration of 0.10moldm–3. A fixed volume of solution X is added
to a conical flask, and solution Y is added from a burette to the conical flask. A titration is performed.

The diagram shows the pH titration curve for the acid–base reaction between the solutions.

16

14
13
12
11
10

9
8
7
6
5
4
3
2
1
0

volume of solution Y / cm3

pH

What are solutions X and Y?

solution Ysolution X

nitric acidammoniaA

ethanoic acidammoniaB

nitric acidpotassium hydroxideC

ethanoic acidpotassium hydroxideD

6
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116. Question | 9701 Oct-Nov 2023 P1 V1 Q12

HOCl (aq) is the molecule that kills bacteria when chlorine is added to water.

The following reaction produces this molecule.

Cl 2(g) + H2O(I) � HOCl (aq) + H+(aq) + Cl –(aq)

Which statement about this reaction is correct?

11

Chlorine is both oxidised and reduced.A

Chlorine is oxidised but not reduced.B

Hydrogen is both oxidised and reduced.C

Hydrogen is oxidised but not reduced.D

Nitrogen dioxide, NO2, exists in equilibrium with dinitrogen tetroxide, N2O4.

2NO2(g) � N2O4(g) H = –57kJmol–1

Which conditions give the greatest percentage of N2O4(g) at equilibrium?

12

temperaturepressure

highhighA

lowhighB

highlowC

lowlowD

When an equimolar mixture of H2 and I2 react, the mole fraction of HI in the final mixture is x.

What is the equilibrium constant, Kp, for the reaction?

13

A

B

C

D

[Turn over11_9701_1 2023_1.1© UCLES 2023
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117. Question | 9701 Oct-Nov 2023 P1 V1 Q13

HOCl (aq) is the molecule that kills bacteria when chlorine is added to water.

The following reaction produces this molecule.

Cl 2(g) + H2O(I) � HOCl (aq) + H+(aq) + Cl –(aq)

Which statement about this reaction is correct?

11

Chlorine is both oxidised and reduced.A

Chlorine is oxidised but not reduced.B

Hydrogen is both oxidised and reduced.C

Hydrogen is oxidised but not reduced.D

Nitrogen dioxide, NO2, exists in equilibrium with dinitrogen tetroxide, N2O4.

2NO2(g) � N2O4(g) H = –57kJmol–1

Which conditions give the greatest percentage of N2O4(g) at equilibrium?

12

temperaturepressure

highhighA

lowhighB

highlowC

lowlowD

When an equimolar mixture of H2 and I2 react, the mole fraction of HI in the final mixture is x.

What is the equilibrium constant, Kp, for the reaction?

13

A

B

C

D

[Turn over11_9701_1 2023_1.1© UCLES 2023
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118. Question | 9701 Oct-Nov 2023 P1 V2 Q15

0.200mol of sulfur dioxide and 0.200mol of oxygen are placed in a 1.00dm3 sealed container. The
gases are allowed to react until equilibrium is reached.

2SO2 + O2 � 2SO3

At equilibrium there is 0.100mol of SO3 in the container.

What is the value of Kc?

15

0.150moldm–3A

0.800moldm–3B

1.25mol–1 dm3C

6.67mol–1 dm3D

The decomposition of hydrogen peroxide in the presence of MnO2 produces water and oxygen
gas.

2H2O2(aq) → 2H2O(l) + O2(g)

The volume of gas collected when 0.2g of MnO2 is added to two different hydrogen peroxide
solutions at 20°C is shown on the graph as curves X and Y.

16

volume

of gas

time0
0

X

Y

Which row shows the conditions that will result in curves X and Y?

curve Ycurve X

form of
MnO2

concentration
of H2O2
/mol dm–3

volume of
H2O2 / cm

3
form of
MnO2

concentration
of H2O2
/mol dm–3

volume of
H2O2 / cm

3

powder0.250lumps0.150A

lumps0.125powder0.225B

powder0.220lumps0.150C

lumps0.140powder0.220D

11_9701_12_2023_1.11R© UCLES 2023
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119. Question | 9701 Oct-Nov 2023 P1 V2 Q17

The diagram shows a gas syringe with a free-moving piston. The syringe contains gaseous hydrogen,
gaseous iodine and gaseous hydrogen iodide at equilibrium.

17

gaseous hydrogen, gaseous iodine

and gaseous hydrogen iodide

sealed end piston

H2(g) + I2(g) � 2HI(g)

Three changes are listed.

increasing the total pressure by adding an inert gas and keeping the volume constant1

increasing the pressure by adding more gaseous hydrogen iodide and keeping the
volume constant

2

decreasing the volume by pushing the piston to the left3

Which changes will result in an equilibrium position at which the rate of the forward reaction has
increased?

2 and 3D1 and 3C1 and 2B2 onlyA

Which row gives the best description of the variations in the melting points and the first ionisation
energies of the elements in Period 3 from sodium to argon?

18

first ionisation energiesmelting points

generally decreaseincrease up to a peak at aluminium then decreaseA

generally increaseincrease up to a peak at aluminium then decreaseB

generally decreaseincrease up to a peak at silicon then decreaseC

generally increaseincrease up to a peak at silicon then decreaseD

[Turn over11_9701_12_2023_1.11R© UCLES 2023
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120. Question | 9701 Oct-Nov 2023 P1 V2 Q26

When concentrated sulfuric acid is added to solid sodium chloride, HCl is formed but not Cl 2.

When concentrated sulfuric acid is added to solid sodium iodide, I2 is formed.

Which statement explains these observations?

25

Sulfuric acid is an oxidising agent and chloride ions are more easily oxidised than iodide
ions.

A

Sulfuric acid is an oxidising agent and iodide ions are more easily oxidised than chloride
ions.

B

Sulfuric acid is a reducing agent and chloride ions are more easily reduced than iodide ions.C

Sulfuric acid is a reducing agent and iodide ions are more easily reduced than chloride ions.D

NaOH(aq) is added to NH4Cl (aq). The mixture is warmed.

The gas that is produced turns damp red litmus paper blue.

Which row is correct?

26

behaviour of the water present
on the litmus paper

behaviour of the ammonium
ion in NH4Cl

Brønsted–Lowry baseBrønsted–Lowry acidA

Brønsted–Lowry acidBrønsted–Lowry acidB

Brønsted–Lowry acidBrønsted–Lowry baseC

Brønsted–Lowry baseBrønsted–Lowry baseD

Artemisinin is a powerful anti-malarial drug.27

O

O

O

O

O

CH3

CH3

CH3

artemisinin

How many chiral centres are there in each molecule of artemisinin?

8D7C6B4A

11_9701_12_2023_1.11R© UCLES 2023
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121. Question | 9701 Oct-Nov 2023 P1 V3 Q12

HOCl (aq) is the molecule that kills bacteria when chlorine is added to water.

The following reaction produces this molecule.

Cl 2(g) + H2O(I) � HOCl (aq) + H+(aq) + Cl –(aq)

Which statement about this reaction is correct?

11

Chlorine is both oxidised and reduced.A

Chlorine is oxidised but not reduced.B

Hydrogen is both oxidised and reduced.C

Hydrogen is oxidised but not reduced.D

Nitrogen dioxide, NO2, exists in equilibrium with dinitrogen tetroxide, N2O4.

2NO2(g) � N2O4(g) H = –57kJmol–1

Which conditions give the greatest percentage of N2O4(g) at equilibrium?

12

temperaturepressure

highhighA

lowhighB

highlowC

lowlowD

When an equimolar mixture of H2 and I2 react, the mole fraction of HI in the final mixture is x.

What is the equilibrium constant, Kp, for the reaction?

13

A

B

C

D

[Turn over11_9701_13_2023_1.10© UCLES 2023
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122. Question | 9701 Oct-Nov 2023 P1 V3 Q13

HOCl (aq) is the molecule that kills bacteria when chlorine is added to water.

The following reaction produces this molecule.

Cl 2(g) + H2O(I) � HOCl (aq) + H+(aq) + Cl –(aq)

Which statement about this reaction is correct?

11

Chlorine is both oxidised and reduced.A

Chlorine is oxidised but not reduced.B

Hydrogen is both oxidised and reduced.C

Hydrogen is oxidised but not reduced.D

Nitrogen dioxide, NO2, exists in equilibrium with dinitrogen tetroxide, N2O4.

2NO2(g) � N2O4(g) H = –57kJmol–1

Which conditions give the greatest percentage of N2O4(g) at equilibrium?

12

temperaturepressure

highhighA

lowhighB

highlowC

lowlowD

When an equimolar mixture of H2 and I2 react, the mole fraction of HI in the final mixture is x.

What is the equilibrium constant, Kp, for the reaction?

13

A

B

C

D

[Turn over11_9701_13_2023_1.10© UCLES 2023
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123. Question | 9701 Feb-March 2024 P1 V2 Q13

5  
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12 KMnO4 is an oxidising agent. Its reaction with Fe2+ is shown in the following ionic equation. 
 

...X...MnO4
–  +  ......Fe2+  +  ......H+    ......Mn2+  +  ...Y...Fe3+  +  ......H2O 

 
What are X and Y when the equation is balanced? 

 
 X Y 

A 1 1 

B 1 3 

C 1 5 

D 5 1 
 
 
13 Nitrogen and hydrogen are mixed in a reaction vessel. The reaction reaches equilibrium giving a 

mixture of nitrogen, hydrogen and ammonia gases. 
 

N2  +  3H2    2NH3 
 

The mixture of gases present at equilibrium at a total pressure of 300 atm is shown. 
 

gas number of mol 
in mixture 

nitrogen 180 

hydrogen 590 

ammonia 160 
 

What is the equilibrium constant, Kp, for the forward reaction? 

A 6.65  10–6
 atm–2 

B 7.13  10–5
 atm–2 

C 0.599 atm–2 

D 1.50  105
 atm2 
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124. Question | 9701 Feb-March 2024 P1 V2 Q14 6 

© UCLES 2024 9701/12/F/M/24  

14 A mixture of hydrogen gas and iodine gas is placed in a reaction vessel of volume V at 
temperature T. 

 
The reaction  H2  +  I2    2HI  is allowed to come to equilibrium. 

 
All substances remain in the gaseous state. 

 
Argon gas is then pumped into the reaction vessel. The temperature in the vessel is maintained 
at T. 

 
How are the rate of the forward reaction and the partial pressure of HI at equilibrium affected? 

 

 rate of 
forward reaction 

partial pressure of 
HI at equilibrium 

A increased increased 

B increased unaffected 

C unaffected increased 

D unaffected unaffected 
 
 
15 Two experiments are carried out to study the reaction between zinc and sulfuric acid. 
 

experiment 1 Small lumps of zinc are added to excess dilute sulfuric acid. 

experiment 2 The reaction is carried out at a lower temperature and with one other 
change. 

 
Both experiments produce the same total volume of gas and are completed in the same time. 

 
What is the second change made in experiment 2? 

A A catalyst is added. 

B A greater mass of zinc is added. 

C A greater volume of sulfuric acid is added. 

D Larger lumps of zinc are used. 
 
 

125. Question | 9701 May-June 2024 P1 V1 Q13 6 

© UCLES 2024 9701/11/M/J/24  

13 An alcohol, ROH, reacts reversibly with ethanoic acid to produce an ester. 
 

ROH(l)  +  CH3COOH(l)    CH3COOR(l)  +  H2O(l) 
 

3.0 mol of ROH, 2.0 mol of ethanoic acid and 1.0 mol of water are mixed together. At equilibrium, 
1.5 mol of CH3COOR is present. 

 
What is the value of the equilibrium constant, Kc, for this reaction? 

A 0.20 B 0.25 C 2.00 D 5.00 
 
 
14 Graphs can be drawn to show the percentage of ammonia at equilibrium when nitrogen and 

hydrogen are mixed at different temperatures and pressures. 
 

Which diagram correctly represents these two graphs? 
 

C

40

20

pressure / 103
 kPa

% NH3 at

equilibrium

400 �C

500 �C

D

40

20

pressure / 103 kPa

% NH3 at

equilibrium

500 �C

400 �C

A
40

20

10 20
0

0 10 20
0

0

100 20
0

10 20
0

0

pressure / 103 kPa

400 �C

500 �C

% NH3 at

equilibrium

B
40

20

pressure / 103 kPa

% NH3 at

equilibrium

500 �C

400 �C
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126. Question | 9701 May-June 2024 P1 V1 Q14

6 

© UCLES 2024 9701/11/M/J/24  

13 An alcohol, ROH, reacts reversibly with ethanoic acid to produce an ester. 
 

ROH(l)  +  CH3COOH(l)    CH3COOR(l)  +  H2O(l) 
 

3.0 mol of ROH, 2.0 mol of ethanoic acid and 1.0 mol of water are mixed together. At equilibrium, 
1.5 mol of CH3COOR is present. 

 
What is the value of the equilibrium constant, Kc, for this reaction? 

A 0.20 B 0.25 C 2.00 D 5.00 
 
 
14 Graphs can be drawn to show the percentage of ammonia at equilibrium when nitrogen and 

hydrogen are mixed at different temperatures and pressures. 
 

Which diagram correctly represents these two graphs? 
 

C

40

20

pressure / 103
 kPa

% NH3 at

equilibrium

400 �C

500 �C

D

40
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pressure / 103 kPa
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127. Question | 9701 May-June 2024 P1 V2 Q13
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12 Phosphorus reacts with concentrated sulfuric acid to produce phosphoric acid, sulfur dioxide  
and water. 

 
aH2SO4  +  bP    cH3PO4  +  dSO2  +  eH2O 

 
a, b, c, d and e are all whole numbers. 

 
The equation can be balanced by using oxidation numbers. 

 
What is the value of the sum a + b + c + d + e? 

A 10 B 14 C 15 D 16 
 
 
13 The volume of ammonia produced against time is measured in two experiments. 
 
 N2(g)  +  3H2(g)    2NH3(g) ∆H = –92 kJ mol–1 
 

In experiment 1, 3 mol of H2(g) and 1 mol of N2(g) react together at 45 C and a pressure of 
200 atm. 

 
A graph showing the volume of ammonia produced against time is plotted. 

 
Experiment 2 is then performed. Experiment 2 differs from experiment 1 in one condition only. 

 

volume

of NH3

0
0 time

experiment 1

experiment 2

 
 

How does experiment 2 differ from experiment 1? 

A An iron catalyst is present in experiment 2. 

B 2 mol of helium gas is present in the reaction mixture in experiment 2. 

C A pressure of 250 atm is used in experiment 2. 

D A temperature of 600 C is used in experiment 2. 
 
 
14 Which reaction has an equilibrium constant, Kp, that has no units? 

A H2(g)  +  I2(g)    2HI(g) 

B 3H2(g)  +  N2(g)    2NH3(g) 

C 2NO2(g)    N2O4(g) 

D 2SO2(g)  +  O2(g)    2SO3(g) 
 
 

128. Question | 9701 May-June 2024 P1 V2 Q14
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12 Phosphorus reacts with concentrated sulfuric acid to produce phosphoric acid, sulfur dioxide  
and water. 

 
aH2SO4  +  bP    cH3PO4  +  dSO2  +  eH2O 

 
a, b, c, d and e are all whole numbers. 

 
The equation can be balanced by using oxidation numbers. 

 
What is the value of the sum a + b + c + d + e? 

A 10 B 14 C 15 D 16 
 
 
13 The volume of ammonia produced against time is measured in two experiments. 
 
 N2(g)  +  3H2(g)    2NH3(g) ∆H = –92 kJ mol–1 
 

In experiment 1, 3 mol of H2(g) and 1 mol of N2(g) react together at 45 C and a pressure of 
200 atm. 

 
A graph showing the volume of ammonia produced against time is plotted. 

 
Experiment 2 is then performed. Experiment 2 differs from experiment 1 in one condition only. 

 

volume

of NH3

0
0 time

experiment 1

experiment 2

 
 

How does experiment 2 differ from experiment 1? 

A An iron catalyst is present in experiment 2. 

B 2 mol of helium gas is present in the reaction mixture in experiment 2. 

C A pressure of 250 atm is used in experiment 2. 

D A temperature of 600 C is used in experiment 2. 
 
 
14 Which reaction has an equilibrium constant, Kp, that has no units? 

A H2(g)  +  I2(g)    2HI(g) 

B 3H2(g)  +  N2(g)    2NH3(g) 

C 2NO2(g)    N2O4(g) 

D 2SO2(g)  +  O2(g)    2SO3(g) 
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12 Hydrogen is produced industrially from methane as shown in the equation. 
 
 CH4(g)  +  H2O(g)    CO(g)  +  3H2(g) H 

o = +205 kJ mol–1 
 

Which conditions give the highest yield of hydrogen at equilibrium? 
 

 pressure temperature 

A low high 

B high low 

C high high 

D low low 
 
 
13 W moles of HNO2 undergoes a disproportionation reaction to produce U moles of HNO3 and 

V moles of NO. 
 

● No other nitrogen containing product is produced. 

● Nitrogen is the only element oxidised or reduced. 
 

What are the values of W, U and V? 
 

 W U V 

A 2 1 1 

B 3 1 2 

C 5 3 2 

D 5 1 4 
 
 
14  Gas X dissociates on heating to set up the following equilibrium. 
 

X(g)    Y(g)  +  Z(g) 
 

A quantity of gas X is heated at constant pressure, p, at a certain temperature. The equilibrium 
partial pressure of gas X is found to be .7

1 p  

What is the equilibrium constant, Kp, at this temperature? 

A p7
6  B p7

9  C p7
36  D 9p 

 
 

130. Question | 9701 May-June 2024 P1 V3 Q14
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12 Hydrogen is produced industrially from methane as shown in the equation. 
 
 CH4(g)  +  H2O(g)    CO(g)  +  3H2(g) H 

o = +205 kJ mol–1 
 

Which conditions give the highest yield of hydrogen at equilibrium? 
 

 pressure temperature 

A low high 

B high low 

C high high 

D low low 
 
 
13 W moles of HNO2 undergoes a disproportionation reaction to produce U moles of HNO3 and 

V moles of NO. 
 

● No other nitrogen containing product is produced. 

● Nitrogen is the only element oxidised or reduced. 
 

What are the values of W, U and V? 
 

 W U V 

A 2 1 1 

B 3 1 2 

C 5 3 2 

D 5 1 4 
 
 
14  Gas X dissociates on heating to set up the following equilibrium. 
 

X(g)    Y(g)  +  Z(g) 
 

A quantity of gas X is heated at constant pressure, p, at a certain temperature. The equilibrium 
partial pressure of gas X is found to be .7

1 p  

What is the equilibrium constant, Kp, at this temperature? 

A p7
6  B p7

9  C p7
36  D 9p 
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10 Three processes are described. 
 

1 H+(aq)  +  OH–(aq)    H2O(l) 

2 CH4(g)  +  2O2(g)    CO2(g)  +  2H2O(l) 

3 NH3(g)    NH3(l) 
 

Which statement is correct? 

A None of the processes have a positive enthalpy change. 

B Only process 1 has a positive enthalpy change. 

C Only process 2 has a positive enthalpy change. 

D Only process 3 has a positive enthalpy change. 
 
 
11 In alkaline solution, MnO4

– ions oxidise SO3
2– ions to SO4

2– ions. The MnO4
– ions are reduced to 

MnO2. 
 

What is the ratio of the two ions in the balanced chemical equation for this reaction? 
 

 MnO4
– SO3

2– 

A 2 3 

B 3 2 

C 4 7 

D 7 4 
 
 
12 Lithium reacts with nitrogen at room temperature to form solid Li3N. 
 

Three vessels of equal volume are connected by taps 1 and 2 as shown. 
 

evacuated N2(g)  +  3H2(g) 2NH3(g)

Li1 2
 

 
At the start, taps 1 and 2 are closed, the left-hand vessel is evacuated, the middle vessel has the 
indicated reaction at equilibrium and the right-hand vessel contains lithium only. 

 
Which action would allow the equilibrium mixture to contain the most ammonia? 

A Keep both taps 1 and 2 closed. 

B Open both taps 1 and 2. 

C Open tap 1 only. 

D Open tap 2 only. 
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13 When 0.20 mol of hydrogen gas and 0.15 mol of iodine gas are heated at 723 K until equilibrium is 
established, the equilibrium mixture contains 0.26 mol of hydrogen iodide. 

 
The equation for the reaction is as follows. 

 
H2(g)  +  I2(g)    2HI(g) 

 
What is the correct expression for the equilibrium constant Kc? 

A 
0.150.20

0.262


  B 
0.150.20

0.26)(2 2


  C 

0.020.07
(0.26)2


 D 

0.130.13
(0.26)2


 

 
 
14 In acidic conditions, iodine reacts with propanone in a substitution reaction. 
 

CH3COCH3(aq)  +  I2(aq)    CH3COCH2I(aq)  +  HI(aq) 
 

The kinetics of the reaction are investigated using a colorimeter. As the I2 reacts, the 
yellow / brown colour of the I2(aq) fades to colourless, changing the absorbance of the solution. 
Known concentrations of I2(aq) are used to prepare a calibration curve graph and the absorbance 
is then measured as the reaction proceeds. 

 

0 0.1 0.2 0.3
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absorbance

calibration curve using known
concentrations of I2(aq)

0.4 0.5 0.6

concentration
of iodine
� 10–3 mol dm–3

time / s

absorbance during reaction
0.30
0.25
0.20
0.15
0.10
0.05

0
0 20 30 40 50 60

0.6
0.5
0.4
0.3
0.2
0.1

0

 
 

What is the rate of reaction at 20 s? 

A 5  10–6
 mol dm–3

 s–1 

B 1  10–5
 mol dm–3

 s–1 

C 5  10–3
 mol dm–3

 s–1 

D 1  10–2
 mol dm–3

 s–1 
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11 Equations for some reactions of hydrogen peroxide are given. 
 

1 2Fe2+  +  H2O2  +  2H+    2Fe3+  +  2H2O 

2 2MnO4
–  +  5H2O2  +  6H+    2Mn2+  +  8H2O  +  5O2 

3 2Fe3+  +  H2O2  +  2OH–    2Fe2+  +  O2  +  2H2O 
 

In which reactions is hydrogen peroxide acting as a reducing agent? 

A 1 and 3 B 1 only C 2 and 3 D 2 only 
 
 
12 The equation for the reaction of aqueous thiosulfate ions, S2O3

2–, and aqueous dioxo-vanadium 
ions, VO2

+, is shown. 
 

2S2O3
2–  +  xVO2

+  +  yH+    S4O6
2–  +  zVO2+  +  2H2O 

 
Which row shows two correct statements about the equation for this reaction? 

 

 comparison of x and y to z change in oxidation 
number of vanadium 

A 
 

x and z are the same value 
and quarter the value of y 

from +4 to +5 
 

B 
 

x and z are the same value 
and quarter the value of y 

from +5 to +4 
 

C 
 

x and z are the same value 
and half the value of y 

from +5 to +4 
 

D 
 

x and z are the same value 
and half the value of y 

from +4 to +5 
 

 
 
13 When some solid Ca5(PO4)3OH is added to a beaker of water, an equilibrium is set up. 
 

Ca5(PO4)3OH(s)    5Ca2+(aq)  +  3PO4
3–(aq)  +  OH–(aq) 

 
Which compound, when added to the equilibrium mixture, increases the amount of 
Ca5(PO4)3OH(s) present? 

A NH3 B NH4Cl C CH3CO2H D NaCl 
 
 

134. Question | 9701 Oct-Nov 2024 P1 V2 Q14 5  
 

© UCLES 2024 9701/12/O/N/24 [Turn over 

14 Gaseous hydrogen and gaseous iodine react to form gaseous hydrogen iodide. 
 

H2(g)  +  I2(g)    2HI(g) 
 

In an experiment, 2.0 mol of hydrogen and 2.0 mol of iodine are placed in a sealed container of 
volume 1.0 dm3. 

 
The Kc value for this reaction under the conditions used is 9.0. 

 
How many moles of hydrogen iodide are present at equilibrium? 

A 0.57 mol B 1.2 mol C 1.5 mol D 2.4 mol 
 
 
15 Why does the rate of a gaseous reaction increase when the pressure is increased at a constant 

temperature? 

A More particles have energy that exceeds the activation energy. 

B The particles have more space in which to move. 

C The particles move faster. 

D There are more frequent collisions between particles. 
 
 
16 The Boltzmann distribution for a mixture of gases capable of reaction is shown. 
 

The two curves represent the mixture of gases at 25 C and at 35 C. The activation energies for 
the catalysed and uncatalysed reactions are shown. 

 

energy

number of
particles

0
0

Ea catalysed

Ea uncatalysedw

x

z

y

 
 

Which row is correct? 
 

 
number of particles with 

enough energy to react at 25 C 
in the catalysed reaction 

number of particles with 
enough energy to react at 35 C 

in the uncatalysed reaction 

A w + x + y + z z 

B w + x + y + z x + z 

C y + z z 

D y + z x + z 
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10 Three processes are described. 
 

1 H+(aq)  +  OH–(aq)    H2O(l) 

2 CH4(g)  +  2O2(g)    CO2(g)  +  2H2O(l) 

3 NH3(g)    NH3(l) 
 

Which statement is correct? 

A None of the processes have a positive enthalpy change. 

B Only process 1 has a positive enthalpy change. 

C Only process 2 has a positive enthalpy change. 

D Only process 3 has a positive enthalpy change. 
 
 
11 In alkaline solution, MnO4

– ions oxidise SO3
2– ions to SO4

2– ions. The MnO4
– ions are reduced to 

MnO2. 
 

What is the ratio of the two ions in the balanced chemical equation for this reaction? 
 

 MnO4
– SO3

2– 

A 2 3 

B 3 2 

C 4 7 

D 7 4 
 
 
12 Lithium reacts with nitrogen at room temperature to form solid Li3N. 
 

Three vessels of equal volume are connected by taps 1 and 2 as shown. 
 

evacuated N2(g)  +  3H2(g) 2NH3(g)

Li1 2
 

 
At the start, taps 1 and 2 are closed, the left-hand vessel is evacuated, the middle vessel has the 
indicated reaction at equilibrium and the right-hand vessel contains lithium only. 

 
Which action would allow the equilibrium mixture to contain the most ammonia? 

A Keep both taps 1 and 2 closed. 

B Open both taps 1 and 2. 

C Open tap 1 only. 

D Open tap 2 only. 
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13 When 0.20 mol of hydrogen gas and 0.15 mol of iodine gas are heated at 723 K until equilibrium is 
established, the equilibrium mixture contains 0.26 mol of hydrogen iodide. 

 
The equation for the reaction is as follows. 

 
H2(g)  +  I2(g)    2HI(g) 

 
What is the correct expression for the equilibrium constant Kc? 

A 
0.150.20

0.262


  B 
0.150.20

0.26)(2 2


  C 

0.020.07
(0.26)2


 D 

0.130.13
(0.26)2


 

 
 
14 In acidic conditions, iodine reacts with propanone in a substitution reaction. 
 

CH3COCH3(aq)  +  I2(aq)    CH3COCH2I(aq)  +  HI(aq) 
 

The kinetics of the reaction are investigated using a colorimeter. As the I2 reacts, the 
yellow / brown colour of the I2(aq) fades to colourless, changing the absorbance of the solution. 
Known concentrations of I2(aq) are used to prepare a calibration curve graph and the absorbance 
is then measured as the reaction proceeds. 
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What is the rate of reaction at 20 s? 

A 5  10–6
 mol dm–3

 s–1 

B 1  10–5
 mol dm–3

 s–1 

C 5  10–3
 mol dm–3

 s–1 

D 1  10–2
 mol dm–3

 s–1 
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4 An ion with a charge of 2– contains 10 electrons and 14 neutrons. 
 

What is its nucleon number? 

A 14 B 22 C 24 D 26 
 
 
5 The structure of the hormone histamine is shown. 
 

H

CN

H

H

C C
C

CN

N

H
H

H

Hz

H

H
yx

histamine

 
 

Which row contains the bond angles x, y and z in histamine in the correct order from the smallest 
to the largest? 

 

 smallest 
bond angle  largest 

bond angle 

A x y z 

B y x z 

C y z x 

D z y x 
 
 
6 When an organic acid reacts with an alcohol, a reversible reaction takes place producing an ester 

and water. 
 

0.40 mol of an organic acid and 0.30 mol of an alcohol are mixed and allowed to stand at 25 °C 
until equilibrium is reached. 

 
At equilibrium, 0.20 mol of ester is produced. 

 
What is the value of the equilibrium constant, Kc, under the conditions used? 

A 0.33 B 0.50 C 2.0 D 10 
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10 Methanol is manufactured by reacting carbon dioxide and hydrogen together. 
 
 CO2(g)  +  3H2(g)    CH3OH(g)  +  H2O(g) H = – 49 kJ mol–1 
 

What increases the equilibrium yield of methanol in this process? 

A increasing the pressure 

B adding an excess of steam 

C adding a catalyst 

D increasing the temperature 
 
 
11 The equation for a reaction of KCl O3 is shown. 
 

4KCl O3    KCl  +  3KCl O4 
 

Which row is correct? 
 

 disproportionation 
reaction 

oxidation number 
of chlorine in KCl O4 

A yes +4 

B yes +7 

C no +4 

D no +7 
 
 
12 A student mixes 25.0 cm3 of 0.100 mol dm–3 sodium hydroxide solution with 25.0 cm3 of 

0.100 mol dm–3 hydrochloric acid and the student records a temperature rise of 2.50 °C. 
 

What is the enthalpy change of the reaction per mole of NaOH? 

A –209 kJ mol–1 

B –104.5 kJ mol–1 

C –209 J mol–1 

D –522.5 J mol–1 
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8 Which diagram represents the lattice structure of sodium chloride? 
 

Na Cl Na Cl

NaCl Na Cl

Na Cl Na Cl

NaCl Na Cl

A

+ – + –

+– + –

+ – + –

+– + –

B

– + +– + + + +

+ + + +

+ + + +

+ + + +

–+ – +

– + – +

–+ – +

C D

key

Cl
Na
–
+

= chlorine atom
= sodium atom
= chloride ion
= sodium ion

–

–

– –

–

–
–

– –

–

–
–

–

–

– –

–

–

–

–
 

 
 
9 An aqueous solution X contains substance HQ which behaves as a weak acid. 
 

HQ(aq)    H+(aq)  +  Q–(aq) 
 

The soluble salt NaQ is added to X. 
 

What happens to the [H+(aq)] and the pH in X? 
 

 [H+(aq)] pH 

A decreases decreases 

B decreases increases 

C increases decreases 

D increases increases 
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10 Dinitrogen tetroxide, N2O4, decomposes reversibly. 
 
 N2O4    2NO2 H = +58.0 kJ mol–1 
 

An equilibrium mixture of N2O4 and NO2 gases is placed in a closed container under standard 
conditions. 

 
Kc = 1.15  10–1

 mol dm–3 
 

The conditions are changed. 
 

Under the new conditions, Kc = 1.70  103
 mol dm–3. 

 
Which change in conditions occurs? 

A The pressure increases. 

B The pressure decreases. 

C The temperature increases. 

D The temperature decreases. 
 
 
11 50 cm3 of 1.0 mol dm–3 H2SO4 is added to 100 cm3 of 1.0 mol dm–3 NaOH in an insulated vessel. 
 

Both solutions are at a temperature of 20 °C before mixing. After mixing, the temperature rises 
and the highest temperature reached is 29 °C. 

 
Assume that: 

 
● all the energy released in the reaction goes into raising the temperature of the 

aqueous reaction mixture 

● the specific heat capacity of the mixture is 4.2 J cm–3
 K–1. 

 
What is the value of the enthalpy of neutralisation determined from this experiment? 

A –113.4 kJ mol–1 

B –56.7 kJ mol–1 

C –37.8 kJ mol–1 

D –18.9 kJ mol–1 
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15 In which pair do both species: 
 

● have the same shape 

● have the same number of covalent bonds? 
 

A methane and the ammonium ion 

B carbon dioxide and nitrogen 

C boron trifluoride and ammonia 

D water and oxygen 
 
 
16 A reaction involving ammonium ions is shown. 
 

NH4
+  +  OH–    NH3  +  H2O 

 
Four statements about this reaction are listed. 

 
1 The ammonium ions are reduced. 

2 In the reverse reaction, ammonia acts as a Brønsted–Lowry base. 

3 The ammonium ion and the ammonia molecule have the same bond angle. 

4 This reaction is not a redox reaction. 
 

Which statements are correct? 

A 1 and 2 B 1 and 3 C 2 and 4 D 3 and 4 
 
 
17 Which reduction process occurs on the surface of a catalytic converter? 

A reduction of carbon dioxide and nitrogen oxides 

B reduction of carbon dioxide only 

C reduction of nitrogen oxides only 

D reduction of carbon monoxide 
 
 
18 Three statements about the halogens, chlorine, bromine and iodine and their compounds are 

listed. 
 

1 The halogen with the highest boiling point has atoms which form the strongest bond 
to hydrogen. 

2 The halogen with the strongest instantaneous dipole (id–id) attractions forms the 
most thermally stable hydrogen halide. 

3 The most volatile element most rapidly oxidises hydrogen. 
 

Which statements are correct? 

A 1 and 2 B 1 only C 2 and 3 D 3 only 
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4 The reaction between sulfur dioxide and oxygen has the equation shown. 
 
 2SO2(g)  +  O2(g)    2SO3(g) H = –197 kJ mol–1 
 

1.0 mol of SO2 and 1.0 mol of O2 are placed in a closed container and heated to a constant 
temperature. 

 
At this temperature, 0.8 mol of SO3 are present in the equilibrium mixture. 

 
Which statement is correct? 

A The equilibrium partial pressure of SO2 is greater than the equilibrium partial pressure of O2. 

B Kp has units of mol dm–3. 

C At a lower temperature, the equilibrium amount of SO3 is lower than 0.8 mol. 

D The mole fraction of SO3 is less than 0.8. 
 
 
5 ‘Red lead’ is a red pigment with the formula Pb3O4. Every formula unit of ‘red lead’ is the same. 
 

Each formula unit contains three lead ions and four oxide ions. Lead has two different oxidation 
states in ‘red lead’. 

 
What are the oxidation states of lead in ‘red lead’? 

A +1 and +2 B +1 and +3 C +2 and +4 D +2 and +6 
 
 
6 Some standard enthalpy of combustion data are given. 
 

substance standard enthalpy change 
of combustion / kJ mol–1 

C(s) –394 

H2(g) –286 

CH3OH(l) –726 
 

Using these data, what is the enthalpy change of formation of methanol? 

A –240 kJ mol–1 B –46 kJ mol–1 C 46 kJ mol–1 D 240 kJ mol–1 
 
 
7 Which row is correct? 
 

 smallest 
bond angle  largest 

bond angle 

A H2O NH3 BF3 

B BF3 NH3 H2O 

C NH3 H2O BF3 

D H2O BF3 NH3 
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20 Sodium bromide is warmed with concentrated sulfuric acid. 
 

Which row describes the change in the oxidation number of the sulfur and the role of the bromide 
ions in the reaction? 

 

 
change in 

oxidation number 
of sulfur 

role of 
bromide ions 

A +6 to +4 oxidising agent 

B +6 to +4 reducing agent 

C +4 to 0 oxidising agent 

D +4 to 0 reducing agent 
 
 
21 A reaction occurs when ammonium chloride is added to calcium hydroxide. 
 

What is the role of the ammonium ions in this reaction? 

A acid 

B base 

C oxidising agent 

D reducing agent 
 
 
22 Elements Y and Z are both in Period 3. Element Y has the smallest atomic radius in Period 3. 
 

There are only two elements in Period 3 that have a lower melting point than element Z. 
 

Elements Y and Z react together to form compound R. 
 

Which compound could be R? 

A MgCl 2 B MgS C Na2S D PCl 3 
 
 
23 1.0 g of each of four different compounds of Group 2 elements are thermally decomposed. The 

residue in each decomposition is the oxide of the Group 2 element. 
 

The volume of gas produced from each reaction is measured at room conditions. 
 

Which substance produces the greatest volume of gas? 

A calcium carbonate 

B calcium nitrate 

C strontium carbonate 

D strontium nitrate 
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5 The reversible reaction shown is in equilibrium at a temperature of 450 °C. 
 
 H2  +  I2    2HI H = –9.5 kJ mol–1 
 

The table shows the equilibrium concentrations in the reaction mixture. 
 

H2 I2 HI 

1.02 mol dm–3 0.02 mol dm–3 0.98 mol dm–3 
 

The temperature of the reaction mixture is increased at constant volume. 
 

The concentration of one of the components falls to 0.80 mol dm–3 at equilibrium under these 
conditions. 

 
What is the concentration of H2 in the new equilibrium mixture? 

A 0.80 mol dm–3 

B 0.93 mol dm–3 

C 1.11 mol dm–3 

D 1.20 mol dm–3 
 
 
6 The first stage in the industrial production of nitric acid from ammonia can be represented by the 

following equation. 
 

4NH3(g)  +  5O2(g)    4NO(g)  +  6H2O(g) 
 

Using the following standard enthalpy change of formation data, what is the value of the standard 
enthalpy change, H 

o, for this reaction? 
 

compound  

NH3(g) –46.1 

NO(g) +90.3 

H2O(g) –241.8 
 

A +905.2 kJ mol–1 

B –105.4 kJ mol–1 

C –905.2 kJ mol–1 

D –1274.0 kJ mol–1 
 
 

145. Question | 9701 May-June 2025 P1 V4 Q7 4 

© UCLES 2025 9701/14/M/J/25  

7 Methanol, CH3OH, is made industrially from carbon monoxide and hydrogen in the equilibrium 
reaction shown. 

 
 CO(g)  +  2H2(g)    CH3OH(g) H = –100 kJ mol–1 
 

Which statement about this equilibrium is correct? 

A Kp for the process is 
2H  CO

OH3CH

pp

p


. 

B An increase in pressure increases the equilibrium yield of methanol. 

C An increase in temperature increases the equilibrium yield of methanol. 

D The addition of an effective catalyst increases the equilibrium yield of methanol. 
 
 
8 The distribution of molecular energies in an ideal gas can be represented in a Boltzmann 

distribution. 
 

Which change in conditions leads to a larger value for the number of molecules that have the 
most probable energy? 

A keeping the temperature constant but decreasing the pressure 

B keeping the pressure constant but decreasing the temperature 

C keeping the temperature constant but increasing the pressure 

D keeping the pressure constant but increasing the temperature 
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13 Which equation represents the standard enthalpy change of formation, , for ethanol? 

A 2C(s)  +  (g)H2 22
1

  +  (g)O22
1

    C2H5OH(g) 

B 2C(s)  +  (g)H2 22
1

  +  (g)O22
1

    C2H5OH(l) 

C 2C(s)  +  3H2(g)  +  (g)O22
1

    C2H5OH(g) 

D 2C(s)  +  3H2(g)  +  (g)O22
1

    C2H5OH(l) 
 
 
14 When K2MnO4 reacts with concentrated hydrochloric acid, the products include chlorine 

molecules and MnCl 2. All of the manganese atoms are reduced to MnCl 2. 
 

Both Mn and Cl change their oxidation numbers during the reaction. No other element is oxidised 
or reduced. 

 
Using these changes in oxidation number, how many moles of chlorine will be produced when 
1.0 mol of K2MnO4 reacts with an excess of hydrochloric acid? 

A 2.0 mol B 2.5 mol C 3.0 mol D 4.0 mol 
 
 
15 A nitrogen–hydrogen mixture, initially in the mole ratio of 1 : 3, reaches equilibrium with ammonia 

when 50% of the nitrogen has reacted. The total final pressure is p. 
 

N2  +  3H2    2NH3 
 

What is the partial pressure of ammonia in the equilibrium mixture? 

A 
6
p  B 

4
p  C 

3
p  D 

2
p  
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9 Sulfite ions, SO3
2–, react separately with zinc and with manganese dioxide. 

 
a, b, c, d, w, x, y and z are all whole numbers. 

 
aSO3

2–(aq)  +  b H2O(l)  +  Zn(s)    Zn2+(aq)  +  c OH–(aq)  +  d S2O4
2–(aq) 

MnO2(s)  +  w SO3
2–(aq)  +  x H+(aq)    Mn2+(aq)  +  y S2O6

2–(aq)  +  z H2O(l) 
 

Which numbers are correct for a, b, w and x? 
 

 a b w x 

A 1 2 2 4 

B 2 2 2 4 

C 1 2 4 2 

D 2 2 4 2 
 
 
10 Which equation shows hydrogen acting as an oxidising agent? 

A H2  +  2K    2K+H– 

B H2  +  I2    2HI 

C H2  +  Cu2S  +  ZnO    2Cu  +  ZnS  +  H2O 

D 3H2  +  N2    2NH3 
 
 
11 1.00 g of nitrogen gas is stored in a 2.00 dm3 vessel at 40.0 °C. 
 

What is the pressure in the vessel? 

A 5940 Pa B 11 900 Pa C 46 400 Pa D 92 900 Pa 
 
 
12 One molecule of haemoglobin, Hb, can bind with four molecules of oxygen according to the 

equation shown. 
 

Hb(aq)  +  4O2(aq)    Hb(O2)4(aq) 
 

When the equilibrium concentration of O2 is 7.6  10–6
 mol dm–3, the equilibrium concentrations of 

Hb and Hb(O2)4 are equal. 
 

What is the numerical value of Kc  for this equilibrium? 

A 3.0  1020 B 1.3  105 C 7.6  10–6 D 3.3  10–21 
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13 Aqueous acid P and aqueous alkali Q have the same concentration. 
 

20 cm3 of P is added to a conical flask. 
 

Q is slowly added to the flask and the volume of Q and the pH are recorded. 
 

The pH titration curve is shown. 
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Which row gives the identity of P and Q? 
 

 P Q 

A HCl NaOH 

B H2SO4 NH3 

C HCl Ba(OH)2 

D CH3COOH Sr(OH)2 
 
 
14 Photochromic glass, used for sunglasses, darkens when exposed to bright light and becomes 

more transparent again when the light is less bright. The darkness of the glass is due to the 
presence of silver atoms. 

 
The following reactions are involved. 

 
reaction 1 Ag+  +  Cl –    Ag  +  Cl 

reaction 2 Cu+  +  Cl    Cu2+  +  Cl – 

reaction 3 Cu2+  +  Ag    Cu+  +  Ag+ 
 

Which statement about these reactions is correct? 

A Cu+ and Cu2+ ions act as catalysts. 

B Cu+ ions act as an oxidising agent in reaction 2. 

C Reaction 3 increases the darkness of the glass. 

D Silver atoms are reduced in reaction 3. 
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10 One commercially available ‘heat pad’ contains iron, activated carbon and water. The ‘heat pad’ 
is activated by air. This causes the pad to get hotter. 

 
Which statement describes the chemical reaction occurring in the ‘heat pad’ when it is exposed to 
air? 

A The reaction is endothermic and iron gains electrons. 

B The reaction is endothermic and iron loses electrons. 

C The reaction is exothermic and iron gains electrons. 

D The reaction is exothermic and iron loses electrons. 
 
 
11 In which substance is the average oxidation number of sulfur the highest? 

A S8 B Na2S4O6 C Na2S2O3 D SO2Cl 2 
 
 
12 An equilibrium can be represented by the equation shown. 
 

P(aq)  +  Q(aq)    2R(aq)  +  S(aq) 
 

In a certain mixture, of volume 1.0 dm3, the equilibrium concentration of Q is 10 mol dm–3. 
 

What will be the new equilibrium concentration of Q if 5.0 mol of pure Q is completely dissolved in 
the mixture? 

A 15 mol dm–3 

B between 10 mol dm–3 and 15 mol dm–3 

C 10 mol dm–3 

D between 5.0 mol dm–3 and 10 mol dm–3 
 
 
13 In the Contact process, sulfur dioxide and oxygen react to form sulfur trioxide. 
 

In the Haber process, nitrogen and hydrogen react to form ammonia. 
 

Which statement about these processes is correct? 

A Kp for the Haber process has no unit. 

B In the Contact process, the value of Kp falls when pressure is increased at constant T. 

C The Haber process uses a homogeneous catalyst. 

D When V2O5 is used in the Contact process, the position of equilibrium is unchanged. 
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10 One commercially available ‘heat pad’ contains iron, activated carbon and water. The ‘heat pad’ 
is activated by air. This causes the pad to get hotter. 

 
Which statement describes the chemical reaction occurring in the ‘heat pad’ when it is exposed to 
air? 

A The reaction is endothermic and iron gains electrons. 

B The reaction is endothermic and iron loses electrons. 

C The reaction is exothermic and iron gains electrons. 

D The reaction is exothermic and iron loses electrons. 
 
 
11 In which substance is the average oxidation number of sulfur the highest? 

A S8 B Na2S4O6 C Na2S2O3 D SO2Cl 2 
 
 
12 An equilibrium can be represented by the equation shown. 
 

P(aq)  +  Q(aq)    2R(aq)  +  S(aq) 
 

In a certain mixture, of volume 1.0 dm3, the equilibrium concentration of Q is 10 mol dm–3. 
 

What will be the new equilibrium concentration of Q if 5.0 mol of pure Q is completely dissolved in 
the mixture? 

A 15 mol dm–3 

B between 10 mol dm–3 and 15 mol dm–3 

C 10 mol dm–3 

D between 5.0 mol dm–3 and 10 mol dm–3 
 
 
13 In the Contact process, sulfur dioxide and oxygen react to form sulfur trioxide. 
 

In the Haber process, nitrogen and hydrogen react to form ammonia. 
 

Which statement about these processes is correct? 

A Kp for the Haber process has no unit. 

B In the Contact process, the value of Kp falls when pressure is increased at constant T. 

C The Haber process uses a homogeneous catalyst. 

D When V2O5 is used in the Contact process, the position of equilibrium is unchanged. 
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9 Sulfite ions, SO3
2–, react separately with zinc and with manganese dioxide. 

 
a, b, c, d, w, x, y and z are all whole numbers. 

 
aSO3

2–(aq)  +  b H2O(l)  +  Zn(s)    Zn2+(aq)  +  c OH–(aq)  +  d S2O4
2–(aq) 

MnO2(s)  +  w SO3
2–(aq)  +  x H+(aq)    Mn2+(aq)  +  y S2O6

2–(aq)  +  z H2O(l) 
 

Which numbers are correct for a, b, w and x? 
 

 a b w x 

A 1 2 2 4 

B 2 2 2 4 

C 1 2 4 2 

D 2 2 4 2 
 
 
10 Which equation shows hydrogen acting as an oxidising agent? 

A H2  +  2K    2K+H– 

B H2  +  I2    2HI 

C H2  +  Cu2S  +  ZnO    2Cu  +  ZnS  +  H2O 

D 3H2  +  N2    2NH3 
 
 
11 1.00 g of nitrogen gas is stored in a 2.00 dm3 vessel at 40.0 °C. 
 

What is the pressure in the vessel? 

A 5940 Pa B 11 900 Pa C 46 400 Pa D 92 900 Pa 
 
 
12 One molecule of haemoglobin, Hb, can bind with four molecules of oxygen according to the 

equation shown. 
 

Hb(aq)  +  4O2(aq)    Hb(O2)4(aq) 
 

When the equilibrium concentration of O2 is 7.6  10–6
 mol dm–3, the equilibrium concentrations of 

Hb and Hb(O2)4 are equal. 
 

What is the numerical value of Kc  for this equilibrium? 

A 3.0  1020 B 1.3  105 C 7.6  10–6 D 3.3  10–21 
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13 Aqueous acid P and aqueous alkali Q have the same concentration. 
 

20 cm3 of P is added to a conical flask. 
 

Q is slowly added to the flask and the volume of Q and the pH are recorded. 
 

The pH titration curve is shown. 
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Which row gives the identity of P and Q? 
 

 P Q 

A HCl NaOH 

B H2SO4 NH3 

C HCl Ba(OH)2 

D CH3COOH Sr(OH)2 
 
 
14 Photochromic glass, used for sunglasses, darkens when exposed to bright light and becomes 

more transparent again when the light is less bright. The darkness of the glass is due to the 
presence of silver atoms. 

 
The following reactions are involved. 

 
reaction 1 Ag+  +  Cl –    Ag  +  Cl 

reaction 2 Cu+  +  Cl    Cu2+  +  Cl – 

reaction 3 Cu2+  +  Ag    Cu+  +  Ag+ 
 

Which statement about these reactions is correct? 

A Cu+ and Cu2+ ions act as catalysts. 

B Cu+ ions act as an oxidising agent in reaction 2. 

C Reaction 3 increases the darkness of the glass. 

D Silver atoms are reduced in reaction 3. 
 
 


