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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. 
 
 

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
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1 What is the electrons in boxes notation for the Fe3+ ion? 
 

C

D

A

B

[Ar]

[Ar]

[Ar]

[Ar]

3d 4s

 
 
 
2 Which equation has an energy change that is equal to the first ionisation energy of bromine? 

A Br(g)    Br 
+(g)  +  e– 

B Br(g)    Br 
–(g)  –  e– 

C 2
1 Br2(g)    Br 

+(g)  +  e– 

D 2
1 Br2(g)    Br 

–(g)  –  e– 
 
 
3 The reaction of hydrogen sulfide with sulfur dioxide gives sulfur as one of the products. 
 

The two relevant redox equations are shown. 
 

H2S(aq)    S(s)  +  2H+(aq)  +  2e– 

SO2(aq)  +  4H+(aq)  +  4e–    S(s)  +  2H2O(l) 
 

How many moles of hydrogen sulfide are needed to react with sulfur dioxide to produce 1 mol of 
sulfur? 

A 
3
1 mol B 

3
2 mol C 

2
3 mol D 2 mol 

 
 
4 Which statement is correct? 

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

B The relative molecular mass of O2 is 16.0. 

C The relative formula mass of CaCO3 is 100.1. 

D The relative isotopic mass of a 24Mg atom is 24.3. 
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A reversible reaction is shown.

2NOCl (g) ⇌ 2NO(g) + Cl 2(g) ∆H = +77.0 kJ mol–1

Which change in conditions will move the position of equilibrium to the right and increase the value

of the equilibrium constant?

5

a decrease in pressureA

a decrease in temperatureB

an increase in pressureC

an increase in temperatureD

The ore psilomelane may be considered to have the general formula Ba(Mn
x+
)(Mn

y+
)8O16(OH)4.

In this general formula, x+ and y+ are the two different oxidation states of manganese in psilomelane.

What could be the values of x and y?

6

yx

42A

46B

36C

37D

Silicon reacts with a mixture of calcium oxide and magnesium oxide at 1200°C.

2MgO + 2CaO + Si → 2Mg + Ca2SiO4

Which statement about this reaction is correct?

7

Calcium is reduced and silicon is neither oxidised nor reduced.A

Magnesium is reduced and calcium is neither oxidised nor reduced.B

Magnesium is reduced and silicon is neither oxidised nor reduced.C

Silicon is reduced and calcium is neither oxidised nor reduced.D

In which species is there a lone pair of electrons?8

CH4DCH3
–

CCH3
+

BCH3A

4
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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. 

 
 

4 
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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 
 
 



SECTION - OXIDATION NUMBERS

Q7  -  Easy 9701/11/M/J/22/Q11

Q8  -  Easy 9701/11/M/J/22/Q12

Q9  -  Easy 9701/12/M/J/22/Q12

Q10  -  Easy 9701/13/M/J/23/Q14

AS Level Chemistry - Electrochemistry MCQ  |  ChemBridge Page 4

4 

© UCLES 2022 9701/11/M/J/22  

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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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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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 
 
 

The enthalpy change for neutralisation of HNO3(aq) with NaOH(aq) is –57.0kJmol
–1.

In an experiment, 20.0cm3 of 4.00moldm–3 HNO3 is mixed with 30.0cm
3 of 2.00moldm–3 NaOH

in an insulated container. The initial temperature of both solutions is 25.0°C.

It can be assumed that the heat capacity of the product mixture is 4.2Jcm–3
°C–1 and that there

are no heat losses.

What is the maximum final temperature of the mixture?

12

52.1°CD46.7°CC44.0°CB41.3°CA

Some bond energies are listed.13

bond energy
/ kJmol–1bond

436

463

146

496

H–H

O–H

O–O

O=O

One mole of hydrogen reacts with oxygen to give water vapour.

Using the bond energy data, what is the value for the enthalpy change of this reaction?

+221kJmol–1A

+6kJmol–1B

–242kJmol–1C

–417kJmol–1D

Which particle contains nitrogen in the same oxidation state as in the ion N2O2
2–?14

HNF2DNO3
–CN2O4BNH2FA

5

[Turn over
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4 The reaction between sulfur dioxide and oxygen has the equation shown. 
 
 2SO2(g)  +  O2(g)    2SO3(g) H = –197 kJ mol–1 
 

1.0 mol of SO2 and 1.0 mol of O2 are placed in a closed container and heated to a constant 
temperature. 

 
At this temperature, 0.8 mol of SO3 are present in the equilibrium mixture. 

 
Which statement is correct? 

A The equilibrium partial pressure of SO2 is greater than the equilibrium partial pressure of O2. 

B Kp has units of mol dm–3. 

C At a lower temperature, the equilibrium amount of SO3 is lower than 0.8 mol. 

D The mole fraction of SO3 is less than 0.8. 
 
 
5 ‘Red lead’ is a red pigment with the formula Pb3O4. Every formula unit of ‘red lead’ is the same. 
 

Each formula unit contains three lead ions and four oxide ions. Lead has two different oxidation 
states in ‘red lead’. 

 
What are the oxidation states of lead in ‘red lead’? 

A +1 and +2 B +1 and +3 C +2 and +4 D +2 and +6 
 
 
6 Some standard enthalpy of combustion data are given. 
 

substance standard enthalpy change 
of combustion / kJ mol–1 

C(s) –394 

H2(g) –286 

CH3OH(l) –726 
 

Using these data, what is the enthalpy change of formation of methanol? 

A –240 kJ mol–1 B –46 kJ mol–1 C 46 kJ mol–1 D 240 kJ mol–1 
 
 
7 Which row is correct? 
 

 smallest 
bond angle  largest 

bond angle 

A H2O NH3 BF3 

B BF3 NH3 H2O 

C NH3 H2O BF3 

D H2O BF3 NH3 

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 
 
 

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+ 
 
 

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
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10 One commercially available ‘heat pad’ contains iron, activated carbon and water. The ‘heat pad’ 
is activated by air. This causes the pad to get hotter. 

 
Which statement describes the chemical reaction occurring in the ‘heat pad’ when it is exposed to 
air? 

A The reaction is endothermic and iron gains electrons. 

B The reaction is endothermic and iron loses electrons. 

C The reaction is exothermic and iron gains electrons. 

D The reaction is exothermic and iron loses electrons. 
 
 
11 In which substance is the average oxidation number of sulfur the highest? 

A S8 B Na2S4O6 C Na2S2O3 D SO2Cl 2 
 
 
12 An equilibrium can be represented by the equation shown. 
 

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

In a certain mixture, of volume 1.0 dm3, the equilibrium concentration of Q is 10 mol dm–3. 
 

What will be the new equilibrium concentration of Q if 5.0 mol of pure Q is completely dissolved in 
the mixture? 

A 15 mol dm–3 

B between 10 mol dm–3 and 15 mol dm–3 

C 10 mol dm–3 

D between 5.0 mol dm–3 and 10 mol dm–3 
 
 
13 In the Contact process, sulfur dioxide and oxygen react to form sulfur trioxide. 
 

In the Haber process, nitrogen and hydrogen react to form ammonia. 
 

Which statement about these processes is correct? 

A Kp for the Haber process has no unit. 

B In the Contact process, the value of Kp falls when pressure is increased at constant T. 

C The Haber process uses a homogeneous catalyst. 

D When V2O5 is used in the Contact process, the position of equilibrium is unchanged. 
 
 

3  
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6 The compound potassium bismuthate(V), KBiO3, is a powerful oxidising agent. 
 

What is the significance of the (V) in potassium bismuthate(V)? 

A It is the oxidation number of the bismuth atom. 

B It is the charge of the bismuthate ion. 

C It is the oxidation number of the bismuthate ion. 

D It is the sum of the charges of the two ions present. 
 
 
7 Hydrogen peroxide decomposes slowly at 20 C to form water and oxygen. 
 
 2H2O2    2H2O  +  O2 equilibrium constant = Kc 
 

The reaction is faster when a catalyst is present. 
 

Which statement is correct? 

A The catalyst alters the Boltzmann distribution so that the reactant molecules have more 
energy. 

B The catalyst has no effect on the value of Kc. 

C The catalyst increases the value of Kc. 

D The catalyst provides a different reaction mechanism with a higher activation energy. 
 
 

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
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3 The equation shows the overall reaction between an amine and an acid chloride. 
 

2CH3CH2NH2  +  CH3CH2COCl    CH3CH2CONHCH2CH3  +  CH3CH2NH3Cl 
 

The four steps in the mechanism are as follows. 
 

CH3CH2C

H2NCH2CH3

Cl �
CH3CH2C

N+

Cl

Cl –

Cl –

+

HCl

ClH

+

H

O

CH3CH2C

O H

H

O–

1

�
CH3CH2C

N+

N+ CH2CH3

CH2CH3

CH2CH3

Cl

H

H
H

CH3CH2C

O H

N+ CH2CH3

CH3CH2C

O H

N CH2CH3

H

O–

2

�3

CH3CH2NH2 CH3CH2NH3Cl�4  
 

Which steps are Brønsted–Lowry acid–base reactions? 

A 1 and 3 B 3 and 4 C 3 only D 4 only 
 
 
4 Chromium is present in compound X. 
 

● Two moles of compound X react with exactly 3 moles of silicon. 

● The only products of this reaction are 4 moles of chromium and 3 moles of a silicon 
compound in which the oxidation state of the silicon is +4. 

● Chromium and silicon are the only elements that change their oxidation states in this 
reaction. 

 
What could be the identity of compound X? 

A Cr2O3 B Cr2H6 C Cr2H4 D Cr2O4 
 
 

3  
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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) 

 
 

6 
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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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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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8 VO2Cl reacts with NaI under acidic conditions. 
 

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

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

Which row about this reaction is correct? 
 

 vanadium iodine 

A is oxidised is oxidised 

B is oxidised is reduced 

C is reduced is oxidised 

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

A H2O  +  Na    NaOH  +  1
2 2H  

B H2O  +  H3PO4    H3O+  +  H2PO4
– 

C H2O  +  CaO    Ca(OH)2 

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

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

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

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

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

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

D The reaction is slower and less of the products are made when the reaction is complete. 
 
 

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
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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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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. 
 
 

5  
 

© UCLES 2024 9701/11/M/J/24 [Turn over 

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 
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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 
 
 

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
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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 
 
 

4 
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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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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. 
 

0

14
12
10

8
6
4
2
0

2 4 6 8 10 12 14

volume of Q added / cm3

16 18 20 22 24 26 28 30

pH

 
 

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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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 

 
 

3  
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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 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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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 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 
 
 

5  
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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 
 
 

5  
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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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1 ICl 3 reacts with water in a redox reaction. 
 

vICl 3  +  wH2O    xHCl  +  yHI  +  zHIO3  +  zHCl O3 
 

What are the numbers v, x and z in the correctly balanced equation? 
 

 v x z 

A 2 8 1 

B 2 5 1 

C 3 8 1 

D 3 5 1 
 
 
2 The rate of the reaction between a reactive metal and an excess of a dilute acid is investigated. 
 

The total volume of hydrogen gas produced is recorded every 30 seconds for 3 minutes. 
 

time / s total volume of 
hydrogen gas / cm3 

0 0 

30 64 

60 105 

90 132 

120 151 

150 161 

180 167 
 

The average rate of reaction during the first 30 seconds is P. 
 

The average rate of reaction during the last 30 seconds is Q. 
 

What is the value of P – Q? 

A 1.21 cm3
 s–1 B 1.93 cm3

 s–1 C 2.13 cm3
 s–1 D 3.43 cm3

 s–1 
 
 

6 
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13 Which equation represents the standard enthalpy change of formation, , for ethanol? 

A 2C(s)  +  (g)H2 22
1

  +  (g)O22
1

    C2H5OH(g) 

B 2C(s)  +  (g)H2 22
1

  +  (g)O22
1

    C2H5OH(l) 

C 2C(s)  +  3H2(g)  +  (g)O22
1

    C2H5OH(g) 

D 2C(s)  +  3H2(g)  +  (g)O22
1

    C2H5OH(l) 
 
 
14 When K2MnO4 reacts with concentrated hydrochloric acid, the products include chlorine 

molecules and MnCl 2. All of the manganese atoms are reduced to MnCl 2. 
 

Both Mn and Cl change their oxidation numbers during the reaction. No other element is oxidised 
or reduced. 

 
Using these changes in oxidation number, how many moles of chlorine will be produced when 
1.0 mol of K2MnO4 reacts with an excess of hydrochloric acid? 

A 2.0 mol B 2.5 mol C 3.0 mol D 4.0 mol 
 
 
15 A nitrogen–hydrogen mixture, initially in the mole ratio of 1 : 3, reaches equilibrium with ammonia 

when 50% of the nitrogen has reacted. The total final pressure is p. 
 

N2  +  3H2    2NH3 
 

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

A 
6
p  B 

4
p  C 

3
p  D 

2
p  

 
 



SECTION - BALANCING REDOX EQUATIONS

Q41  -  Hard 9701/12/O/N/24/Q12

AS Level Chemistry - Electrochemistry MCQ  |  ChemBridge Page 18

4 

© UCLES 2024 9701/12/O/N/24  

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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Four equations representing reactions of nitrogen or one of its compounds are given.

Which equation represents a disproportionation reaction?

1

2HNO3 + CaCO3 → Ca(NO3)2 + CO2 + H2OA

N2 + 3H2 → 2NH3B

NH4Cl + NaOH → NH3 + NaCl + H2OC

2NO2 + H2O → HNO3 + HNO2D

The diagram shows the Boltzmann distribution for one mole of a gas. The gas takes part in a

reaction with an activation energy, Ea.

2

number of particles

with energy, E

energy, E

Ea0
0

P

Which statement correctly describes the effect of an increase in temperature?

Peak P will be higher and fewer molecules will have energy > Ea.A

Peak P will be higher and more molecules will have energy > Ea.B

Peak P will be lower and fewer molecules will have energy > Ea.C

Peak P will be lower and more molecules will have energy > Ea.D

2
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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 
 
 



SECTION - DISPROPORTIONATION REACTIONS

Q44  -  Easy 9701/11/M/J/23/Q9

Q45  -  Easy 9701/12/M/J/24/Q11

AS Level Chemistry - Electrochemistry MCQ  |  ChemBridge Page 20

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
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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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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
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5

Ammonia reacts with acids to form the ammonium ion. 

Which row is correct?

5

bond angle
in NH4

+ /°shape of NH4
+

107pyramidalA

109.5pyramidalB

107tetrahedralC

109.5tetrahedralD

6

3
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:KLFK DVVXPSWLRQV DUH PDGH DERXW LGHDO JDVHV"7
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,GHDO JDVHV FRQWDLQ PROHFXOHV ZLWK QR PDVV�

,GHDO JDVHV FRQWDLQ PROHFXOHV ZLWK QR YROXPH�
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D � DQG � RQO\C � DQG � RQO\B � DQG � RQO\A �� � DQG �

Electronegativity differences can be used to help determine the oxidation number of an atom in
different species. A number of rules are used which include:

• The more electronegative atom is given a negative oxidation number.

• Hydrogen is more electronegative than Group 1 metals.

• Oxygen is more electronegative than hydrogen.
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12 Hydrogen is produced industrially from methane as shown in the equation. 
 
 CH4(g)  +  H2O(g)    CO(g)  +  3H2(g) H 

o = +205 kJ mol–1 
 

Which conditions give the highest yield of hydrogen at equilibrium? 
 

 pressure temperature 

A low high 

B high low 

C high high 

D low low 
 
 
13 W moles of HNO2 undergoes a disproportionation reaction to produce U moles of HNO3 and 

V moles of NO. 
 

● No other nitrogen containing product is produced. 

● Nitrogen is the only element oxidised or reduced. 
 

What are the values of W, U and V? 
 

 W U V 

A 2 1 1 

B 3 1 2 

C 5 3 2 

D 5 1 4 
 
 
14  Gas X dissociates on heating to set up the following equilibrium. 
 

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

A quantity of gas X is heated at constant pressure, p, at a certain temperature. The equilibrium 
partial pressure of gas X is found to be .7

1 p  

What is the equilibrium constant, Kp, at this temperature? 

A p7
6  B p7

9  C p7
36  D 9p 
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