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19 After black and white photographic film has been developed, unreacted silver bromide is removed 
by reaction with sodium thiosulfate. 

 
AgBr  +  2Na2S2O3  →  4Na+  +  Br 

–  +  [Ag(S2O3)2]3– 
 

What is the function of the thiosulfate ion? 

A to make the silver ions soluble 

B to oxidise the silver ions 

C to reduce the bromine 

D to reduce the silver ions 
 
 
20 People who take statin drugs to control their blood cholesterol may also take ‘coenzyme Q10’. 
 

The diagram shows a simplified structure of one form of this coenzyme. 
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Which row describes this structure correctly? 
 

 the coenzyme is number of π bonds 
in one molecule 

A an aldehyde n + 2 

B an aldehyde n + 4 

C a ketone n + 2 

D a ketone n + 4 
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22 Which pair of reagents will take part in a redox reaction? 

A CH3CHCH2  +  Br2 

B CH3CH2CH2OH  +  concentrated H3PO4 

C CH3COCH3  +  HCN 

D HCO2C2H5  +  dilute H2SO4 
 
 
23 The first propagation step in the reaction between methane and chlorine is shown. 

CH4  +  Cl •  →  CH3• +  HCl 
 

How many different first propagation steps are possible in the reaction between pentane and 
chlorine? 

A 2 B 3 C 4 D 5 
 
 
24 Alcohol Y gives product Z after mild oxidation. Z gives a positive result with Tollens’ reagent and 

with 2,4-dinitrophenylhydrazine reagent. 
 

What could be the identity of alcohol Y? 

A butan-1-ol 

B butan-2-ol 

C butan-2,3-diol 

D 2-methylbutan-2-ol 
 
 
25 A student prepares pentan-1-ol by the alkaline hydrolysis of 1-iodopentane. She gently warms the 

reaction mixture for 20 minutes. 
 

CH3CH2CH2CH2CH2I  +  OH–  →  CH3CH2CH2CH2CH2OH  +  I– 
 
 

When the student uses 1-chloropentane to prepare the same alcohol she has to change the 
condition of the reaction. 

 
Which change in condition should she use and what is the correct reason for its use? 

 

 change in condition reason 

A heat under reflux C–Cl bond is more polar than the C–I bond 

B heat under reflux C–Cl bond is stronger than the C–I bond 

C room temperature C–Cl bond is more polar than the C–I bond  

D room temperature C–Cl bond is shorter than the C–I bond 
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17 Nitrogen(II) oxide, NO, nitrogen(IV) oxide, NO2, carbon monoxide, CO, and unburnt 
hydrocarbons are present in the exhaust gases of internal combustion engines. When catalytic 
converters are used to remove these compounds from the exhaust gases, redox reactions occur. 

 
What happens to each compound in the catalytic converter? 

 

 NO NO2 CO hydrocarbons 

A oxidised oxidised reduced oxidised 

B oxidised oxidised oxidised oxidised 

C reduced reduced oxidised oxidised 

D reduced reduced reduced reduced 

 
 
18 An excess of chlorine gas, Cl 2, is passed through 60 cm3 of cold aqueous 0.1 mol dm–3 sodium 

hydroxide. In a separate experiment an excess of chlorine gas is passed through 60 cm3 of hot 
aqueous 0.1 mol dm–3 sodium hydroxide until no further reaction takes place. 

 
How much more sodium chloride will be produced by the reaction with hot NaOH than with cold 
NaOH? 

A 0.002 moles 

B 0.003 moles 

C 0.005 moles 

D 0.006 moles 
 
 
19 Fluorine and iodine are Group 17 elements. Their melting points are different due to differing 

strengths of van der Waals’ forces between molecules. 
 

Which row is correct? 
 

 melting point 
strength of van der Waals’ 
forces between molecules 

A F2 > I2 F2 > I2 

B F2 > I2 F2 < I2 

C F2 < I2 F2 < I2 

D F2 < I2 F2 > I2 
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33 The diagram shows the Boltzmann distribution of molecular energies in one mole of a gas at two 
temperatures, T1 and T2. 

 

proportion of
molecules
with a
given energy

molecular energy

E1

T1

E2

T2

 
 

Which statements are correct? 

1 The shaded area represents the proportion of molecules with energies between E1 and E2 at 
temperature T2. 

2 No particles have zero energy at either temperature. 

3 T2 is a lower temperature than T1. 
 
 
34 When KCl O3 is heated, the following reaction occurs. 
 

4KCl O3  →  3KCl O4  +  KCl 
 

Which statements are correct? 

1 The oxidation state of Cl in KCl O3 is +5. 

2 The oxidation state of some Cl atoms decreases by 6. 

3 The reaction involves disproportionation. 
 
 
35 Why is the first ionisation energy of aluminium less than that of magnesium? 

1 The outer electron in the aluminium atom is more shielded from the nuclear charge. 

2 The outer electron in the aluminium atom is in a higher energy orbital. 

3 The outer electron in the aluminium atom is further from the nucleus. 
 
 
36 Ammonia is a colourless gas that is produced by the Haber process. 
 

Which statements about ammonia are correct? 

1 An ammonia molecule has three bond pairs and one lone pair of electrons. 

2 If ammonia is bubbled into water the pH of the solution will increase. 

3 Ammonia gas can be made by warming ammonium sulfate with aqueous hydrochloric acid. 
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2 In the ideal gas equation, pV = nRT, what are the units of n and T ? 
 

 n T 

A no units °C 

B no units K 

C mol °C 

D mol K 
 
 
3 The reaction between acidified dichromate(VI) ions, Cr2O7

2–, and aqueous Fe2+ ions results in the 
dichromate(VI) ions being reduced to Cr3+ ions. 

 
What is the correct equation for this reaction? 

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

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

C Cr2O7
2–  +  3Fe2+  +  14H+  →  2Cr3+  +  3Fe3+  +  7H2O 

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

 
 
4 Sodium azide, NaN3 is an explosive used to inflate airbags in cars when they crash. It consists of 

positive sodium ions and negative azide ions. 
 

What are the numbers of electrons in the sodium ion and the azide ion? 
 

 sodium ion azide ion 

A 10 20 

B 10 22 

C 12 20 

D 12 22 
 
 
5 The 68Ge isotope is medically useful because it undergoes a natural radioactive process to give 

an isotope of a different element, 68X, which can be used to detect tumours. This transformation 
of 68Ge occurs when an electron enters the nucleus and changes a proton into a neutron. 

 
Which statement about the composition of an atom of 68X is correct? 

A It has 4 electrons in its outer p orbitals. 

B It has 13 electrons in its outer shell. 

C It has 37 neutrons. 

D Its proton number is 32. 
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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? 
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substance partial pressure / kPa 

nitrogen 7000 

hydrogen 8000 

ammonia 4000 
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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. 
 
 
31 Photochromic lenses in spectacles darken in sunlight because silver crystals are produced by the 

reaction shown. 
 

Ag+  +  Cl –  →  Ag  +  Cl 
 

Which statements are correct for this reaction? 

1 Both silver and chlorine atoms have an oxidation number of zero. 

2 The oxidation number of chlorine increases. 

3 Electrons are transferred from Cl – ions to Ag+ ions. 
 
 
32 A cathedral in New Zealand has been constructed from cardboard. Cardboard contains polymer 

molecules. Part of one such polymer molecule is shown below. 
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Which statements about this polymer are correct? 

1 The polymer molecules can form hydrogen bonds with each other. 

2 The polymer can form intermolecular forces with water molecules. 

3 The polymer will not burn easily because it is a secondary alcohol. 
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2 In the ideal gas equation, pV = nRT, what are the units of n and T ? 
 

 n T 

A no units °C 

B no units K 

C mol °C 

D mol K 
 
 
3 The reaction between acidified dichromate(VI) ions, Cr2O7

2–, and aqueous Fe2+ ions results in the 
dichromate(VI) ions being reduced to Cr3+ ions. 

 
What is the correct equation for this reaction? 

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

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

C Cr2O7
2–  +  3Fe2+  +  14H+  →  2Cr3+  +  3Fe3+  +  7H2O 

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

 
 
4 Sodium azide, NaN3 is an explosive used to inflate airbags in cars when they crash. It consists of 

positive sodium ions and negative azide ions. 
 

What are the numbers of electrons in the sodium ion and the azide ion? 
 

 sodium ion azide ion 

A 10 20 

B 10 22 

C 12 20 

D 12 22 
 
 
5 The 68Ge isotope is medically useful because it undergoes a natural radioactive process to give 

an isotope of a different element, 68X, which can be used to detect tumours. This transformation 
of 68Ge occurs when an electron enters the nucleus and changes a proton into a neutron. 

 
Which statement about the composition of an atom of 68X is correct? 

A It has 4 electrons in its outer p orbitals. 

B It has 13 electrons in its outer shell. 

C It has 37 neutrons. 

D Its proton number is 32. 
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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. 
 
 
31 Nitrogen and phosphorus are both in Group 15 of the Periodic Table. Phosphorus forms a 

chloride with the formula PCl 5 but nitrogen does not form NCl 5. 
 

Which statements help to explain this? 

1 Nitrogen’s outer shell cannot contain more than eight electrons. 

2 Nitrogen cannot have an oxidation state of +5. 

3 Nitrogen is less electronegative than phosphorus. 
 
 
32 When a sample of a gas is compressed at constant temperature from 1500 kPa to 6000 kPa, its 

volume changes from 76.0 cm3 to 20.5 cm3. 
 

Which statements are possible explanations for this result? 

1 The gas does not behave ideally. 

2 The gas partially liquefies. 

3 Some of the gas is lost from the container. 
 
 
33 Which of these statements are always correct? 

1 The sum of the oxidation numbers of all the atoms in a compound is zero. 

2 The oxidation number of sodium in a salt is positive. 

3 The oxidation number of chlorine in a compound is negative. 
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6 The complete combustion of 2 moles of a straight chain alkane produces 400 dm3 of 
carbon dioxide measured at 301 K and 1 × 105

 Pa. Carbon dioxide can be assumed to behave as 
an ideal gas under these conditions. 

 
What is the formula of the straight chain alkane? 

A C8H18 B C16H34 C C20H42 D C40H82 
 
 
7 Which expression gives the standard enthalpy change of combustion of methane? 

A        (CH4)  +         (CO2)  –  2       (H2O) 

B        (CO2)  +  2       (H2O)  +         (CH4) 

C        (CH4)  +  2       (H2O)  –         (CO2) 

D        (CO2)  +  2       (H2O)  –         (CH4) 
 
 
8 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 state is shown by chlorine in each of these three ions? 
 

 Cl O– Cl O3
– Cl 

– 

A +1 +3 –1 

B –1 +3 +1 

C +1 +5 –1 

D –1 +5 +1 
 
 
9 When K2MnO4 is dissolved in water, the following reaction occurs. 
 

a MnO4
2–(aq)  +  b H2O(l)  →  c MnO4

–(aq)  +  d MnO2(s)  +  e OH–(aq) 
 

What are the values of a and c in the balanced chemical equation? 
 

 a c 

A 2 1 

B 3 2 

C 4 3 

D 5 4 
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6 The complete combustion of 2 moles of a straight chain alkane produces 400 dm3 of 
carbon dioxide measured at 301 K and 1 × 105

 Pa. Carbon dioxide can be assumed to behave as 
an ideal gas under these conditions. 

 
What is the formula of the straight chain alkane? 

A C8H18 B C16H34 C C20H42 D C40H82 
 
 
7 Which expression gives the standard enthalpy change of combustion of methane? 

A        (CH4)  +         (CO2)  –  2       (H2O) 

B        (CO2)  +  2       (H2O)  +         (CH4) 

C        (CH4)  +  2       (H2O)  –         (CO2) 

D        (CO2)  +  2       (H2O)  –         (CH4) 
 
 
8 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 state is shown by chlorine in each of these three ions? 
 

 Cl O– Cl O3
– Cl 

– 

A +1 +3 –1 

B –1 +3 +1 

C +1 +5 –1 

D –1 +5 +1 
 
 
9 When K2MnO4 is dissolved in water, the following reaction occurs. 
 

a MnO4
2–(aq)  +  b H2O(l)  →  c MnO4

–(aq)  +  d MnO2(s)  +  e OH–(aq) 
 

What are the values of a and c in the balanced chemical equation? 
 

 a c 

A 2 1 

B 3 2 

C 4 3 

D 5 4 
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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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4 Two conversions are shown. 
 

NH4
+ → NH3 

C2H4 → C2H6 
 

Which similar feature do these two conversions have? 

A change in oxidation state of an element 

B decrease in bond angle 

C formation of a lone pair of electrons 

D loss of a π bond 
 
 
5 All gases listed are at the same pressure. 
 

Which gas will most closely approach ideal behaviour? 

A ammonia at 100 K 

B ammonia at 500 K 

C neon at 100 K 

D neon at 500 K 
 
 
6 The following data are needed for this question. 
 

       (CO(g)) = –111 kJ mol–1 

       (CO2(g)) = –394 kJ mol–1 

       (Fe2O3(s)) = –822 kJ mol–1 
 

Carbon monoxide reacts with iron(III) oxide. 
 

3CO(g)  +  Fe2O3(s)  →  3CO2(g)  +  2Fe(s) 
 

What is the enthalpy change when 55.8 g of iron are produced by this reaction? 

A –27.0 kJ B –13.5 kJ C +13.5 kJ D +27.0 kJ 
 
 
7 Vanadium reacts with dilute sulfuric acid to form V2(SO4)3 and hydrogen gas. 
 

What happens to vanadium atoms in this reaction? 

A They lose three electrons and are oxidised. 

B They lose three electrons and are reduced. 

C They lose two electrons and are oxidised. 

D They lose two electrons and are reduced. 
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4 In the sodium chloride lattice the number of chloride ions that surround each sodium ion is called 
the co-ordination number of the sodium ions. 

 
What are the co-ordination numbers of the sodium ions and the chloride ions in the 
sodium chloride lattice? 

 
 sodium ions chloride ions 

A 4 6 

B 6 4 

C 6 6 

D 8 6 
 
 
5 A fluorescent light tube has an internal volume of 400 cm3 and an internal pressure of 200 kPa. 
 

It is filled with 0.03 moles of an ideal gas. 
 

What is the temperature of the gas inside the fluorescent light tube? 

A 3.21 × 10–1
 K 

B 3.21 × 102
 K 

C 3.21 × 105
 K 

D 3.21 × 108
 K 

 
 
6 One of the reactions in a lead / acid cell is shown. 
 

Pb(s)  +  PbO2(s)  +  4H+(aq)  +  2SO4
2–(aq)  →  2PbSO4(s)  +  2H2O(l) 

 
Which statement about this reaction is correct? 

A Lead is both oxidised and reduced. 

B Lead is neither oxidised nor reduced. 

C Lead is oxidised only. 

D Lead is reduced only. 
 
 

15. Question | 9701 Oct-Nov 2017 P1 V1 Q33 13 

© UCLES 2017 9701/11/O/N/17 [Turn over 

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 
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4 In the sodium chloride lattice the number of chloride ions that surround each sodium ion is called 
the co-ordination number of the sodium ions. 

 
What are the co-ordination numbers of the sodium ions and the chloride ions in the 
sodium chloride lattice? 

 
 sodium ions chloride ions 

A 4 6 

B 6 4 

C 6 6 

D 8 6 
 
 
5 A fluorescent light tube has an internal volume of 400 cm3 and an internal pressure of 200 kPa. 
 

It is filled with 0.03 moles of an ideal gas. 
 

What is the temperature of the gas inside the fluorescent light tube? 

A 3.21 × 10–1
 K 

B 3.21 × 102
 K 

C 3.21 × 105
 K 

D 3.21 × 108
 K 

 
 
6 One of the reactions in a lead / acid cell is shown. 
 

Pb(s)  +  PbO2(s)  +  4H+(aq)  +  2SO4
2–(aq)  →  2PbSO4(s)  +  2H2O(l) 

 
Which statement about this reaction is correct? 

A Lead is both oxidised and reduced. 

B Lead is neither oxidised nor reduced. 

C Lead is oxidised only. 

D Lead is reduced 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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15 A solution contains both Mg2+(aq) and Sr2+(aq) at the same concentration. 
 

The solution is divided into two equal portions. Aqueous sodium hydroxide is added dropwise to 
one portion. Dilute sulfuric acid is added dropwise to the other portion. 

 
Which row is correct? 

 

 precipitate seen first 
when NaOH(aq) is added 

precipitate seen first 
when H2SO4(aq) is added 

A magnesium hydroxide magnesium sulfate 

B magnesium hydroxide strontium sulfate 

C strontium hydroxide magnesium sulfate 

D strontium hydroxide strontium sulfate 
 
 
16 The volatility of the Group 17 elements, chlorine, bromine and iodine, decreases down the group. 
 

What is responsible for this? 

A bond length in the halogen molecule 

B bond strength in the halogen molecule 

C electronegativity of the halogen 

D number of electrons in the halogen molecule 
 
 
17 Bromine is extracted from sea-water. 
 

In the final stages of the process two redox reactions take place. 
 

Br2(aq)  +  SO2(g)  +  2H2O(l)  →  2HBr(aq)  +  H2SO4(aq) 

2HBr(aq)  +  Cl 2(g)  →  Br2(g)  +  2HCl (aq) 
 

Which row is correct? 
 

 strongest 
oxidising agent  weakest 

oxidising agent

A Br2 SO2 Cl 2 

B Cl 2 Br2 SO2 

C Cl 2 SO2 Br2 

D SO2 Br2 Cl 2 
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5 Which molecule has no overall dipole? 

A CH3Cl B CH2Cl 2 C CHCl 3 D CCl 4 
 
 
6 Which solid contains more than one type of bonding? 

A iodine 

B silicon dioxide 

C sodium chloride 

D zinc 
 
 
7 Enthalpy changes of combustion can be used to determine enthalpy changes of formation. The 

following equation represents the enthalpy change of formation of butane. 
 

4C(s)  +  5H2(g)  →  C4H10(g) 
 

By using the following standard enthalpy of combustion data, what is the value of the standard 
enthalpy change of formation,        , of butane? 

 
substance  

C(s) –394 

H2(g) –286 

C4H10(g) –2877 
 

A –5883 kJ mol–1 

B –129 kJ mol–1 

C +129 kJ mol–1 

D +2197 kJ mol–1 
 
 
8 Ethanedioate ions, C2O4

2–, react with a suitable reagent to form CO2. A half-equation for this 
reaction is shown. 

 
C2O4

2–  →  2CO2  +  2e– 
 

Which row is correct? 
 

 oxidation state of 
carbon in C2O4

2– type of reaction 

A +3 oxidation 

B +3 reduction 

C +5 oxidation 

D +5 reduction 
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9 Oxidation numbers should be used to answer this question. 
 

A redox reaction takes place between hydroxylammonium ions, [NH3OH]+, and acidified iron(III) 
ions, Fe3+. The products are iron(II) ions, Fe2+, H+ ions, water and a compound of nitrogen. 

 
The mole ratio of reacting hydroxylammonium ions to reacting iron(III) ions is 1 : 2. 

 
Which nitrogen-containing compound could be formed in the reaction? 

A NH3 B N2O C NO D NO2 
 
 
10 Element X has a higher first ionisation energy than element Y. 
 

Two students state what they believe is one factor that helps to explain this. 
 

student 1 “X has a higher first ionisation energy than Y because an atom of X has more 
protons in its nucleus than an atom of Y.” 

 
student 2 “X has a higher first ionisation energy than Y because X has a smaller atomic 

radius than Y.” 
 

Only one of the two students is correct. 
 

What could X and Y be? 
 

 X Y 

A carbon boron 

B magnesium aluminium 

C oxygen nitrogen 

D oxygen sulfur 
 
 
11 Hydrogen ions catalyse the hydrolysis of esters. 
 

Which statement is correct? 

A The hydrogen ions act as a heterogeneous catalyst. 

B The hydrogen ions are in the same phase as the reactants. 

C The hydrogen ions are used up in the reaction. 

D The hydrogen ions have no effect on the activation energy of the reaction. 
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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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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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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 Complete combustion of a sample of a hydrocarbon gave 0.132 g of carbon dioxide and 0.054 g 

of water. 
 

Which formulae could correctly represent this hydrocarbon? 

1 CH2=CH2 

2 CH3CH=CH2 

3 CH3CH=CHCH3 
 
 
32 Which statements are correct? 

1 Magnesium carbonate decomposes at a lower temperature than calcium carbonate. 

2 Calcium hydroxide is more soluble in water than magnesium hydroxide. 

3 Calcium is a stronger reducing agent than magnesium. 
 
 
33 Ammonia and chlorine react as shown. 
 

8NH3  +  3Cl 2  →  N2  +  6NH4Cl 
 

Which statements are correct? 

1 Each nitrogen atom is oxidised. 

2 Each chlorine atom is reduced. 

3 Ammonia behaves as a base. 
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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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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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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 In an experiment, 10 cm3 of an organic compound, J, in the gaseous state is reacted with an 

excess of oxygen. Steam, 20 cm3 of carbon dioxide and 5 cm3 of nitrogen are the only products. 
 

All gas volumes were measured at the same temperature and pressure. 
 

What could be the identity of J? 

1 C2H6N2 

2 C2H3N 

3 C2H7N 
 
 
32 In which pairs do both species have the same number of unpaired electrons in p orbitals? 

1 O and Cl 
+ 

2 F+ and Ga– 

3 N and Kr3+ 
 
 
33 In which reactions is the underlined element or compound reduced? 

1 NaCl O  +  H2O2  →  O2  +  NaCl  +  H2O 

2 2NH3  +  2Li  →  2LiNH2  +  H2 

3 3CH3CH2OH  +  K2Cr2O7  +  4H2SO4  →  3CH3CHO  +  Cr2(SO4)3  +  K2SO4  +  7H2O 
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6 The reaction pathway diagram for a chemical reaction is shown. 
 

energy

progress of reaction  
 

Which statement is correct? 

A The activation energy of the forward reaction and the enthalpy change of the backward 
reaction have the same sign. 

B The activation energy of the forward reaction is more than twice the enthalpy change of the 
backward reaction and opposite in sign. 

C The enthalpy change of the forward reaction and the activation energy of the backward 
reaction have the same sign. 

D The enthalpy change of the forward reaction is more than twice the activation energy of the 
backward reaction. 

 
 
7 What changes in conditions or molecular properties make it more likely that gases approach ideal 

behaviour? 

A higher pressure 

B lower temperature 

C more polar molecules 

D weaker intermolecular forces 
 
 
8 Ethanol can be oxidised to ethanal by dilute acidified dichromate(VI) ions. 
 

The oxidation reaction equation is C2H5OH  →  C2H4O  +  2H+  +  2e–. 
 

The reduction reaction equation is Cr2O7
2–  +  14H+  +  6e–  →  2Cr3+  +  7H2O. 

 
Which equation is correct? 

A Cr2O7
2–  +  8H+  +  3C2H5OH  →  2Cr3+  +  7H2O  +  3C2H4O 

B Cr2O7
2–  +  12H+  +  C2H5OH  →  2Cr3+  +  7H2O  +  C2H4O 

C Cr2O7
2–  +  12H+  +  3C2H5OH  →  2Cr3+  +  6H2O  +  3C2H4O 

D Cr2O7
2–  +  14H+  +  3C2H5OH  →  2Cr3+  +  6H2O  +  3C2H4O 
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4 Four compounds are shown. 
 

C2H4         C2H5OH         CH3CHO         CH3CO2H 
 

How many of these compounds have an odd number of σ bonds? 

A 1 B 2 C 3 D 4 
 
 
5 Ethanal, CH3CHO, ethanol, C2H5OH, and methoxymethane, CH3OCH3, are three organic 

compounds. 
 

Which compound has the highest boiling point and what is the interaction that causes this boiling 
point to be the highest? 

 
 highest boiling point interaction 

A methoxymethane permanent dipole-dipole forces 

B ethanal hydrogen bonds 

C ethanol hydrogen bonds 

D ethanal permanent dipole-dipole forces 
 
 
6 What is the oxidation number of sulfur in each species? 
 

 H2S SO2 H2SO3 

A –2 +4 +4 

B –2 +4 +6 

C +2 –4 +4 

D +2 –4 +6 
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6 Which reaction is endothermic? 

A Ca(OH)2(aq)  +  2HCl (aq)  →  CaCl 2(aq)  +  2H2O(l) 

B 2Cl (g)  →  Cl 2(g) 

C 2Ca(s)  +  O2(g)  →  2CaO(s) 

D CaCO3(s)  →  CaO(s)  +  CO2(g) 
 
 
7 Which equation correctly represents the standard enthalpy change of atomisation of the given 

element? 

A 2
1 I2(g)  →  I(g) 

B Na(s)  →  Na(g) 

C Cl 2(g)  →  2Cl (g) 

D Na(g)  →  Na+(g)  +  e– 
 
 
8 (NH4)2Cr2O7 decomposes when heated. 
 

(NH4)2Cr2O7  →  N2  +  4H2O  +  Cr2O3 
 

Which element is oxidised and which element is reduced? 
 

 oxidised reduced 

A chromium nitrogen 

B hydrogen chromium 

C nitrogen chromium 

D nitrogen hydrogen 
 
 
9 When lead(II) sulfide, PbS, is heated in air, sulfur dioxide and lead(II) oxide are formed. 
 

What is the equation for the reaction between PbS and oxygen? 

A PbS  +  2O2  →  SO2  +  PbO2 

B PbS  +  2 2
1 O2  →  SO3  +  PbO2 

C PbS  +  1 2
1 O2  →  SO2  +  PbO 

D PbS  +  2O2  →  SO3  +  PbO 
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4 Four compounds are shown. 
 

C2H4         C2H5OH         CH3CHO         CH3CO2H 
 

How many of these compounds have an odd number of σ bonds? 

A 1 B 2 C 3 D 4 
 
 
5 Ethanal, CH3CHO, ethanol, C2H5OH, and methoxymethane, CH3OCH3, are three organic 

compounds. 
 

Which compound has the highest boiling point and what is the interaction that causes this boiling 
point to be the highest? 

 
 highest boiling point interaction 

A methoxymethane permanent dipole-dipole forces 

B ethanal hydrogen bonds 

C ethanol hydrogen bonds 

D ethanal permanent dipole-dipole forces 
 
 
6 What is the oxidation number of sulfur in each species? 
 

 H2S SO2 H2SO3 

A –2 +4 +4 

B –2 +4 +6 

C +2 –4 +4 

D +2 –4 +6 
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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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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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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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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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17 When concentrated sulfuric acid reacts with sodium iodide the products include sulfur, iodine, 
hydrogen sulfide and sulfur dioxide. 

 
Which statement is correct? 

A Hydrogen sulfide is the product of a reduction reaction. 

B Iodide ions are stronger oxidising agents than sulfate ions. 

C Sulfur atoms from the sulfuric acid are both oxidised and reduced. 

D Sulfur atoms from the sulfuric acid are oxidised to make sulfur dioxide. 
 
 
18 NO, NO2, CO and unburnt hydrocarbons are present in the exhaust gases of internal combustion 

engines. When catalytic converters are used to remove these compounds from the exhaust 
gases, redox reactions occur. 

 
What happens to each compound in the catalytic converter? 

 

 NO NO2 CO unburnt 
hydrocarbons 

A oxidised oxidised reduced oxidised 

B oxidised oxidised oxidised oxidised 

C reduced reduced oxidised oxidised 

D reduced reduced reduced reduced 
 
 
19 Methylamine, CH3NH2, has similar chemical properties to ammonia, NH3. Methylamine reacts 

with hydrogen chloride to form a white crystalline salt, methylammonium chloride. 
 

CH3NH2  +  HCl    CH3NH3
+Cl – 

 
A sample of methylammonium chloride is heated with aqueous sodium hydroxide. 

 
What are the products? 

A ammonia, sodium chloride and water 

B ammonia, sodium hydrogencarbonate and sodium chloride 

C methylamine, hydrogen chloride and water 

D methylamine, sodium chloride and water 
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7 Why is the first ionisation energy of oxygen less than that of nitrogen? 

A The nitrogen atom has its outer electron in a different subshell. 

B The nuclear charge on the oxygen atom is greater than that on the nitrogen atom. 

C The oxygen atom has a pair of electrons in one p orbital that repel one another. 

D There is more shielding in an oxygen atom. 
 
 
8 Which gas would behave most like an ideal gas under room conditions? 

A helium 

B nitrogen 

C ammonia 

D krypton 
 
 
9 When hydrogen iodide is reacted with concentrated sulfuric acid, several reactions occur, 

including: 
 

8HI  +  H2SO4    H2S  +  4H2O  +  4I2 
 

Which row gives the change in oxidation number of iodine and of sulfur in this reaction? 
 

 change in oxidation 
number of iodine 

change in oxidation 
number of sulfur 

A –1 +6 

B –1 +8 

C +1 –6 

D +1 –8 
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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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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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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 statements about first ionisation energies are correct? 

1 They are always endothermic. 

2 They decrease down Group 2. 

3 They decrease across Period 3. 
 
 
32 The equation shows the decomposition of three moles of an ion containing chromium in an acid 

solution. 
 

3CrO4
3–(aq)  +  8H+(aq)    2CrO4

2–(aq)  +  Cr3+(aq)  +  4H2O(l) 
 

Which statements are correct? 

1 One mole of CrO4
3– is reduced. 

2 Two moles of CrO4
3– are oxidised. 

3 Three moles of electrons are transferred. 
 
 
33 Disaccharides are hydrolysed in slightly acidic solutions. This reaction is very slow. 
 

A biological catalyst is added to a slightly acidic mixture of three disaccharides, sucrose, maltose 
and lactose. The hydrolysis reaction remains slow for sucrose and maltose but is now much 
faster for lactose. 

 
Which statements about the catalyst are correct? 

1 The catalyst increases the activation energy of all three hydrolysis reactions. 

2 The catalyst shows specificity. 

3 The hydrolysis of lactose using a catalyst has a different mechanism to the hydrolysis of 
lactose without a catalyst. 
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5 Which type of interaction exists between water molecules and metal cations in aqueous solution? 

A dipole-dipole interactions 

B hydrogen bonds 

C ion-dipole interactions 

D ionic bonds 
 
 
6 Which substance shows the greatest deviation from the properties of an ideal gas under room 

conditions? 

A CO2(g) B H2(g) C Ne(g) D NH3(g) 
 
 
7 In order to determine the enthalpy of neutralisation of a strong acid and a strong alkali, 25.0 cm3 

of 2.00 mol dm‒3 sodium hydroxide is added to 25.0 cm3 of 2.00 mol dm‒3 hydrochloric acid. The 
increase in temperature is 12 C. 

 
In a second experiment, the same method is used, but 50.0 cm3 of 2.00 mol dm‒3 
sodium hydroxide is added to 50.0 cm3 of 2.00 mol dm‒3 hydrochloric acid. 

 
What is the increase in temperature in the second experiment? 

A 6 C B 12 C C 24 C D 48 C 
 
 
8 Which equation represents the enthalpy change of atomisation of iodine? 

A 2
1 I2(g)    I(g) 

B I2(g)    2I(g) 

C 2
1 I2(s)    I(g) 

D I2(s)    2I(g) 
 
 
9 Zinc atoms can be oxidised to Zn2+ ions by dichromate(VI) ions in acid solution. Chromium is 

reduced to Cr3+ in this reaction. 
 

Which equation is correct? 

A Cr2O7
2–  +  Zn  +  14H+    2Cr3+  +  Zn2+  +  7H2O 

B Cr2O7
2–  +  Zn  +  14H+    2Cr3+  +  3Zn2+  +  7H2O 

C Cr2O7
2–  +  3Zn  +  14H+    2Cr3+  +  3Zn2+  +  7H2O 

D 2Cr2O7
2–  + 3Zn  +  14H+    2Cr3+  +  3Zn2+  +  7H2O 
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10 In a catalytic converter in the exhaust system of a car, carbon monoxide is oxidised to carbon 
dioxide, and nitrogen monoxide is reduced to nitrogen. 

 
What are the changes in oxidation number of carbon and nitrogen in these two processes? 

 
 carbon nitrogen 

A –2 +2 

B –1 +1 

C +1 –1 

D +2 –2 
 
 
11 NO and NO2 are both present in the lower atmosphere as pollutants. 
 

The reaction sequence shows the production of ozone from oxygen in the lower atmosphere. 
 

This sequence repeats many times. 
 

NO2(g)    NO(g)  +  O(g) 

NO(g)  +  1
2 O2(g)    NO2(g) 

O2(g)  +  O(g)    O3(g) 
 

Which statement about this reaction sequence is correct? 

A NO is acting as a catalyst, but NO2 is not acting as a catalyst. 

B NO2 is acting as a catalyst, but NO is not acting as a catalyst. 

C Neither NO nor NO2 are acting as catalysts. 

D Both NO and NO2 are acting as catalysts. 
 
 
12 A mixture of two Period 3 oxides are added to water. A solution forms with a pH of just below 7. 
 

What could be the constituents of the mixture? 

A Al 2O3 and MgO 

B Na2O and MgO 

C Na2O and P4O10 

D SO3 and P4O10 
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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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5 Which type of interaction exists between water molecules and metal cations in aqueous solution? 

A dipole-dipole interactions 

B hydrogen bonds 

C ion-dipole interactions 

D ionic bonds 
 
 
6 Which substance shows the greatest deviation from the properties of an ideal gas under room 

conditions? 

A CO2(g) B H2(g) C Ne(g) D NH3(g) 
 
 
7 In order to determine the enthalpy of neutralisation of a strong acid and a strong alkali, 25.0 cm3 

of 2.00 mol dm‒3 sodium hydroxide is added to 25.0 cm3 of 2.00 mol dm‒3 hydrochloric acid. The 
increase in temperature is 12 C. 

 
In a second experiment, the same method is used, but 50.0 cm3 of 2.00 mol dm‒3 
sodium hydroxide is added to 50.0 cm3 of 2.00 mol dm‒3 hydrochloric acid. 

 
What is the increase in temperature in the second experiment? 

A 6 C B 12 C C 24 C D 48 C 
 
 
8 Which equation represents the enthalpy change of atomisation of iodine? 

A 2
1 I2(g)    I(g) 

B I2(g)    2I(g) 

C 2
1 I2(s)    I(g) 

D I2(s)    2I(g) 
 
 
9 Zinc atoms can be oxidised to Zn2+ ions by dichromate(VI) ions in acid solution. Chromium is 

reduced to Cr3+ in this reaction. 
 

Which equation is correct? 

A Cr2O7
2–  +  Zn  +  14H+    2Cr3+  +  Zn2+  +  7H2O 

B Cr2O7
2–  +  Zn  +  14H+    2Cr3+  +  3Zn2+  +  7H2O 

C Cr2O7
2–  +  3Zn  +  14H+    2Cr3+  +  3Zn2+  +  7H2O 

D 2Cr2O7
2–  + 3Zn  +  14H+    2Cr3+  +  3Zn2+  +  7H2O 
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15 Anhydrous magnesium nitrate, Mg(NO3)2, decomposes when heated, giving a white solid and a 
mixture of two gases, X and Y. 

 
Y is oxygen. 

What is the ratio 
released Y of mass
released X of mass ? 

A 
174.0
1  B 

267.0
1  C 

348.0
1  D 

43.3
1  

 
 
16 In a series of nine experiments, to test the reactivity of the halogens, an aqueous solution of each 

halogen is added to an equal volume of an aqueous solution containing halide ions, as shown in 
the table. 

 

halogen 
solution 

halide solution 

sodium chloride (aq) sodium bromide (aq) sodium iodide (aq) 

chlorine (aq) experiment 1 experiment 2 experiment 3 

bromine (aq) experiment 4 experiment 5 experiment 6 

iodine (aq) experiment 7 experiment 8 experiment 9 
 

The nine resulting mixtures are then shaken separately with an equal volume of hexane. The nine 
tubes are left to stand so that the aqueous and organic solvents separate into layers. 

 
How many test-tubes contain a purple upper hexane layer? 

A 1 B 2 C 3 D 5 
 
 
17 Z is a compound of sodium, chlorine and oxygen. 
 

It contains 45.1% by mass of oxygen. 
 

Z is prepared by reacting sodium hydroxide with chlorine. 
 

Which row shows the conditions used for the reaction and the oxidation state of chlorine in Z? 
 

 reaction conditions oxidation state of Cl  in Z 

A cold dilute NaOH +1 

B cold dilute NaOH +5 

C hot concentrated NaOH +1 

D hot concentrated NaOH +5 
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9 Nitrogen monoxide is an atmospheric pollutant that is formed inside car engines by an 
endothermic reaction between nitrogen and oxygen. 

 
N2(g)  +  O2(g)    2NO(g) 

 
Which diagram correctly represents the energy profile for this reaction? 

 

energy

progress of
reaction

reactants reactants

reactants reactants

products

products

products

products

0
0

A

Ea �H Ea �Henergy

progress of
reaction

B

energy

progress of
reaction

C

Ea

�H
Ea

�Henergy

progress of
reaction

D

0
0

0
0

0
0

 
 
 
10 Two half-equations are shown. 
 

MnO4
–  +  2H2O  +  3e–    MnO2  +  4OH– 

2OH–  +  SO3
2–    SO4

2–  +  H2O  +  2e– 
 

The equation for the reaction between manganate(VII) ions and sulfite ions is shown. 
 

uMnO4
–  +  vH2O  +  wSO3

2–    xMnO2  +  ySO4
2–  +  zOH– 

 
Which statements are correct? 

 
1 u = x = z 

2 Manganese is reduced to oxidation state +4. 

3 Sulfur is oxidised from oxidation state +4 to +6. 
 

A 1, 2 and 3 B 1 and 2 only C 1 and 3 only D 2 and 3 only 
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10 A reaction pathway diagram for the reaction of aqueous sodium hydroxide and dilute sulfuric acid 
is shown. 

 

energy

progress of reaction

2NaOH + H2SO4

Na2SO4 + 2H2O

y

x

 
 

What is the value of the enthalpy change of neutralisation, Hneut? 

A x B x – y C x
2

 D (x y)
2
  

 
 
11 A student reacts 4 mol of ammonia with oxygen to produce an oxide of nitrogen and water only. 

Each nitrogen atom increases its oxidation state by 5 in the reaction. 
 

How many moles of oxygen gas react with 4 mol of ammonia in this reaction? 

A 4 mol B 5 mol C 7 mol D 10 mol 
 
 
12 In the treatment of domestic water supplies, chlorine is added to water to kill bacteria. Some Cl O–

ions are formed. 
 

What is the change in oxidation number of chlorine when forming the Cl O– ion from aqueous 
chlorine? 

A –1 B 0 C +1 D +2 
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9 The standard enthalpy of formation of NO2(g) is + 33.2 kJ mol–1.  
 

The standard enthalpy of formation of N2O4(g) is + 9.2 kJ mol–1. 
 

What is the standard enthalpy change for the reaction  2NO2(g)    N2O4(g)? 

A –57.2 kJ mol–1 

B –24.0 kJ mol–1 

C +42.4 kJ mol–1 

D +75.6 kJ mol–1 
 
 
10 Separate samples of 25.0 cm3 of 0.1 mol dm–3 NaOH(aq) are added to each of three different acid 

solutions, as described. The temperature of each of the solutions was 298 K before mixing. 
 

sample acid type of acid concentration 
/ mol dm–3 

volume 
/ cm3 

1 H2SO4 strong 0.05 25.0 

2 HCl strong 0.05 25.0 

3 CH3CO2H weak 0.05 25.0 
 

Which statement describes the temperature rises that occur on mixing each of these three acids 
separately with NaOH? 

A The temperature rise in all three mixtures is the same. 

B The temperature rise using H2SO4 and HCl is the same. 

C The temperature rise using CH3CO2H is greater than using HCl. 

D The greatest temperature rise occurs using H2SO4. 
 
 
11 NCl 3 reacts with H2O. 
 

NCl 3  +  3H2O    NH3  +  3HCl O 
 

The oxidation state of nitrogen does not change in this reaction. 
 

Which statement is correct? 

A Chlorine is reduced. 

B Chlorine is oxidised. 

C Hydrogen is both oxidised and reduced. 

D This is not a redox reaction. 
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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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10 Magnesium carbonate decomposes when heated in a Bunsen burner flame. 
 

Values for the standard enthalpies of formation,        , of the species involved are shown. 
 

        MgCO3 = –1095.8 kJ mol–1 

        MgO = –601.7 kJ mol–1 

        CO2 = –393.5 kJ mol–1 
 

What is the standard enthalpy change for the decomposition of magnesium carbonate? 

A +100.6 kJ mol–1 

B +887.6 kJ mol–1 

C +1095.8 kJ mol–1 

D +2091 kJ mol–1 
 
 
11 NH4NO3 decomposes into N2O and H2O on heating. 
 

Which statements are correct? 
 

1 The ammonium ion is behaving as a reducing agent. 

2 The nitrate(V) ion is behaving as an oxidising agent. 

3 It is a redox reaction. 

4 It is a disproportionation reaction. 
 

A 1, 2, 3 and 4 

B 1, 2 and 3 only 

C 3 and 4 only 

D 3 only 
 
 
12 A student adds 3 mol of acidified K2Cr2O7 to an excess of I– ions. 
 

The chromium is all reduced to Cr3+ and I– ions are oxidised to I2. 
 

The I2 released is reduced back to I– ions by X mol of S2O3
2– ions. 

 
1 mol of I2 is reduced by 2 mol of S2O3

2– ions. 
 

What is the value of X? 

A 3 B 6 C 9 D 18 
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10 Magnesium carbonate decomposes when heated in a Bunsen burner flame. 
 

Values for the standard enthalpies of formation,        , of the species involved are shown. 
 

        MgCO3 = –1095.8 kJ mol–1 

        MgO = –601.7 kJ mol–1 

        CO2 = –393.5 kJ mol–1 
 

What is the standard enthalpy change for the decomposition of magnesium carbonate? 

A +100.6 kJ mol–1 

B +887.6 kJ mol–1 

C +1095.8 kJ mol–1 

D +2091 kJ mol–1 
 
 
11 NH4NO3 decomposes into N2O and H2O on heating. 
 

Which statements are correct? 
 

1 The ammonium ion is behaving as a reducing agent. 

2 The nitrate(V) ion is behaving as an oxidising agent. 

3 It is a redox reaction. 

4 It is a disproportionation reaction. 
 

A 1, 2, 3 and 4 

B 1, 2 and 3 only 

C 3 and 4 only 

D 3 only 
 
 
12 A student adds 3 mol of acidified K2Cr2O7 to an excess of I– ions. 
 

The chromium is all reduced to Cr3+ and I– ions are oxidised to I2. 
 

The I2 released is reduced back to I– ions by X mol of S2O3
2– ions. 

 
1 mol of I2 is reduced by 2 mol of S2O3

2– ions. 
 

What is the value of X? 

A 3 B 6 C 9 D 18 
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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 
 
 

56. Question | 9701 Oct-Nov 2022 P1 V2 Q5

2 
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1 Why is the first ionisation energy of phosphorus greater than the first ionisation energy of silicon? 

A A phosphorus atom has one more proton in its nucleus. 

B The atomic radius of a phosphorus atom is greater. 

C The outer electron in a phosphorus atom is more shielded. 

D The outer electron in a phosphorus atom is paired. 
 
 
2 Sodium peroxide, Na2O2, is used to absorb carbon dioxide from the atmosphere and release 

oxygen in closed environments such as space capsules and submarines. 
 

2Na2O2  +  2CO2    2Na2CO3  +  O2 
 

Which mass of sodium peroxide would be required to remove 2.4 dm3 of carbon dioxide from the 
atmosphere at room temperature and pressure? 

A 2.4 g B 3.9 g C 7.8 g D 15.6 g 
 
 
3 In which species are the numbers of protons, neutrons and electrons all different? 

A lA27
13  B lC35

17  C 232
16S  D K39

19  
 
 
4 Calcium oxide and magnesium sulfide each react with acid. 
 

CaO(s)  +  2H+(aq)    Ca2+(aq)  +  H2O(l) 

MgS(s)  +  2H+(aq)    Mg2+(aq)  +  H2S(g) 
 

A mixture of these two compounds, X, reacts with exactly 0.125 mol of dilute hydrochloric acid. 
 

The amount of hydrogen sulfide formed is 0.0250 mol. 
 

What was the mass of calcium oxide in mixture X? 

A 1.4 g B 2.1 g C 2.8 g D 4.2 g 
 
 
5 Two moles of VO2

+ ions react with one mole of zinc atoms in the presence of dilute acid. The 
products include Zn2+ ions and an ion, Y. Ion Y contains vanadium. Only zinc and vanadium 
change oxidation state in the reaction. 

 
What is ion Y? 

A VO3
– B VO+ C VO2+ D VO2

2+ 
 
 

57. Question | 9701 Oct-Nov 2022 P1 V3 Q11
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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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58. Question | 9701 Oct-Nov 2022 P1 V3 Q12

4 
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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 
 
 

59. Question | 9701 Specimen 2022 P1 Q5 3

9701/01/SP/22© UCLES 2019 [Turn over

5	 A medal has a total surface area of 150 cm2. It is evenly coated with silver by electrolysis. Its mass 
increases by 0.216 g.

	 How many atoms of silver are deposited per cm2 on the surface of the medal?

	 A	 8.0 × 1018	 B	 1.8 × 1019	 C	 8.7 × 1020	 D	 1.2 × 1021

6	 Nitrogen has a higher first ionisation energy than oxygen.

	 Which statement explains this observation?

	 A	 The radius of an oxygen atom is smaller.

	 B	 An oxygen atom has more electron shells occupied. 

	 C	 Oxygen has paired electrons in the 2p sub-shell.

	 D	 An oxygen atom has more protons in the nucleus.

7	 Which molecule has the largest overall dipole moment?

CH3

CH3

H

H

C C

A 

O C

B 

Cl

Cl

O C

C 

H3C

Cl

Cl

CH3

C C 

D 

CH3

CH3

8	 The complete combustion of 2 moles of an alkane produces 665 dm3 of carbon dioxide measured 
at 400 K and 1 × 105 Pa. Carbon dioxide can be assumed to behave as an ideal gas under these 
conditions.

	 What is the formula of the alkane?

	 A	 C5H12	 B	 C8H18	 C	 C10H22	 D	 C20H42

9	 Which expression gives the standard enthalpy change of combustion of methane?

	 A	 (CH4)  +  (CO2)  –  2 (H2O)

	 B	 (CO2)  +  2 (H2O)  +  (CH4)

	 C	 (CH4)  +  2 (H2O)  –  (CO2)

	 D	 (CO2)  +  2 (H2O)  –  (CH4)

60. Question | 9701 Specimen 2022 P1 Q10 4
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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=
#
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61. Question | 9701 Feb-March 2023 P1 V2 Q7

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 

62. Question | 9701 May-June 2023 P1 V1 Q9

Bromine reacts with aqueous sodium hydroxide at 25°C.

reaction 1 Br2(aq) + 2NaOH(aq) → NaBr(aq) + NaOBr(aq) + H2O(l)

The NaOBr formed is unstable at 25°C and reacts further.

reaction 2 3NaOBr(aq) → 2NaBr(aq) + NaBrO3(aq)

Which reactions are disproportionations?

9

both reaction 1 and reaction 2A

neither reaction 1 nor reaction 2B

reaction 1 onlyC

reaction 2 onlyD

Which statement is correct?10

The relative atomic mass of a 35Cl atom is 35.5.A

The relative formula mass of CaCO3 is 100.1.B

The relative isotopic mass of a 24Mg atom is 24.3.C

The relative molecular mass of O2 is 16.0.D

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
initial rate of the reaction also increases.

What could be the reason for this?

11

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

The particles are further apart at the higher concentration.B

The particles have more energy at the higher concentration.C

There are more collisions per second between particles at the higher concentration.D

5

[Turn over
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63. Question | 9701 May-June 2023 P1 V2 Q12

Nitrogen monoxide is rapidly oxidised to nitrogen dioxide.

2NO(g) + O2(g) → 2NO2(g)

Nitrogen dioxide can then dimerise to form dinitrogen tetroxide.

10

2NO2(g) N2O4(g) ΔH 
o = –58 kJ mol–1

ΔH 
oNO = +91 kJ mol–1 and ΔH 

oNO2 = +34 kJ mol–1
f f

What is the value of the standard enthalpy change for the reaction shown?

2NO(g) + O2(g) → N2O4(g)

–172kJmol–1D–115kJmol–1C–1kJmol–1B+56kJmol–1A

LiAlH4 contains AlH4
– ions in which aluminium has an oxidation state of +3.

LiAlH4 reacts with water, as shown.

LiAlH4 + 4H2O → 4H2 + LiOH + Al (OH)3

In this reaction, each of the four water molecules produces one hydroxide ion. It does this by losing
one H+ ion, which reacts with the LiAlH4.

Which changes in oxidation number occur in this reaction?

11

Al increases by 1 and H decreases by 1.A

H decreases by 2 and also increases by 1.B

H increases by 1 and also decreases by 1.C

O decreases by 1 and H increases by 1.D

The vanadium salt, VOSO4, is soluble in water and reacts readily with powdered manganese in
dilute sulfuric acid.

The equation for the reaction is shown.

Mn(s) + 2VOSO4(aq) + 2H2SO4(aq) → V2(SO4)3(aq) + MnSO4(aq) + 2H2O(l)

Which statement about this reaction is correct?

12

Hydrogen is oxidised in the reaction.A

Manganese is the reducing agent in this reaction.B

Sulfuric acid is the oxidising agent in this reaction.C

The oxidation state of the vanadium changes from +5 to +3.D

4

64. Question | 9701 Oct-Nov 2023 P1 V1 Q11

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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65. Question | 9701 Oct-Nov 2023 P1 V2 Q12

Chlorine reacts with sodium bromide.

Cl 2 + NaBr → NaCl + Br2

Which words correctly describe this reaction?

12

redox1

displacement2

disproportionation3

1, 2 and 3A

1 and 2 onlyB

1 onlyC

2 onlyD

The equation for the reaction between aqueous copper ions and aqueous iodide ions is as follows.

2Cu2+(aq) + 4I–(aq) → 2CuI(s) + I2(aq)

What is the change in oxidation state of copper?

13

+4 to +2D+2 to +1C+2 to 0B+2 to –1A

A mixture of the three gases, oxygen, nitrogen and argon, is at a total pressure of 500kPa. There
is a total of 1.2 moles of gas in the mixture.

If the oxygen gas alone occupied the entire volume of the mixture, it would exert a pressure of
150kPa.

At room conditions the amount of nitrogen gas in the mixture would occupy a volume of 5.76dm3.

What is the partial pressure of the argon gas in the mixture?

14

150kPaA

200kPaB

250kPaC

300kPaD

[Turn over11_9701_12_2023_1.11R© UCLES 2023

5

66. Question | 9701 Oct-Nov 2023 P1 V2 Q13

Chlorine reacts with sodium bromide.

Cl 2 + NaBr → NaCl + Br2

Which words correctly describe this reaction?

12

redox1

displacement2

disproportionation3

1, 2 and 3A

1 and 2 onlyB

1 onlyC

2 onlyD

The equation for the reaction between aqueous copper ions and aqueous iodide ions is as follows.

2Cu2+(aq) + 4I–(aq) → 2CuI(s) + I2(aq)

What is the change in oxidation state of copper?

13

+4 to +2D+2 to +1C+2 to 0B+2 to –1A

A mixture of the three gases, oxygen, nitrogen and argon, is at a total pressure of 500kPa. There
is a total of 1.2 moles of gas in the mixture.

If the oxygen gas alone occupied the entire volume of the mixture, it would exert a pressure of
150kPa.

At room conditions the amount of nitrogen gas in the mixture would occupy a volume of 5.76dm3.

What is the partial pressure of the argon gas in the mixture?

14

150kPaA

200kPaB

250kPaC

300kPaD

[Turn over11_9701_12_2023_1.11R© UCLES 2023
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67. Question | 9701 Oct-Nov 2023 P1 V3 Q11

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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68. Question | 9701 Feb-March 2024 P1 V2 Q11

4 
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9 The enthalpy change for a reaction can be calculated from values of: 
 

● enthalpies of formation,         

● enthalpies of combustion,         

● bond energies, E. 
 

The enthalpy change of the reaction given =         . 
 
 2C2H6(g)  +  3O2(g)    2CH4(g)  +  2CO2(g)  +  2H2O(l) 
 

Which expression could be used to calculate        ? 
 

A (C2H6(g))

B (C2H6(g))  –2

C E(C–C)  +  2E(C–H)  –  4E(C=O)  –  4E(H–O)

D (CH4(g))  + (CO2(g))  + (H2O(l))  – (C2H6(g))

(CH4(g))2

 
 
 
10 Which reaction has an enthalpy change equal to the standard enthalpy change of formation of 

propane? 

A 3C(g)  +  4H2(g)    C3H8(g) 

B 3C(g)  +  8H(g)    C3H8(g) 

C 3C(s)  +  4H2(g)    C3H8(g) 

D 3C(s)  +  4H2(g)    C3H8(l) 
 
 
11 One of the reactions in the rechargeable lead / acid battery is shown. 
 

Pb(s)  +  PbO2(s)  +  4H+(aq)  +  2SO4
2–(aq)    2PbSO4(s)  +  2H2O(l) 

 
Which statement about this reaction is correct? 

A Lead is both oxidised and reduced. 

B Lead is neither oxidised nor reduced. 

C Lead is oxidised only. 

D Lead is reduced only. 
 
 

69. Question | 9701 Feb-March 2024 P1 V2 Q12 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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70. Question | 9701 May-June 2024 P1 V1 Q11
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10 For a certain endothermic reaction, the activation energy is numerically equal to twice the 
enthalpy change of reaction. 

 
Which reaction pathway diagram is correct for this reaction? 

 

energy

A

progress of reaction

energy

B

progress of reaction

energy

C

progress of reaction

energy

D

progress of reaction  
 
 
11 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. 
 
 
12 Oxygen can be prepared by the reaction of potassium manganate(VII), KMnO4,  

hydrogen peroxide, H2O2, and sulfuric acid, H2SO4. Each H2O2 molecule loses two electrons in 
this reaction. The other products of the reaction are potassium sulfate, manganese(II) sulfate  
and water. 

 
How many moles of oxygen gas are produced when 1.0 mol of KMnO4 reacts with an excess of 
H2O2 in acidic conditions? 

A 2.0 mol B 2.5 mol C 4.5 mol D 5.0 mol 
 
 

71. Question | 9701 May-June 2024 P1 V2 Q11

4 
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9 Ethane can react with fluorine to produce 1,2-difluoroethane, C2H4F2. 
 
 C2H6  +  2F2    C2H4F2  +  2HF H = –960 kJ mol–1 
 

bond energy 
/ kJ mol–1 

C–H 410 

C–C 350 

F–F 158 

H–F 562 
 

What is the bond energy of the C–F bond in 1,2-difluoroethane? 

A 407 kJ mol–1 B 474 kJ mol–1 C 486 kJ mol–1 D 972 kJ mol–1 
 
 
10 Which equation has an enthalpy change equal to the standard enthalpy of formation of  

sodium oxide? 

A Na(s)  +  4
1 O2(g)    2

1 Na2O(s) 

B Na(s)  +  O2(g)    Na2O(s) 

C 2Na(s)  +  2
1 O2(g)    Na2O(s) 

D 4Na(s)  +  O2(g)    2Na2O(s) 
 
 
11 Nitrogen dioxide reacts with water. 
 

2NO2  +  H2O    HNO2  +  HNO3 
 

Which statement about this reaction is correct? 

A Both products are formed because oxygen atoms gain electrons. 

B Nitrogen atoms undergo disproportionation. 

C The oxidation number of hydrogen is increased. 

D Water acts as an oxidising agent. 
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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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10 In the high temperatures of car engines, nitrogen reacts with oxygen to produce 
nitrogen monoxide. 

 
 2

1 N2(g)  +  2
1 O2(g)    NO(g) H 

o = +90 kJ mol–1 
 

This reaction has activation energy Ea. 
 

Which reaction pathway diagram correctly represents this reaction? 
 

energy

extent of reaction

A

NO(g)

Ea

�H o
energy

extent of reaction

B

NO(g)Ea

�H o

energy

NO(g)

N2(g)  +    O2(g)1
2

1
2

N2(g)  +    O2(g)1
2

1
2

N2(g)  +    O2(g)1
2

1
2

N2(g)  +    O2(g)1
2

1
2

Ea
�H o energy

NO(g)
Ea

�H o

extent of reaction

D

extent of reaction

C

 
 
 
11 In which reaction does the oxidation number of chlorine change by the largest amount? 

A 2KCl O3    2KCl  +  3O2 

B 2Cl O–    Cl –  +  Cl O2
– 

C Cl 2  +  H2O    HCl  +  HCl O 

D 2NaCl O2  +  Cl 2    2NaCl  +  2Cl O2 
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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 

 
 

75. Question | 9701 May-June 2024 P1 V3 Q22 10 

© UCLES 2024 9701/13/M/J/24  

22 ICl is made when Cl 2 and I2 react together. 
 

Cl 2  +  I2    2ICl 
 
ICl reacts with water. 

 
5ICl  +  3H2O    5HCl  +  HIO3  +  2I2 

 
Which row is correct? 

 

 oxidation number 
of I in ICl 

reaction occurring 
when ICl reacts with H2O 

A +1 the iodine atoms are oxidised to form I2 

B +1 the iodine atoms are oxidised to form HIO3 

C –1 the chlorine atoms are reduced to form HCl 

D –1 the iodine atoms are oxidised to form HIO3 
 
 
23 NH4Cl reacts with NaOH in an aqueous solution. 
 

Which statement is correct? 

A The reaction gives rise to two different polar product molecules. 

B The bond angle in the nitrogen-containing species remains unchanged. 

C The ammonium ion acts as a base. 

D The oxidation state of nitrogen increases in the reaction. 
 
 
24 What is produced when 60 g of nitrogen monoxide reacts with an excess of carbon monoxide in a 

catalytic converter? 

A 12 g of carbon and 92 g of nitrogen dioxide 

B 24 g of carbon and 92 g of nitrogen dioxide 

C 88 g of carbon dioxide and 28 g of nitrogen 

D 88 g of carbon dioxide and 56 g of nitrogen 
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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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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 
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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 
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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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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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13 Carbon monoxide and methanol can react together to form ethanoic acid. 
 
  

CO(g)  +  CH3OH(l)    CH3CO2H(l) 
 

Standard enthalpy changes of combustion are given in the table. 
 

compound standard enthalpy change 
of combustion,  

CO –283.0 kJ mol–1 

CH3OH –726.0 kJ mol–1 

CH3CO2H –874.1 kJ mol–1 
 

What is the value for  for the reaction between carbon monoxide and methanol? 

A –1883.1 kJ mol–1 

B –134.9 kJ mol–1 

C +134.9 kJ mol–1 

D +1883.1 kJ mol–1 
 
 
14 Copper reacts with nitric acid under certain conditions. The products are copper(II) nitrate, water 

and an oxide of nitrogen. 
 

3 mol of copper reacts with exactly 8 mol of nitric acid. 
 

What is the oxidation state of nitrogen in the oxide produced? 

A +1 B +2 C +3 D +4 
 
 
15 All the reactants and products of an exothermic reaction are gaseous. 
 

Which statement about this reaction is correct? 

A The total bond energy of the products is less than the total bond energy of the reactants, and 
H for the reaction is negative. 

B The total bond energy of the products is less than the total bond energy of the reactants, and 
H for the reaction is positive. 

C The total bond energy of the products is more than the total bond energy of the reactants, 
and H for the reaction is negative. 

D The total bond energy of the products is more than the total bond energy of the reactants, 
and H for the reaction is positive. 
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4 Two glass vessels, M and N, are connected by a closed valve. 
 

M N

 
 

M contains helium at 20 C at a pressure of 1  105
 Pa. N has been evacuated, and has three 

times the volume of M. 
 

The valve is opened and the temperature of the whole apparatus is raised to 100 C. 
 

What is the final pressure in the system? 

A 3.18  104
 Pa 

B 4.24  104
 Pa 

C 1.25  105
 Pa 

D 5.09  105
 Pa 

 
 
5 Solid sulfur consists of molecules made up of eight atoms covalently bonded together. 
 

The bonding in sulfur dioxide is O=S=O. 
 

enthalpy change of combustion of S8,        S8(s) = –2376 kJ mol–1 

energy required to break 1.0 mol S8(s) into gaseous atoms = 2232 kJ mol–1 

O=O bond enthalpy = 496 kJ mol–1 
 

Using these data, what is the value of the S=O bond enthalpy? 

A 239 kJ mol–1 B 257 kJ mol–1 C 319 kJ mol–1 D 536 kJ mol–1 
 
 
6 In this question, the average oxidation state of sulfur in S2O3

2– and sulfur in S2O4
2– should be 

used. 
 

In which reaction does the underlined element have the largest increase in oxidation state? 

A 3CrO4
3–(aq)  +  8H+(aq)    2CrO4

2–(aq)  +  Cr3+(aq)  +  4H2O(l) 

B 2NO2(g)  +  H2O(l)    HNO3(aq)  +  HNO2(aq) 

C S2O3
2–(aq)  +  2H+(aq)    S(s)  +  SO2(g)  +  H2O(l) 

D 2S2O4
2–(aq)  +  H2O(l)    S2O3

2–(aq)  +  2HSO3
–(aq) 
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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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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. 
 
 


