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17.	 Ammonia, NH3 and nitrous acid, HNO2, are compounds of nitrogen. What are the oxidation states 
of nitrogen in these compounds?

NH3 HNO2

A. +3 +3

B. -3 -3

C. +3 -3

D. -3 +3

18.	 Consider a reaction mixture that is in thermal equilibrium with the surroundings. When a reaction 
takes place, the temperature of the mixture decreases.

Which row correctly shows the changes in energy when the new thermal equilibrium  
is established?

Energy of system Energy of surroundings

A. decreases decreases

B. increases increases

C. decreases increases

D. increases decreases

19.	 0.050 mol of sodium hydrogencarbonate was added to 50 cm3 of 2.0 mol dm−3 solution of citric acid.

C6H8O7(aq) + 3NaHCO3(s) → C6H5O7Na3(aq) + 3CO2(g) + 3H2O(l)

The initial temperature of the solution was 298 K and the final temperature was 297 K. 
What is the enthalpy of this reaction in kJ mol−1? (cw = 4.18 J g−1 K−1, Q = mc∆T)

A.	 +4.18 

B.	 -4.18 

C.	 +12.5 

D.	 -12.5
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17.	 Ammonia, NH3 and nitrous acid, HNO2, are compounds of nitrogen. What are the oxidation states 
of nitrogen in these compounds?

NH3 HNO2

A. +3 +3

B. -3 -3

C. +3 -3

D. -3 +3

18.	 Consider a reaction mixture that is in thermal equilibrium with the surroundings. When a reaction 
takes place, the temperature of the mixture decreases.

Which row correctly shows the changes in energy when the new thermal equilibrium  
is established?

Energy of system Energy of surroundings

A. decreases decreases

B. increases increases

C. decreases increases

D. increases decreases

19.	 0.050 mol of sodium hydrogencarbonate was added to 50 cm3 of 2.0 mol dm−3 solution of citric acid.

C6H8O7(aq) + 3NaHCO3(s) → C6H5O7Na3(aq) + 3CO2(g) + 3H2O(l)

The initial temperature of the solution was 298 K and the final temperature was 297 K. 
What is the enthalpy of this reaction in kJ mol−1? (cw = 4.18 J g−1 K−1, Q = mc∆T)

A.	 +4.18 

B.	 -4.18 

C.	 +12.5 

D.	 -12.5

– 10 – 2225 – 6210

20.	 Chloroethane is produced by the reaction of ethane with chlorine.

C2H6(g) + Cl2(g) → C2H5Cl(g) + HCl(g)

(C2H6 = 30.08 g mol−1, Cl2 = 70.90 g mol−1, C2H5Cl = 64.52 g mol−1, HCl = 36.46 g mol−1)

% atom economy 100molar mass of desired product
molar mass of all reactants

What is the atom economy for this reaction?

A.	 15.7 %

B.	 46.6 %

C.	 63.9 %

D.	 99.9 %

21.	 75 cm3 of propane was completely combusted in 400 cm3 of oxygen according to the  
following equation.

CH3CH2CH3(g) + 5O2(g) → 3CO2(g) + 4H2O(l)

What is the volume of unreacted oxygen remaining at the original conditions?

A.	 25 cm3

B.	 50 cm3

C.	 75 cm3

D.	 150 cm3
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15.	 What is the correct interpretation of this energy profile?
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Products

Reactants

Reaction coordinate

Relative stability Temperature of surroundings

A. reactants more stable than products decreases

B. reactants more stable than products increases

C. reactants less stable than products decreases

D. reactants less stable than products increases
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16. What is the standard enthalpy change, ∆HÀ combustion , according to the data?

Thermometer

Water

Fuel

Spirit burner

Metal calorimeter

Amount of fuel burned = 0.110 mol
Mass of water = 200 g
Initial temperature of water = 21.0 °C
Final temperature of water = 25.0 °C
Specific heat capacity of water, cw = 4.18 J g−1 K−1

Q = mc∆T

A. −2110 kJ mol−1

B. −30.4 kJ mol−1

C. +30.4 kJ mol−1

D. +2110 kJ mol−1

17. What is the coefficient of oxygen when the equation for the complete combustion of ethanol 
is balanced using the smallest whole numbers?

__ C2H5OH + __ O2 → __ CO2 + __ H2O

A. 1

B. 2

C. 3

D. 7
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16. What is the standard enthalpy change, ∆HÀ combustion , according to the data?

Thermometer

Water

Fuel

Spirit burner

Metal calorimeter

Amount of fuel burned = 0.110 mol
Mass of water = 200 g
Initial temperature of water = 21.0 °C
Final temperature of water = 25.0 °C
Specific heat capacity of water, cw = 4.18 J g−1 K−1

Q = mc∆T

A. −2110 kJ mol−1

B. −30.4 kJ mol−1

C. +30.4 kJ mol−1

D. +2110 kJ mol−1

17. What is the coefficient of oxygen when the equation for the complete combustion of ethanol 
is balanced using the smallest whole numbers?

__ C2H5OH + __ O2 → __ CO2 + __ H2O

A. 1

B. 2

C. 3

D. 7
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16.	 Which statement about an exothermic reaction is correct?

A.	 Temperature decreases and the products have higher enthalpy than the reactants.

B.	 Temperature decreases and the products have lower enthalpy than the reactants.

C.	 Temperature increases and the products have higher enthalpy than the reactants.

D.	 Temperature increases and the products have lower enthalpy than the reactants.

17.	 The energy from burning 0.321 g of methanol causes the temperature of 200 cm3 of water to rise by 
5.00 K. What is the enthalpy of combustion of the methanol in kJ mol-1?

Specific heat capacity of water: 4.18 J g-1 K-1, M r methanol = 32.05 g mol-1

Q = mc ∆ T

A.	 -417

B.	 -579

C.	 -23 200

D.	 -417 000

18.	 Which process to produce ethanol has an atom economy of 100?

A.	 C2H4 + H2O → C2H5OH

B.	 C6H12O6 → 2C2H5OH + 2CO2

C.	 CH3COOC2H5 + NaOH → C2H5OH + CH3COONa

D.	 CH3COOC2H5 + H2O  C2H5OH + CH3COOH
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16.	 Which statement about an exothermic reaction is correct?

A.	 Temperature decreases and the products have higher enthalpy than the reactants.

B.	 Temperature decreases and the products have lower enthalpy than the reactants.

C.	 Temperature increases and the products have higher enthalpy than the reactants.

D.	 Temperature increases and the products have lower enthalpy than the reactants.

17.	 The energy from burning 0.321 g of methanol causes the temperature of 200 cm3 of water to rise by 
5.00 K. What is the enthalpy of combustion of the methanol in kJ mol-1?

Specific heat capacity of water: 4.18 J g-1 K-1, M r methanol = 32.05 g mol-1

Q = mc ∆ T

A.	 -417

B.	 -579

C.	 -23 200

D.	 -417 000

18.	 Which process to produce ethanol has an atom economy of 100?

A.	 C2H4 + H2O → C2H5OH

B.	 C6H12O6 → 2C2H5OH + 2CO2

C.	 CH3COOC2H5 + NaOH → C2H5OH + CH3COONa

D.	 CH3COOC2H5 + H2O  C2H5OH + CH3COOH
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16.	 The potential energy profile of a reaction is shown.
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Reaction coordinate

Reactants

Products

Which reaction has this energy profile?

A.	 N2 (g) + O2 (g)  2NO (g)

B.	 2H (g)  H2 (g)

C.	 NaOH (aq) + HCl (aq) → NaCl (aq) + H2O (l)

D.	 CH4 (g) + 2O2 (g) → CO2 (g) + 2H2O (l)

17.	 What is H, in kJ, in the energy cycle below?

�

A.	 + 52 - 176

B.	 + 52 + 176

C.	 - 52 + 124

D.	 - 52 - 176
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Section B

Answer all questions. Answers must be written within the answer boxes provided.

1.	 A student needed to make 500.0 cm3 of a 0.2500 mol dm-3 solution of sodium hydroxide, NaOH, 
from the solid for a titration.

(a)	 Calculate the mass of sodium hydroxide needed.� [1]

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

(b)	 Describe the process of preparing a standard solution from a solid using a volumetric flask.� [3]

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

(c)	 A 10.00 cm3 sample of the sodium hydroxide solution was titrated with 0.2000 mol dm-3 
solution of hydrochloric acid, HCl (aq).

10

11

22

23

Initial Volume Final Volume

(This question continues on the following page)
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2.	 A student was asked to identify an unknown metal with a mass of 1.28 g using calorimetry. 
The metal was placed in beaker A with boiling water at 100.00 °C until the metal reached 
the same temperature as the water. The metal was then quickly transferred to beaker B 
with 5.65 g of water which had an initial temperature of 25.00 °C. The final temperature of 
the water in beaker B and the metal was 26.77 °C.

Data for unknown metal sample

Mass of unknown metal / g 1.28

Initial temperature of metal / °C 100.00

Mass of cool water in beaker B / g 5.65

Initial temperature of water in beaker B / °C 25.00

Final temperature of water in beaker B and metal / °C 26.77

(a)	 Determine the amount of energy transferred from the metal to the water in beaker B 
using sections 1 and 2 of the data booklet.� [2]

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

(b)	 Determine the specific heat capacity of the metal assuming the heat absorbed by 
the water in beaker B in (a) is equal to the heat released by the metal.

Use section 1 of the data booklet.

If you did not get an answer to (a) use 40.5 J although this is not the correct answer.� [2]

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

(This question continues on the following page)
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(Question 2 continued)

(c)	 State the name of the unknown metal using the table.� [1]

Metal Specific heat capacity 
(J g--1 K --1)

Lead 0.129

Silver 0.235

Iron 0.449

Aluminium 0.897

���������������������������������������������������������������������������������������������������������������������������������������������������

(d)	 Deduce two sources of systematic error for this experiment based on the results.� [2]

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������
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3.	 A student wanted to determine what colour inks were mixed to produce black ink and their 
relative polarities using paper chromatography. The student decided to use two different 
solvent systems for the separation, both a mixture of propan-2-ol and water. 
System 1 was 20% propan-2-ol and system 2 was 80% propan-2-ol.

1
0

2

5
6

3
4

7
8

11
12

9
10

13
14

17
18

15
16

19
20
cm 80% propan-2-ol 

Yellow

Blue

Red

Purple

Solvent Front

20% propan-2-ol 

Yellow

Red

Purple

Blue

Solvent Front

System 1 System 2

(a)	 Chromatography chambers are sealed while the solvent is moving up the paper.

Explain why it is important to seal the chamber for proper experimental design. � [2]

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

(b)	  Explain why it is important to keep the start line horizontal and above the solvent level 
when running the chromatograph� [2]

Horizontal start line:  ������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

Above the solvent level:  ������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

(This question continues on the following page)
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14.	 Which is a correct alternative representation of this molecule?

C

C

C

H

H

H

H

H

H

C

Cl

Cl

A.	 C3H6Cl2

B.	
Cl

Cl

C.	 2,2-dichlorobut-1-ene

D.	 CH3CHClC(Cl)=CH2

15.	 The block structure of the periodic table groups elements according to which characteristic?

A.	 atomic number

B.	 atomic mass

C.	 electron configuration

D.	 reactivity

16.	 Which set of conditions describe a reaction in which the reactants are more stable than 
the products?

A.	 endothermic and ∆H negative

B.	 endothermic and ∆H positive

C.	 exothermic and ∆H negative

D.	 exothermic and ∆H positive

– 7 –

SPEC/4/CHEMI/SPM/ENG/TZ0/XX

0000 – 6104

Turn over

17.	 Which enthalpy changes can be calculated using only bond enthalpy data?

I.	 N2 (g) + 2H2 (g) → N2H4 (g)

II.	 CH4 (g) + 2O2 (g) → 2H2O (l) + CO2 (g)

III.	 H2 (g) + Cl2 (g) → 2HCl (g)

A.	 I and II only

B.	 I and III only

C.	 II and III only

D.	 I, II and III

18.	 Which is a renewable energy source?

A.	 natural gas

B.	 uranium

C.	 coal

D.	 wood

19.	 What is the amount, in mol, of H2O produced for a reaction between 10.0 mol of C2H3Cl and 
10.0 mol of O2 if the yield is 90 %?

2C2H3Cl (g) + 5O2 (g) → 4CO2 (g) + 2H2O (g) + 2HCl (g)

A.	 3.60

B.	 4.00

C.	 9.00

D.	 10.00

20.	 The complete combustion of 20.0 cm3 of a gaseous hydrocarbon, CxHy, produces 80.0 cm3 
of gaseous products. This volume reduces to 40.0 cm3 when the water vapour present 
condenses. All volumes are measured at the same temperature and pressure.

What is the molecular formula of the hydrocarbon?

A.	 CH4

B.	 C2H2

C.	 C2H4

D.	 C3H6
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17.	 Which enthalpy changes can be calculated using only bond enthalpy data?

I.	 N2 (g) + 2H2 (g) → N2H4 (g)

II.	 CH4 (g) + 2O2 (g) → 2H2O (l) + CO2 (g)

III.	 H2 (g) + Cl2 (g) → 2HCl (g)

A.	 I and II only

B.	 I and III only

C.	 II and III only

D.	 I, II and III

18.	 Which is a renewable energy source?

A.	 natural gas

B.	 uranium

C.	 coal

D.	 wood

19.	 What is the amount, in mol, of H2O produced for a reaction between 10.0 mol of C2H3Cl and 
10.0 mol of O2 if the yield is 90 %?

2C2H3Cl (g) + 5O2 (g) → 4CO2 (g) + 2H2O (g) + 2HCl (g)

A.	 3.60

B.	 4.00

C.	 9.00

D.	 10.00

20.	 The complete combustion of 20.0 cm3 of a gaseous hydrocarbon, CxHy, produces 80.0 cm3 
of gaseous products. This volume reduces to 40.0 cm3 when the water vapour present 
condenses. All volumes are measured at the same temperature and pressure.

What is the molecular formula of the hydrocarbon?

A.	 CH4

B.	 C2H2

C.	 C2H4

D.	 C3H6
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16.	 The potential energy profile of a reaction is shown.
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Reaction coordinate

Reactants

Products

Which reaction has this energy profile?

A.	 N2 (g) + O2 (g)  2NO (g)

B.	 2H (g)  H2 (g)

C.	 NaOH (aq) + HCl (aq) → NaCl (aq) + H2O (l)

D.	 CH4 (g) + 2O2 (g) → CO2 (g) + 2H2O (l)

17.	 What is H, in kJ, in the energy cycle below?

�

A.	 + 52 - 176

B.	 + 52 + 176

C.	 - 52 + 124

D.	 - 52 - 176

– 8 – 8825 – 6210

18.	 Which of the following statements best describes an environmental implication associated with 
the use of fossil fuels?

A.	 Increased biodiversity due to the establishment of habitats through mining

B.	 Decreased emission of greenhouse gases leading to global cooling

C.	 Enhanced soil fertility due to the deposition of coal dust

D.	 Acid rain formation from the release of sulfur dioxide and nitrogen oxides

19.	 Equal volumes of X2 and Y2 gases are allowed to react in a sealed container to form XY3 gas. 
After completion of the reaction, the volume of XY3 is measured to be 40 cm3.

What was the volume, in cm3, of X2 gas at the beginning?

X2 (g) + 3Y 2(g)  2XY3 (g)

A.	 20

B.	 40

C.	 60

D.	 120

20.	 What is the volume of nitrogen dioxide, in cm3, produced at STP when 1.28 g of copper reacts with 
excess nitric acid?

Cu (s) + 4HNO3 (aq)  Cu(NO3)2 (aq) + 2NO2 (g) + 2H2O (l)

Molar volume of an ideal gas at STP is 22.7 dm3 mol-1

A.	 227

B.	 456

C.	 684

D.	 914
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16.	 Consider these equations:

S (s) + O2 (g) → SO2 (g) ∆HÀ = x kJ mol-1

2SO2 (g) + O2 (g) → 2SO3 (g) ∆HÀ = y kJ mol-1

What is the value of ∆HÀ, in kJ mol-1, for this reaction?

S (s) +  3
2

 O2 (g) → SO3 (g)

A.	 x + y

B.	 x +  1
2

 y

C.	 x −  1
2

 y

D.	 x − y

17.	 Which statement is a disadvantage of using biofuels instead of fossil fuels?

A.	 Land is used that could be used to grow food.

B.	 Combustion releases more energy per mol of fuel.

C.	 Emissions of CO2 to the atmosphere are lower overall.

D.	 Crop waste can be used as a fuel.

18.	 What is the theoretical yield, in g, of ethanamide, CH3CONH2, that can be produced from the 
reaction of 4.00 g of ammonium carbonate, (NH4)2CO3, with excess ethanoic acid, CH3COOH?

2CH3COOH (l) + (NH4)2CO3 (s) → 2CH3COONH4 (aq) + H2O (l) + CO2 (g)

CH3COONH4 (aq) → CH3CONH2 (s) + H2O (l)

Mr (NH4)2CO3 = 96.11

Mr CH3CONH2 = 59.08

A.	 1.23

B.	 2.46

C.	 4.92

D.	 6.51
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8. Ethanol is a biofuel that can be made from glucose. Glucose is formed by the biological
fixation of carbon through photosynthesis.

(a) (i)	� State the equation for photosynthesis. [1]

����������������������������������������������������������������������������������������������������������������������������������������������������

����������������������������������������������������������������������������������������������������������������������������������������������������

(ii) Outline two advantages of using ethanol as a fuel instead of gasoline (petrol). [2]

����������������������������������������������������������������������������������������������������������������������������������������������������

����������������������������������������������������������������������������������������������������������������������������������������������������

����������������������������������������������������������������������������������������������������������������������������������������������������

����������������������������������������������������������������������������������������������������������������������������������������������������

����������������������������������������������������������������������������������������������������������������������������������������������������

(b) Calculate the increase in temperature of a sample of 500.0 cm3 of water heated by
the combustion of 4.00 g of ethanol. Use sections 2 and 14 of the data booklet. [2]

����������������������������������������������������������������������������������������������������������������������������������������������������

����������������������������������������������������������������������������������������������������������������������������������������������������

����������������������������������������������������������������������������������������������������������������������������������������������������

����������������������������������������������������������������������������������������������������������������������������������������������������

����������������������������������������������������������������������������������������������������������������������������������������������������
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18.	 Which of the following statements best describes an environmental implication associated with 
the use of fossil fuels?

A.	 Increased biodiversity due to the establishment of habitats through mining

B.	 Decreased emission of greenhouse gases leading to global cooling

C.	 Enhanced soil fertility due to the deposition of coal dust

D.	 Acid rain formation from the release of sulfur dioxide and nitrogen oxides

19.	 Equal volumes of X2 and Y2 gases are allowed to react in a sealed container to form XY3 gas. 
After completion of the reaction, the volume of XY3 is measured to be 40 cm3.

What was the volume, in cm3, of X2 gas at the beginning?

X2 (g) + 3Y 2(g)  2XY3 (g)

A.	 20

B.	 40

C.	 60

D.	 120

20.	 What is the volume of nitrogen dioxide, in cm3, produced at STP when 1.28 g of copper reacts with 
excess nitric acid?

Cu (s) + 4HNO3 (aq)  Cu(NO3)2 (aq) + 2NO2 (g) + 2H2O (l)

Molar volume of an ideal gas at STP is 22.7 dm3 mol-1

A.	 227

B.	 456

C.	 684

D.	 914
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12.	 Which two elements form a compound with the strongest ionic attraction?

A.	 Li and O

B.	 Li and Se

C.	 K and O

D.	 K and Se

13.	 Which oxide is the most basic?

A.	 MgO

B.	 Al2O3

C.	 SiO2

D.	 SO3

14.	 Which compound has the highest boiling point?

A.	 CH3CH2CH2CH3

B.	 CH3CH2CH2CH2CH2CH3

C.	 (CH3)3CCH2CH3

D.	 CH3CH2CH(CH3)CH2CH3

15.	 What is the sum of the coefficients when 1 mol of propan-1-ol, C3H7OH, undergoes 
complete combustion?

__ C3H7OH (l) + __ O2 (g) → __ CO2 (g) + __ H2O (l)

A.	 11.5

B.	 12

C.	 12.5

D.	 13

– 6 – 8825 – 6222

16.	 Consider these equations:

S (s) + O2 (g) → SO2 (g) ∆HÀ = x kJ mol-1

2SO2 (g) + O2 (g) → 2SO3 (g) ∆HÀ = y kJ mol-1

What is the value of ∆HÀ, in kJ mol-1, for this reaction?

S (s) +  3
2

 O2 (g) → SO3 (g)

A.	 x + y

B.	 x +  1
2

 y

C.	 x −  1
2

 y

D.	 x − y

17.	 Which statement is a disadvantage of using biofuels instead of fossil fuels?

A.	 Land is used that could be used to grow food.

B.	 Combustion releases more energy per mol of fuel.

C.	 Emissions of CO2 to the atmosphere are lower overall.

D.	 Crop waste can be used as a fuel.

18.	 What is the theoretical yield, in g, of ethanamide, CH3CONH2, that can be produced from the 
reaction of 4.00 g of ammonium carbonate, (NH4)2CO3, with excess ethanoic acid, CH3COOH?

2CH3COOH (l) + (NH4)2CO3 (s) → 2CH3COONH4 (aq) + H2O (l) + CO2 (g)

CH3COONH4 (aq) → CH3CONH2 (s) + H2O (l)

Mr (NH4)2CO3 = 96.11

Mr CH3CONH2 = 59.08

A.	 1.23

B.	 2.46

C.	 4.92

D.	 6.51
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16.	 Consider these equations:

S (s) + O2 (g) → SO2 (g) ∆HÀ = x kJ mol-1

2SO2 (g) + O2 (g) → 2SO3 (g) ∆HÀ = y kJ mol-1

What is the value of ∆HÀ, in kJ mol-1, for this reaction?

S (s) +  3
2

 O2 (g) → SO3 (g)

A.	 x + y

B.	 x +  1
2

 y

C.	 x −  1
2

 y

D.	 x − y

17.	 Which statement is a disadvantage of using biofuels instead of fossil fuels?

A.	 Land is used that could be used to grow food.

B.	 Combustion releases more energy per mol of fuel.

C.	 Emissions of CO2 to the atmosphere are lower overall.

D.	 Crop waste can be used as a fuel.

18.	 What is the theoretical yield, in g, of ethanamide, CH3CONH2, that can be produced from the 
reaction of 4.00 g of ammonium carbonate, (NH4)2CO3, with excess ethanoic acid, CH3COOH?

2CH3COOH (l) + (NH4)2CO3 (s) → 2CH3COONH4 (aq) + H2O (l) + CO2 (g)

CH3COONH4 (aq) → CH3CONH2 (s) + H2O (l)

Mr (NH4)2CO3 = 96.11

Mr CH3CONH2 = 59.08

A.	 1.23

B.	 2.46

C.	 4.92

D.	 6.51
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17.	 Which enthalpy changes can be calculated using only bond enthalpy data?

I.	 N2 (g) + 2H2 (g) → N2H4 (g)

II.	 CH4 (g) + 2O2 (g) → 2H2O (l) + CO2 (g)

III.	 H2 (g) + Cl2 (g) → 2HCl (g)

A.	 I and II only

B.	 I and III only

C.	 II and III only

D.	 I, II and III

18.	 Which is a renewable energy source?

A.	 natural gas

B.	 uranium

C.	 coal

D.	 wood

19.	 What is the amount, in mol, of H2O produced for a reaction between 10.0 mol of C2H3Cl and 
10.0 mol of O2 if the yield is 90 %?

2C2H3Cl (g) + 5O2 (g) → 4CO2 (g) + 2H2O (g) + 2HCl (g)

A.	 3.60

B.	 4.00

C.	 9.00

D.	 10.00

20.	 The complete combustion of 20.0 cm3 of a gaseous hydrocarbon, CxHy, produces 80.0 cm3 
of gaseous products. This volume reduces to 40.0 cm3 when the water vapour present 
condenses. All volumes are measured at the same temperature and pressure.

What is the molecular formula of the hydrocarbon?

A.	 CH4

B.	 C2H2

C.	 C2H4

D.	 C3H6
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4.	 Heptadecane, C17H36, can be extracted from crude oil or cactus plants.

(a)	 Write an equation for the complete combustion of C17H36.� [1]

����������������������������������������������������������������������������������������������������������������������������������������������������

����������������������������������������������������������������������������������������������������������������������������������������������������

(b)	 The enthalpy of combustion of C17H36 is -11 350 kJ mol-1.

(i)	 Calculate the maximum energy produced when 2.00 g of C17H36 is combusted.� [2]

����������������������������������������������������������������������������������������������������������������������������������������������������

����������������������������������������������������������������������������������������������������������������������������������������������������

����������������������������������������������������������������������������������������������������������������������������������������������������

����������������������������������������������������������������������������������������������������������������������������������������������������

(ii)	 Determine the maximum temperature change when 500.0 cm3 of water is heated 
by a 2.00 g sample of C17H36.� [2]

����������������������������������������������������������������������������������������������������������������������������������������������������

����������������������������������������������������������������������������������������������������������������������������������������������������

����������������������������������������������������������������������������������������������������������������������������������������������������

����������������������������������������������������������������������������������������������������������������������������������������������������

(iii)	 Outline two assumptions made in the calculation in (b)(ii).� [2]

����������������������������������������������������������������������������������������������������������������������������������������������������

����������������������������������������������������������������������������������������������������������������������������������������������������

����������������������������������������������������������������������������������������������������������������������������������������������������

����������������������������������������������������������������������������������������������������������������������������������������������������

(This question continues on the following page)
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(Question 4 continued)

(c)	 Explain why biofuels contribute less to climate change than fossil fuels.� [1]

����������������������������������������������������������������������������������������������������������������������������������������������������

����������������������������������������������������������������������������������������������������������������������������������������������������

(d)	 Heptadecane can be broken down into smaller molecules. Consider the reaction:

C17H36 (g) → 2 C2H4 (g) + C13H28 (g)

Determine the standard enthalpy change, ΔHÖ, for the reaction stated, using section 12 
of the data booklet.� [3]

����������������������������������������������������������������������������������������������������������������������������������������������������

����������������������������������������������������������������������������������������������������������������������������������������������������

����������������������������������������������������������������������������������������������������������������������������������������������������

����������������������������������������������������������������������������������������������������������������������������������������������������

����������������������������������������������������������������������������������������������������������������������������������������������������

����������������������������������������������������������������������������������������������������������������������������������������������������

(e)	 Ethene can be converted to ethanol in one reaction. State the equation for this reaction.� [1]

����������������������������������������������������������������������������������������������������������������������������������������������������

����������������������������������������������������������������������������������������������������������������������������������������������������

(This question continues on the following page)
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(Question 4 continued)

(f)	 Ethanol reacts with oleic acid to produce ethyl oleate.

C17H33COOH (l) + CH3CH2OH (l)  C17H33COOCH2CH3 (l) + X (l)

(i)	 Identify the side product X (l).� [1]

����������������������������������������������������������������������������������������������������������������������������������������������������

����������������������������������������������������������������������������������������������������������������������������������������������������

(ii)	 Calculate the atom economy of the reaction.� [1]

����������������������������������������������������������������������������������������������������������������������������������������������������

����������������������������������������������������������������������������������������������������������������������������������������������������

����������������������������������������������������������������������������������������������������������������������������������������������������

(iii)	 Discuss why the atom economy of a reaction is an important consideration when 
evaluating the impact of a reaction in an industrial process.� [2]

����������������������������������������������������������������������������������������������������������������������������������������������������

����������������������������������������������������������������������������������������������������������������������������������������������������

����������������������������������������������������������������������������������������������������������������������������������������������������

����������������������������������������������������������������������������������������������������������������������������������������������������
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5.	 Halogens are important reactants in the laboratory and in the environment.

(a)	 (i)	� Write an equation for the homolytic fission of chlorine under UV light, showing the 
movement of electrons.� [2]

����������������������������������������������������������������������������������������������������������������������������������������������������

����������������������������������������������������������������������������������������������������������������������������������������������������

(ii)	 Under different conditions, chlorine molecules can break down by 
heterolytic fission. Write an equation showing the movement of electrons.� [1]

����������������������������������������������������������������������������������������������������������������������������������������������������

����������������������������������������������������������������������������������������������������������������������������������������������������

(iii)	 Identify, giving a reason, which one of the three species produced in (a)(i) and 
(a)(ii) is an electrophile.� [1]

����������������������������������������������������������������������������������������������������������������������������������������������������

����������������������������������������������������������������������������������������������������������������������������������������������������

(This question continues on the following page)

16EP14



Question 4 - working space



APOLLO

How much? The amount of chemical

change

18 questions



Chemistry SL | Paper 1A | May 2025 TZ1 | Q20 | 1 marks

Apollo | Original source crop | 34

– 10 – 2225 – 6210

20.	 Chloroethane is produced by the reaction of ethane with chlorine.

C2H6(g) + Cl2(g) → C2H5Cl(g) + HCl(g)

(C2H6 = 30.08 g mol−1, Cl2 = 70.90 g mol−1, C2H5Cl = 64.52 g mol−1, HCl = 36.46 g mol−1)

% atom economy 100molar mass of desired product
molar mass of all reactants

What is the atom economy for this reaction?

A.	 15.7 %

B.	 46.6 %

C.	 63.9 %

D.	 99.9 %

21.	 75 cm3 of propane was completely combusted in 400 cm3 of oxygen according to the  
following equation.

CH3CH2CH3(g) + 5O2(g) → 3CO2(g) + 4H2O(l)

What is the volume of unreacted oxygen remaining at the original conditions?

A.	 25 cm3

B.	 50 cm3

C.	 75 cm3

D.	 150 cm3
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20.	 Chloroethane is produced by the reaction of ethane with chlorine.

C2H6(g) + Cl2(g) → C2H5Cl(g) + HCl(g)

(C2H6 = 30.08 g mol−1, Cl2 = 70.90 g mol−1, C2H5Cl = 64.52 g mol−1, HCl = 36.46 g mol−1)

% atom economy 100molar mass of desired product
molar mass of all reactants

What is the atom economy for this reaction?

A.	 15.7 %

B.	 46.6 %

C.	 63.9 %

D.	 99.9 %

21.	 75 cm3 of propane was completely combusted in 400 cm3 of oxygen according to the  
following equation.

CH3CH2CH3(g) + 5O2(g) → 3CO2(g) + 4H2O(l)

What is the volume of unreacted oxygen remaining at the original conditions?

A.	 25 cm3

B.	 50 cm3

C.	 75 cm3

D.	 150 cm3

– 11 – 2225 – 6210
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22.	 Consider the following Maxwell–Boltzmann energy distribution at a certain temperature. 
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16. What is the standard enthalpy change, ∆HÀ combustion , according to the data?

Thermometer

Water

Fuel

Spirit burner

Metal calorimeter

Amount of fuel burned = 0.110 mol
Mass of water = 200 g
Initial temperature of water = 21.0 °C
Final temperature of water = 25.0 °C
Specific heat capacity of water, cw = 4.18 J g−1 K−1

Q = mc∆T

A. −2110 kJ mol−1

B. −30.4 kJ mol−1

C. +30.4 kJ mol−1

D. +2110 kJ mol−1

17. What is the coefficient of oxygen when the equation for the complete combustion of ethanol 
is balanced using the smallest whole numbers?

__ C2H5OH + __ O2 → __ CO2 + __ H2O

A. 1

B. 2

C. 3

D. 7

– 9 – 2225 – 6216

Turn over

18.	 What are the limiting reactant and theoretical yield of hydrogen when 0.20 mol of magnesium 
reacts with 0.20 mol of hydrochloric acid?

Mg (s) + 2HCl (aq) → MgCl2 (aq) + H2 (g)

Limiting reactant Theoretical yield of H2 / mol

A. Mg 0.10

B. Mg 0.20

C. HCl 0.05

D. HCl 0.10

19.	 Which are units for rate of reaction?

A.	 mol s

B.	 dm−3 h−1

C.	 mol dm−3 h−1

D.	 mol dm−3 s

20.	 Which changes increase the rate of the reaction?

2H2O2 (aq) → 2H2O (l) + O2 (g)

I.	 Introducing a catalyst

II.	 Increasing concentration of H2O2 (aq)

III.	 Increasing pressure

A.	 I and II only

B.	 I and III only

C.	 II and III only

D.	 I, II and III

21.	 Why does rate of reaction increase with temperature?

A.	 A higher proportion of collisions have the proper orientation

B.	 A higher proportion of collisions have sufficient energy

C.	 Activation energy decreases

D.	 Activation energy increases
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18.	 What are the limiting reactant and theoretical yield of hydrogen when 0.20 mol of magnesium 
reacts with 0.20 mol of hydrochloric acid?

Mg (s) + 2HCl (aq) → MgCl2 (aq) + H2 (g)

Limiting reactant Theoretical yield of H2 / mol

A. Mg 0.10

B. Mg 0.20

C. HCl 0.05

D. HCl 0.10

19.	 Which are units for rate of reaction?

A.	 mol s

B.	 dm−3 h−1

C.	 mol dm−3 h−1

D.	 mol dm−3 s

20.	 Which changes increase the rate of the reaction?

2H2O2 (aq) → 2H2O (l) + O2 (g)

I.	 Introducing a catalyst

II.	 Increasing concentration of H2O2 (aq)

III.	 Increasing pressure

A.	 I and II only

B.	 I and III only

C.	 II and III only

D.	 I, II and III

21.	 Why does rate of reaction increase with temperature?

A.	 A higher proportion of collisions have the proper orientation

B.	 A higher proportion of collisions have sufficient energy

C.	 Activation energy decreases

D.	 Activation energy increases
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Section A

1.	 How many oxygen atoms are present in 0.0200 mol CuSO4• 5H2O?

A.	 1.20 × 1022

B.	 1.08 × 1022

C.	 6.02 × 1023

D.	 1.08 × 1023

2.	 What is a possible empirical formula for a substance with Mr = 58?

I.	 C2H5

II.	 C4H10

III.	 C3H6O

A.	 I and II only

B.	 I and III only

C.	 II and III only

D.	 I, II and III

3.	 Which volume of butane gas, in cm3, will produce 40 cm3 of carbon dioxide gas when it is 
completely combusted in oxygen?

2C4H10 (g) + 13O2 (g) → 8CO2 (g) + 10H2O (g)

A.	 5

B.	 10

C.	 20

D.	 40

– 3 – 2225 – 6222
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4.	 Which row shows the number of subatomic particles in 57Fe3+?

Protons Neutrons Electrons

A. 26 31 29

B. 26 31 23

C. 23 57 23

D. 57 57 26

5.	 What is the maximum number of electrons that can occupy the fourth main energy level of 
an atom?

A.	 8

B.	 18

C.	 32

D.	 64

6.	 What is the formula of the compound formed by aluminium ions and sulfate(VI) ions?

A.	 AlSO3

B.	 Al2(SO3)3

C.	 AlSO4

D.	 Al2(SO4)3
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16.	 Which statement about an exothermic reaction is correct?

A.	 Temperature decreases and the products have higher enthalpy than the reactants.

B.	 Temperature decreases and the products have lower enthalpy than the reactants.

C.	 Temperature increases and the products have higher enthalpy than the reactants.

D.	 Temperature increases and the products have lower enthalpy than the reactants.

17.	 The energy from burning 0.321 g of methanol causes the temperature of 200 cm3 of water to rise by 
5.00 K. What is the enthalpy of combustion of the methanol in kJ mol-1?

Specific heat capacity of water: 4.18 J g-1 K-1, M r methanol = 32.05 g mol-1

Q = mc ∆ T

A.	 -417

B.	 -579

C.	 -23 200

D.	 -417 000

18.	 Which process to produce ethanol has an atom economy of 100?

A.	 C2H4 + H2O → C2H5OH

B.	 C6H12O6 → 2C2H5OH + 2CO2

C.	 CH3COOC2H5 + NaOH → C2H5OH + CH3COONa

D.	 CH3COOC2H5 + H2O  C2H5OH + CH3COOH

– 8 – 2225 – 6222

19.	 Which apparatus can be used to monitor the progress of this reaction?

NaHCO3 (aq) + HCl (aq) → NaCl (aq) + H2O (l) + CO2 (g)

I.	 A pH meter

II.	 A gas syringe

III.	 A colorimeter

A.	 I and II only

B.	 I and III only

C.	 II and III only

D.	 I, II and III

20.	 Which statement about this equilibrium reaction is correct?

CH3CH2OH (aq) + HCOOH (aq)  CH3CH2OOCH (aq) + H2O (l)

A.	 Removing water from the reaction mixture has no effect on the position of equilibrium.

B.	 Adding ethanol to the reaction mixture moves the position of equilibrium to the left.

C.	 Removing ethanol from the reaction mixture moves the position of equilibrium to the left.

D.	 Adding water to the reaction mixture moves the position of equilibrium to the right.

21.	 How many moles of oxygen are needed for the complete combustion of 11.5 g of C3H8 (g)?

M r propane = 44.1 g mol-1

A.	 10.4

B.	 5.20

C.	 2.60

D.	 1.30
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19.	 Which apparatus can be used to monitor the progress of this reaction?

NaHCO3 (aq) + HCl (aq) → NaCl (aq) + H2O (l) + CO2 (g)

I.	 A pH meter

II.	 A gas syringe

III.	 A colorimeter

A.	 I and II only

B.	 I and III only

C.	 II and III only

D.	 I, II and III

20.	 Which statement about this equilibrium reaction is correct?

CH3CH2OH (aq) + HCOOH (aq)  CH3CH2OOCH (aq) + H2O (l)

A.	 Removing water from the reaction mixture has no effect on the position of equilibrium.

B.	 Adding ethanol to the reaction mixture moves the position of equilibrium to the left.

C.	 Removing ethanol from the reaction mixture moves the position of equilibrium to the left.

D.	 Adding water to the reaction mixture moves the position of equilibrium to the right.

21.	 How many moles of oxygen are needed for the complete combustion of 11.5 g of C3H8 (g)?

M r propane = 44.1 g mol-1

A.	 10.4

B.	 5.20

C.	 2.60

D.	 1.30

– 9 – 2225 – 6222
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22.	 Which molecule has the shortest carbon to oxygen bond?

A.	 CH3OH

B.	 H2CO

C.	 CO

D.	 CO2

23.	 What are the electron domain geometries around the carbon and nitrogen atoms, shown in bold, 
in glycine H2NCH2COOH?

Carbon Nitrogen

A. tetrahedral tetrahedral

B. trigonal pyramidal trigonal pyramidal

C. trigonal planar tetrahedral

D. trigonal planar trigonal pyramidal

24.	 What is the pH of 0.0010 mol dm-3 HCl (aq)?

A.	 2.0

B.	 2.5

C.	 3.0

D.	 3.5

25.	 Which solution is acidic at 25 °C?

A.	 [H+ ] = 1.0 × 10-9 mol dm-3

B.	 [OH- ] = 1.0 × 10-13 mol dm-3

C.	 [OH- ] = 1.0 × 10-6 mol dm-3

D.	 [H3O
+ ] = 1.0 × 10-13 mol dm-3
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3. A colorimetry experiment was conducted on a series of solutions of copper(II) sulfate, CuSO4.
The absorbance versus concentration data were graphed.

(a) Draw a line of best fit in the graph, extrapolating beyond the data given. [2]

Concentration of copper(II) sulfate/ mol dm-3 

A
bs

or
ba

nc
e

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
0

0.2
0.4
0.6
0.8
1.0
1.2
1.4
1.6

(b) State the mathematical relationship between absorbance and concentration. [1]

���������������������������������������������������������������������������������������������������������������������������������������������������

(c) Deduce the equation that relates the absorbance to concentration, including the value
of the constant. [2]

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

(d) Estimate the absorbance value of a 0.600 mol dm−3 CuSO4 solution. [1]

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������
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3.	 3.162 g of calcium carbonate, CaCO3(s), is reacted with 20.0 cm3 of 4.00 mol dm-3 
hydrochloric acid, HCl(aq).

(a)	 Write an equation for the reaction, including state symbols.� [2]

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

(b)	 Deduce which reactant is limiting. Use sections 1, 4 and 7 of the data booklet.� [2]

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

(c)	 Calculate the volume, in dm3 at STP, of the gas produced. Use section 2 of the data 
booklet.� [1]

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

(This question continues on the following page)
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(Question 3 continued)

(d)	 The rate of this reaction can be experimentally determined by measuring the volume of 
gas produced as time progresses.

Sketch another curve for the reaction taking place with the acid at a higher temperature 
and all other conditions unchanged.� [1]

Time

Vo
lu

m
e
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4.	 The rate of reaction between solutions of iron(III) nitrate and sodium thiosulfate can be 
measured using the time it takes for the colour to change.

(a)	 The first step in the reaction produces an unstable dark violet ion.

Fe3+(aq) + 2S2O3
2-(aq)  Fe(S2O3)2

-(aq)

(i)	 CoCl2(s) is used as a catalyst. Explain how the catalyst increases the reaction rate.� [2]

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

(ii)	 The reaction continues until the violet colour disappears. The thiosulfate ion, 
S2O3

2-, is oxidized to SO2, and Fe3+ is reduced to Fe2+.  
Deduce the oxidation half-equation, and the overall redox equation for this 
second step of the reaction.� [2]

Oxidation half-equation:   ����������������������������������������������������������������������������������������������������������

����������������������������������������������������������������������������������������������������������������������������������������������������

Overall redox equation:  ����������������������������������������������������������������������������������������������������������

����������������������������������������������������������������������������������������������������������������������������������������������������

(b)	 Iron(III) nitrate is a compound that involves both ionic and covalent bonding.

(i)	 Describe the two types of bonding.� [2]

Ionic bonding:   ������������������������������������������������������������������������������������������������������������������������

����������������������������������������������������������������������������������������������������������������������������������������������������

Covalent bonding:  ��������������������������������������������������������������������������������������������������������������������

����������������������������������������������������������������������������������������������������������������������������������������������������

(This question continues on the following page)
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5.	 Ethyne, C2H2, is hydrogenated to form ethane.

C2H2 (g) + 2H2 (g) → C2H6 (g)

(a)	 140.0 cm3 of ethyne is reacted with 160.0 cm3 of hydrogen in a container at 420 K and 
1.00 × 105 Pa. Ethane is the only product.

Determine the maximum possible volume of ethane formed under these conditions of 
temperature and pressure.� [2]

����������������������������������������������������������������������������������������������������������������������������������������������������

����������������������������������������������������������������������������������������������������������������������������������������������������

����������������������������������������������������������������������������������������������������������������������������������������������������

����������������������������������������������������������������������������������������������������������������������������������������������������

(b)	 Determine the total volume of gas present in the container at the end of the reaction 
under the same conditions of temperature and pressure.� [2]

����������������������������������������������������������������������������������������������������������������������������������������������������

����������������������������������������������������������������������������������������������������������������������������������������������������
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6.	 A lithium-ion battery consists of lithium ions on lithium-graphite (LiC6) and lithium-cobalt oxide 
(LiCoO2) in an electrolyte.

Cathode Anode

Lithium-cobalt oxide

Li+ ions

Graphite

Separator

Electrolyte

Lithium-ion battery

(a)	 The lithium ions are produced at the anode from the lithium atoms embedded in graphite.

(i)	 State a half-equation for the reaction occurring at the anode during discharge.� [1]

����������������������������������������������������������������������������������������������������������������������������������������������������

����������������������������������������������������������������������������������������������������������������������������������������������������

(This question continues on the following page)
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18.	 Which of the following statements best describes an environmental implication associated with 
the use of fossil fuels?

A.	 Increased biodiversity due to the establishment of habitats through mining

B.	 Decreased emission of greenhouse gases leading to global cooling

C.	 Enhanced soil fertility due to the deposition of coal dust

D.	 Acid rain formation from the release of sulfur dioxide and nitrogen oxides

19.	 Equal volumes of X2 and Y2 gases are allowed to react in a sealed container to form XY3 gas. 
After completion of the reaction, the volume of XY3 is measured to be 40 cm3.

What was the volume, in cm3, of X2 gas at the beginning?

X2 (g) + 3Y 2(g)  2XY3 (g)

A.	 20

B.	 40

C.	 60

D.	 120

20.	 What is the volume of nitrogen dioxide, in cm3, produced at STP when 1.28 g of copper reacts with 
excess nitric acid?

Cu (s) + 4HNO3 (aq)  Cu(NO3)2 (aq) + 2NO2 (g) + 2H2O (l)

Molar volume of an ideal gas at STP is 22.7 dm3 mol-1

A.	 227

B.	 456

C.	 684

D.	 914
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18.	 Which of the following statements best describes an environmental implication associated with 
the use of fossil fuels?

A.	 Increased biodiversity due to the establishment of habitats through mining

B.	 Decreased emission of greenhouse gases leading to global cooling

C.	 Enhanced soil fertility due to the deposition of coal dust

D.	 Acid rain formation from the release of sulfur dioxide and nitrogen oxides

19.	 Equal volumes of X2 and Y2 gases are allowed to react in a sealed container to form XY3 gas. 
After completion of the reaction, the volume of XY3 is measured to be 40 cm3.

What was the volume, in cm3, of X2 gas at the beginning?

X2 (g) + 3Y 2(g)  2XY3 (g)

A.	 20

B.	 40

C.	 60

D.	 120

20.	 What is the volume of nitrogen dioxide, in cm3, produced at STP when 1.28 g of copper reacts with 
excess nitric acid?

Cu (s) + 4HNO3 (aq)  Cu(NO3)2 (aq) + 2NO2 (g) + 2H2O (l)

Molar volume of an ideal gas at STP is 22.7 dm3 mol-1

A.	 227

B.	 456

C.	 684

D.	 914

– 9 – 8825 – 6210
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21.	 Sulfur dioxide reacts with oxygen gas to produce sulfur trioxide.

2SO2 (g) + O2 (g)  2SO3 (g)

The reaction of 96 grams of SO2 with excess amount of O2 produces 96 grams of SO3.

What is the percentage yield of SO3?

A.	 20%

B.	 60%

C.	 80%

D.	 100%

22.	 The dotted line represents the volume of carbon dioxide evolved when excess calcium carbonate 
is added into 100 cm3 of 1.0 mol dm-3 of hydrochloric acid.

Which graph represents the production of carbon dioxide when excess calcium carbonate is added 
to the 200 cm3 of 0.25 mol dm-3 of hydrochloric acid?

Time

Vo
lu

m
e 

of
 C

O
2

D.

C.

B.

A.

23.	 Which reaction has the lowest activation energy?

A.	 Cl2 (g)  2Cl (g)

B.	 HCl (g)  H (g) + Cl (g)

C.	 HCl (g)  H+ (g) + Cl- (g)

D.	 2H (g)  H2 (g)
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21.	 Sulfur dioxide reacts with oxygen gas to produce sulfur trioxide.

2SO2 (g) + O2 (g)  2SO3 (g)

The reaction of 96 grams of SO2 with excess amount of O2 produces 96 grams of SO3.

What is the percentage yield of SO3?

A.	 20%

B.	 60%

C.	 80%

D.	 100%

22.	 The dotted line represents the volume of carbon dioxide evolved when excess calcium carbonate 
is added into 100 cm3 of 1.0 mol dm-3 of hydrochloric acid.

Which graph represents the production of carbon dioxide when excess calcium carbonate is added 
to the 200 cm3 of 0.25 mol dm-3 of hydrochloric acid?

Time
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of
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D.
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B.

A.

23.	 Which reaction has the lowest activation energy?

A.	 Cl2 (g)  2Cl (g)

B.	 HCl (g)  H (g) + Cl (g)

C.	 HCl (g)  H+ (g) + Cl- (g)

D.	 2H (g)  H2 (g)
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4.	 What is the volume, in dm3, of ethane gas, C2H6 (g), produced when 0.25 dm3 of ethyne, C2H2 (g), 
reacts with 0.40 dm3 of hydrogen gas, H2 (g)?

All volumes are measured under the same conditions.

C2H2 (g) + 2H2 (g) → C2H6 (g)

A.	 0.20

B.	 0.25

C.	 0.40

D.	 0.45

5.	 A fixed volume of an ideal gas, initially at 30 °C and with a pressure of P Pa, was heated to 60 °C. 
What is the resulting pressure in Pa?

A.	 Half of P

B.	 A little less than P

C.	 A little more than P

D.	 Two times P

6.	 What are the electron domain geometry and molecular geometry of sulfur dichloride, SCl2?

Electron domain geometry Molecular geometry

A. Tetrahedral Linear

B. Tetrahedral Bent

C. Linear Linear

D. Trigonal planar Bent

7.	 Which molecule is most polar?

A.	 CF4

B.	 CO2

C.	 NBr3

D.	 NH3
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16.	 Consider these equations:

S (s) + O2 (g) → SO2 (g) ∆HÀ = x kJ mol-1

2SO2 (g) + O2 (g) → 2SO3 (g) ∆HÀ = y kJ mol-1

What is the value of ∆HÀ, in kJ mol-1, for this reaction?

S (s) +  3
2

 O2 (g) → SO3 (g)

A.	 x + y

B.	 x +  1
2

 y

C.	 x −  1
2

 y

D.	 x − y

17.	 Which statement is a disadvantage of using biofuels instead of fossil fuels?

A.	 Land is used that could be used to grow food.

B.	 Combustion releases more energy per mol of fuel.

C.	 Emissions of CO2 to the atmosphere are lower overall.

D.	 Crop waste can be used as a fuel.

18.	 What is the theoretical yield, in g, of ethanamide, CH3CONH2, that can be produced from the 
reaction of 4.00 g of ammonium carbonate, (NH4)2CO3, with excess ethanoic acid, CH3COOH?

2CH3COOH (l) + (NH4)2CO3 (s) → 2CH3COONH4 (aq) + H2O (l) + CO2 (g)

CH3COONH4 (aq) → CH3CONH2 (s) + H2O (l)

Mr (NH4)2CO3 = 96.11

Mr CH3CONH2 = 59.08

A.	 1.23

B.	 2.46

C.	 4.92

D.	 6.51

– 7 – 8825 – 6222

Turn over

19.	 The volume of ethyne as it reacts with hydrogen is shown in the graphs.

C2H2 (g) + 2H2 (g) → C2H6 (g)

Which graph shows how the volume of hydrogen changes with time?

A.

Time

Vo
lu

m
e

H2

C2H2

B.

Time

Vo
lu

m
e H2

C2H2

C.

Time

Vo
lu

m
e

H2

C2H2

D.

Time

Vo
lu

m
e

H2

C2H2

20.	 Which conditions would increase the rate of reaction between bromine and nitrogen(II) oxide?

Br2 (g) + 2NO (g) → 2NOBr (g)

I.	 Increasing temperature

II.	 Increasing pressure

III.	 Increasing volume

A.	 I and II only

B.	 I and III only

C.	 II and III only

D.	 I, II and III
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17.	 Which enthalpy changes can be calculated using only bond enthalpy data?

I.	 N2 (g) + 2H2 (g) → N2H4 (g)

II.	 CH4 (g) + 2O2 (g) → 2H2O (l) + CO2 (g)

III.	 H2 (g) + Cl2 (g) → 2HCl (g)

A.	 I and II only

B.	 I and III only

C.	 II and III only

D.	 I, II and III

18.	 Which is a renewable energy source?

A.	 natural gas

B.	 uranium

C.	 coal

D.	 wood

19.	 What is the amount, in mol, of H2O produced for a reaction between 10.0 mol of C2H3Cl and 
10.0 mol of O2 if the yield is 90 %?

2C2H3Cl (g) + 5O2 (g) → 4CO2 (g) + 2H2O (g) + 2HCl (g)

A.	 3.60

B.	 4.00

C.	 9.00

D.	 10.00

20.	 The complete combustion of 20.0 cm3 of a gaseous hydrocarbon, CxHy, produces 80.0 cm3 
of gaseous products. This volume reduces to 40.0 cm3 when the water vapour present 
condenses. All volumes are measured at the same temperature and pressure.

What is the molecular formula of the hydrocarbon?

A.	 CH4

B.	 C2H2

C.	 C2H4

D.	 C3H6
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17.	 Which enthalpy changes can be calculated using only bond enthalpy data?

I.	 N2 (g) + 2H2 (g) → N2H4 (g)

II.	 CH4 (g) + 2O2 (g) → 2H2O (l) + CO2 (g)

III.	 H2 (g) + Cl2 (g) → 2HCl (g)

A.	 I and II only

B.	 I and III only

C.	 II and III only

D.	 I, II and III

18.	 Which is a renewable energy source?

A.	 natural gas

B.	 uranium

C.	 coal

D.	 wood

19.	 What is the amount, in mol, of H2O produced for a reaction between 10.0 mol of C2H3Cl and 
10.0 mol of O2 if the yield is 90 %?

2C2H3Cl (g) + 5O2 (g) → 4CO2 (g) + 2H2O (g) + 2HCl (g)

A.	 3.60

B.	 4.00

C.	 9.00

D.	 10.00

20.	 The complete combustion of 20.0 cm3 of a gaseous hydrocarbon, CxHy, produces 80.0 cm3 
of gaseous products. This volume reduces to 40.0 cm3 when the water vapour present 
condenses. All volumes are measured at the same temperature and pressure.

What is the molecular formula of the hydrocarbon?

A.	 CH4

B.	 C2H2

C.	 C2H4

D.	 C3H6

– 8 –
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21.	 Large deposits of methane hydrate, CH4⋅6H2O (Mr = 124), have been discovered under the 
ocean floor. What mass of carbon dioxide would be produced by the complete combustion of 
12.4 g of the methane hydrate?

A.	 4.40 g

B.	 26.4 g

C.	 34.1 g

D.	 44.0 g

22.	 The diagram shows the energy profile of a reaction.

Reactants

Products

Reaction coordinate 

P
ot

en
tia

l e
ne

rg
y

X

Y

Z

Which combination is correct?

Activation energy of
forward reaction

Activation energy of 
reverse reaction

A. X Z

B. Y − X Y − Z

C. Y Y

D. Y − X Z − X
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21.	 Large deposits of methane hydrate, CH4⋅6H2O (Mr = 124), have been discovered under the 
ocean floor. What mass of carbon dioxide would be produced by the complete combustion of 
12.4 g of the methane hydrate?

A.	 4.40 g

B.	 26.4 g

C.	 34.1 g

D.	 44.0 g

22.	 The diagram shows the energy profile of a reaction.

Reactants

Products

Reaction coordinate 

P
ot

en
tia

l e
ne

rg
y

X

Y

Z

Which combination is correct?

Activation energy of
forward reaction

Activation energy of 
reverse reaction

A. X Z

B. Y − X Y − Z

C. Y Y

D. Y − X Z − X
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22.	 Consider the following Maxwell–Boltzmann energy distribution at a certain temperature. 
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Which represents the distribution and value of activation energy at a lower temperature?
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23.	 The volume of gas produced in a kinetics experiment is plotted against time.

Vo
lu

m
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of
 g
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 / 

cm
3

Time / s

100

80

60

40

20

0
0

20 40 60

What is the average rate of gas production for the first 20 seconds?

A.	 2.0 cm3 s−1

B.	 1.5 cm3 s−1

C.	 1.0 cm3 s−1

D.	 0.5 cm3 s−1

24.	 The following equilibrium was established.

2HI(g)  H2(g) + I2(g) ∆HÖ = +9 kJ mol−1

Which changes would shift the position of equilibrium furthest to the left?

Pressure Temperature

A. decreases no change

B. increases decreases

C. decreases increases

D. increases no change
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23.	 The volume of gas produced in a kinetics experiment is plotted against time.
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What is the average rate of gas production for the first 20 seconds?

A.	 2.0 cm3 s−1

B.	 1.5 cm3 s−1

C.	 1.0 cm3 s−1

D.	 0.5 cm3 s−1

24.	 The following equilibrium was established.

2HI(g)  H2(g) + I2(g) ∆HÖ = +9 kJ mol−1

Which changes would shift the position of equilibrium furthest to the left?

Pressure Temperature

A. decreases no change

B. increases decreases

C. decreases increases

D. increases no change
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18.	 What are the limiting reactant and theoretical yield of hydrogen when 0.20 mol of magnesium 
reacts with 0.20 mol of hydrochloric acid?

Mg (s) + 2HCl (aq) → MgCl2 (aq) + H2 (g)

Limiting reactant Theoretical yield of H2 / mol

A. Mg 0.10

B. Mg 0.20

C. HCl 0.05

D. HCl 0.10

19.	 Which are units for rate of reaction?

A.	 mol s

B.	 dm−3 h−1

C.	 mol dm−3 h−1

D.	 mol dm−3 s

20.	 Which changes increase the rate of the reaction?

2H2O2 (aq) → 2H2O (l) + O2 (g)

I.	 Introducing a catalyst

II.	 Increasing concentration of H2O2 (aq)

III.	 Increasing pressure

A.	 I and II only

B.	 I and III only

C.	 II and III only

D.	 I, II and III

21.	 Why does rate of reaction increase with temperature?

A.	 A higher proportion of collisions have the proper orientation

B.	 A higher proportion of collisions have sufficient energy

C.	 Activation energy decreases

D.	 Activation energy increases
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18.	 What are the limiting reactant and theoretical yield of hydrogen when 0.20 mol of magnesium 
reacts with 0.20 mol of hydrochloric acid?

Mg (s) + 2HCl (aq) → MgCl2 (aq) + H2 (g)

Limiting reactant Theoretical yield of H2 / mol

A. Mg 0.10

B. Mg 0.20

C. HCl 0.05

D. HCl 0.10

19.	 Which are units for rate of reaction?

A.	 mol s

B.	 dm−3 h−1

C.	 mol dm−3 h−1

D.	 mol dm−3 s

20.	 Which changes increase the rate of the reaction?

2H2O2 (aq) → 2H2O (l) + O2 (g)

I.	 Introducing a catalyst

II.	 Increasing concentration of H2O2 (aq)

III.	 Increasing pressure

A.	 I and II only

B.	 I and III only

C.	 II and III only

D.	 I, II and III

21.	 Why does rate of reaction increase with temperature?

A.	 A higher proportion of collisions have the proper orientation

B.	 A higher proportion of collisions have sufficient energy

C.	 Activation energy decreases

D.	 Activation energy increases
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18.	 What are the limiting reactant and theoretical yield of hydrogen when 0.20 mol of magnesium 
reacts with 0.20 mol of hydrochloric acid?

Mg (s) + 2HCl (aq) → MgCl2 (aq) + H2 (g)

Limiting reactant Theoretical yield of H2 / mol

A. Mg 0.10

B. Mg 0.20

C. HCl 0.05

D. HCl 0.10

19.	 Which are units for rate of reaction?

A.	 mol s

B.	 dm−3 h−1

C.	 mol dm−3 h−1

D.	 mol dm−3 s

20.	 Which changes increase the rate of the reaction?

2H2O2 (aq) → 2H2O (l) + O2 (g)

I.	 Introducing a catalyst

II.	 Increasing concentration of H2O2 (aq)

III.	 Increasing pressure

A.	 I and II only

B.	 I and III only

C.	 II and III only

D.	 I, II and III

21.	 Why does rate of reaction increase with temperature?

A.	 A higher proportion of collisions have the proper orientation

B.	 A higher proportion of collisions have sufficient energy

C.	 Activation energy decreases

D.	 Activation energy increases

– 10 – 2225 – 6216

22.	 The following system is at equilibrium.

2SO2 (g) + O2 (g)  2SO3 (g) K = 4.3

What is the value of the equilibrium constant, K, for the reverse reaction?

A.	
1

4.3

B.	 4.3

C.	
1

4.3

D.	 4.3

23.	 What is the effect of doubling the pressure on the equilibrium? All other conditions 
remain unchanged.

2SO2 (g) + O2 (g)  2SO3 (g)

Effect on equilibrium position Effect on equilibrium constant, K

A. shifts right no change

B. shifts left no change

C. shifts right increases

D. shifts left decreases

24.	 What is required to convert a base into its conjugate acid?

A.	 A negative charge

B.	 A hydrogen atom

C.	 An electron pair

D.	 A proton
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19.	 Which apparatus can be used to monitor the progress of this reaction?

NaHCO3 (aq) + HCl (aq) → NaCl (aq) + H2O (l) + CO2 (g)

I.	 A pH meter

II.	 A gas syringe

III.	 A colorimeter

A.	 I and II only

B.	 I and III only

C.	 II and III only

D.	 I, II and III

20.	 Which statement about this equilibrium reaction is correct?

CH3CH2OH (aq) + HCOOH (aq)  CH3CH2OOCH (aq) + H2O (l)

A.	 Removing water from the reaction mixture has no effect on the position of equilibrium.

B.	 Adding ethanol to the reaction mixture moves the position of equilibrium to the left.

C.	 Removing ethanol from the reaction mixture moves the position of equilibrium to the left.

D.	 Adding water to the reaction mixture moves the position of equilibrium to the right.

21.	 How many moles of oxygen are needed for the complete combustion of 11.5 g of C3H8 (g)?

M r propane = 44.1 g mol-1

A.	 10.4

B.	 5.20

C.	 2.60

D.	 1.30
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Section B

Answer all questions. Answers must be written within the answer boxes provided.

1.	 Nitrogen dioxide, NO2, is a brown, toxic and corrosive gas. It can be made in a school 
laboratory by heating a group II metal nitrate or by the reaction of copper, Cu, with 
concentrated nitric acid, HNO3.	

(a)	 (i)	� Suggest, with reasons, two different safety precautions that should be taken 
when performing both of these experiments.� [2]

Precaution 1:  ����������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

Reason:  ������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

Precaution 2:  ����������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

Reason:  ������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

(ii)	 Deduce the coefficients in the equation for the reaction of Cu with concentrated 
HNO3.� [1]

___Cu (s) + ___HNO3 (aq) → ___Cu(NO3)2 (aq) + ___NO2 (g) + ___H2O (l)

(iii)	 Calculate the mass, in g, of Cu required to make 0.0100 moles of NO2. 
Use section 7 of the data booklet.� [1]

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

(This question continues on the following page)
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2.	 In a separate experiment, the rate of a reaction was studied using colorimetry. During the 
reaction, the mixture changed colour from orange to green.

Before the investigation could be carried out, it was necessary to construct a calibration 
curve for the colorimeter.

(a)	 Describe how a standard aqueous solution can be prepared.� [3]

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

(b)	 Describe how this solution can be used to construct a calibration curve.� [3]

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

(c)	 Explain how this curve can be used to determine the unknown concentration.� [1]

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

�
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21.	 Sulfur dioxide reacts with oxygen gas to produce sulfur trioxide.

2SO2 (g) + O2 (g)  2SO3 (g)

The reaction of 96 grams of SO2 with excess amount of O2 produces 96 grams of SO3.

What is the percentage yield of SO3?

A.	 20%

B.	 60%

C.	 80%

D.	 100%

22.	 The dotted line represents the volume of carbon dioxide evolved when excess calcium carbonate 
is added into 100 cm3 of 1.0 mol dm-3 of hydrochloric acid.

Which graph represents the production of carbon dioxide when excess calcium carbonate is added 
to the 200 cm3 of 0.25 mol dm-3 of hydrochloric acid?

Time

Vo
lu

m
e 

of
 C

O
2

D.

C.

B.

A.

23.	 Which reaction has the lowest activation energy?

A.	 Cl2 (g)  2Cl (g)

B.	 HCl (g)  H (g) + Cl (g)

C.	 HCl (g)  H+ (g) + Cl- (g)

D.	 2H (g)  H2 (g)
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21.	 Sulfur dioxide reacts with oxygen gas to produce sulfur trioxide.

2SO2 (g) + O2 (g)  2SO3 (g)

The reaction of 96 grams of SO2 with excess amount of O2 produces 96 grams of SO3.

What is the percentage yield of SO3?

A.	 20%

B.	 60%

C.	 80%

D.	 100%

22.	 The dotted line represents the volume of carbon dioxide evolved when excess calcium carbonate 
is added into 100 cm3 of 1.0 mol dm-3 of hydrochloric acid.

Which graph represents the production of carbon dioxide when excess calcium carbonate is added 
to the 200 cm3 of 0.25 mol dm-3 of hydrochloric acid?

Time
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23.	 Which reaction has the lowest activation energy?

A.	 Cl2 (g)  2Cl (g)

B.	 HCl (g)  H (g) + Cl (g)

C.	 HCl (g)  H+ (g) + Cl- (g)

D.	 2H (g)  H2 (g)

– 10 – 8825 – 6210

24.	 Which statement regarding the chemical equilibrium explains why it is described as dynamic?

A.	 There is a continuous shift in the equilibrium position.

B.	 The reactants and products continue to react.

C.	 The concentrations of reactants and products continue to change.

D.	 The rates of forward and reverse reactions continue to change.

25.	 In which of the following reactions does ammonia behave as a Brønsted–Lowry base?

A.	 4NH3 + 5O2  4NO + 6H2O

B.	 NH3 + H2O + CO2  (NH4) HCO3

C.	 NH3 + CH3CH2Cl  CH3CH2NH2 + HCl

D.	 2NH3 + 2K  2KNH2 + H2

26.	 Which compound undergoes oxidation when heated with acidified potassium dichromate?

I.	 CH3CH2CH2CH2OH

II.	 CH3C(CH3)2OH

III.	 CH3CH(OH)CH2CH3

A.	 I and II only

B.	 I and III only

C.	 II and III only

D.	 I, II and III

27.	 Iron is a stronger reducing agent than silver. A voltaic cell is constructed using iron and silver 
electrodes dipped into solutions of their respective ions, Fe2+ (aq) and Ag+ (aq), of equal 
concentrations.

What is correct when the voltaic cell is in operation?

Negative 
electrode

Positive 
electrode Anode Cathode

A. Fe Ag Fe Ag

B. Ag Fe Ag Fe

C. Ag Fe Fe Ag

D. Fe Ag Ag Fe
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19.	 The volume of ethyne as it reacts with hydrogen is shown in the graphs.

C2H2 (g) + 2H2 (g) → C2H6 (g)

Which graph shows how the volume of hydrogen changes with time?

A.

Time
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lu
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20.	 Which conditions would increase the rate of reaction between bromine and nitrogen(II) oxide?

Br2 (g) + 2NO (g) → 2NOBr (g)

I.	 Increasing temperature

II.	 Increasing pressure

III.	 Increasing volume

A.	 I and II only

B.	 I and III only

C.	 II and III only

D.	 I, II and III
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19.	 The volume of ethyne as it reacts with hydrogen is shown in the graphs.

C2H2 (g) + 2H2 (g) → C2H6 (g)

Which graph shows how the volume of hydrogen changes with time?
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20.	 Which conditions would increase the rate of reaction between bromine and nitrogen(II) oxide?

Br2 (g) + 2NO (g) → 2NOBr (g)

I.	 Increasing temperature

II.	 Increasing pressure

III.	 Increasing volume

A.	 I and II only

B.	 I and III only

C.	 II and III only

D.	 I, II and III

– 8 – 8825 – 6222

21.	 Which statement about catalysts is correct?

A.	 Catalysts increase the kinetic energy of reacting particles.

B.	 Catalysts affect endothermic reactions more than exothermic reactions.

C.	 Catalysts increase reaction rate and are used up in a reaction.

D.	 Catalysts alter the mechanism of a reaction.

22.	 A crystal of copper(II) sulfate is in equilibrium with a copper(II) sulfate solution in a stoppered flask 
at constant temperature.

Which observation is possible?

A.	 The colour of the solution becomes darker.

B.	 The volume of the liquid decreases.

C.	 The shape of the crystal changes slowly over time.

D.	 The size of the crystal decreases.

23.	 2 mol of NO (g) and 1 mol of Cl2 (g) were mixed together, and the system was allowed to reach 
equilibrium at 35 °C:

2NO (g) + Cl2 (g)  2NOCl (g) K = 6.5 × 104 at 35 °C

Which relationship is correct for this equilibrium at 35 °C?

A.	 [NOCl] = [NO]

B.	 [NOCl] = 2[Cl2]

C.	 [NOCl] >> [NO]

D.	 [NOCl] << [NO]
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21.	 Which statement about catalysts is correct?

A.	 Catalysts increase the kinetic energy of reacting particles.

B.	 Catalysts affect endothermic reactions more than exothermic reactions.

C.	 Catalysts increase reaction rate and are used up in a reaction.

D.	 Catalysts alter the mechanism of a reaction.

22.	 A crystal of copper(II) sulfate is in equilibrium with a copper(II) sulfate solution in a stoppered flask 
at constant temperature.

Which observation is possible?

A.	 The colour of the solution becomes darker.

B.	 The volume of the liquid decreases.

C.	 The shape of the crystal changes slowly over time.

D.	 The size of the crystal decreases.

23.	 2 mol of NO (g) and 1 mol of Cl2 (g) were mixed together, and the system was allowed to reach 
equilibrium at 35 °C:

2NO (g) + Cl2 (g)  2NOCl (g) K = 6.5 × 104 at 35 °C

Which relationship is correct for this equilibrium at 35 °C?

A.	 [NOCl] = [NO]

B.	 [NOCl] = 2[Cl2]

C.	 [NOCl] >> [NO]

D.	 [NOCl] << [NO]
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21.	 Large deposits of methane hydrate, CH4⋅6H2O (Mr = 124), have been discovered under the 
ocean floor. What mass of carbon dioxide would be produced by the complete combustion of 
12.4 g of the methane hydrate?

A.	 4.40 g

B.	 26.4 g

C.	 34.1 g

D.	 44.0 g

22.	 The diagram shows the energy profile of a reaction.

Reactants

Products

Reaction coordinate 

P
ot

en
tia

l e
ne

rg
y

X

Y

Z

Which combination is correct?

Activation energy of
forward reaction

Activation energy of 
reverse reaction

A. X Z

B. Y − X Y − Z

C. Y Y

D. Y − X Z − X

– 9 –
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0000 – 6104

Turn over

23.	 What is the main reason for an increase in rate of reaction when the temperature is raised?

A.	 A greater proportion of collisions are successful.

B.	 Particles collide more frequently.

C.	 The bonds in the reactants are weakened.

D.	 The activation energy of the reaction decreases.

24.	 What is the equilibrium constant expression for the following reaction?

2SO3 (g)  2SO2 (g) + O2 (g)

A.	
[SO ] [O ]
[SO ]
2
2

2

3
2

B.	
[SO ] [O ]
[SO ]
2
2

2

3
2

+

C.	
[SO ]

[SO ] [O ]
3
2

2
2

2

D.	
2[SO ][O ]
2[SO ]

2 2

3

25.	 Which reactions involve the transfer of a proton?

I.	 2HCl (aq) + Mg (s) → MgCl2 (aq) + H2 (g)

II.	 2HCl (aq) + MgO (s) → MgCl2 (aq) + H2O (l)

III.	 2HCl (aq) + MgCO3 (s) → MgCl2 (aq) + H2O (l) + CO2 (g)

A.	 I and II only

B.	 I and III only

C.	 II and III only

D.	 I, II and III
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23.	 What is the main reason for an increase in rate of reaction when the temperature is raised?

A.	 A greater proportion of collisions are successful.

B.	 Particles collide more frequently.

C.	 The bonds in the reactants are weakened.

D.	 The activation energy of the reaction decreases.

24.	 What is the equilibrium constant expression for the following reaction?

2SO3 (g)  2SO2 (g) + O2 (g)

A.	
[SO ] [O ]
[SO ]
2
2

2

3
2

B.	
[SO ] [O ]
[SO ]
2
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3
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+

C.	
[SO ]

[SO ] [O ]
3
2
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2

2

D.	
2[SO ][O ]
2[SO ]

2 2

3

25.	 Which reactions involve the transfer of a proton?

I.	 2HCl (aq) + Mg (s) → MgCl2 (aq) + H2 (g)

II.	 2HCl (aq) + MgO (s) → MgCl2 (aq) + H2O (l)

III.	 2HCl (aq) + MgCO3 (s) → MgCl2 (aq) + H2O (l) + CO2 (g)

A.	 I and II only

B.	 I and III only

C.	 II and III only

D.	 I, II and III
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Section B

Answer all questions. Answers must be written within the answer boxes provided.

1.	 Hypochlorous acid, HOCl, is a sterilizing agent used in swimming pools and is produced 
when chlorine reacts with water.

Cl2 (aq) + H2O (l)  HOCl (aq) + HCl (aq)

(a)	 Deduce the oxidation states of chlorine in the reactants and products.� [2]

	 Reactant: Cl2:

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

	 Products: HOCl:

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

	

	 HCl:

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

(b)	 Explain why more chlorine reacts with water when NaOH (aq) is added.� [1]

����������������������������������������������������������������������������������������������������������������������������������������������������

����������������������������������������������������������������������������������������������������������������������������������������������������

(c)	 Researchers studying the solubility of chlorine in pure water at different temperatures 
compile the following data from different sources.

Source Temperature / C Solubility of chlorine

A 0 1.46 g per 100 cm3

B 10 310 cm3 per 100 cm3

C 20 0.70 g per 100 cm3

D 25 6300 mg per 1000 cm3

E 30 177 cm3 per 100 cm3

F 30 0.57 g per 100 cm3

(This question continues on the following page)
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2.	 A student investigates the effect of exposure to the air on the ascorbic acid (vitamin C) 
concentration in a specific orange juice. Equal volumes of orange juice are sealed into 
identical flasks and placed in a refrigerator for two weeks. The samples in the refrigerator are 
exposed to the air by removing the stopper for a different number of hours each day as shown.

0 h 1 h 2 h 8 h 24 h

Stopper

Flask

Juice

(a)	 Identify two variables that are controlled.� [1]

����������������������������������������������������������������������������������������������������������������������������������������������������

����������������������������������������������������������������������������������������������������������������������������������������������������

(b)	 The concentration of ascorbic acid is determined by titration with a standard iodine 
solution. Every few days, 10.00 cm3 of orange juice is removed from each sample, 
diluted to 100.0 cm3, and titrated.

(i)	 Suggest why the juice is diluted before titration.� [1]

����������������������������������������������������������������������������������������������������������������������������������������������������

����������������������������������������������������������������������������������������������������������������������������������������������������

(ii)	 Identify a possible systematic error with this method regarding the sample that is 
exposed for zero hours.� [1]

����������������������������������������������������������������������������������������������������������������������������������������������������

����������������������������������������������������������������������������������������������������������������������������������������������������

(iii)	 Suggest how an additional flask could be set up to verify whether the systematic 
error in (ii) has occurred.� [1]

����������������������������������������������������������������������������������������������������������������������������������������������������

����������������������������������������������������������������������������������������������������������������������������������������������������

(This question continues on the following page)
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(Question 2 continued)

(c)	 The following data are collected during a titration.

Final burette reading = 16.10 ± 0.05 cm3

Initial burette reading = 1.10 ± 0.05 cm3

Calculate the percentage uncertainty of the titre.� [1]

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

(d)	 The following graph shows the student’s results.

+
+

+

+

+ +

+
+

+

+

+
+

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

5.5

6.0

0 h

1 h

2h

8 h

24 h

Time / d

Daily
exposure 
to air

[a
sc

or
bi

c 
ac

id
] /

 ×
 1

0– 3
 m

ol
 d

m
– 3

(i)	 Calculate the average rate of decrease in ascorbic acid concentration for the 24 h 
sample over the period of 14 days, including units.� [2]

����������������������������������������������������������������������������������������������������������������������������������������������������

����������������������������������������������������������������������������������������������������������������������������������������������������

����������������������������������������������������������������������������������������������������������������������������������������������������

����������������������������������������������������������������������������������������������������������������������������������������������������

(This question continues on the following page)
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(Question 2 continued)

(ii)	 The student’s hypothesis is: “A lower ascorbic acid concentration will be found in 
juice exposed to the air for longer, due to oxidation of ascorbic acid by oxygen.”

Discuss whether or not the data support the hypothesis.� [2]

����������������������������������������������������������������������������������������������������������������������������������������������������

����������������������������������������������������������������������������������������������������������������������������������������������������

����������������������������������������������������������������������������������������������������������������������������������������������������

����������������������������������������������������������������������������������������������������������������������������������������������������

(iii)	 State the implications of the results of the experiment for avoiding loss of 
vitamin C in the storage of orange juice.� [1]

����������������������������������������������������������������������������������������������������������������������������������������������������

����������������������������������������������������������������������������������������������������������������������������������������������������

(e)	 Suggest an extension to the investigation that would generate further recommendations 
for the storage of orange juice.� [1]

����������������������������������������������������������������������������������������������������������������������������������������������������

����������������������������������������������������������������������������������������������������������������������������������������������������
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23.	 The volume of gas produced in a kinetics experiment is plotted against time.
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What is the average rate of gas production for the first 20 seconds?

A.	 2.0 cm3 s−1

B.	 1.5 cm3 s−1

C.	 1.0 cm3 s−1

D.	 0.5 cm3 s−1

24.	 The following equilibrium was established.

2HI(g)  H2(g) + I2(g) ∆HÖ = +9 kJ mol−1

Which changes would shift the position of equilibrium furthest to the left?

Pressure Temperature

A. decreases no change

B. increases decreases

C. decreases increases

D. increases no change

– 13 – 2225 – 6210

Turn over

25.	 Which two species can be both Brønsted–Lowry acids and Brønsted–Lowry bases?

A.	 H3PO4 and PO4
3-

B.	 HPO4
2- and H2PO4

-

C.	 HPO4
2- and PO4

3-

D.	 PO4
3- and H2PO4

-

26.	 A solution has a pH of 3.0. What is the hydrogen ion concentration in the solution in mol dm-3?

A.	 3.0 × 10-3

B.	 1.0 × 10-3

C.	 1.0 × 103

D.	 3.0 × 103

27.	 A reactivity series of selected elements, arranged from highest activity to lowest, is shown.

Zn 
Fe 
Cd 
Co 
Ni 
Sn 
Pb 
Cu

Which reaction is spontaneous?

A.	 Cd2+(aq) + Pb(s) → Pb2+(aq) + Cd(s)

B.	 Fe2+(aq) + Sn(s) → Sn2+(aq) + Fe(s)

C.	 Zn2+(aq) + Cu(s) → Cu2+(aq) + Zn(s)

D.	 Ni2+(aq) + Co(s) → Co2+(aq) + Ni(s)
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22.	 The following system is at equilibrium.

2SO2 (g) + O2 (g)  2SO3 (g) K = 4.3

What is the value of the equilibrium constant, K, for the reverse reaction?

A.	
1

4.3

B.	 4.3

C.	
1

4.3

D.	 4.3

23.	 What is the effect of doubling the pressure on the equilibrium? All other conditions 
remain unchanged.

2SO2 (g) + O2 (g)  2SO3 (g)

Effect on equilibrium position Effect on equilibrium constant, K

A. shifts right no change

B. shifts left no change

C. shifts right increases

D. shifts left decreases

24.	 What is required to convert a base into its conjugate acid?

A.	 A negative charge

B.	 A hydrogen atom

C.	 An electron pair

D.	 A proton
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22.	 The following system is at equilibrium.

2SO2 (g) + O2 (g)  2SO3 (g) K = 4.3

What is the value of the equilibrium constant, K, for the reverse reaction?

A.	
1

4.3

B.	 4.3

C.	
1

4.3

D.	 4.3

23.	 What is the effect of doubling the pressure on the equilibrium? All other conditions 
remain unchanged.

2SO2 (g) + O2 (g)  2SO3 (g)

Effect on equilibrium position Effect on equilibrium constant, K

A. shifts right no change

B. shifts left no change

C. shifts right increases

D. shifts left decreases

24.	 What is required to convert a base into its conjugate acid?

A.	 A negative charge

B.	 A hydrogen atom

C.	 An electron pair

D.	 A proton
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19.	 Which apparatus can be used to monitor the progress of this reaction?

NaHCO3 (aq) + HCl (aq) → NaCl (aq) + H2O (l) + CO2 (g)

I.	 A pH meter

II.	 A gas syringe

III.	 A colorimeter

A.	 I and II only

B.	 I and III only

C.	 II and III only

D.	 I, II and III

20.	 Which statement about this equilibrium reaction is correct?

CH3CH2OH (aq) + HCOOH (aq)  CH3CH2OOCH (aq) + H2O (l)

A.	 Removing water from the reaction mixture has no effect on the position of equilibrium.

B.	 Adding ethanol to the reaction mixture moves the position of equilibrium to the left.

C.	 Removing ethanol from the reaction mixture moves the position of equilibrium to the left.

D.	 Adding water to the reaction mixture moves the position of equilibrium to the right.

21.	 How many moles of oxygen are needed for the complete combustion of 11.5 g of C3H8 (g)?

M r propane = 44.1 g mol-1

A.	 10.4

B.	 5.20

C.	 2.60

D.	 1.30
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2.	 Cobalt ions form coloured compounds.

(a)	 Deduce the electron configuration of the Co2+ ion.� [1]

���������������������������������������������������������������������������������������������������������������������������������������������������

(b)	 An equilibrium is established when hydrated cobalt ions are mixed with concentrated 
hydrochloric acid.

Co2+(aq) + 4Cl-(aq)


CoCl4
2-(aq)

Pink Blue

(i)	 State the equilibrium constant expression, K, for this equilibrium.� [1]

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

(ii)	 Predict the effect on the value of K and the equilibrium position when solid 
sodium chloride, NaCl(s), is added to the mixture at constant temperature.� [1]

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������
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(Question 2 continued)

(iii)	 Heating an equilibrium mixture that is initially pink changes the colour to purplish-
blue. Deduce, giving a reason, whether the formation of CoCl4

2-(aq) is an 
exothermic or endothermic process.� [1]

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

(iv)	 Sketch an energy profile for this equilibrium, labelling reactants, products, 
activation energy, Ea, and enthalpy change for the forward reaction, DH.� [3]

Reaction coordinate
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3.	 3.162 g of calcium carbonate, CaCO3(s), is reacted with 20.0 cm3 of 4.00 mol dm-3 
hydrochloric acid, HCl(aq).

(a)	 Write an equation for the reaction, including state symbols.� [2]

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

(b)	 Deduce which reactant is limiting. Use sections 1, 4 and 7 of the data booklet.� [2]

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

(c)	 Calculate the volume, in dm3 at STP, of the gas produced. Use section 2 of the data 
booklet.� [1]

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

(This question continues on the following page)
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3.	 Ammonia is produced industrially using the reversible reaction:

N2 (g) + 3 H2 (g)  2 NH3 (g)

(a)	 Calculate the equilibrium constant, K, when 30.0 mol N2, 40.0 mol H2 and 6.17 mol NH3 
are at equilibrium in a 55.0 dm3 reaction container at a temperature of 450 °C.� [3]

����������������������������������������������������������������������������������������������������������������������������������������������������

����������������������������������������������������������������������������������������������������������������������������������������������������

����������������������������������������������������������������������������������������������������������������������������������������������������

����������������������������������������������������������������������������������������������������������������������������������������������������

����������������������������������������������������������������������������������������������������������������������������������������������������

����������������������������������������������������������������������������������������������������������������������������������������������������

(b)	 The volume of the reaction container of the mixture at equilibrium is suddenly decreased.

Sketch the graph of the concentration of nitrogen versus time on the axes below until 
after the new equilibrium is established at a constant temperature.� [3]

Volume of
reaction container

decreased
New equilibrium

established

Time

[N2]
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4.	 Halogenoalkanes are used as refrigerants and solvents.

(a)	 State the International Union of Pure and Applied Chemistry (IUPAC) name of 
substance X, CH3CHBrC(CH3)3.� [1]

����������������������������������������������������������������������������������������������������������������������������������������������������

����������������������������������������������������������������������������������������������������������������������������������������������������

(b)	 Calculate the percentage by mass of hydrogen in substance X to four significant 
figures. Use section 7 of the data booklet.� [2]

����������������������������������������������������������������������������������������������������������������������������������������������������

����������������������������������������������������������������������������������������������������������������������������������������������������

����������������������������������������������������������������������������������������������������������������������������������������������������

����������������������������������������������������������������������������������������������������������������������������������������������������

(c)	 Draw a structural isomer of molecule X.� [1]

(d)	 Substance X undergoes nucleophilic substitution with a hydroxide nucleophile.

(i)	 Describe the movement of electron pairs during the reaction using curly arrows.� [2]

(This question continues on the following page)

16EP06



Question 3 - working space



Chemistry SL | Paper 1A | Nov 2025 TZ1 | Q24 | 1 marks

Apollo | Original source crop | 95

– 10 – 8825 – 6210

24.	 Which statement regarding the chemical equilibrium explains why it is described as dynamic?

A.	 There is a continuous shift in the equilibrium position.

B.	 The reactants and products continue to react.

C.	 The concentrations of reactants and products continue to change.

D.	 The rates of forward and reverse reactions continue to change.

25.	 In which of the following reactions does ammonia behave as a Brønsted–Lowry base?

A.	 4NH3 + 5O2  4NO + 6H2O

B.	 NH3 + H2O + CO2  (NH4) HCO3

C.	 NH3 + CH3CH2Cl  CH3CH2NH2 + HCl

D.	 2NH3 + 2K  2KNH2 + H2

26.	 Which compound undergoes oxidation when heated with acidified potassium dichromate?

I.	 CH3CH2CH2CH2OH

II.	 CH3C(CH3)2OH

III.	 CH3CH(OH)CH2CH3

A.	 I and II only

B.	 I and III only

C.	 II and III only

D.	 I, II and III

27.	 Iron is a stronger reducing agent than silver. A voltaic cell is constructed using iron and silver 
electrodes dipped into solutions of their respective ions, Fe2+ (aq) and Ag+ (aq), of equal 
concentrations.

What is correct when the voltaic cell is in operation?

Negative 
electrode

Positive 
electrode Anode Cathode

A. Fe Ag Fe Ag

B. Ag Fe Ag Fe

C. Ag Fe Fe Ag

D. Fe Ag Ag Fe
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21.	 Which statement about catalysts is correct?

A.	 Catalysts increase the kinetic energy of reacting particles.

B.	 Catalysts affect endothermic reactions more than exothermic reactions.

C.	 Catalysts increase reaction rate and are used up in a reaction.

D.	 Catalysts alter the mechanism of a reaction.

22.	 A crystal of copper(II) sulfate is in equilibrium with a copper(II) sulfate solution in a stoppered flask 
at constant temperature.

Which observation is possible?

A.	 The colour of the solution becomes darker.

B.	 The volume of the liquid decreases.

C.	 The shape of the crystal changes slowly over time.

D.	 The size of the crystal decreases.

23.	 2 mol of NO (g) and 1 mol of Cl2 (g) were mixed together, and the system was allowed to reach 
equilibrium at 35 °C:

2NO (g) + Cl2 (g)  2NOCl (g) K = 6.5 × 104 at 35 °C

Which relationship is correct for this equilibrium at 35 °C?

A.	 [NOCl] = [NO]

B.	 [NOCl] = 2[Cl2]

C.	 [NOCl] >> [NO]

D.	 [NOCl] << [NO]
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21.	 Which statement about catalysts is correct?

A.	 Catalysts increase the kinetic energy of reacting particles.

B.	 Catalysts affect endothermic reactions more than exothermic reactions.

C.	 Catalysts increase reaction rate and are used up in a reaction.

D.	 Catalysts alter the mechanism of a reaction.

22.	 A crystal of copper(II) sulfate is in equilibrium with a copper(II) sulfate solution in a stoppered flask 
at constant temperature.

Which observation is possible?

A.	 The colour of the solution becomes darker.

B.	 The volume of the liquid decreases.

C.	 The shape of the crystal changes slowly over time.

D.	 The size of the crystal decreases.

23.	 2 mol of NO (g) and 1 mol of Cl2 (g) were mixed together, and the system was allowed to reach 
equilibrium at 35 °C:

2NO (g) + Cl2 (g)  2NOCl (g) K = 6.5 × 104 at 35 °C

Which relationship is correct for this equilibrium at 35 °C?

A.	 [NOCl] = [NO]

B.	 [NOCl] = 2[Cl2]

C.	 [NOCl] >> [NO]

D.	 [NOCl] << [NO]
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24.	 What is the concentration of OH−  (aq), in mol dm−3, in a solution at 298.15 K with a pH of 4.50?

pH = −log10 [H
+] [H+] = 10−pH Kw = [H+] [OH− ] Kw = 1.00 × 10−14 mol2 dm−6

A.	 3.16 × 10−10

B.	 3.16 × 10−9

C.	 3.16 × 10−5

D.	 3.16 × 10−4

25.	 Which aqueous solution has the lowest pH?

A.	 1.0 mol dm−3 HNO3

B.	 2.0 mol dm−3 HCl

C.	 1.0 mol dm−3 CH3COOH

D.	 2.0 mol dm−3 NaOH

26.	 What are the oxidizing and reducing agents in this reaction?

ClO− (aq) + SO2 (g) + H2O (l) → Cl− (aq) + SO4
2− (aq) + 2H+ (aq)

Oxidizing agent Reducing agent

A. ClO− H2O

B. SO2 SO4
2−

C. SO2 ClO−

D. ClO− SO2

27.	 Which statement about electrochemical cells is correct?

A.	 Primary (voltaic) cells use electrical energy to produce a redox reaction.

B.	 Electrolytic cells are rechargeable.

C.	 Secondary cells can use electrical energy to produce a redox reaction.

D.	 Primary (voltaic) cells are rechargeable.



Chemistry SL | Paper 2 | Nov 2025 TZ1 | Q3 | 7 marks

Apollo | Original source crop | 98

– 11 – 8825 – 6212

Turn over

3.	 The reaction between ethanoic acid and ethanol is homogeneous and reversible.

C2H6O (l) + C2H4O2 (l)  C4H8O2 (l) + H2O (l)		  H r = -4 kJ mol-1

(a)	 (i)	� Deduce the expression for the equilibrium constant, K, for this reaction.� [1]

��������������������������������������������������������������������������������������������������������������������������������������������������

��������������������������������������������������������������������������������������������������������������������������������������������������

(ii)	 0.6 moles each of ethanol and ethanoic acid at 60°C reacted in the presence 
of an acid catalyst. The volume remained constant. At equilibrium 0.2 moles of 
ethanoic acid remained in the reaction mixture.

Calculate the amounts, in mol, of ethanol, ethyl ethanoate and water at equilibrium.� [2]

��������������������������������������������������������������������������������������������������������������������������������������������������

��������������������������������������������������������������������������������������������������������������������������������������������������

��������������������������������������������������������������������������������������������������������������������������������������������������

��������������������������������������������������������������������������������������������������������������������������������������������������

��������������������������������������������������������������������������������������������������������������������������������������������������

��������������������������������������������������������������������������������������������������������������������������������������������������

(iii)	 Explain the effect of reducing the temperature on the value of the 
equilibrium constant.� [1]

��������������������������������������������������������������������������������������������������������������������������������������������������

��������������������������������������������������������������������������������������������������������������������������������������������������

��������������������������������������������������������������������������������������������������������������������������������������������������

��������������������������������������������������������������������������������������������������������������������������������������������������

��������������������������������������������������������������������������������������������������������������������������������������������������

��������������������������������������������������������������������������������������������������������������������������������������������������

(This question continues on the following page)
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(Question 3 continued)

(b)	 (i)	� Sketch the Maxwell–Boltzmann energy distribution curve for this reaction. 
Label the activation energy with and without a catalyst on the diagram.� [2]

Kinetic energy

Fr
ac

tio
n 

of
 p

ar
tic

le
s

(ii)	 Sketch and label the second Maxwell–Boltzmann curve for the same reaction at 
room temperature, on the axes given in part (b)(i).� [1]

�
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23.	 What is the main reason for an increase in rate of reaction when the temperature is raised?

A.	 A greater proportion of collisions are successful.

B.	 Particles collide more frequently.

C.	 The bonds in the reactants are weakened.

D.	 The activation energy of the reaction decreases.

24.	 What is the equilibrium constant expression for the following reaction?

2SO3 (g)  2SO2 (g) + O2 (g)

A.	
[SO ] [O ]
[SO ]
2
2

2

3
2

B.	
[SO ] [O ]
[SO ]
2
2

2

3
2

+

C.	
[SO ]

[SO ] [O ]
3
2

2
2

2

D.	
2[SO ][O ]
2[SO ]

2 2

3

25.	 Which reactions involve the transfer of a proton?

I.	 2HCl (aq) + Mg (s) → MgCl2 (aq) + H2 (g)

II.	 2HCl (aq) + MgO (s) → MgCl2 (aq) + H2O (l)

III.	 2HCl (aq) + MgCO3 (s) → MgCl2 (aq) + H2O (l) + CO2 (g)

A.	 I and II only

B.	 I and III only

C.	 II and III only

D.	 I, II and III
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Section B

Answer all questions. Answers must be written within the answer boxes provided.

1.	 Hypochlorous acid, HOCl, is a sterilizing agent used in swimming pools and is produced 
when chlorine reacts with water.

Cl2 (aq) + H2O (l)  HOCl (aq) + HCl (aq)

(a)	 Deduce the oxidation states of chlorine in the reactants and products.� [2]

	 Reactant: Cl2:

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

	 Products: HOCl:

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

	

	 HCl:

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

(b)	 Explain why more chlorine reacts with water when NaOH (aq) is added.� [1]

����������������������������������������������������������������������������������������������������������������������������������������������������

����������������������������������������������������������������������������������������������������������������������������������������������������

(c)	 Researchers studying the solubility of chlorine in pure water at different temperatures 
compile the following data from different sources.

Source Temperature / C Solubility of chlorine

A 0 1.46 g per 100 cm3

B 10 310 cm3 per 100 cm3

C 20 0.70 g per 100 cm3

D 25 6300 mg per 1000 cm3

E 30 177 cm3 per 100 cm3

F 30 0.57 g per 100 cm3

(This question continues on the following page)
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Section B

Answer all questions. Answers must be written within the answer boxes provided.

1.	 Hypochlorous acid, HOCl, is a sterilizing agent used in swimming pools and is produced 
when chlorine reacts with water.

Cl2 (aq) + H2O (l)  HOCl (aq) + HCl (aq)

(a)	 Deduce the oxidation states of chlorine in the reactants and products.� [2]

	 Reactant: Cl2:

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

	 Products: HOCl:

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

	

	 HCl:

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

(b)	 Explain why more chlorine reacts with water when NaOH (aq) is added.� [1]

����������������������������������������������������������������������������������������������������������������������������������������������������

����������������������������������������������������������������������������������������������������������������������������������������������������

(c)	 Researchers studying the solubility of chlorine in pure water at different temperatures 
compile the following data from different sources.

Source Temperature / C Solubility of chlorine

A 0 1.46 g per 100 cm3

B 10 310 cm3 per 100 cm3

C 20 0.70 g per 100 cm3

D 25 6300 mg per 1000 cm3

E 30 177 cm3 per 100 cm3

F 30 0.57 g per 100 cm3

(This question continues on the following page)
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(Question 1 continued)

(i)	 Identify a problem in comparing the data from different sources.� [1]

����������������������������������������������������������������������������������������������������������������������������������������������������

����������������������������������������������������������������������������������������������������������������������������������������������������

(ii)	 The units of solubility are converted to mol dm−3.

Source Temperature / C Solubility of chlorine Solubility of chlorine
/ mol dm−−3

A 0 1.46 g per 100 cm3 	 0.206

B 10 310 cm3 per 100 cm3 	 0.13

C 20 0.70 g per 100 cm3 	 0.099

D 25 6300 mg per 1000 cm3 	 0.089

E 30 177 cm3 per 100 cm3

F 30 0.57 g per 100 cm3 	 0.080

Complete the table by calculating the value for source E.

Assume the density of chlorine is 2.86 g dm−3 at 30 C.� [2]

����������������������������������������������������������������������������������������������������������������������������������������������������

����������������������������������������������������������������������������������������������������������������������������������������������������

����������������������������������������������������������������������������������������������������������������������������������������������������

����������������������������������������������������������������������������������������������������������������������������������������������������

(iii)	 Suggest an explanation for the effect of temperature on solubility.� [1]

����������������������������������������������������������������������������������������������������������������������������������������������������

����������������������������������������������������������������������������������������������������������������������������������������������������

(d)	 Suggest why chlorine is not often added to swimming pools directly.� [1]

����������������������������������������������������������������������������������������������������������������������������������������������������

����������������������������������������������������������������������������������������������������������������������������������������������������

(This question continues on the following page)

12EP04



Chemistry SL | Paper 1B | Specimen 2025 | Q1 | 14 marks

Apollo | Original source crop | 104

– 5 –

SPEC/4/CHEMI/SP1/ENG/TZ0/XX

0000 – 6105

Turn over

(Question 1 continued)

(e)	 HOCl ionizes to form the hypochlorite ion, OCl−, which is a less effective disinfectant 
than the undissociated acid.

The graph shows the concentrations of HOCl (aq) and OCl− (aq) at different pH values 
at 25 C.
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Deduce the pH range where the water is most effectively sterilized.� [1]

����������������������������������������������������������������������������������������������������������������������������������������������������

����������������������������������������������������������������������������������������������������������������������������������������������������

(f)	 Ammonia released from sweat and urine reacts with HOCl to form a range of 
compounds including chloramines.

(i)	 Deduce an equation for the formation of dichloramine, NHCl2 (aq), from ammonia 
and HOCl (aq).� [1]

����������������������������������������������������������������������������������������������������������������������������������������������������

����������������������������������������������������������������������������������������������������������������������������������������������������

(This question continues on the following page)
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(Question 1 continued)

(ii)	 The graph shows the molar ratio of chloramines formed at different pH values at 
25 C. Trichloramine, NCl3, causes pool water to smell bad.
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State two conditions needed to prevent the bad smell.� [2]

����������������������������������������������������������������������������������������������������������������������������������������������������

����������������������������������������������������������������������������������������������������������������������������������������������������

����������������������������������������������������������������������������������������������������������������������������������������������������

����������������������������������������������������������������������������������������������������������������������������������������������������

(g)	 Suggest two reasons why operating a swimming pool at a lower temperature is 
favourable for the environment.� [2]

����������������������������������������������������������������������������������������������������������������������������������������������������

����������������������������������������������������������������������������������������������������������������������������������������������������

����������������������������������������������������������������������������������������������������������������������������������������������������

����������������������������������������������������������������������������������������������������������������������������������������������������
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2.	 A student investigates the effect of exposure to the air on the ascorbic acid (vitamin C) 
concentration in a specific orange juice. Equal volumes of orange juice are sealed into 
identical flasks and placed in a refrigerator for two weeks. The samples in the refrigerator are 
exposed to the air by removing the stopper for a different number of hours each day as shown.

0 h 1 h 2 h 8 h 24 h

Stopper

Flask

Juice

(a)	 Identify two variables that are controlled.� [1]

����������������������������������������������������������������������������������������������������������������������������������������������������

����������������������������������������������������������������������������������������������������������������������������������������������������

(b)	 The concentration of ascorbic acid is determined by titration with a standard iodine 
solution. Every few days, 10.00 cm3 of orange juice is removed from each sample, 
diluted to 100.0 cm3, and titrated.

(i)	 Suggest why the juice is diluted before titration.� [1]

����������������������������������������������������������������������������������������������������������������������������������������������������

����������������������������������������������������������������������������������������������������������������������������������������������������

(ii)	 Identify a possible systematic error with this method regarding the sample that is 
exposed for zero hours.� [1]

����������������������������������������������������������������������������������������������������������������������������������������������������

����������������������������������������������������������������������������������������������������������������������������������������������������

(iii)	 Suggest how an additional flask could be set up to verify whether the systematic 
error in (ii) has occurred.� [1]

����������������������������������������������������������������������������������������������������������������������������������������������������

����������������������������������������������������������������������������������������������������������������������������������������������������

(This question continues on the following page)
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25.	 Which two species can be both Brønsted–Lowry acids and Brønsted–Lowry bases?

A.	 H3PO4 and PO4
3-

B.	 HPO4
2- and H2PO4

-

C.	 HPO4
2- and PO4

3-

D.	 PO4
3- and H2PO4

-

26.	 A solution has a pH of 3.0. What is the hydrogen ion concentration in the solution in mol dm-3?

A.	 3.0 × 10-3

B.	 1.0 × 10-3

C.	 1.0 × 103

D.	 3.0 × 103

27.	 A reactivity series of selected elements, arranged from highest activity to lowest, is shown.

Zn 
Fe 
Cd 
Co 
Ni 
Sn 
Pb 
Cu

Which reaction is spontaneous?

A.	 Cd2+(aq) + Pb(s) → Pb2+(aq) + Cd(s)

B.	 Fe2+(aq) + Sn(s) → Sn2+(aq) + Fe(s)

C.	 Zn2+(aq) + Cu(s) → Cu2+(aq) + Zn(s)

D.	 Ni2+(aq) + Co(s) → Co2+(aq) + Ni(s)
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25.	 Which two species can be both Brønsted–Lowry acids and Brønsted–Lowry bases?

A.	 H3PO4 and PO4
3-

B.	 HPO4
2- and H2PO4

-

C.	 HPO4
2- and PO4

3-

D.	 PO4
3- and H2PO4

-

26.	 A solution has a pH of 3.0. What is the hydrogen ion concentration in the solution in mol dm-3?

A.	 3.0 × 10-3

B.	 1.0 × 10-3

C.	 1.0 × 103

D.	 3.0 × 103

27.	 A reactivity series of selected elements, arranged from highest activity to lowest, is shown.

Zn 
Fe 
Cd 
Co 
Ni 
Sn 
Pb 
Cu

Which reaction is spontaneous?

A.	 Cd2+(aq) + Pb(s) → Pb2+(aq) + Cd(s)

B.	 Fe2+(aq) + Sn(s) → Sn2+(aq) + Fe(s)

C.	 Zn2+(aq) + Cu(s) → Cu2+(aq) + Zn(s)

D.	 Ni2+(aq) + Co(s) → Co2+(aq) + Ni(s)
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22.	 The following system is at equilibrium.

2SO2 (g) + O2 (g)  2SO3 (g) K = 4.3

What is the value of the equilibrium constant, K, for the reverse reaction?

A.	
1

4.3

B.	 4.3

C.	
1

4.3

D.	 4.3

23.	 What is the effect of doubling the pressure on the equilibrium? All other conditions 
remain unchanged.

2SO2 (g) + O2 (g)  2SO3 (g)

Effect on equilibrium position Effect on equilibrium constant, K

A. shifts right no change

B. shifts left no change

C. shifts right increases

D. shifts left decreases

24.	 What is required to convert a base into its conjugate acid?

A.	 A negative charge

B.	 A hydrogen atom

C.	 An electron pair

D.	 A proton

– 11 – 2225 – 6216

Turn over

25.	 Which solution has a pH of 9.0?

A.	 10-9 mol dm-3 NH3 (aq)

B.	 10-9 mol dm-3 NaOH (aq)

C.	 10-5 mol dm-3 NH3 (aq)

D.	 10-5 mol dm-3 NaOH (aq)

26.	 What is the main reason why sulfuric acid has a lower pH than methanoic acid of the 
same concentration?

A.	 Sulfuric acid is diprotic, whereas methanoic acid is monoprotic.

B.	 Sulfuric acid ionizes more than methanoic acid.

C.	 Sulfuric acid has a stronger conjugate base than methanoic acid.

D.	 Sulfuric acid is more soluble in water than methanoic acid.

27.	 In which compound does sulfur have an oxidation state of +4?

A.	 H2S

B.	 SO3

C.	 H2SO3

D.	 H2SO4
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25.	 Which solution has a pH of 9.0?

A.	 10-9 mol dm-3 NH3 (aq)

B.	 10-9 mol dm-3 NaOH (aq)

C.	 10-5 mol dm-3 NH3 (aq)

D.	 10-5 mol dm-3 NaOH (aq)

26.	 What is the main reason why sulfuric acid has a lower pH than methanoic acid of the 
same concentration?

A.	 Sulfuric acid is diprotic, whereas methanoic acid is monoprotic.

B.	 Sulfuric acid ionizes more than methanoic acid.

C.	 Sulfuric acid has a stronger conjugate base than methanoic acid.

D.	 Sulfuric acid is more soluble in water than methanoic acid.

27.	 In which compound does sulfur have an oxidation state of +4?

A.	 H2S

B.	 SO3

C.	 H2SO3

D.	 H2SO4
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25.	 Which solution has a pH of 9.0?

A.	 10-9 mol dm-3 NH3 (aq)

B.	 10-9 mol dm-3 NaOH (aq)

C.	 10-5 mol dm-3 NH3 (aq)

D.	 10-5 mol dm-3 NaOH (aq)

26.	 What is the main reason why sulfuric acid has a lower pH than methanoic acid of the 
same concentration?

A.	 Sulfuric acid is diprotic, whereas methanoic acid is monoprotic.

B.	 Sulfuric acid ionizes more than methanoic acid.

C.	 Sulfuric acid has a stronger conjugate base than methanoic acid.

D.	 Sulfuric acid is more soluble in water than methanoic acid.

27.	 In which compound does sulfur have an oxidation state of +4?

A.	 H2S

B.	 SO3

C.	 H2SO3

D.	 H2SO4
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22.	 Which molecule has the shortest carbon to oxygen bond?

A.	 CH3OH

B.	 H2CO

C.	 CO

D.	 CO2

23.	 What are the electron domain geometries around the carbon and nitrogen atoms, shown in bold, 
in glycine H2NCH2COOH?

Carbon Nitrogen

A. tetrahedral tetrahedral

B. trigonal pyramidal trigonal pyramidal

C. trigonal planar tetrahedral

D. trigonal planar trigonal pyramidal

24.	 What is the pH of 0.0010 mol dm-3 HCl (aq)?

A.	 2.0

B.	 2.5

C.	 3.0

D.	 3.5

25.	 Which solution is acidic at 25 °C?

A.	 [H+ ] = 1.0 × 10-9 mol dm-3

B.	 [OH- ] = 1.0 × 10-13 mol dm-3

C.	 [OH- ] = 1.0 × 10-6 mol dm-3

D.	 [H3O
+ ] = 1.0 × 10-13 mol dm-3
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22.	 Which molecule has the shortest carbon to oxygen bond?

A.	 CH3OH

B.	 H2CO

C.	 CO

D.	 CO2

23.	 What are the electron domain geometries around the carbon and nitrogen atoms, shown in bold, 
in glycine H2NCH2COOH?

Carbon Nitrogen

A. tetrahedral tetrahedral

B. trigonal pyramidal trigonal pyramidal

C. trigonal planar tetrahedral

D. trigonal planar trigonal pyramidal

24.	 What is the pH of 0.0010 mol dm-3 HCl (aq)?

A.	 2.0

B.	 2.5

C.	 3.0

D.	 3.5

25.	 Which solution is acidic at 25 °C?

A.	 [H+ ] = 1.0 × 10-9 mol dm-3

B.	 [OH- ] = 1.0 × 10-13 mol dm-3

C.	 [OH- ] = 1.0 × 10-6 mol dm-3

D.	 [H3O
+ ] = 1.0 × 10-13 mol dm-3

– 10 – 2225 – 6222

26.	 Which equation correctly describes a chemical reaction?

A.	 2HCl + Na2CO3 → 2NaCl + CO2 + H2O

B.	 Cu + 2HCl → CuCl2 + H2

C.	 NaOH + HCl → NaCl + H2

D.	 2HCl + Ca(HCO3)2 → CaCl2 + 2H2O

27.	 The following occurs when tin is added to separate solutions of lead(II) nitrate, Pb(NO3)2, 
and manganese(II) nitrate, Mn(NO3)2.

Sn (s) + Pb(NO3)2 (aq) → Sn(NO3)2 (aq) + Pb (s)

Sn (s) + Mn(NO3)2 (aq) → no reaction

What is the order of decreasing reactivity of the metals?

A.	 Sn > Pb > Mn

B.	 Sn > Mn > Pb

C.	 Mn > Sn > Pb

D.	 Pb > Sn > Mn

28.	 What are the products of the electrolysis of molten aluminium oxide, Al2O3(l)?

Product at anode Product at cathode

A. O2 Al

B. O3 Al

C. Al O2

D. Al O3

29.	 Which compound can be reduced to produce butanal?

A.	 Butanoic acid

B.	 Butan-1-ol

C.	 Butanone

D.	 Butan-2-ol
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26.	 Which equation correctly describes a chemical reaction?

A.	 2HCl + Na2CO3 → 2NaCl + CO2 + H2O

B.	 Cu + 2HCl → CuCl2 + H2

C.	 NaOH + HCl → NaCl + H2

D.	 2HCl + Ca(HCO3)2 → CaCl2 + 2H2O

27.	 The following occurs when tin is added to separate solutions of lead(II) nitrate, Pb(NO3)2, 
and manganese(II) nitrate, Mn(NO3)2.

Sn (s) + Pb(NO3)2 (aq) → Sn(NO3)2 (aq) + Pb (s)

Sn (s) + Mn(NO3)2 (aq) → no reaction

What is the order of decreasing reactivity of the metals?

A.	 Sn > Pb > Mn

B.	 Sn > Mn > Pb

C.	 Mn > Sn > Pb

D.	 Pb > Sn > Mn

28.	 What are the products of the electrolysis of molten aluminium oxide, Al2O3(l)?

Product at anode Product at cathode

A. O2 Al

B. O3 Al

C. Al O2

D. Al O3

29.	 Which compound can be reduced to produce butanal?

A.	 Butanoic acid

B.	 Butan-1-ol

C.	 Butanone

D.	 Butan-2-ol
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30.	 Which is a conjugate acid–base pair?

A.	 H3PO4 / HPO4
2-

B.	 H3O
+ / OH-

C.	 H2O / OH-

D.	 NH4
+ / NH2

-

�
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24.	 Which statement regarding the chemical equilibrium explains why it is described as dynamic?

A.	 There is a continuous shift in the equilibrium position.

B.	 The reactants and products continue to react.

C.	 The concentrations of reactants and products continue to change.

D.	 The rates of forward and reverse reactions continue to change.

25.	 In which of the following reactions does ammonia behave as a Brønsted–Lowry base?

A.	 4NH3 + 5O2  4NO + 6H2O

B.	 NH3 + H2O + CO2  (NH4) HCO3

C.	 NH3 + CH3CH2Cl  CH3CH2NH2 + HCl

D.	 2NH3 + 2K  2KNH2 + H2

26.	 Which compound undergoes oxidation when heated with acidified potassium dichromate?

I.	 CH3CH2CH2CH2OH

II.	 CH3C(CH3)2OH

III.	 CH3CH(OH)CH2CH3

A.	 I and II only

B.	 I and III only

C.	 II and III only

D.	 I, II and III

27.	 Iron is a stronger reducing agent than silver. A voltaic cell is constructed using iron and silver 
electrodes dipped into solutions of their respective ions, Fe2+ (aq) and Ag+ (aq), of equal 
concentrations.

What is correct when the voltaic cell is in operation?

Negative 
electrode

Positive 
electrode Anode Cathode

A. Fe Ag Fe Ag

B. Ag Fe Ag Fe

C. Ag Fe Fe Ag

D. Fe Ag Ag Fe
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24.	 What is the concentration of OH−  (aq), in mol dm−3, in a solution at 298.15 K with a pH of 4.50?

pH = −log10 [H
+] [H+] = 10−pH Kw = [H+] [OH− ] Kw = 1.00 × 10−14 mol2 dm−6

A.	 3.16 × 10−10

B.	 3.16 × 10−9

C.	 3.16 × 10−5

D.	 3.16 × 10−4

25.	 Which aqueous solution has the lowest pH?

A.	 1.0 mol dm−3 HNO3

B.	 2.0 mol dm−3 HCl

C.	 1.0 mol dm−3 CH3COOH

D.	 2.0 mol dm−3 NaOH

26.	 What are the oxidizing and reducing agents in this reaction?

ClO− (aq) + SO2 (g) + H2O (l) → Cl− (aq) + SO4
2− (aq) + 2H+ (aq)

Oxidizing agent Reducing agent

A. ClO− H2O

B. SO2 SO4
2−

C. SO2 ClO−

D. ClO− SO2

27.	 Which statement about electrochemical cells is correct?

A.	 Primary (voltaic) cells use electrical energy to produce a redox reaction.

B.	 Electrolytic cells are rechargeable.

C.	 Secondary cells can use electrical energy to produce a redox reaction.

D.	 Primary (voltaic) cells are rechargeable.
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24.	 What is the concentration of OH−  (aq), in mol dm−3, in a solution at 298.15 K with a pH of 4.50?

pH = −log10 [H
+] [H+] = 10−pH Kw = [H+] [OH− ] Kw = 1.00 × 10−14 mol2 dm−6

A.	 3.16 × 10−10

B.	 3.16 × 10−9

C.	 3.16 × 10−5

D.	 3.16 × 10−4

25.	 Which aqueous solution has the lowest pH?

A.	 1.0 mol dm−3 HNO3

B.	 2.0 mol dm−3 HCl

C.	 1.0 mol dm−3 CH3COOH

D.	 2.0 mol dm−3 NaOH

26.	 What are the oxidizing and reducing agents in this reaction?

ClO− (aq) + SO2 (g) + H2O (l) → Cl− (aq) + SO4
2− (aq) + 2H+ (aq)

Oxidizing agent Reducing agent

A. ClO− H2O

B. SO2 SO4
2−

C. SO2 ClO−

D. ClO− SO2

27.	 Which statement about electrochemical cells is correct?

A.	 Primary (voltaic) cells use electrical energy to produce a redox reaction.

B.	 Electrolytic cells are rechargeable.

C.	 Secondary cells can use electrical energy to produce a redox reaction.

D.	 Primary (voltaic) cells are rechargeable.
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23.	 What is the main reason for an increase in rate of reaction when the temperature is raised?

A.	 A greater proportion of collisions are successful.

B.	 Particles collide more frequently.

C.	 The bonds in the reactants are weakened.

D.	 The activation energy of the reaction decreases.

24.	 What is the equilibrium constant expression for the following reaction?

2SO3 (g)  2SO2 (g) + O2 (g)

A.	
[SO ] [O ]
[SO ]
2
2

2

3
2

B.	
[SO ] [O ]
[SO ]
2
2

2

3
2

+

C.	
[SO ]

[SO ] [O ]
3
2

2
2

2

D.	
2[SO ][O ]
2[SO ]

2 2

3

25.	 Which reactions involve the transfer of a proton?

I.	 2HCl (aq) + Mg (s) → MgCl2 (aq) + H2 (g)

II.	 2HCl (aq) + MgO (s) → MgCl2 (aq) + H2O (l)

III.	 2HCl (aq) + MgCO3 (s) → MgCl2 (aq) + H2O (l) + CO2 (g)

A.	 I and II only

B.	 I and III only

C.	 II and III only

D.	 I, II and III

– 10 –

SPEC/4/CHEMI/SPM/ENG/TZ0/XX

0000 – 6104

26.	 The overall reaction occurring at the electrodes of a rechargeable metal hydride battery can 
be summarized as:

MH + NiO(OH)  M + Ni(OH)2

Which statement is correct?

A.	 The oxidation state of Ni does not change.

B.	 M is oxidized by loss of hydrogen.

C.	 The oxidation state of one H atom changes from −1 to +1.

D.	 The oxidation state of one O atom changes from −1 to −2.

27.	 In a redox titration, manganate(VII) ions are reduced to manganese(II) ions and iron(II) ions 
are oxidized to iron(III) ions.

MnO4
− (aq) reduced to Mn2+ (aq)

Fe2+ (aq) oxidized to Fe3+ (aq)

What volume, in cm3, of 0.1 mol dm−3 MnO4
− (aq) is required to reach the equivalence point in 

the titration of 20.00 cm3 of 0.1 mol dm−3 Fe2+ (aq)?

A.	 2.00

B.	 4.00

C.	 20.00

D.	 100.00

28.	 What is the organic product of the reaction of 1-chloropentane with aqueous sodium hydroxide?

A.	 pentan-1-ol

B.	 1-chloropentan-1-ol

C.	 1-chloropent-1-ene

D.	 1-chloropent-2-ene



APOLLO

Electron transfer reactions

20 questions



Chemistry SL | Paper 1A | May 2025 TZ1 | Q17 | 1 marks

Apollo | Original source crop | 123

– 9 – 2225 – 6210

Turn over

17.	 Ammonia, NH3 and nitrous acid, HNO2, are compounds of nitrogen. What are the oxidation states 
of nitrogen in these compounds?

NH3 HNO2

A. +3 +3

B. -3 -3

C. +3 -3

D. -3 +3

18.	 Consider a reaction mixture that is in thermal equilibrium with the surroundings. When a reaction 
takes place, the temperature of the mixture decreases.

Which row correctly shows the changes in energy when the new thermal equilibrium  
is established?

Energy of system Energy of surroundings

A. decreases decreases

B. increases increases

C. decreases increases

D. increases decreases

19.	 0.050 mol of sodium hydrogencarbonate was added to 50 cm3 of 2.0 mol dm−3 solution of citric acid.

C6H8O7(aq) + 3NaHCO3(s) → C6H5O7Na3(aq) + 3CO2(g) + 3H2O(l)

The initial temperature of the solution was 298 K and the final temperature was 297 K. 
What is the enthalpy of this reaction in kJ mol−1? (cw = 4.18 J g−1 K−1, Q = mc∆T)

A.	 +4.18 

B.	 -4.18 

C.	 +12.5 

D.	 -12.5
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25.	 Which two species can be both Brønsted–Lowry acids and Brønsted–Lowry bases?

A.	 H3PO4 and PO4
3-

B.	 HPO4
2- and H2PO4

-

C.	 HPO4
2- and PO4

3-

D.	 PO4
3- and H2PO4

-

26.	 A solution has a pH of 3.0. What is the hydrogen ion concentration in the solution in mol dm-3?

A.	 3.0 × 10-3

B.	 1.0 × 10-3

C.	 1.0 × 103

D.	 3.0 × 103

27.	 A reactivity series of selected elements, arranged from highest activity to lowest, is shown.

Zn 
Fe 
Cd 
Co 
Ni 
Sn 
Pb 
Cu

Which reaction is spontaneous?

A.	 Cd2+(aq) + Pb(s) → Pb2+(aq) + Cd(s)

B.	 Fe2+(aq) + Sn(s) → Sn2+(aq) + Fe(s)

C.	 Zn2+(aq) + Cu(s) → Cu2+(aq) + Zn(s)

D.	 Ni2+(aq) + Co(s) → Co2+(aq) + Ni(s)

– 14 – 2225 – 6210
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28.	 Which alcohol and conditions would produce the highest yield of methylpropanoic acid?

Alcohol Conditions

A. 2-methylpropan-2-ol Reflux

B. 2-methylpropan-1-ol Reflux

C. 2-methylpropan-2-ol Distillation

D. 2-methylpropan-1-ol Distillation

29.	 Which row correctly shows heterolytic fission?

A.	

B.	

C.	

D.	  

30.	 The methanol fuel cell relies on the oxidation of methanol by oxygen. The two half-equations are 
as follows:

Anode: CH3OH(l) + H2O(l) → CO2(g) + 6H+(aq) + 6e-

Cathode: 4H+(aq) + O2(g) + 4e- → 2H2O(l)

What is the balanced equation for the overall reaction?

A.	 2CH3OH(l) + 3O2(g) → 2CO2(g) + 4H2O(l)

B.	 CH3OH(l) + 2O2(g) → CO2(g) + 2H2O(l)

C.	 2CO2(g) + 4H2O(l) → 2CH3OH(l) + 3O2(g)

D.	 CO2(g) + 2H2O(l) → CH3OH(l) + 2O2(g)

 

Br Br Br  Br 

Br Br 2Br

Br Br Br  Br 

Br Br 2Br
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28.	 Which alcohol and conditions would produce the highest yield of methylpropanoic acid?

Alcohol Conditions

A. 2-methylpropan-2-ol Reflux

B. 2-methylpropan-1-ol Reflux

C. 2-methylpropan-2-ol Distillation

D. 2-methylpropan-1-ol Distillation

29.	 Which row correctly shows heterolytic fission?

A.	

B.	

C.	

D.	  

30.	 The methanol fuel cell relies on the oxidation of methanol by oxygen. The two half-equations are 
as follows:

Anode: CH3OH(l) + H2O(l) → CO2(g) + 6H+(aq) + 6e-

Cathode: 4H+(aq) + O2(g) + 4e- → 2H2O(l)

What is the balanced equation for the overall reaction?

A.	 2CH3OH(l) + 3O2(g) → 2CO2(g) + 4H2O(l)

B.	 CH3OH(l) + 2O2(g) → CO2(g) + 2H2O(l)

C.	 2CO2(g) + 4H2O(l) → 2CH3OH(l) + 3O2(g)

D.	 CO2(g) + 2H2O(l) → CH3OH(l) + 2O2(g)

 

Br Br Br  Br 

Br Br 2Br

Br Br Br  Br 

Br Br 2Br
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12.	 Why do group 17 elements have higher first ionization energies than group 1 elements in the 
same period?

A.	 Group 17 elements have more electrons in the valence shell.

B.	 Group 17 elements have more filled energy levels.

C.	 Group 17 elements have more paired electrons.

D.	 Group 17 elements have more protons in the nucleus.

13.	 What is the oxidation state of nitrogen in N2O4?

A.	 −4

B.	 −2

C.	 +2

D.	 +4

14.	 Which compound is an isomer of propanone?

C

H

HH

C
OC

HH

H

A.

C
C

H
H

H
O

C

H

C

H
H

H
H

B.

C
C

H
H

H

H

CH H

H

O
H

C.

O
C

H
H

H

C

H H

C

H

H
H

D.

C
C

H
H

H
H H

C

H

O
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25.	 Which solution has a pH of 9.0?

A.	 10-9 mol dm-3 NH3 (aq)

B.	 10-9 mol dm-3 NaOH (aq)

C.	 10-5 mol dm-3 NH3 (aq)

D.	 10-5 mol dm-3 NaOH (aq)

26.	 What is the main reason why sulfuric acid has a lower pH than methanoic acid of the 
same concentration?

A.	 Sulfuric acid is diprotic, whereas methanoic acid is monoprotic.

B.	 Sulfuric acid ionizes more than methanoic acid.

C.	 Sulfuric acid has a stronger conjugate base than methanoic acid.

D.	 Sulfuric acid is more soluble in water than methanoic acid.

27.	 In which compound does sulfur have an oxidation state of +4?

A.	 H2S

B.	 SO3

C.	 H2SO3

D.	 H2SO4

– 12 – 2225 – 6216

28.	 Magnesium displaces silver from aqueous silver nitrate.

What is the correct description of the silver electrode in the cell shown?

V

Voltmeter

Salt bridge

Ag Mg

Ag+ Mg2+

Sign Electrode

A. + cathode

B. + anode

C. − cathode

D. − anode

29.	 Which change represents oxidation of the functional group?

A.	 CH3COOH → CH3CHO

B.	 H2CO → HCOOH

C.	 HCCH → H2CCH2

D.	 H2CO → CH3OH

30.	 Which equation represents propagation in a radical substitution mechanism?

A.	 CH4 + Cl• → •CH3 + HCl

B.	 •CH3 + Cl• → CH3Cl

C.	 Cl2 → 2Cl•

D.	 CH3Cl + Cl• → CH2Cl2 + H•

�

© International Baccalaureate Organization 2025



Chemistry SL | Paper 1A | May 2025 TZ2 | Q28 | 1 marks

Apollo | Original source crop | 128

– 12 – 2225 – 6216

28.	 Magnesium displaces silver from aqueous silver nitrate.

What is the correct description of the silver electrode in the cell shown?

V

Voltmeter

Salt bridge

Ag Mg

Ag+ Mg2+

Sign Electrode

A. + cathode

B. + anode

C. − cathode

D. − anode

29.	 Which change represents oxidation of the functional group?

A.	 CH3COOH → CH3CHO

B.	 H2CO → HCOOH

C.	 HCCH → H2CCH2

D.	 H2CO → CH3OH

30.	 Which equation represents propagation in a radical substitution mechanism?

A.	 CH4 + Cl• → •CH3 + HCl

B.	 •CH3 + Cl• → CH3Cl

C.	 Cl2 → 2Cl•

D.	 CH3Cl + Cl• → CH2Cl2 + H•

�
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28.	 Magnesium displaces silver from aqueous silver nitrate.

What is the correct description of the silver electrode in the cell shown?

V

Voltmeter

Salt bridge

Ag Mg

Ag+ Mg2+

Sign Electrode

A. + cathode

B. + anode

C. − cathode

D. − anode

29.	 Which change represents oxidation of the functional group?

A.	 CH3COOH → CH3CHO

B.	 H2CO → HCOOH

C.	 HCCH → H2CCH2

D.	 H2CO → CH3OH

30.	 Which equation represents propagation in a radical substitution mechanism?

A.	 CH4 + Cl• → •CH3 + HCl

B.	 •CH3 + Cl• → CH3Cl

C.	 Cl2 → 2Cl•

D.	 CH3Cl + Cl• → CH2Cl2 + H•

�
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13.	 Which pair of elements would react with each other the least vigorously?

A.	 Lithium and fluorine

B.	 Lithium and iodine

C.	 Caesium and fluorine

D.	 Caesium and iodine

14.	 Which compounds contain an atom in a +3 oxidation state?

I.	 NO2
-

II.	 FeCl3

III.	 BrF3

A.	 I and II only

B.	 I and III only

C.	 II and III only

D.	 I, II and III

15.	 Which functional groups are present in both of these molecules?

H3C

H3C

N N

O

CH3

N
H

F

O

N

N

A.	 Amino and amido

B.	 Amino and alkoxy

C.	 Amino and carbonyl

D.	 Amino and a benzene ring
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26.	 Which equation correctly describes a chemical reaction?

A.	 2HCl + Na2CO3 → 2NaCl + CO2 + H2O

B.	 Cu + 2HCl → CuCl2 + H2

C.	 NaOH + HCl → NaCl + H2

D.	 2HCl + Ca(HCO3)2 → CaCl2 + 2H2O

27.	 The following occurs when tin is added to separate solutions of lead(II) nitrate, Pb(NO3)2, 
and manganese(II) nitrate, Mn(NO3)2.

Sn (s) + Pb(NO3)2 (aq) → Sn(NO3)2 (aq) + Pb (s)

Sn (s) + Mn(NO3)2 (aq) → no reaction

What is the order of decreasing reactivity of the metals?

A.	 Sn > Pb > Mn

B.	 Sn > Mn > Pb

C.	 Mn > Sn > Pb

D.	 Pb > Sn > Mn

28.	 What are the products of the electrolysis of molten aluminium oxide, Al2O3(l)?

Product at anode Product at cathode

A. O2 Al

B. O3 Al

C. Al O2

D. Al O3

29.	 Which compound can be reduced to produce butanal?

A.	 Butanoic acid

B.	 Butan-1-ol

C.	 Butanone

D.	 Butan-2-ol
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26.	 Which equation correctly describes a chemical reaction?

A.	 2HCl + Na2CO3 → 2NaCl + CO2 + H2O

B.	 Cu + 2HCl → CuCl2 + H2

C.	 NaOH + HCl → NaCl + H2

D.	 2HCl + Ca(HCO3)2 → CaCl2 + 2H2O

27.	 The following occurs when tin is added to separate solutions of lead(II) nitrate, Pb(NO3)2, 
and manganese(II) nitrate, Mn(NO3)2.

Sn (s) + Pb(NO3)2 (aq) → Sn(NO3)2 (aq) + Pb (s)

Sn (s) + Mn(NO3)2 (aq) → no reaction

What is the order of decreasing reactivity of the metals?

A.	 Sn > Pb > Mn

B.	 Sn > Mn > Pb

C.	 Mn > Sn > Pb

D.	 Pb > Sn > Mn

28.	 What are the products of the electrolysis of molten aluminium oxide, Al2O3(l)?

Product at anode Product at cathode

A. O2 Al

B. O3 Al

C. Al O2

D. Al O3

29.	 Which compound can be reduced to produce butanal?

A.	 Butanoic acid

B.	 Butan-1-ol

C.	 Butanone

D.	 Butan-2-ol
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6.	 A lithium-ion battery consists of lithium ions on lithium-graphite (LiC6) and lithium-cobalt oxide 
(LiCoO2) in an electrolyte.

Cathode Anode

Lithium-cobalt oxide

Li+ ions

Graphite

Separator

Electrolyte

Lithium-ion battery

(a)	 The lithium ions are produced at the anode from the lithium atoms embedded in graphite.

(i)	 State a half-equation for the reaction occurring at the anode during discharge.� [1]

����������������������������������������������������������������������������������������������������������������������������������������������������

����������������������������������������������������������������������������������������������������������������������������������������������������
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(Question 6 continued)

(ii)	 The lithium-ion battery is rechargeable. Annotate the diagram below to show 
the direction of the flow of electrons in the wire while the battery is recharging.� [1]

Li+ ions

Cathode Anode

Lithium-cobalt oxide

Graphite

Separator

Electrolyte

Power supply

(b)	 Suggest why solar panels are often connected in parallel with lithium-ion batteries.� [1]

����������������������������������������������������������������������������������������������������������������������������������������������������
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7.	 Sulfur dioxide, SO2, is involved in the formation of acid rain.

(a)	 (i)	� State the electron configuration for S.� [1]

����������������������������������������������������������������������������������������������������������������������������������������������������

����������������������������������������������������������������������������������������������������������������������������������������������������

(ii)	 Draw the Lewis formula of SO2.� [1]

(iii)	 Deduce the electron domain geometry and molecular geometry of SO2.� [2]

Electron domain geometry:  ������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

Molecular domain geometry:  ����������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

(iv)	 Explain the polarity of the SO2 molecule.� [2]

����������������������������������������������������������������������������������������������������������������������������������������������������

����������������������������������������������������������������������������������������������������������������������������������������������������

����������������������������������������������������������������������������������������������������������������������������������������������������

����������������������������������������������������������������������������������������������������������������������������������������������������
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11.	 A section of a polymer containing three repeating units is shown.

C C C C C C

H H H H H H

CH3 H CH3 H CH3 H

Which monomer was used to make this polymer?

A.	 But-1-ene

B.	 But-2-ene

C.	 Methylpropene

D.	 Propene

12.	 What are the oxidation states of the elements in Na2CrO4?

Sodium Chromium Oxygen

A. +1 +6 -1

B. +2 +3 -1

C. +1 +6 -2

D. +2 +3 -2

13.	 What is the IUPAC name of the molecule below?

O

A.	 2-ethyl-4-methylpentan-3-one

B.	 4-ethyl-2-methylpentan-3-one

C.	 2,4-dimethylhexan-3-one

D.	 3,5-dimethylhexan-4-one
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24.	 Which statement regarding the chemical equilibrium explains why it is described as dynamic?

A.	 There is a continuous shift in the equilibrium position.

B.	 The reactants and products continue to react.

C.	 The concentrations of reactants and products continue to change.

D.	 The rates of forward and reverse reactions continue to change.

25.	 In which of the following reactions does ammonia behave as a Brønsted–Lowry base?

A.	 4NH3 + 5O2  4NO + 6H2O

B.	 NH3 + H2O + CO2  (NH4) HCO3

C.	 NH3 + CH3CH2Cl  CH3CH2NH2 + HCl

D.	 2NH3 + 2K  2KNH2 + H2

26.	 Which compound undergoes oxidation when heated with acidified potassium dichromate?

I.	 CH3CH2CH2CH2OH

II.	 CH3C(CH3)2OH

III.	 CH3CH(OH)CH2CH3

A.	 I and II only

B.	 I and III only

C.	 II and III only

D.	 I, II and III

27.	 Iron is a stronger reducing agent than silver. A voltaic cell is constructed using iron and silver 
electrodes dipped into solutions of their respective ions, Fe2+ (aq) and Ag+ (aq), of equal 
concentrations.

What is correct when the voltaic cell is in operation?

Negative 
electrode

Positive 
electrode Anode Cathode

A. Fe Ag Fe Ag

B. Ag Fe Ag Fe

C. Ag Fe Fe Ag

D. Fe Ag Ag Fe
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24.	 Which statement regarding the chemical equilibrium explains why it is described as dynamic?

A.	 There is a continuous shift in the equilibrium position.

B.	 The reactants and products continue to react.

C.	 The concentrations of reactants and products continue to change.

D.	 The rates of forward and reverse reactions continue to change.

25.	 In which of the following reactions does ammonia behave as a Brønsted–Lowry base?

A.	 4NH3 + 5O2  4NO + 6H2O

B.	 NH3 + H2O + CO2  (NH4) HCO3

C.	 NH3 + CH3CH2Cl  CH3CH2NH2 + HCl

D.	 2NH3 + 2K  2KNH2 + H2

26.	 Which compound undergoes oxidation when heated with acidified potassium dichromate?

I.	 CH3CH2CH2CH2OH

II.	 CH3C(CH3)2OH

III.	 CH3CH(OH)CH2CH3

A.	 I and II only

B.	 I and III only

C.	 II and III only

D.	 I, II and III

27.	 Iron is a stronger reducing agent than silver. A voltaic cell is constructed using iron and silver 
electrodes dipped into solutions of their respective ions, Fe2+ (aq) and Ag+ (aq), of equal 
concentrations.

What is correct when the voltaic cell is in operation?

Negative 
electrode

Positive 
electrode Anode Cathode

A. Fe Ag Fe Ag

B. Ag Fe Ag Fe

C. Ag Fe Fe Ag

D. Fe Ag Ag Fe

– 11 – 8825 – 6210

28.	 What is the half equation for the reduction of nitric acid to nitrogen(II) oxide in acidic medium?

A.	 HNO3 + 3H+ + 3e-  NO + 2H2O

B.	 HNO3 + 4H+ + 4e-  NO + 2H2O

C.	 HNO3 + 2H2O  NO + 4H+ + 4e-

D.	 HNO3 + 2H2O  NO + 3H+ + 3e-

29.	 Which radical is most likely to form during the breakdown of one covalent bond of 
dichlorofluoromethane, CHCl2F, in the upper atmosphere?

A.	 • CHClF

B.	 • CCl2F

C.	 • CHCl2

D.	 • CHCl2F

30.	 But-2-ene undergoes a variety of addition reactions.

Which of the following is correct?

Reagent added Product

A. H2 But-1-ene

B. H2O Butan-1-ol

C. HBr 2-bromobutane

D. Br2 2,2-dibromobutane

�
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28.	 What is the half equation for the reduction of nitric acid to nitrogen(II) oxide in acidic medium?

A.	 HNO3 + 3H+ + 3e-  NO + 2H2O

B.	 HNO3 + 4H+ + 4e-  NO + 2H2O

C.	 HNO3 + 2H2O  NO + 4H+ + 4e-

D.	 HNO3 + 2H2O  NO + 3H+ + 3e-

29.	 Which radical is most likely to form during the breakdown of one covalent bond of 
dichlorofluoromethane, CHCl2F, in the upper atmosphere?

A.	 • CHClF

B.	 • CCl2F

C.	 • CHCl2

D.	 • CHCl2F

30.	 But-2-ene undergoes a variety of addition reactions.

Which of the following is correct?

Reagent added Product

A. H2 But-1-ene

B. H2O Butan-1-ol

C. HBr 2-bromobutane

D. Br2 2,2-dibromobutane

�
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24.	 What is the concentration of OH−  (aq), in mol dm−3, in a solution at 298.15 K with a pH of 4.50?

pH = −log10 [H
+] [H+] = 10−pH Kw = [H+] [OH− ] Kw = 1.00 × 10−14 mol2 dm−6

A.	 3.16 × 10−10

B.	 3.16 × 10−9

C.	 3.16 × 10−5

D.	 3.16 × 10−4

25.	 Which aqueous solution has the lowest pH?

A.	 1.0 mol dm−3 HNO3

B.	 2.0 mol dm−3 HCl

C.	 1.0 mol dm−3 CH3COOH

D.	 2.0 mol dm−3 NaOH

26.	 What are the oxidizing and reducing agents in this reaction?

ClO− (aq) + SO2 (g) + H2O (l) → Cl− (aq) + SO4
2− (aq) + 2H+ (aq)

Oxidizing agent Reducing agent

A. ClO− H2O

B. SO2 SO4
2−

C. SO2 ClO−

D. ClO− SO2

27.	 Which statement about electrochemical cells is correct?

A.	 Primary (voltaic) cells use electrical energy to produce a redox reaction.

B.	 Electrolytic cells are rechargeable.

C.	 Secondary cells can use electrical energy to produce a redox reaction.

D.	 Primary (voltaic) cells are rechargeable.
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24.	 What is the concentration of OH−  (aq), in mol dm−3, in a solution at 298.15 K with a pH of 4.50?

pH = −log10 [H
+] [H+] = 10−pH Kw = [H+] [OH− ] Kw = 1.00 × 10−14 mol2 dm−6

A.	 3.16 × 10−10

B.	 3.16 × 10−9

C.	 3.16 × 10−5

D.	 3.16 × 10−4

25.	 Which aqueous solution has the lowest pH?

A.	 1.0 mol dm−3 HNO3

B.	 2.0 mol dm−3 HCl

C.	 1.0 mol dm−3 CH3COOH

D.	 2.0 mol dm−3 NaOH

26.	 What are the oxidizing and reducing agents in this reaction?

ClO− (aq) + SO2 (g) + H2O (l) → Cl− (aq) + SO4
2− (aq) + 2H+ (aq)

Oxidizing agent Reducing agent

A. ClO− H2O

B. SO2 SO4
2−

C. SO2 ClO−

D. ClO− SO2

27.	 Which statement about electrochemical cells is correct?

A.	 Primary (voltaic) cells use electrical energy to produce a redox reaction.

B.	 Electrolytic cells are rechargeable.

C.	 Secondary cells can use electrical energy to produce a redox reaction.

D.	 Primary (voltaic) cells are rechargeable.

– 10 – 8825 – 6222

28.	 Which product may be obtained by the reduction of CH3CH2COOH?

A.	 CH3CH(OH)CH3

B.	 CH3CH2CH2OH

C.	 CH3CH2OCH3

D.	 CH3COOCH3

29.	 Which species represents the product of the homolytic fission of Br2 in the presence of UV light?

A.	 Br−

B.	 Br — Br

C.	 Br — Br

D.	 Br•

30.	 Which species is the electrophile?

CH3Br + OH− → CH3OH + Br−

A.	 OH−

B.	 Br−

C.	 CH3OH

D.	 CH3Br
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Section B

Answer all questions. Answers must be written within the answer boxes provided.

1.	 The graph shows the variation of the first ionization energy with atomic radius for periods 2, 
3 and 4 of the periodic table, with the d-block elements omitted.
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Key:

Period 2 Period 3 Period 4

(a)	 Annotate the graph with an additional data point, marked with a cross (X), 
for scandium. Use sections 9 and 10 of the data booklet.� [1]

(b)	 Suggest why there might be a link between the two variables in the graph.� [1]

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

(This question continues on the following page)

12EP02
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4.	 Half-cells such as

Fe2+ (aq) + 2e-  Fe (s)

can be connected to other half-cells to form a voltaic cell.

(a)	 State the chemical formula of a compound that could be dissolved in water to produce 
the required aqueous solution.� [1]

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

(b)	 Describe how you would connect the Fe2+ | Fe half-cell to another half-cell to produce 
electric current through a light bulb.� [2]

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

(c)	 State the units in which the current through the light bulb could be measured.� [1]

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������
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26.	 The overall reaction occurring at the electrodes of a rechargeable metal hydride battery can 
be summarized as:

MH + NiO(OH)  M + Ni(OH)2

Which statement is correct?

A.	 The oxidation state of Ni does not change.

B.	 M is oxidized by loss of hydrogen.

C.	 The oxidation state of one H atom changes from −1 to +1.

D.	 The oxidation state of one O atom changes from −1 to −2.

27.	 In a redox titration, manganate(VII) ions are reduced to manganese(II) ions and iron(II) ions 
are oxidized to iron(III) ions.

MnO4
− (aq) reduced to Mn2+ (aq)

Fe2+ (aq) oxidized to Fe3+ (aq)

What volume, in cm3, of 0.1 mol dm−3 MnO4
− (aq) is required to reach the equivalence point in 

the titration of 20.00 cm3 of 0.1 mol dm−3 Fe2+ (aq)?

A.	 2.00

B.	 4.00

C.	 20.00

D.	 100.00

28.	 What is the organic product of the reaction of 1-chloropentane with aqueous sodium hydroxide?

A.	 pentan-1-ol

B.	 1-chloropentan-1-ol

C.	 1-chloropent-1-ene

D.	 1-chloropent-2-ene
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26.	 The overall reaction occurring at the electrodes of a rechargeable metal hydride battery can 
be summarized as:

MH + NiO(OH)  M + Ni(OH)2

Which statement is correct?

A.	 The oxidation state of Ni does not change.

B.	 M is oxidized by loss of hydrogen.

C.	 The oxidation state of one H atom changes from −1 to +1.

D.	 The oxidation state of one O atom changes from −1 to −2.

27.	 In a redox titration, manganate(VII) ions are reduced to manganese(II) ions and iron(II) ions 
are oxidized to iron(III) ions.

MnO4
− (aq) reduced to Mn2+ (aq)

Fe2+ (aq) oxidized to Fe3+ (aq)

What volume, in cm3, of 0.1 mol dm−3 MnO4
− (aq) is required to reach the equivalence point in 

the titration of 20.00 cm3 of 0.1 mol dm−3 Fe2+ (aq)?

A.	 2.00

B.	 4.00

C.	 20.00

D.	 100.00

28.	 What is the organic product of the reaction of 1-chloropentane with aqueous sodium hydroxide?

A.	 pentan-1-ol

B.	 1-chloropentan-1-ol

C.	 1-chloropent-1-ene

D.	 1-chloropent-2-ene
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28.	 Magnesium displaces silver from aqueous silver nitrate.

What is the correct description of the silver electrode in the cell shown?

V

Voltmeter

Salt bridge

Ag Mg

Ag+ Mg2+

Sign Electrode

A. + cathode

B. + anode

C. − cathode

D. − anode

29.	 Which change represents oxidation of the functional group?

A.	 CH3COOH → CH3CHO

B.	 H2CO → HCOOH

C.	 HCCH → H2CCH2

D.	 H2CO → CH3OH

30.	 Which equation represents propagation in a radical substitution mechanism?

A.	 CH4 + Cl• → •CH3 + HCl

B.	 •CH3 + Cl• → CH3Cl

C.	 Cl2 → 2Cl•

D.	 CH3Cl + Cl• → CH2Cl2 + H•

�
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28.	 What is the half equation for the reduction of nitric acid to nitrogen(II) oxide in acidic medium?

A.	 HNO3 + 3H+ + 3e-  NO + 2H2O

B.	 HNO3 + 4H+ + 4e-  NO + 2H2O

C.	 HNO3 + 2H2O  NO + 4H+ + 4e-

D.	 HNO3 + 2H2O  NO + 3H+ + 3e-

29.	 Which radical is most likely to form during the breakdown of one covalent bond of 
dichlorofluoromethane, CHCl2F, in the upper atmosphere?

A.	 • CHClF

B.	 • CCl2F

C.	 • CHCl2

D.	 • CHCl2F

30.	 But-2-ene undergoes a variety of addition reactions.

Which of the following is correct?

Reagent added Product

A. H2 But-1-ene

B. H2O Butan-1-ol

C. HBr 2-bromobutane

D. Br2 2,2-dibromobutane

�
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28.	 Which product may be obtained by the reduction of CH3CH2COOH?

A.	 CH3CH(OH)CH3

B.	 CH3CH2CH2OH

C.	 CH3CH2OCH3

D.	 CH3COOCH3

29.	 Which species represents the product of the homolytic fission of Br2 in the presence of UV light?

A.	 Br−

B.	 Br — Br

C.	 Br — Br

D.	 Br•

30.	 Which species is the electrophile?

CH3Br + OH− → CH3OH + Br−

A.	 OH−

B.	 Br−

C.	 CH3OH

D.	 CH3Br
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29.	 Which statements explain the following reactions occurring in the upper atmosphere?

Chlorofluorocarbon (CFC) compounds 
break down to produce chlorine radicals 

but usually not fluorine radicals.

A single chlorine radical breaks down 
many ozone, O3, molecules. 

A. C–Cl bond is stronger than C–F bond chain propagation steps produce more 
radicals

B. C–F bond is stronger than C–Cl bond chain termination steps cause chlorine 
radicals to reform chlorine molecules 

C. C–Cl bond is stronger than C–F bond chain termination steps cause chlorine 
radicals to reform chlorine molecules 

D. C–F bond is stronger than C–Cl bond chain propagation steps produce more 
radicals

30.	 Which species can act as an electrophile?

A.	 CH4

B.	 Cl2

C.	 Cl−

D.	 OH−

�
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28.	 Which alcohol and conditions would produce the highest yield of methylpropanoic acid?

Alcohol Conditions

A. 2-methylpropan-2-ol Reflux

B. 2-methylpropan-1-ol Reflux

C. 2-methylpropan-2-ol Distillation

D. 2-methylpropan-1-ol Distillation

29.	 Which row correctly shows heterolytic fission?

A.	

B.	

C.	

D.	  

30.	 The methanol fuel cell relies on the oxidation of methanol by oxygen. The two half-equations are 
as follows:

Anode: CH3OH(l) + H2O(l) → CO2(g) + 6H+(aq) + 6e-

Cathode: 4H+(aq) + O2(g) + 4e- → 2H2O(l)

What is the balanced equation for the overall reaction?

A.	 2CH3OH(l) + 3O2(g) → 2CO2(g) + 4H2O(l)

B.	 CH3OH(l) + 2O2(g) → CO2(g) + 2H2O(l)

C.	 2CO2(g) + 4H2O(l) → 2CH3OH(l) + 3O2(g)

D.	 CO2(g) + 2H2O(l) → CH3OH(l) + 2O2(g)

 

Br Br Br  Br 

Br Br 2Br

Br Br Br  Br 

Br Br 2Br



Chemistry SL | Paper 1A | May 2025 TZ1 | Q29 | 1 marks

Apollo | Original source crop | 157

– 14 – 2225 – 6210

© International Baccalaureate Organization 2025

28.	 Which alcohol and conditions would produce the highest yield of methylpropanoic acid?

Alcohol Conditions

A. 2-methylpropan-2-ol Reflux

B. 2-methylpropan-1-ol Reflux

C. 2-methylpropan-2-ol Distillation

D. 2-methylpropan-1-ol Distillation

29.	 Which row correctly shows heterolytic fission?

A.	

B.	

C.	

D.	  

30.	 The methanol fuel cell relies on the oxidation of methanol by oxygen. The two half-equations are 
as follows:

Anode: CH3OH(l) + H2O(l) → CO2(g) + 6H+(aq) + 6e-

Cathode: 4H+(aq) + O2(g) + 4e- → 2H2O(l)

What is the balanced equation for the overall reaction?

A.	 2CH3OH(l) + 3O2(g) → 2CO2(g) + 4H2O(l)

B.	 CH3OH(l) + 2O2(g) → CO2(g) + 2H2O(l)

C.	 2CO2(g) + 4H2O(l) → 2CH3OH(l) + 3O2(g)

D.	 CO2(g) + 2H2O(l) → CH3OH(l) + 2O2(g)

 

Br Br Br  Br 

Br Br 2Br

Br Br Br  Br 

Br Br 2Br
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26.	 Which equation correctly describes a chemical reaction?

A.	 2HCl + Na2CO3 → 2NaCl + CO2 + H2O

B.	 Cu + 2HCl → CuCl2 + H2

C.	 NaOH + HCl → NaCl + H2

D.	 2HCl + Ca(HCO3)2 → CaCl2 + 2H2O

27.	 The following occurs when tin is added to separate solutions of lead(II) nitrate, Pb(NO3)2, 
and manganese(II) nitrate, Mn(NO3)2.

Sn (s) + Pb(NO3)2 (aq) → Sn(NO3)2 (aq) + Pb (s)

Sn (s) + Mn(NO3)2 (aq) → no reaction

What is the order of decreasing reactivity of the metals?

A.	 Sn > Pb > Mn

B.	 Sn > Mn > Pb

C.	 Mn > Sn > Pb

D.	 Pb > Sn > Mn

28.	 What are the products of the electrolysis of molten aluminium oxide, Al2O3(l)?

Product at anode Product at cathode

A. O2 Al

B. O3 Al

C. Al O2

D. Al O3

29.	 Which compound can be reduced to produce butanal?

A.	 Butanoic acid

B.	 Butan-1-ol

C.	 Butanone

D.	 Butan-2-ol

– 11 – 2225 – 6222

30.	 Which is a conjugate acid–base pair?

A.	 H3PO4 / HPO4
2-

B.	 H3O
+ / OH-

C.	 H2O / OH-

D.	 NH4
+ / NH2

-

�
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11.	 A section of a polymer containing three repeating units is shown.

C C C C C C

H H H H H H

CH3 H CH3 H CH3 H

Which monomer was used to make this polymer?

A.	 But-1-ene

B.	 But-2-ene

C.	 Methylpropene

D.	 Propene

12.	 What are the oxidation states of the elements in Na2CrO4?

Sodium Chromium Oxygen

A. +1 +6 -1

B. +2 +3 -1

C. +1 +6 -2

D. +2 +3 -2

13.	 What is the IUPAC name of the molecule below?

O

A.	 2-ethyl-4-methylpentan-3-one

B.	 4-ethyl-2-methylpentan-3-one

C.	 2,4-dimethylhexan-3-one

D.	 3,5-dimethylhexan-4-one
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28.	 What is the half equation for the reduction of nitric acid to nitrogen(II) oxide in acidic medium?

A.	 HNO3 + 3H+ + 3e-  NO + 2H2O

B.	 HNO3 + 4H+ + 4e-  NO + 2H2O

C.	 HNO3 + 2H2O  NO + 4H+ + 4e-

D.	 HNO3 + 2H2O  NO + 3H+ + 3e-

29.	 Which radical is most likely to form during the breakdown of one covalent bond of 
dichlorofluoromethane, CHCl2F, in the upper atmosphere?

A.	 • CHClF

B.	 • CCl2F

C.	 • CHCl2

D.	 • CHCl2F

30.	 But-2-ene undergoes a variety of addition reactions.

Which of the following is correct?

Reagent added Product

A. H2 But-1-ene

B. H2O Butan-1-ol

C. HBr 2-bromobutane

D. Br2 2,2-dibromobutane

�
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28.	 Which product may be obtained by the reduction of CH3CH2COOH?

A.	 CH3CH(OH)CH3

B.	 CH3CH2CH2OH

C.	 CH3CH2OCH3

D.	 CH3COOCH3

29.	 Which species represents the product of the homolytic fission of Br2 in the presence of UV light?

A.	 Br−

B.	 Br — Br

C.	 Br — Br

D.	 Br•

30.	 Which species is the electrophile?

CH3Br + OH− → CH3OH + Br−

A.	 OH−

B.	 Br−

C.	 CH3OH

D.	 CH3Br
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28.	 Which product may be obtained by the reduction of CH3CH2COOH?

A.	 CH3CH(OH)CH3

B.	 CH3CH2CH2OH

C.	 CH3CH2OCH3

D.	 CH3COOCH3

29.	 Which species represents the product of the homolytic fission of Br2 in the presence of UV light?

A.	 Br−

B.	 Br — Br

C.	 Br — Br

D.	 Br•

30.	 Which species is the electrophile?

CH3Br + OH− → CH3OH + Br−

A.	 OH−

B.	 Br−

C.	 CH3OH

D.	 CH3Br
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4.	 Bromoethane can react with aqueous hydroxide ions to produce ethanol.

H3CCH2Br (l) + OH- (aq) → H3CCH2OH (aq) + Br- (aq)

(a)	 State the type of reaction.� [1]

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

(b)	 Sketch the mechanism of the reaction, showing structural formulas and using 
curly arrows to represent the movement of electron pairs.� [3]

(c)	 Determine the standard enthalpy change of the reaction, in kJ mol-1. Use section 12 
of the data booklet. Ignore interactions between ions and the solvent.� [2]

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������
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5.	 A sample of bromine has the following composition by mass:

79Br: 50.75 %
81Br: 49.25 %

(a)	 Contrast the atomic structures of the isotopes.� [1]

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

(b)	 Calculate the relative atomic mass of bromine from the sample, giving your answer to 
two decimal places.� [2]

���������������������������������������������������������������������������������������������������������������������������������������������������
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26.	 The overall reaction occurring at the electrodes of a rechargeable metal hydride battery can 
be summarized as:

MH + NiO(OH)  M + Ni(OH)2

Which statement is correct?

A.	 The oxidation state of Ni does not change.

B.	 M is oxidized by loss of hydrogen.

C.	 The oxidation state of one H atom changes from −1 to +1.

D.	 The oxidation state of one O atom changes from −1 to −2.

27.	 In a redox titration, manganate(VII) ions are reduced to manganese(II) ions and iron(II) ions 
are oxidized to iron(III) ions.

MnO4
− (aq) reduced to Mn2+ (aq)

Fe2+ (aq) oxidized to Fe3+ (aq)

What volume, in cm3, of 0.1 mol dm−3 MnO4
− (aq) is required to reach the equivalence point in 

the titration of 20.00 cm3 of 0.1 mol dm−3 Fe2+ (aq)?

A.	 2.00

B.	 4.00

C.	 20.00

D.	 100.00

28.	 What is the organic product of the reaction of 1-chloropentane with aqueous sodium hydroxide?

A.	 pentan-1-ol

B.	 1-chloropentan-1-ol

C.	 1-chloropent-1-ene

D.	 1-chloropent-2-ene

– 11 –
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29.	 Which statements explain the following reactions occurring in the upper atmosphere?

Chlorofluorocarbon (CFC) compounds 
break down to produce chlorine radicals 

but usually not fluorine radicals.

A single chlorine radical breaks down 
many ozone, O3, molecules. 

A. C–Cl bond is stronger than C–F bond chain propagation steps produce more 
radicals

B. C–F bond is stronger than C–Cl bond chain termination steps cause chlorine 
radicals to reform chlorine molecules 

C. C–Cl bond is stronger than C–F bond chain termination steps cause chlorine 
radicals to reform chlorine molecules 

D. C–F bond is stronger than C–Cl bond chain propagation steps produce more 
radicals

30.	 Which species can act as an electrophile?

A.	 CH4

B.	 Cl2

C.	 Cl−

D.	 OH−

�
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0000 – 6104

29.	 Which statements explain the following reactions occurring in the upper atmosphere?

Chlorofluorocarbon (CFC) compounds 
break down to produce chlorine radicals 

but usually not fluorine radicals.

A single chlorine radical breaks down 
many ozone, O3, molecules. 

A. C–Cl bond is stronger than C–F bond chain propagation steps produce more 
radicals

B. C–F bond is stronger than C–Cl bond chain termination steps cause chlorine 
radicals to reform chlorine molecules 

C. C–Cl bond is stronger than C–F bond chain termination steps cause chlorine 
radicals to reform chlorine molecules 

D. C–F bond is stronger than C–Cl bond chain propagation steps produce more 
radicals

30.	 Which species can act as an electrophile?

A.	 CH4

B.	 Cl2

C.	 Cl−

D.	 OH−

�
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Introduction to the particulate nature of

matter

4 questions
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Section A

1.	 A test tube contains a mixture of liquid hydrocarbons. What is the type of mixture and the 
best method of separation?

Type of mixture Method of separation

A. homogeneous distillation

B. homogeneous filtration

C. heterogeneous distillation

D. heterogeneous filtration

2.	 Which property is the same for water containing tritium (3H) and water containing hydrogen (1H)?

A.	 Density

B.	 Dipole moment of a molecule

C.	 Boiling point

D.	 Relative molecular mass

3.	 The emission spectrum of hydrogen provides evidence for which feature of atomic structure?

A.	 Nucleus

B.	 Energy levels

C.	 Isotopes

D.	 Protons

4.	 What is the maximum number of electrons that can occupy the n = 3 main energy level?

A.	 3

B.	 8

C.	 18

D.	 28
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8.	 What is the retardation factor, RF, of compound X according to this paper chromatogram?

Solvent front

Origin

Position of compound X

21 mm

10 mm

12 mm

7 mm

A.	 0.55

B.	 0.75

C.	 0.82

D.	 1.33

9.	 Which metal has the strongest bonding?

A.	 Mg

B.	 Ca

C.	 Sr

D.	 Ba
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Section A

1.	 Which methods for separating the given mixtures into their components are correct?

Mixture Method

I. A mixture of solid in a liquid in which solubility of the solid varies 
with temperature Crystallization

II. A mixture of a solid in a liquid in which the solid is not dissolved Filtration

III. A mixture of two miscible liquids with different boiling points Distillation

A.	 I and II only

B.	 I and III only

C.	 II and III only

D.	 I, II and III

2.	 What is the number of subatomic particles in 137Ba2+?

Protons Neutrons Electrons

A. 58 81 54

B. 56 81 54

C. 56 137 58

D. 58 137 58

3.	 Which orbital diagram represents a correct ground state electron configuration based on 
the Pauli exclusion principle and Hund’s rule?

A.
1s 2s 2p

B.
1s 2s 2p

C.
1s 2s 2p

D.
1s 2s 2p
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Section A

1.	 What is the name of this change of state?

CO2 (g) → CO2 (s)

A.	 Condensation

B.	 Deposition

C.	 Sublimation

D.	 Freezing

2.	 What is the best evidence that energy levels are closer together as distance from the 
nucleus increases?

A.	 Hydrogen has a line emission spectrum in each of the UV, visible and IR regions.

B.	 First ionization energies decrease down a group.

C.	 Lines in an emission spectrum converge at higher energy.

D.	 First ionization energy generally increases across a period.

3.	 How many ions are present in 0.20 mol of (NH4)2SO4?

A.	 0.20 × 1 × 6 × 1023

B.	 0.20 × 2 × 6 × 1023

C.	 0.20 × 3 × 6 × 1023

D.	 0.20 × 7 × 6 × 1023



APOLLO

The nuclear atom

5 questions
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1.	 The diagram below shows the behaviour of protons, neutrons and electrons in an electric field.

Positive electrode 

x

y

z

Beam of
particles

Negative electrode 

What is the correct identity of each particle?

Protons Electrons Neutrons

A. y z x

B. x y z

C. z x y

D. x z y

2.	 Which of the following species have the same number of outer electrons? The letters do not 
represent symbols of elements.

24
12W

2+ 31
16X

- 45
21Y

2+ 19
9Z

-

A.	 X and Y

B.	 X and W

C.	 Z and Y

D.	 Z and W
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Section A

1.	 A test tube contains a mixture of liquid hydrocarbons. What is the type of mixture and the 
best method of separation?

Type of mixture Method of separation

A. homogeneous distillation

B. homogeneous filtration

C. heterogeneous distillation

D. heterogeneous filtration

2.	 Which property is the same for water containing tritium (3H) and water containing hydrogen (1H)?

A.	 Density

B.	 Dipole moment of a molecule

C.	 Boiling point

D.	 Relative molecular mass

3.	 The emission spectrum of hydrogen provides evidence for which feature of atomic structure?

A.	 Nucleus

B.	 Energy levels

C.	 Isotopes

D.	 Protons

4.	 What is the maximum number of electrons that can occupy the n = 3 main energy level?

A.	 3

B.	 8

C.	 18

D.	 28
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4.	 Which row shows the number of subatomic particles in 57Fe3+?

Protons Neutrons Electrons

A. 26 31 29

B. 26 31 23

C. 23 57 23

D. 57 57 26

5.	 What is the maximum number of electrons that can occupy the fourth main energy level of 
an atom?

A.	 8

B.	 18

C.	 32

D.	 64

6.	 What is the formula of the compound formed by aluminium ions and sulfate(VI) ions?

A.	 AlSO3

B.	 Al2(SO3)3

C.	 AlSO4

D.	 Al2(SO4)3
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Section A

1.	 Which methods for separating the given mixtures into their components are correct?

Mixture Method

I. A mixture of solid in a liquid in which solubility of the solid varies 
with temperature Crystallization

II. A mixture of a solid in a liquid in which the solid is not dissolved Filtration

III. A mixture of two miscible liquids with different boiling points Distillation

A.	 I and II only

B.	 I and III only

C.	 II and III only

D.	 I, II and III

2.	 What is the number of subatomic particles in 137Ba2+?

Protons Neutrons Electrons

A. 58 81 54

B. 56 81 54

C. 56 137 58

D. 58 137 58

3.	 Which orbital diagram represents a correct ground state electron configuration based on 
the Pauli exclusion principle and Hund’s rule?

A.
1s 2s 2p

B.
1s 2s 2p

C.
1s 2s 2p

D.
1s 2s 2p
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Section A

1.	 Which technique is used to purify a solid obtained from a chemical reaction?

A.	 distillation

B.	 evaporation

C.	 recrystallization

D.	 filtration

2.	 Ice containing only the isotope 2H sinks and does not melt when dropped into ordinary 
distilled water maintained at 3 C.

Which statement is correct?

A.	 The isotope 2H has a high natural abundance.

B.	 2H2O (s) has a higher melting point than normal ice.

C.	 2H2O (s) has a lower density than normal ice-cold water.

D.	 2H2O has different chemical properties from normal water.

3.	 Which electron transition in the hydrogen atom emits radiation with the highest energy?

A.	 n = 1 to n = 2

B.	 n = 2 to n = 3

C.	 n = 2 to n = 1

D.	 n = 3 to n = 2

4.	 A container holds 30 g of argon and 60 g of neon.

What is the ratio of number of atoms of argon to number of atoms of neon in the container?

A.	 0.25

B.	 0.50

C.	 2.0

D.	 4.0



APOLLO

Electron configurations

11 questions
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1.	 The diagram below shows the behaviour of protons, neutrons and electrons in an electric field.

Positive electrode 

x

y

z

Beam of
particles

Negative electrode 

What is the correct identity of each particle?

Protons Electrons Neutrons

A. y z x

B. x y z

C. z x y

D. x z y

2.	 Which of the following species have the same number of outer electrons? The letters do not 
represent symbols of elements.

24
12W

2+ 31
16X

- 45
21Y

2+ 19
9Z

-

A.	 X and Y

B.	 X and W

C.	 Z and Y

D.	 Z and W

– 3 – 2225 – 6210

Turn over

3.	 Which diagram shows the correct electron configuration of a nitrogen atom in the ground state?

A.    

1s 2s 2p

B.      

1s 2s 2p

C.    

1s 2s 2p

D.      

1s 2s 2p

4.	 Which row shows a gas that would deviate the least from ideal gas behaviour?

Gas Pressure Temperature

A. Phosphine, PH3 Low High

B. Ammonia, NH3 Low High

C. Phosphine, PH3 High Low

D. Ammonia, NH3 High Low
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3.	 Which diagram shows the correct electron configuration of a nitrogen atom in the ground state?

A.    

1s 2s 2p

B.      

1s 2s 2p

C.    

1s 2s 2p

D.      

1s 2s 2p

4.	 Which row shows a gas that would deviate the least from ideal gas behaviour?

Gas Pressure Temperature

A. Phosphine, PH3 Low High

B. Ammonia, NH3 Low High

C. Phosphine, PH3 High Low

D. Ammonia, NH3 High Low
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5.	 Which row correctly shows the shape of s and p atomic orbitals?

A.

s p

B.

s p

C.

s p

D.

s p

6.	 The volume of a container filled with a fixed amount of gas is increased by 100 % at constant 
temperature. How does this affect the pressure in a container? pV = nRT

A.	 Pressure increases by 100 %.

B.	 Pressure decreases by 100 %.

C.	 Pressure increases by 50 %.

D.	 Pressure decreases by 50 %.

7.	 Which row shows the correct formula and electron configuration of the species in calcium nitride?

Formula
Electron 

configuration of 
the Ca species

Electron 
configuration of 

the N species

A. Ca2N3 [Ar] [Ne] 

B. Ca2N3 [Ar] 4s2 [He] 2s2 2p3

C. Ca3N2 [Ar] 4s2 [He] 2s2 2p3

D. Ca3N2 [Ar] [Ne]
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Section A

1.	 A test tube contains a mixture of liquid hydrocarbons. What is the type of mixture and the 
best method of separation?

Type of mixture Method of separation

A. homogeneous distillation

B. homogeneous filtration

C. heterogeneous distillation

D. heterogeneous filtration

2.	 Which property is the same for water containing tritium (3H) and water containing hydrogen (1H)?

A.	 Density

B.	 Dipole moment of a molecule

C.	 Boiling point

D.	 Relative molecular mass

3.	 The emission spectrum of hydrogen provides evidence for which feature of atomic structure?

A.	 Nucleus

B.	 Energy levels

C.	 Isotopes

D.	 Protons

4.	 What is the maximum number of electrons that can occupy the n = 3 main energy level?

A.	 3

B.	 8

C.	 18

D.	 28
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Section A

1.	 A test tube contains a mixture of liquid hydrocarbons. What is the type of mixture and the 
best method of separation?

Type of mixture Method of separation

A. homogeneous distillation

B. homogeneous filtration

C. heterogeneous distillation

D. heterogeneous filtration

2.	 Which property is the same for water containing tritium (3H) and water containing hydrogen (1H)?

A.	 Density

B.	 Dipole moment of a molecule

C.	 Boiling point

D.	 Relative molecular mass

3.	 The emission spectrum of hydrogen provides evidence for which feature of atomic structure?

A.	 Nucleus

B.	 Energy levels

C.	 Isotopes

D.	 Protons

4.	 What is the maximum number of electrons that can occupy the n = 3 main energy level?

A.	 3

B.	 8

C.	 18

D.	 28

– 3 – 2225 – 6216

Turn over

5.	 What is the empirical formula of a compound with the following composition by mass?

C = 37.5 % H = 12.5 % O = 50.0 %

A.	 C4H12O5

B.	 C3H12O3

C.	 C3HO4

D.	 CH4O

6.	 What is the charge of the monatomic ion usually formed by the element with the following 
electron configuration?

[He] 2s22p3

A.	 3−

B.	 2+

C.	 3+

D.	 5+

7.	 Which molecule is polar?

A.	 CH4

B.	 C6H6

C.	 SO2

D.	 CO2
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Turn over

5.	 What is the empirical formula of a compound with the following composition by mass?

C = 37.5 % H = 12.5 % O = 50.0 %

A.	 C4H12O5

B.	 C3H12O3

C.	 C3HO4

D.	 CH4O

6.	 What is the charge of the monatomic ion usually formed by the element with the following 
electron configuration?

[He] 2s22p3

A.	 3−

B.	 2+

C.	 3+

D.	 5+

7.	 Which molecule is polar?

A.	 CH4

B.	 C6H6

C.	 SO2

D.	 CO2
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Turn over

4.	 Which row shows the number of subatomic particles in 57Fe3+?

Protons Neutrons Electrons

A. 26 31 29

B. 26 31 23

C. 23 57 23

D. 57 57 26

5.	 What is the maximum number of electrons that can occupy the fourth main energy level of 
an atom?

A.	 8

B.	 18

C.	 32

D.	 64

6.	 What is the formula of the compound formed by aluminium ions and sulfate(VI) ions?

A.	 AlSO3

B.	 Al2(SO3)3

C.	 AlSO4

D.	 Al2(SO4)3
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10.	 Which monomer could produce this polymer?

CH CH
CH2

CH CH
CH2

CH CH
CH2CH2 CH2 CH2

A.	 C6H6CH2CH2

B.	 C6H6CHCH2

C.	 C6H5CHCH2

D.	 C6H5CH2CH2

11.	 Which of these elements is in the f-block of the periodic table?

A.	 Ra

B.	 Lu

C.	 Rf

D.	 Nh

12.	 What is the electron configuration of an atom of Cu?

A.	 [Ar]3d9

B.	 [Ar]4s23d9

C.	 [Ar]4s24d9

D.	 [Ar]4s13d10

– 6 – 2225 – 6222

13.	 Which pair of elements would react with each other the least vigorously?

A.	 Lithium and fluorine

B.	 Lithium and iodine

C.	 Caesium and fluorine

D.	 Caesium and iodine

14.	 Which compounds contain an atom in a +3 oxidation state?

I.	 NO2
-

II.	 FeCl3

III.	 BrF3

A.	 I and II only

B.	 I and III only

C.	 II and III only

D.	 I, II and III

15.	 Which functional groups are present in both of these molecules?

H3C

H3C

N N

O

CH3

N
H

F

O

N

N

A.	 Amino and amido

B.	 Amino and alkoxy

C.	 Amino and carbonyl

D.	 Amino and a benzene ring
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Section A

1.	 Which methods for separating the given mixtures into their components are correct?

Mixture Method

I. A mixture of solid in a liquid in which solubility of the solid varies 
with temperature Crystallization

II. A mixture of a solid in a liquid in which the solid is not dissolved Filtration

III. A mixture of two miscible liquids with different boiling points Distillation

A.	 I and II only

B.	 I and III only

C.	 II and III only

D.	 I, II and III

2.	 What is the number of subatomic particles in 137Ba2+?

Protons Neutrons Electrons

A. 58 81 54

B. 56 81 54

C. 56 137 58

D. 58 137 58

3.	 Which orbital diagram represents a correct ground state electron configuration based on 
the Pauli exclusion principle and Hund’s rule?

A.
1s 2s 2p

B.
1s 2s 2p

C.
1s 2s 2p

D.
1s 2s 2p

– 3 – 8825 – 6210

Turn over

4.	 5.72 g of Na2CO3•10H2O (Mr = 286 gmol-1) is dissolved in water to prepare 0.4 dm3 of 
aqueous solution.

What is the concentration of sodium ions, in mol dm-3, in the resulting solution? 

A.	 0.02

B.	 0.04

C.	 0.05

D.	 0.10

5.	 In which of the following sets of conditions does the gas exhibit behaviour closest to an ideal gas ?

Gas Pressure / kPa Temperature / K

A. H2 100 273

B. NH3 50 473

C. H2 50 473

D. NH3 100 273

6.	 An expanded view of the NaCl lattice is given in the figure.

Na+

Cl-

Which statement is correct for the lattice structure of NaCl?

A.	 The ions are held together in the lattice by covalent bonds.

B.	 The forces of attraction in the lattice are very weak.

C.	 Each sodium ion is surrounded by four chloride ions.

D.	 The structure breaks apart when dissolved in water.
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Section A

1.	 What is the name of this change of state?

CO2 (g) → CO2 (s)

A.	 Condensation

B.	 Deposition

C.	 Sublimation

D.	 Freezing

2.	 What is the best evidence that energy levels are closer together as distance from the 
nucleus increases?

A.	 Hydrogen has a line emission spectrum in each of the UV, visible and IR regions.

B.	 First ionization energies decrease down a group.

C.	 Lines in an emission spectrum converge at higher energy.

D.	 First ionization energy generally increases across a period.

3.	 How many ions are present in 0.20 mol of (NH4)2SO4?

A.	 0.20 × 1 × 6 × 1023

B.	 0.20 × 2 × 6 × 1023

C.	 0.20 × 3 × 6 × 1023

D.	 0.20 × 7 × 6 × 1023
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Section A

1.	 Which technique is used to purify a solid obtained from a chemical reaction?

A.	 distillation

B.	 evaporation

C.	 recrystallization

D.	 filtration

2.	 Ice containing only the isotope 2H sinks and does not melt when dropped into ordinary 
distilled water maintained at 3 C.

Which statement is correct?

A.	 The isotope 2H has a high natural abundance.

B.	 2H2O (s) has a higher melting point than normal ice.

C.	 2H2O (s) has a lower density than normal ice-cold water.

D.	 2H2O has different chemical properties from normal water.

3.	 Which electron transition in the hydrogen atom emits radiation with the highest energy?

A.	 n = 1 to n = 2

B.	 n = 2 to n = 3

C.	 n = 2 to n = 1

D.	 n = 3 to n = 2

4.	 A container holds 30 g of argon and 60 g of neon.

What is the ratio of number of atoms of argon to number of atoms of neon in the container?

A.	 0.25

B.	 0.50

C.	 2.0

D.	 4.0



APOLLO

Counting particles by mass: The mole

8 questions
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5.	 What is the empirical formula of a compound with the following composition by mass?

C = 37.5 % H = 12.5 % O = 50.0 %

A.	 C4H12O5

B.	 C3H12O3

C.	 C3HO4

D.	 CH4O

6.	 What is the charge of the monatomic ion usually formed by the element with the following 
electron configuration?

[He] 2s22p3

A.	 3−

B.	 2+

C.	 3+

D.	 5+

7.	 Which molecule is polar?

A.	 CH4

B.	 C6H6

C.	 SO2

D.	 CO2
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Section A

1.	 How many oxygen atoms are present in 0.0200 mol CuSO4• 5H2O?

A.	 1.20 × 1022

B.	 1.08 × 1022

C.	 6.02 × 1023

D.	 1.08 × 1023

2.	 What is a possible empirical formula for a substance with Mr = 58?

I.	 C2H5

II.	 C4H10

III.	 C3H6O

A.	 I and II only

B.	 I and III only

C.	 II and III only

D.	 I, II and III

3.	 Which volume of butane gas, in cm3, will produce 40 cm3 of carbon dioxide gas when it is 
completely combusted in oxygen?

2C4H10 (g) + 13O2 (g) → 8CO2 (g) + 10H2O (g)

A.	 5

B.	 10

C.	 20

D.	 40
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Section A

1.	 How many oxygen atoms are present in 0.0200 mol CuSO4• 5H2O?

A.	 1.20 × 1022

B.	 1.08 × 1022

C.	 6.02 × 1023

D.	 1.08 × 1023

2.	 What is a possible empirical formula for a substance with Mr = 58?

I.	 C2H5

II.	 C4H10

III.	 C3H6O

A.	 I and II only

B.	 I and III only

C.	 II and III only

D.	 I, II and III

3.	 Which volume of butane gas, in cm3, will produce 40 cm3 of carbon dioxide gas when it is 
completely combusted in oxygen?

2C4H10 (g) + 13O2 (g) → 8CO2 (g) + 10H2O (g)

A.	 5

B.	 10

C.	 20

D.	 40
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5.	 An unknown organic compound contains only carbon, hydrogen and oxygen.

(a)	 4.32 g of the compound was combusted completely in oxygen and produced 9.49 g of 
CO2 and 5.18 g of H2O. 
Determine the empirical formula of the compound, using sections 1 and 7 of the data 
booklet.� [3]

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������
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���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

(b)	 The same organic compound was vaporized completely at a controlled temperature 
and pressure.

(i)	 0.108 g of the vaporized compound was found to have a volume of 55.7 cm3 at 
100 oC and a pressure of 1.00 × 105 Pa. 
Calculate the amount, in moles, of the compound. Use sections 1, 2 and 4 of the 
data booklet.� [2]

���������������������������������������������������������������������������������������������������������������������������������������������������
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���������������������������������������������������������������������������������������������������������������������������������������������������
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���������������������������������������������������������������������������������������������������������������������������������������������������

(ii)	 Determine the molar mass of the organic compound, using section 1 of the data 
booklet. 
If you did not get an answer to (i), use n = 0.00220 mol, although this is not the 
correct value.� [1]

���������������������������������������������������������������������������������������������������������������������������������������������������
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6.	 Organic compounds have many industrial applications.

(a)	 A section of an addition polymer is shown.

CH3

H

C

H

H

C

H

C

CH3 H

H

C

H

C

CH3 H

H

C

H

C

CH3 H

H

C

H

C

CH3 H

H

C

(i)	 Deduce the structure of the monomer that forms this polymer.� [1]

(ii)	 Describe one chemical property that makes this type of polymer a useful material.� [1]

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

(This question continues on the following page)
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4.	 5.72 g of Na2CO3•10H2O (Mr = 286 gmol-1) is dissolved in water to prepare 0.4 dm3 of 
aqueous solution.

What is the concentration of sodium ions, in mol dm-3, in the resulting solution? 

A.	 0.02

B.	 0.04

C.	 0.05

D.	 0.10

5.	 In which of the following sets of conditions does the gas exhibit behaviour closest to an ideal gas ?

Gas Pressure / kPa Temperature / K

A. H2 100 273

B. NH3 50 473

C. H2 50 473

D. NH3 100 273

6.	 An expanded view of the NaCl lattice is given in the figure.

Na+

Cl-

Which statement is correct for the lattice structure of NaCl?

A.	 The ions are held together in the lattice by covalent bonds.

B.	 The forces of attraction in the lattice are very weak.

C.	 Each sodium ion is surrounded by four chloride ions.

D.	 The structure breaks apart when dissolved in water.
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Section A

1.	 What is the name of this change of state?

CO2 (g) → CO2 (s)

A.	 Condensation

B.	 Deposition

C.	 Sublimation

D.	 Freezing

2.	 What is the best evidence that energy levels are closer together as distance from the 
nucleus increases?

A.	 Hydrogen has a line emission spectrum in each of the UV, visible and IR regions.

B.	 First ionization energies decrease down a group.

C.	 Lines in an emission spectrum converge at higher energy.

D.	 First ionization energy generally increases across a period.

3.	 How many ions are present in 0.20 mol of (NH4)2SO4?

A.	 0.20 × 1 × 6 × 1023

B.	 0.20 × 2 × 6 × 1023

C.	 0.20 × 3 × 6 × 1023

D.	 0.20 × 7 × 6 × 1023

– 3 – 8825 – 6222
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4.	 What is the volume, in dm3, of ethane gas, C2H6 (g), produced when 0.25 dm3 of ethyne, C2H2 (g), 
reacts with 0.40 dm3 of hydrogen gas, H2 (g)?

All volumes are measured under the same conditions.

C2H2 (g) + 2H2 (g) → C2H6 (g)

A.	 0.20

B.	 0.25

C.	 0.40

D.	 0.45

5.	 A fixed volume of an ideal gas, initially at 30 °C and with a pressure of P Pa, was heated to 60 °C. 
What is the resulting pressure in Pa?

A.	 Half of P

B.	 A little less than P

C.	 A little more than P

D.	 Two times P

6.	 What are the electron domain geometry and molecular geometry of sulfur dichloride, SCl2?

Electron domain geometry Molecular geometry

A. Tetrahedral Linear

B. Tetrahedral Bent

C. Linear Linear

D. Trigonal planar Bent

7.	 Which molecule is most polar?

A.	 CF4

B.	 CO2

C.	 NBr3

D.	 NH3



Chemistry SL | Paper 1A | Specimen 2025 | Q4 | 1 marks

Apollo | Original source crop | 201

– 2 –

SPEC/4/CHEMI/SPM/ENG/TZ0/XX

0000 – 6104

Section A

1.	 Which technique is used to purify a solid obtained from a chemical reaction?

A.	 distillation

B.	 evaporation

C.	 recrystallization

D.	 filtration

2.	 Ice containing only the isotope 2H sinks and does not melt when dropped into ordinary 
distilled water maintained at 3 C.

Which statement is correct?

A.	 The isotope 2H has a high natural abundance.

B.	 2H2O (s) has a higher melting point than normal ice.

C.	 2H2O (s) has a lower density than normal ice-cold water.

D.	 2H2O has different chemical properties from normal water.

3.	 Which electron transition in the hydrogen atom emits radiation with the highest energy?

A.	 n = 1 to n = 2

B.	 n = 2 to n = 3

C.	 n = 2 to n = 1

D.	 n = 3 to n = 2

4.	 A container holds 30 g of argon and 60 g of neon.

What is the ratio of number of atoms of argon to number of atoms of neon in the container?

A.	 0.25

B.	 0.50

C.	 2.0

D.	 4.0
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5.	 A gas storage tank of fixed volume V contains N molecules of an ideal gas at 300 K with a 

pressure of 40 kPa. N
4

 molecules are removed, and the temperature is changed to 450 K.

What is the new pressure of the gas in kPa?

A.	 15

B.	 30

C.	 45

D.	 60

6.	 What is the formula of the compound formed between magnesium ions and 
hydrogencarbonate ions?

A.	 MgHCO3

B.	 Mg(HCO3)2

C.	 Mg(HCO3)3

D.	 Mg3(HCO3)2

7.	 Which species contains a coordination bond?

A.	 CO2

B.	 HCN

C.	 NO2
+

D.	 NO3
−

8.	 Which properties depend on the movement of the delocalized electrons in a metal?

I.	 Electrical conductivity

II.	 Thermal conductivity

III.	 Density

A.	 I and II only

B.	 I and III only

C.	 II and III only

D.	 I, II and III



Chemistry SL | Paper 2 | Specimen 2025 | Q1 | 6 marks

Apollo | Original source crop | 202

– 3 –

SPEC/4/CHEMI/SP2/ENG/TZ0/XX

0000 – 6106

Turn over

Answer all questions. Answers must be written within the answer boxes provided.

1.	 A monoprotic acid, HX, is found to have the following composition by mass:

C = 39.99 % H = 6.73 % O = 53.28 %

(a)	 Determine the empirical formula of the compound HX.� [2]

����������������������������������������������������������������������������������������������������������������������������������������������������
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����������������������������������������������������������������������������������������������������������������������������������������������������

(b)	 25.00 cm3 of a solution, containing 1.51 g of HX is titrated with a 0.750 mol dm-3 
solution of NaOH (aq). The HX (aq) solution is exactly neutralized by 22.30 cm3 of the 
NaOH (aq) solution. Determine the molar mass (M) of HX.� [2]

����������������������������������������������������������������������������������������������������������������������������������������������������
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(c)	 State the molecular formula of HX.� [1]
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(d)	 HX reacts with aqueous sodium hydroxide according to the equation:

HX (aq) + NaOH (aq) → NaX (aq) + H2O (l)

Identify a functional group present in HX.� [1]

����������������������������������������������������������������������������������������������������������������������������������������������������
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2.	 Scientific models are used to explain the structure of matter.

(a)	 An α-particle is a helium-4 nucleus. In an experiment, α-particles are accelerated 
towards a thin sheet of gold and their resulting paths are detected, giving evidence of 
the positive charge of the nucleus.

Thin sheet of gold

Path IIα-particles

Accelerated
Path I

Angle of detection θ increase from 0° to 180°

θ

The number of α-particles detected at different angles of deflection θ are shown.

180° 180°90° 0° 90°

Path II Path II

Path I

θ

Number of α-particles detected

Key:

(This question continues on the following page)
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3.	 Which diagram shows the correct electron configuration of a nitrogen atom in the ground state?

A.    

1s 2s 2p

B.      

1s 2s 2p

C.    

1s 2s 2p

D.      

1s 2s 2p

4.	 Which row shows a gas that would deviate the least from ideal gas behaviour?

Gas Pressure Temperature

A. Phosphine, PH3 Low High

B. Ammonia, NH3 Low High

C. Phosphine, PH3 High Low

D. Ammonia, NH3 High Low

– 4 – 2225 – 6210

5.	 Which row correctly shows the shape of s and p atomic orbitals?

A.

s p

B.

s p

C.

s p

D.

s p

6.	 The volume of a container filled with a fixed amount of gas is increased by 100 % at constant 
temperature. How does this affect the pressure in a container? pV = nRT

A.	 Pressure increases by 100 %.

B.	 Pressure decreases by 100 %.

C.	 Pressure increases by 50 %.

D.	 Pressure decreases by 50 %.

7.	 Which row shows the correct formula and electron configuration of the species in calcium nitride?

Formula
Electron 

configuration of 
the Ca species

Electron 
configuration of 

the N species

A. Ca2N3 [Ar] [Ne] 

B. Ca2N3 [Ar] 4s2 [He] 2s2 2p3

C. Ca3N2 [Ar] 4s2 [He] 2s2 2p3

D. Ca3N2 [Ar] [Ne]
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5.	 Which row correctly shows the shape of s and p atomic orbitals?

A.

s p

B.

s p

C.

s p

D.

s p

6.	 The volume of a container filled with a fixed amount of gas is increased by 100 % at constant 
temperature. How does this affect the pressure in a container? pV = nRT

A.	 Pressure increases by 100 %.

B.	 Pressure decreases by 100 %.

C.	 Pressure increases by 50 %.

D.	 Pressure decreases by 50 %.

7.	 Which row shows the correct formula and electron configuration of the species in calcium nitride?

Formula
Electron 

configuration of 
the Ca species

Electron 
configuration of 

the N species

A. Ca2N3 [Ar] [Ne] 

B. Ca2N3 [Ar] 4s2 [He] 2s2 2p3

C. Ca3N2 [Ar] 4s2 [He] 2s2 2p3

D. Ca3N2 [Ar] [Ne]



Chemistry SL | Paper 1A | Nov 2025 TZ1 | Q5 | 1 marks

Apollo | Original source crop | 207

– 3 – 8825 – 6210

Turn over

4.	 5.72 g of Na2CO3•10H2O (Mr = 286 gmol-1) is dissolved in water to prepare 0.4 dm3 of 
aqueous solution.

What is the concentration of sodium ions, in mol dm-3, in the resulting solution? 

A.	 0.02

B.	 0.04

C.	 0.05

D.	 0.10

5.	 In which of the following sets of conditions does the gas exhibit behaviour closest to an ideal gas ?

Gas Pressure / kPa Temperature / K

A. H2 100 273

B. NH3 50 473

C. H2 50 473

D. NH3 100 273

6.	 An expanded view of the NaCl lattice is given in the figure.

Na+

Cl-

Which statement is correct for the lattice structure of NaCl?

A.	 The ions are held together in the lattice by covalent bonds.

B.	 The forces of attraction in the lattice are very weak.

C.	 Each sodium ion is surrounded by four chloride ions.

D.	 The structure breaks apart when dissolved in water.
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4.	 What is the volume, in dm3, of ethane gas, C2H6 (g), produced when 0.25 dm3 of ethyne, C2H2 (g), 
reacts with 0.40 dm3 of hydrogen gas, H2 (g)?

All volumes are measured under the same conditions.

C2H2 (g) + 2H2 (g) → C2H6 (g)

A.	 0.20

B.	 0.25

C.	 0.40

D.	 0.45

5.	 A fixed volume of an ideal gas, initially at 30 °C and with a pressure of P Pa, was heated to 60 °C. 
What is the resulting pressure in Pa?

A.	 Half of P

B.	 A little less than P

C.	 A little more than P

D.	 Two times P

6.	 What are the electron domain geometry and molecular geometry of sulfur dichloride, SCl2?

Electron domain geometry Molecular geometry

A. Tetrahedral Linear

B. Tetrahedral Bent

C. Linear Linear

D. Trigonal planar Bent

7.	 Which molecule is most polar?

A.	 CF4

B.	 CO2

C.	 NBr3

D.	 NH3
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Answer all questions. Answers must be written within the answer boxes provided.

1.	 Nitrogen monoxide, NO (g), is produced in internal combustion and jet engines.

(a)	 Outline a reason why NO is a pollutant.� [1]

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

(b)	 Calculate the amount, in moles, of NO in 1.0 × 10-3 m3 of engine exhaust gas which 
contains 0.10 % NO by volume at 200 °C and 1.0 × 105 Pa.

Use sections 1 and 2 of the data booklet.� [3]

���������������������������������������������������������������������������������������������������������������������������������������������������
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(c)	 In an exhaust pipe catalytic converter, NO reacts with carbon monoxide, CO.

NO (g) + CO (g) → CO2 (g) +  1
2

 N2 (g)

Deduce which element is reduced in this process, indicating the initial and final 
oxidation states.� [1]

Element Initial oxidation state Final oxidation state

16EP02
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2.	 Nitric acid, HNO3, is a strong acid.

(a)	 (i)	� Annotate the structure of nitric acid to indicate the coordination bond.� [1]

O
N

O

O
H

(ii)	 Write an equation for the reaction of excess nitric acid with sodium carbonate.� [1]

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

(b)	 (i)	� Draw the Lewis formula of the nitrate ion.� [1]

(ii)	 Write the formula of nickel(II) nitrate.� [1]

���������������������������������������������������������������������������������������������������������������������������������������������������
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5.	 A gas storage tank of fixed volume V contains N molecules of an ideal gas at 300 K with a 

pressure of 40 kPa. N
4

 molecules are removed, and the temperature is changed to 450 K.

What is the new pressure of the gas in kPa?

A.	 15

B.	 30

C.	 45

D.	 60

6.	 What is the formula of the compound formed between magnesium ions and 
hydrogencarbonate ions?

A.	 MgHCO3

B.	 Mg(HCO3)2

C.	 Mg(HCO3)3

D.	 Mg3(HCO3)2

7.	 Which species contains a coordination bond?

A.	 CO2

B.	 HCN

C.	 NO2
+

D.	 NO3
−

8.	 Which properties depend on the movement of the delocalized electrons in a metal?

I.	 Electrical conductivity

II.	 Thermal conductivity

III.	 Density

A.	 I and II only

B.	 I and III only

C.	 II and III only

D.	 I, II and III
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5.	 Which row correctly shows the shape of s and p atomic orbitals?

A.

s p

B.

s p

C.

s p

D.

s p

6.	 The volume of a container filled with a fixed amount of gas is increased by 100 % at constant 
temperature. How does this affect the pressure in a container? pV = nRT

A.	 Pressure increases by 100 %.

B.	 Pressure decreases by 100 %.

C.	 Pressure increases by 50 %.

D.	 Pressure decreases by 50 %.

7.	 Which row shows the correct formula and electron configuration of the species in calcium nitride?

Formula
Electron 

configuration of 
the Ca species

Electron 
configuration of 

the N species

A. Ca2N3 [Ar] [Ne] 

B. Ca2N3 [Ar] 4s2 [He] 2s2 2p3

C. Ca3N2 [Ar] 4s2 [He] 2s2 2p3

D. Ca3N2 [Ar] [Ne]

– 5 – 2225 – 6210

Turn over

8.	 Diagrams of four stable allotropes of carbon are shown. 
Which row correctly identifies each structure?

W X Y Z

Graphene Fullerene Graphite Diamond

A. Z Y X W

B. W Z Y X

C. X W Z Y

D. Y X W Z

9.	 In which of the following molecules do all atoms obey the octet rule?

I.	 NF3

II.	 BF3

III.	 PCl3

A.	 I and II only

B.	 I and III only

C.	 II and III only

D.	 I, II and III
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10.	 Which compound has the weakest ionic bond?

A.	 MgO

B.	 MgS

C.	 CaO

D.	 CaS

11.	 Which row puts these molecules in order of decreasing bond angle?

A.	 NH3, H2O, C2H4, CH4

B.	 H2O, C2H4, CH4, NH3

C.	 C2H4, CH4, NH3, H2O

D.	 CH4, NH3, H2O, C2H4 
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4.	 Which row shows the number of subatomic particles in 57Fe3+?

Protons Neutrons Electrons

A. 26 31 29

B. 26 31 23

C. 23 57 23

D. 57 57 26

5.	 What is the maximum number of electrons that can occupy the fourth main energy level of 
an atom?

A.	 8

B.	 18

C.	 32

D.	 64

6.	 What is the formula of the compound formed by aluminium ions and sulfate(VI) ions?

A.	 AlSO3

B.	 Al2(SO3)3

C.	 AlSO4

D.	 Al2(SO4)3

– 4 – 2225 – 6222

7.	 A substance has the following properties:

Melting point (°C) Electrical conductivity

714
When solid When molten

poor good

What is the most probable structure of this substance?

A.	 Simple molecular

B.	 Ionic lattice

C.	 Covalent network

D.	 Metallic lattice

8.	 Which forces of attraction cause the boiling point of ammonia, NH3, to be significantly higher than 
that of phosphine, PH3?

A.	 Covalent bonds

B.	 Dipole–dipole forces

C.	 London (dispersion) forces 

D.	 Hydrogen bonds

9.	 Which answer shows the correct order of metallic bond strength from strongest to weakest?

A.	 Al > Mg > Na > K

B.	 Al > Mg > K > Na

C.	 Na > K > Mg > Al

D.	 K > Na > Mg > Al
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7.	 A substance has the following properties:

Melting point (°C) Electrical conductivity

714
When solid When molten

poor good

What is the most probable structure of this substance?

A.	 Simple molecular

B.	 Ionic lattice

C.	 Covalent network

D.	 Metallic lattice

8.	 Which forces of attraction cause the boiling point of ammonia, NH3, to be significantly higher than 
that of phosphine, PH3?

A.	 Covalent bonds

B.	 Dipole–dipole forces

C.	 London (dispersion) forces 

D.	 Hydrogen bonds

9.	 Which answer shows the correct order of metallic bond strength from strongest to weakest?

A.	 Al > Mg > Na > K

B.	 Al > Mg > K > Na

C.	 Na > K > Mg > Al

D.	 K > Na > Mg > Al
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4.	 5.72 g of Na2CO3•10H2O (Mr = 286 gmol-1) is dissolved in water to prepare 0.4 dm3 of 
aqueous solution.

What is the concentration of sodium ions, in mol dm-3, in the resulting solution? 

A.	 0.02

B.	 0.04

C.	 0.05

D.	 0.10

5.	 In which of the following sets of conditions does the gas exhibit behaviour closest to an ideal gas ?

Gas Pressure / kPa Temperature / K

A. H2 100 273

B. NH3 50 473

C. H2 50 473

D. NH3 100 273

6.	 An expanded view of the NaCl lattice is given in the figure.

Na+

Cl-

Which statement is correct for the lattice structure of NaCl?

A.	 The ions are held together in the lattice by covalent bonds.

B.	 The forces of attraction in the lattice are very weak.

C.	 Each sodium ion is surrounded by four chloride ions.

D.	 The structure breaks apart when dissolved in water.

– 4 – 8825 – 6210

7.	 Which row shows the correct electron domain geometry and molecular geometry for 
the nitrate ion, NO3

- ?

Electron domain geometry Molecular geometry

A. Trigonal planar Trigonal planar 

B. Trigonal planar Trigonal pyramidal

C. Trigonal pyramidal Trigonal planar

D. Trigonal pyramidal Trigonal pyramidal

8.	 Which substance has dipole-dipole forces between molecules?

A.	 CCl4

B.	 O2

C.	 C2H6

D.	 H2CO

9.	 Which statement best explains the malleability of magnesium metal?

A.	 The metal lattice is held together by the attraction between magnesium ions.

B.	 The outer shell electrons of magnesium are free to move.

C.	 The layers of magnesium ions can slide relative to each other.

D.	 There are strong attractions between the magnesium ions and the free moving electrons.

10.	 Which material is a good electrical conductor?

A.	 Diamond

B.	 Graphite

C.	 Fullerene

D.	 Silicon
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12.	 Which two elements form a compound with the strongest ionic attraction?

A.	 Li and O

B.	 Li and Se

C.	 K and O

D.	 K and Se

13.	 Which oxide is the most basic?

A.	 MgO

B.	 Al2O3

C.	 SiO2

D.	 SO3

14.	 Which compound has the highest boiling point?

A.	 CH3CH2CH2CH3

B.	 CH3CH2CH2CH2CH2CH3

C.	 (CH3)3CCH2CH3

D.	 CH3CH2CH(CH3)CH2CH3

15.	 What is the sum of the coefficients when 1 mol of propan-1-ol, C3H7OH, undergoes 
complete combustion?

__ C3H7OH (l) + __ O2 (g) → __ CO2 (g) + __ H2O (l)

A.	 11.5

B.	 12

C.	 12.5

D.	 13
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5.	 A gas storage tank of fixed volume V contains N molecules of an ideal gas at 300 K with a 

pressure of 40 kPa. N
4

 molecules are removed, and the temperature is changed to 450 K.

What is the new pressure of the gas in kPa?

A.	 15

B.	 30

C.	 45

D.	 60

6.	 What is the formula of the compound formed between magnesium ions and 
hydrogencarbonate ions?

A.	 MgHCO3

B.	 Mg(HCO3)2

C.	 Mg(HCO3)3

D.	 Mg3(HCO3)2

7.	 Which species contains a coordination bond?

A.	 CO2

B.	 HCN

C.	 NO2
+

D.	 NO3
−

8.	 Which properties depend on the movement of the delocalized electrons in a metal?

I.	 Electrical conductivity

II.	 Thermal conductivity

III.	 Density

A.	 I and II only

B.	 I and III only

C.	 II and III only

D.	 I, II and III
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8.	 Diagrams of four stable allotropes of carbon are shown. 
Which row correctly identifies each structure?

W X Y Z

Graphene Fullerene Graphite Diamond

A. Z Y X W

B. W Z Y X

C. X W Z Y

D. Y X W Z

9.	 In which of the following molecules do all atoms obey the octet rule?

I.	 NF3

II.	 BF3

III.	 PCl3

A.	 I and II only

B.	 I and III only

C.	 II and III only

D.	 I, II and III

– 6 – 2225 – 6210

10.	 Which compound has the weakest ionic bond?

A.	 MgO

B.	 MgS

C.	 CaO

D.	 CaS

11.	 Which row puts these molecules in order of decreasing bond angle?

A.	 NH3, H2O, C2H4, CH4

B.	 H2O, C2H4, CH4, NH3

C.	 C2H4, CH4, NH3, H2O

D.	 CH4, NH3, H2O, C2H4 
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10.	 Which compound has the weakest ionic bond?

A.	 MgO

B.	 MgS

C.	 CaO

D.	 CaS

11.	 Which row puts these molecules in order of decreasing bond angle?

A.	 NH3, H2O, C2H4, CH4

B.	 H2O, C2H4, CH4, NH3

C.	 C2H4, CH4, NH3, H2O

D.	 CH4, NH3, H2O, C2H4 

– 7 – 2225 – 6210
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12.	 The following thin-layer chromatogram was obtained from a mixture of naphthalene, C10H8, and 
naphthol, C10H8O. A polar silica was used as the stationary phase, and a non-polar hexane as the 
mobile phase.

OH

NaphtholNaphthalene

Solvent front

x

Base line

y

7 cm

0 cm

What are the position and retardation factor (RF) of naphthalene?

A.	 y and 0.50

B.	 y and 0.58

C.	 x and 0.80

D.	 x and 0.83
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13.	 Aluminium trichloride, AlCl3(g), and beryllium chloride, BeCl2(g), have been known for  
many years. Which adaptation of the bonding model was made to explain the bonding in AlCl3(g) 
and BeCl2(g)?

A.	 The existence of coordination bonding was proposed.

B.	 Ideas about oxidation states were formed.

C.	 Exceptions to the octet rule were introduced.

D.	 Lewis formulas of molecules were developed.

14.	 Germanium has several stable oxidation states. Which row shows these species in order  
of increasing radius?

A.	 Ge4+, Ge2+, Ge, Ge4-.

B.	 Ge4-, Ge4+, Ge2+, Ge.

C.	 Ge, Ge4-, Ge4+, Ge2+.

D.	 Ge2+, Ge, Ge4-, Ge4+.

15.	 Which statement explains the trend in first ionisation energy from sodium, Na, to chlorine,Cl?

A.	 Nuclear charge increases.

B.	 Electronegativity decreases.

C.	 Atomic radius increases.

D.	 Shielding decreases.

16.	 Which elements would react with each other most vigorously?

A.	 K(s) and Br2(g)

B.	 K(s) and Cl2(g)

C.	 Na(s) and Br2(g)

D.	 Na(s) and Cl2(g)
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5.	 What is the empirical formula of a compound with the following composition by mass?

C = 37.5 % H = 12.5 % O = 50.0 %

A.	 C4H12O5

B.	 C3H12O3

C.	 C3HO4

D.	 CH4O

6.	 What is the charge of the monatomic ion usually formed by the element with the following 
electron configuration?

[He] 2s22p3

A.	 3−

B.	 2+

C.	 3+

D.	 5+

7.	 Which molecule is polar?

A.	 CH4

B.	 C6H6

C.	 SO2

D.	 CO2

– 4 – 2225 – 6216

8.	 What is the retardation factor, RF, of compound X according to this paper chromatogram?

Solvent front

Origin

Position of compound X

21 mm

10 mm

12 mm

7 mm

A.	 0.55

B.	 0.75

C.	 0.82

D.	 1.33

9.	 Which metal has the strongest bonding?

A.	 Mg

B.	 Ca

C.	 Sr

D.	 Ba
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7.	 A substance has the following properties:

Melting point (°C) Electrical conductivity

714
When solid When molten

poor good

What is the most probable structure of this substance?

A.	 Simple molecular

B.	 Ionic lattice

C.	 Covalent network

D.	 Metallic lattice

8.	 Which forces of attraction cause the boiling point of ammonia, NH3, to be significantly higher than 
that of phosphine, PH3?

A.	 Covalent bonds

B.	 Dipole–dipole forces

C.	 London (dispersion) forces 

D.	 Hydrogen bonds

9.	 Which answer shows the correct order of metallic bond strength from strongest to weakest?

A.	 Al > Mg > Na > K

B.	 Al > Mg > K > Na

C.	 Na > K > Mg > Al

D.	 K > Na > Mg > Al
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22.	 Which molecule has the shortest carbon to oxygen bond?

A.	 CH3OH

B.	 H2CO

C.	 CO

D.	 CO2

23.	 What are the electron domain geometries around the carbon and nitrogen atoms, shown in bold, 
in glycine H2NCH2COOH?

Carbon Nitrogen

A. tetrahedral tetrahedral

B. trigonal pyramidal trigonal pyramidal

C. trigonal planar tetrahedral

D. trigonal planar trigonal pyramidal

24.	 What is the pH of 0.0010 mol dm-3 HCl (aq)?

A.	 2.0

B.	 2.5

C.	 3.0

D.	 3.5

25.	 Which solution is acidic at 25 °C?

A.	 [H+ ] = 1.0 × 10-9 mol dm-3

B.	 [OH- ] = 1.0 × 10-13 mol dm-3

C.	 [OH- ] = 1.0 × 10-6 mol dm-3

D.	 [H3O
+ ] = 1.0 × 10-13 mol dm-3
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22.	 Which molecule has the shortest carbon to oxygen bond?

A.	 CH3OH

B.	 H2CO

C.	 CO

D.	 CO2

23.	 What are the electron domain geometries around the carbon and nitrogen atoms, shown in bold, 
in glycine H2NCH2COOH?

Carbon Nitrogen

A. tetrahedral tetrahedral

B. trigonal pyramidal trigonal pyramidal

C. trigonal planar tetrahedral

D. trigonal planar trigonal pyramidal

24.	 What is the pH of 0.0010 mol dm-3 HCl (aq)?

A.	 2.0

B.	 2.5

C.	 3.0

D.	 3.5

25.	 Which solution is acidic at 25 °C?

A.	 [H+ ] = 1.0 × 10-9 mol dm-3

B.	 [OH- ] = 1.0 × 10-13 mol dm-3

C.	 [OH- ] = 1.0 × 10-6 mol dm-3

D.	 [H3O
+ ] = 1.0 × 10-13 mol dm-3
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7.	 Which row shows the correct electron domain geometry and molecular geometry for 
the nitrate ion, NO3

- ?

Electron domain geometry Molecular geometry

A. Trigonal planar Trigonal planar 

B. Trigonal planar Trigonal pyramidal

C. Trigonal pyramidal Trigonal planar

D. Trigonal pyramidal Trigonal pyramidal

8.	 Which substance has dipole-dipole forces between molecules?

A.	 CCl4

B.	 O2

C.	 C2H6

D.	 H2CO

9.	 Which statement best explains the malleability of magnesium metal?

A.	 The metal lattice is held together by the attraction between magnesium ions.

B.	 The outer shell electrons of magnesium are free to move.

C.	 The layers of magnesium ions can slide relative to each other.

D.	 There are strong attractions between the magnesium ions and the free moving electrons.

10.	 Which material is a good electrical conductor?

A.	 Diamond

B.	 Graphite

C.	 Fullerene

D.	 Silicon



Chemistry SL | Paper 1A | Nov 2025 TZ1 | Q8 | 1 marks

Apollo | Original source crop | 229

– 4 – 8825 – 6210

7.	 Which row shows the correct electron domain geometry and molecular geometry for 
the nitrate ion, NO3

- ?

Electron domain geometry Molecular geometry

A. Trigonal planar Trigonal planar 

B. Trigonal planar Trigonal pyramidal

C. Trigonal pyramidal Trigonal planar

D. Trigonal pyramidal Trigonal pyramidal

8.	 Which substance has dipole-dipole forces between molecules?

A.	 CCl4

B.	 O2

C.	 C2H6

D.	 H2CO

9.	 Which statement best explains the malleability of magnesium metal?

A.	 The metal lattice is held together by the attraction between magnesium ions.

B.	 The outer shell electrons of magnesium are free to move.

C.	 The layers of magnesium ions can slide relative to each other.

D.	 There are strong attractions between the magnesium ions and the free moving electrons.

10.	 Which material is a good electrical conductor?

A.	 Diamond

B.	 Graphite

C.	 Fullerene

D.	 Silicon
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7.	 Which row shows the correct electron domain geometry and molecular geometry for 
the nitrate ion, NO3

- ?

Electron domain geometry Molecular geometry

A. Trigonal planar Trigonal planar 

B. Trigonal planar Trigonal pyramidal

C. Trigonal pyramidal Trigonal planar

D. Trigonal pyramidal Trigonal pyramidal

8.	 Which substance has dipole-dipole forces between molecules?

A.	 CCl4

B.	 O2

C.	 C2H6

D.	 H2CO

9.	 Which statement best explains the malleability of magnesium metal?

A.	 The metal lattice is held together by the attraction between magnesium ions.

B.	 The outer shell electrons of magnesium are free to move.

C.	 The layers of magnesium ions can slide relative to each other.

D.	 There are strong attractions between the magnesium ions and the free moving electrons.

10.	 Which material is a good electrical conductor?

A.	 Diamond

B.	 Graphite

C.	 Fullerene

D.	 Silicon

– 5 – 8825 – 6210

Turn over

11.	 A section of a polymer containing three repeating units is shown.

C C C C C C

H H H H H H

CH3 H CH3 H CH3 H

Which monomer was used to make this polymer?

A.	 But-1-ene

B.	 But-2-ene

C.	 Methylpropene

D.	 Propene

12.	 What are the oxidation states of the elements in Na2CrO4?

Sodium Chromium Oxygen

A. +1 +6 -1

B. +2 +3 -1

C. +1 +6 -2

D. +2 +3 -2

13.	 What is the IUPAC name of the molecule below?

O

A.	 2-ethyl-4-methylpentan-3-one

B.	 4-ethyl-2-methylpentan-3-one

C.	 2,4-dimethylhexan-3-one

D.	 3,5-dimethylhexan-4-one
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4.	 What is the volume, in dm3, of ethane gas, C2H6 (g), produced when 0.25 dm3 of ethyne, C2H2 (g), 
reacts with 0.40 dm3 of hydrogen gas, H2 (g)?

All volumes are measured under the same conditions.

C2H2 (g) + 2H2 (g) → C2H6 (g)

A.	 0.20

B.	 0.25

C.	 0.40

D.	 0.45

5.	 A fixed volume of an ideal gas, initially at 30 °C and with a pressure of P Pa, was heated to 60 °C. 
What is the resulting pressure in Pa?

A.	 Half of P

B.	 A little less than P

C.	 A little more than P

D.	 Two times P

6.	 What are the electron domain geometry and molecular geometry of sulfur dichloride, SCl2?

Electron domain geometry Molecular geometry

A. Tetrahedral Linear

B. Tetrahedral Bent

C. Linear Linear

D. Trigonal planar Bent

7.	 Which molecule is most polar?

A.	 CF4

B.	 CO2

C.	 NBr3

D.	 NH3
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4.	 What is the volume, in dm3, of ethane gas, C2H6 (g), produced when 0.25 dm3 of ethyne, C2H2 (g), 
reacts with 0.40 dm3 of hydrogen gas, H2 (g)?

All volumes are measured under the same conditions.

C2H2 (g) + 2H2 (g) → C2H6 (g)

A.	 0.20

B.	 0.25

C.	 0.40

D.	 0.45

5.	 A fixed volume of an ideal gas, initially at 30 °C and with a pressure of P Pa, was heated to 60 °C. 
What is the resulting pressure in Pa?

A.	 Half of P

B.	 A little less than P

C.	 A little more than P

D.	 Two times P

6.	 What are the electron domain geometry and molecular geometry of sulfur dichloride, SCl2?

Electron domain geometry Molecular geometry

A. Tetrahedral Linear

B. Tetrahedral Bent

C. Linear Linear

D. Trigonal planar Bent

7.	 Which molecule is most polar?

A.	 CF4

B.	 CO2

C.	 NBr3

D.	 NH3

– 4 – 8825 – 6222

8.	 Which allotropes of carbon are electrical conductors?

I.	 Graphite

II.	 Diamond

III.	 Graphene

A.	 I and II only

B.	 I and III only

C.	 II and III only

D.	 I, II and III

9.	 Which metal has the strongest metallic bond?

A.	 Mg

B.	 Al

C.	 K

D.	 Ga

10.	 Which type of material is a good conductor of heat and electricity in solid and liquid states, 
is insoluble in water, and typically has a high melting point?

A.	 Covalent molecular

B.	 Covalent network

C.	 Ionic

D.	 Metallic

11.	 Which element is a p-block metal?

A.	 Sn

B.	 Te

C.	 Cd

D.	 At
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12.	 Which two elements form a compound with the strongest ionic attraction?

A.	 Li and O

B.	 Li and Se

C.	 K and O

D.	 K and Se

13.	 Which oxide is the most basic?

A.	 MgO

B.	 Al2O3

C.	 SiO2

D.	 SO3

14.	 Which compound has the highest boiling point?

A.	 CH3CH2CH2CH3

B.	 CH3CH2CH2CH2CH2CH3

C.	 (CH3)3CCH2CH3

D.	 CH3CH2CH(CH3)CH2CH3

15.	 What is the sum of the coefficients when 1 mol of propan-1-ol, C3H7OH, undergoes 
complete combustion?

__ C3H7OH (l) + __ O2 (g) → __ CO2 (g) + __ H2O (l)

A.	 11.5

B.	 12

C.	 12.5

D.	 13
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5.	 A gas storage tank of fixed volume V contains N molecules of an ideal gas at 300 K with a 

pressure of 40 kPa. N
4

 molecules are removed, and the temperature is changed to 450 K.

What is the new pressure of the gas in kPa?

A.	 15

B.	 30

C.	 45

D.	 60

6.	 What is the formula of the compound formed between magnesium ions and 
hydrogencarbonate ions?

A.	 MgHCO3

B.	 Mg(HCO3)2

C.	 Mg(HCO3)3

D.	 Mg3(HCO3)2

7.	 Which species contains a coordination bond?

A.	 CO2

B.	 HCN

C.	 NO2
+

D.	 NO3
−

8.	 Which properties depend on the movement of the delocalized electrons in a metal?

I.	 Electrical conductivity

II.	 Thermal conductivity

III.	 Density

A.	 I and II only

B.	 I and III only

C.	 II and III only

D.	 I, II and III
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8.	 What is the retardation factor, RF, of compound X according to this paper chromatogram?

Solvent front

Origin

Position of compound X

21 mm

10 mm

12 mm

7 mm

A.	 0.55

B.	 0.75

C.	 0.82

D.	 1.33

9.	 Which metal has the strongest bonding?

A.	 Mg

B.	 Ca

C.	 Sr

D.	 Ba

– 5 – 2225 – 6216

Turn over

10.	 Which monomer produces this addition polymer?

C C

H H

C

H

n

HH H

A.

C

H
H

H
C

H

C

H

C

H

H

H

B.

C

H
H

H
C

C

H

C

H

H

H H

C.

C
H

H

C
C

H

H
H

H

D.

C

H

C
C

H

H

H C

H

H

11.	 Which label shows the d-block elements of the periodic table?

A.

D.

B.

C.
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7.	 A substance has the following properties:

Melting point (°C) Electrical conductivity

714
When solid When molten

poor good

What is the most probable structure of this substance?

A.	 Simple molecular

B.	 Ionic lattice

C.	 Covalent network

D.	 Metallic lattice

8.	 Which forces of attraction cause the boiling point of ammonia, NH3, to be significantly higher than 
that of phosphine, PH3?

A.	 Covalent bonds

B.	 Dipole–dipole forces

C.	 London (dispersion) forces 

D.	 Hydrogen bonds

9.	 Which answer shows the correct order of metallic bond strength from strongest to weakest?

A.	 Al > Mg > Na > K

B.	 Al > Mg > K > Na

C.	 Na > K > Mg > Al

D.	 K > Na > Mg > Al

– 5 – 2225 – 6222
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10.	 Which monomer could produce this polymer?

CH CH
CH2

CH CH
CH2

CH CH
CH2CH2 CH2 CH2

A.	 C6H6CH2CH2

B.	 C6H6CHCH2

C.	 C6H5CHCH2

D.	 C6H5CH2CH2

11.	 Which of these elements is in the f-block of the periodic table?

A.	 Ra

B.	 Lu

C.	 Rf

D.	 Nh

12.	 What is the electron configuration of an atom of Cu?

A.	 [Ar]3d9

B.	 [Ar]4s23d9

C.	 [Ar]4s24d9

D.	 [Ar]4s13d10
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7.	 Which row shows the correct electron domain geometry and molecular geometry for 
the nitrate ion, NO3

- ?

Electron domain geometry Molecular geometry

A. Trigonal planar Trigonal planar 

B. Trigonal planar Trigonal pyramidal

C. Trigonal pyramidal Trigonal planar

D. Trigonal pyramidal Trigonal pyramidal

8.	 Which substance has dipole-dipole forces between molecules?

A.	 CCl4

B.	 O2

C.	 C2H6

D.	 H2CO

9.	 Which statement best explains the malleability of magnesium metal?

A.	 The metal lattice is held together by the attraction between magnesium ions.

B.	 The outer shell electrons of magnesium are free to move.

C.	 The layers of magnesium ions can slide relative to each other.

D.	 There are strong attractions between the magnesium ions and the free moving electrons.

10.	 Which material is a good electrical conductor?

A.	 Diamond

B.	 Graphite

C.	 Fullerene

D.	 Silicon
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8.	 Which allotropes of carbon are electrical conductors?

I.	 Graphite

II.	 Diamond

III.	 Graphene

A.	 I and II only

B.	 I and III only

C.	 II and III only

D.	 I, II and III

9.	 Which metal has the strongest metallic bond?

A.	 Mg

B.	 Al

C.	 K

D.	 Ga

10.	 Which type of material is a good conductor of heat and electricity in solid and liquid states, 
is insoluble in water, and typically has a high melting point?

A.	 Covalent molecular

B.	 Covalent network

C.	 Ionic

D.	 Metallic

11.	 Which element is a p-block metal?

A.	 Sn

B.	 Te

C.	 Cd

D.	 At
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5.	 A gas storage tank of fixed volume V contains N molecules of an ideal gas at 300 K with a 

pressure of 40 kPa. N
4

 molecules are removed, and the temperature is changed to 450 K.

What is the new pressure of the gas in kPa?

A.	 15

B.	 30

C.	 45

D.	 60

6.	 What is the formula of the compound formed between magnesium ions and 
hydrogencarbonate ions?

A.	 MgHCO3

B.	 Mg(HCO3)2

C.	 Mg(HCO3)3

D.	 Mg3(HCO3)2

7.	 Which species contains a coordination bond?

A.	 CO2

B.	 HCN

C.	 NO2
+

D.	 NO3
−

8.	 Which properties depend on the movement of the delocalized electrons in a metal?

I.	 Electrical conductivity

II.	 Thermal conductivity

III.	 Density

A.	 I and II only

B.	 I and III only

C.	 II and III only

D.	 I, II and III

– 4 –
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9.	 Which substance, made from two elements with electronegativities EX and EY, is an alloy?

Average electronegativity
E EX Y++
2

Electronegativity difference
E EX Y−  

A. 2.5 2.5

B. 2.5 1.0

C. 3.5 0.2

D. 1.2 0.2

10.	 Which structure shows the repeating unit of the polymer formed by but-1-ene?

A.	 C C C

H

H

H

H

H

CH3

B.	 C C

H

CH3

H

CH3

C.	 C C

CH3

H

H

CH3

D.	 C C

H

H

H

CH2 CH3

11.	 What is the explanation for the malleability of metals?

A.	 The bonds are strong.

B.	 The bonds are weak.

C.	 The bonds involve free electrons.

D.	 The bonds do not have a specific direction.
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9.	 Which substance, made from two elements with electronegativities EX and EY, is an alloy?

Average electronegativity
E EX Y++
2

Electronegativity difference
E EX Y−  

A. 2.5 2.5

B. 2.5 1.0

C. 3.5 0.2

D. 1.2 0.2

10.	 Which structure shows the repeating unit of the polymer formed by but-1-ene?

A.	 C C C

H

H

H

H

H

CH3

B.	 C C

H

CH3

H

CH3

C.	 C C

CH3

H

H

CH3

D.	 C C

H

H

H

CH2 CH3

11.	 What is the explanation for the malleability of metals?

A.	 The bonds are strong.

B.	 The bonds are weak.

C.	 The bonds involve free electrons.

D.	 The bonds do not have a specific direction.
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12.	 Which functional groups are present in this molecule?

A.	 amino, alkoxy, ester

B.	 ether, carboxyl, amino

C.	 carboxyl, alkoxy, ester

D.	 ester, amino, carboxyl

13.	 In which block of the periodic table would element 119 be placed, if it is found in the future?

A.	 s

B.	 p

C.	 d

D.	 f
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8.	 Diagrams of four stable allotropes of carbon are shown. 
Which row correctly identifies each structure?

W X Y Z

Graphene Fullerene Graphite Diamond

A. Z Y X W

B. W Z Y X

C. X W Z Y

D. Y X W Z

9.	 In which of the following molecules do all atoms obey the octet rule?

I.	 NF3

II.	 BF3

III.	 PCl3

A.	 I and II only

B.	 I and III only

C.	 II and III only

D.	 I, II and III
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8.	 Which allotropes of carbon are electrical conductors?

I.	 Graphite

II.	 Diamond

III.	 Graphene

A.	 I and II only

B.	 I and III only

C.	 II and III only

D.	 I, II and III

9.	 Which metal has the strongest metallic bond?

A.	 Mg

B.	 Al

C.	 K

D.	 Ga

10.	 Which type of material is a good conductor of heat and electricity in solid and liquid states, 
is insoluble in water, and typically has a high melting point?

A.	 Covalent molecular

B.	 Covalent network

C.	 Ionic

D.	 Metallic

11.	 Which element is a p-block metal?

A.	 Sn

B.	 Te

C.	 Cd

D.	 At
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8.	 Which allotropes of carbon are electrical conductors?

I.	 Graphite

II.	 Diamond

III.	 Graphene

A.	 I and II only

B.	 I and III only

C.	 II and III only

D.	 I, II and III

9.	 Which metal has the strongest metallic bond?

A.	 Mg

B.	 Al

C.	 K

D.	 Ga

10.	 Which type of material is a good conductor of heat and electricity in solid and liquid states, 
is insoluble in water, and typically has a high melting point?

A.	 Covalent molecular

B.	 Covalent network

C.	 Ionic

D.	 Metallic

11.	 Which element is a p-block metal?

A.	 Sn

B.	 Te

C.	 Cd

D.	 At
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9.	 Which substance, made from two elements with electronegativities EX and EY, is an alloy?

Average electronegativity
E EX Y++
2

Electronegativity difference
E EX Y−  

A. 2.5 2.5

B. 2.5 1.0

C. 3.5 0.2

D. 1.2 0.2

10.	 Which structure shows the repeating unit of the polymer formed by but-1-ene?

A.	 C C C

H

H

H

H

H

CH3

B.	 C C

H

CH3

H

CH3

C.	 C C

CH3

H

H

CH3

D.	 C C

H

H

H

CH2 CH3

11.	 What is the explanation for the malleability of metals?

A.	 The bonds are strong.

B.	 The bonds are weak.

C.	 The bonds involve free electrons.

D.	 The bonds do not have a specific direction.
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9.	 Which substance, made from two elements with electronegativities EX and EY, is an alloy?

Average electronegativity
E EX Y++
2

Electronegativity difference
E EX Y−  

A. 2.5 2.5

B. 2.5 1.0

C. 3.5 0.2

D. 1.2 0.2

10.	 Which structure shows the repeating unit of the polymer formed by but-1-ene?

A.	 C C C

H

H

H

H

H

CH3

B.	 C C

H

CH3

H

CH3

C.	 C C

CH3

H

H

CH3

D.	 C C

H

H

H

CH2 CH3

11.	 What is the explanation for the malleability of metals?

A.	 The bonds are strong.

B.	 The bonds are weak.

C.	 The bonds involve free electrons.

D.	 The bonds do not have a specific direction.
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13.	 Aluminium trichloride, AlCl3(g), and beryllium chloride, BeCl2(g), have been known for  
many years. Which adaptation of the bonding model was made to explain the bonding in AlCl3(g) 
and BeCl2(g)?

A.	 The existence of coordination bonding was proposed.

B.	 Ideas about oxidation states were formed.

C.	 Exceptions to the octet rule were introduced.

D.	 Lewis formulas of molecules were developed.

14.	 Germanium has several stable oxidation states. Which row shows these species in order  
of increasing radius?

A.	 Ge4+, Ge2+, Ge, Ge4-.

B.	 Ge4-, Ge4+, Ge2+, Ge.

C.	 Ge, Ge4-, Ge4+, Ge2+.

D.	 Ge2+, Ge, Ge4-, Ge4+.

15.	 Which statement explains the trend in first ionisation energy from sodium, Na, to chlorine,Cl?

A.	 Nuclear charge increases.

B.	 Electronegativity decreases.

C.	 Atomic radius increases.

D.	 Shielding decreases.

16.	 Which elements would react with each other most vigorously?

A.	 K(s) and Br2(g)

B.	 K(s) and Cl2(g)

C.	 Na(s) and Br2(g)

D.	 Na(s) and Cl2(g)
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13.	 Aluminium trichloride, AlCl3(g), and beryllium chloride, BeCl2(g), have been known for  
many years. Which adaptation of the bonding model was made to explain the bonding in AlCl3(g) 
and BeCl2(g)?

A.	 The existence of coordination bonding was proposed.

B.	 Ideas about oxidation states were formed.

C.	 Exceptions to the octet rule were introduced.

D.	 Lewis formulas of molecules were developed.

14.	 Germanium has several stable oxidation states. Which row shows these species in order  
of increasing radius?

A.	 Ge4+, Ge2+, Ge, Ge4-.

B.	 Ge4-, Ge4+, Ge2+, Ge.

C.	 Ge, Ge4-, Ge4+, Ge2+.

D.	 Ge2+, Ge, Ge4-, Ge4+.

15.	 Which statement explains the trend in first ionisation energy from sodium, Na, to chlorine,Cl?

A.	 Nuclear charge increases.

B.	 Electronegativity decreases.

C.	 Atomic radius increases.

D.	 Shielding decreases.

16.	 Which elements would react with each other most vigorously?

A.	 K(s) and Br2(g)

B.	 K(s) and Cl2(g)

C.	 Na(s) and Br2(g)

D.	 Na(s) and Cl2(g)
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13.	 Aluminium trichloride, AlCl3(g), and beryllium chloride, BeCl2(g), have been known for  
many years. Which adaptation of the bonding model was made to explain the bonding in AlCl3(g) 
and BeCl2(g)?

A.	 The existence of coordination bonding was proposed.

B.	 Ideas about oxidation states were formed.

C.	 Exceptions to the octet rule were introduced.

D.	 Lewis formulas of molecules were developed.

14.	 Germanium has several stable oxidation states. Which row shows these species in order  
of increasing radius?

A.	 Ge4+, Ge2+, Ge, Ge4-.

B.	 Ge4-, Ge4+, Ge2+, Ge.

C.	 Ge, Ge4-, Ge4+, Ge2+.

D.	 Ge2+, Ge, Ge4-, Ge4+.

15.	 Which statement explains the trend in first ionisation energy from sodium, Na, to chlorine,Cl?

A.	 Nuclear charge increases.

B.	 Electronegativity decreases.

C.	 Atomic radius increases.

D.	 Shielding decreases.

16.	 Which elements would react with each other most vigorously?

A.	 K(s) and Br2(g)

B.	 K(s) and Cl2(g)

C.	 Na(s) and Br2(g)

D.	 Na(s) and Cl2(g)

– 9 – 2225 – 6210
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17.	 Ammonia, NH3 and nitrous acid, HNO2, are compounds of nitrogen. What are the oxidation states 
of nitrogen in these compounds?

NH3 HNO2

A. +3 +3

B. -3 -3

C. +3 -3

D. -3 +3

18.	 Consider a reaction mixture that is in thermal equilibrium with the surroundings. When a reaction 
takes place, the temperature of the mixture decreases.

Which row correctly shows the changes in energy when the new thermal equilibrium  
is established?

Energy of system Energy of surroundings

A. decreases decreases

B. increases increases

C. decreases increases

D. increases decreases

19.	 0.050 mol of sodium hydrogencarbonate was added to 50 cm3 of 2.0 mol dm−3 solution of citric acid.

C6H8O7(aq) + 3NaHCO3(s) → C6H5O7Na3(aq) + 3CO2(g) + 3H2O(l)

The initial temperature of the solution was 298 K and the final temperature was 297 K. 
What is the enthalpy of this reaction in kJ mol−1? (cw = 4.18 J g−1 K−1, Q = mc∆T)

A.	 +4.18 

B.	 -4.18 

C.	 +12.5 

D.	 -12.5
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10.	 Which monomer produces this addition polymer?

C C

H H

C

H

n

HH H

A.

C

H
H

H
C

H

C

H

C

H

H

H

B.

C

H
H

H
C

C

H

C

H

H

H H

C.

C
H

H

C
C

H

H
H

H

D.

C

H

C
C

H

H

H C

H

H

11.	 Which label shows the d-block elements of the periodic table?

A.

D.

B.

C.

– 6 – 2225 – 6216

12.	 Why do group 17 elements have higher first ionization energies than group 1 elements in the 
same period?

A.	 Group 17 elements have more electrons in the valence shell.

B.	 Group 17 elements have more filled energy levels.

C.	 Group 17 elements have more paired electrons.

D.	 Group 17 elements have more protons in the nucleus.

13.	 What is the oxidation state of nitrogen in N2O4?

A.	 −4

B.	 −2

C.	 +2

D.	 +4

14.	 Which compound is an isomer of propanone?

C

H

HH

C
OC

HH

H

A.

C
C

H
H

H
O

C

H

C

H
H

H
H

B.

C
C

H
H

H

H

CH H

H

O
H

C.

O
C

H
H

H

C

H H

C

H

H
H

D.

C
C

H
H

H
H H

C

H

O
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12.	 Why do group 17 elements have higher first ionization energies than group 1 elements in the 
same period?

A.	 Group 17 elements have more electrons in the valence shell.

B.	 Group 17 elements have more filled energy levels.

C.	 Group 17 elements have more paired electrons.

D.	 Group 17 elements have more protons in the nucleus.

13.	 What is the oxidation state of nitrogen in N2O4?

A.	 −4

B.	 −2

C.	 +2

D.	 +4

14.	 Which compound is an isomer of propanone?

C

H

HH

C
OC

HH

H

A.

C
C

H
H

H
O

C

H

C

H
H

H
H
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C
C

H
H

H

H

CH H

H

O
H
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O
C

H
H

H

C

H H

C

H

H
H

D.

C
C

H
H

H
H H

C

H

O
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10.	 Which monomer could produce this polymer?

CH CH
CH2

CH CH
CH2

CH CH
CH2CH2 CH2 CH2

A.	 C6H6CH2CH2

B.	 C6H6CHCH2

C.	 C6H5CHCH2

D.	 C6H5CH2CH2

11.	 Which of these elements is in the f-block of the periodic table?

A.	 Ra

B.	 Lu

C.	 Rf

D.	 Nh

12.	 What is the electron configuration of an atom of Cu?

A.	 [Ar]3d9

B.	 [Ar]4s23d9

C.	 [Ar]4s24d9

D.	 [Ar]4s13d10
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13.	 Which pair of elements would react with each other the least vigorously?

A.	 Lithium and fluorine

B.	 Lithium and iodine

C.	 Caesium and fluorine

D.	 Caesium and iodine

14.	 Which compounds contain an atom in a +3 oxidation state?

I.	 NO2
-

II.	 FeCl3

III.	 BrF3

A.	 I and II only

B.	 I and III only

C.	 II and III only

D.	 I, II and III

15.	 Which functional groups are present in both of these molecules?

H3C

H3C

N N

O

CH3

N
H

F

O

N

N

A.	 Amino and amido

B.	 Amino and alkoxy

C.	 Amino and carbonyl

D.	 Amino and a benzene ring
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14.	 The relative values of the first ionization energies of four elements which have consecutive 
atomic numbers are shown.

An element X reacts with oxygen to form an acidic oxide.

Which element could be X?
Fi

rs
t i

on
iz

at
io

n 
en

er
gy

/ k
J 

m
ol

-1

atomic number

A

B

C
D

15.	 Which formula represents an amide?

A.	 C6H5NH2

B.	 CH3CONH2

C.	 (CH3)2NH

D.	 NH2CH2COOH
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8.	 Which allotropes of carbon are electrical conductors?

I.	 Graphite

II.	 Diamond

III.	 Graphene

A.	 I and II only

B.	 I and III only

C.	 II and III only

D.	 I, II and III

9.	 Which metal has the strongest metallic bond?

A.	 Mg

B.	 Al

C.	 K

D.	 Ga

10.	 Which type of material is a good conductor of heat and electricity in solid and liquid states, 
is insoluble in water, and typically has a high melting point?

A.	 Covalent molecular

B.	 Covalent network

C.	 Ionic

D.	 Metallic

11.	 Which element is a p-block metal?

A.	 Sn

B.	 Te

C.	 Cd

D.	 At

– 5 – 8825 – 6222
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12.	 Which two elements form a compound with the strongest ionic attraction?

A.	 Li and O

B.	 Li and Se

C.	 K and O

D.	 K and Se

13.	 Which oxide is the most basic?

A.	 MgO

B.	 Al2O3

C.	 SiO2

D.	 SO3

14.	 Which compound has the highest boiling point?

A.	 CH3CH2CH2CH3

B.	 CH3CH2CH2CH2CH2CH3

C.	 (CH3)3CCH2CH3

D.	 CH3CH2CH(CH3)CH2CH3

15.	 What is the sum of the coefficients when 1 mol of propan-1-ol, C3H7OH, undergoes 
complete combustion?

__ C3H7OH (l) + __ O2 (g) → __ CO2 (g) + __ H2O (l)

A.	 11.5

B.	 12

C.	 12.5

D.	 13
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12.	 Which two elements form a compound with the strongest ionic attraction?

A.	 Li and O

B.	 Li and Se

C.	 K and O

D.	 K and Se

13.	 Which oxide is the most basic?

A.	 MgO

B.	 Al2O3

C.	 SiO2

D.	 SO3

14.	 Which compound has the highest boiling point?

A.	 CH3CH2CH2CH3

B.	 CH3CH2CH2CH2CH2CH3

C.	 (CH3)3CCH2CH3

D.	 CH3CH2CH(CH3)CH2CH3

15.	 What is the sum of the coefficients when 1 mol of propan-1-ol, C3H7OH, undergoes 
complete combustion?

__ C3H7OH (l) + __ O2 (g) → __ CO2 (g) + __ H2O (l)

A.	 11.5

B.	 12

C.	 12.5

D.	 13
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Section B

Answer all questions. Answers must be written within the answer boxes provided.

1.	 The graph shows the variation of the first ionization energy with atomic radius for periods 2, 
3 and 4 of the periodic table, with the d-block elements omitted.
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(a)	 Annotate the graph with an additional data point, marked with a cross (X), 
for scandium. Use sections 9 and 10 of the data booklet.� [1]

(b)	 Suggest why there might be a link between the two variables in the graph.� [1]
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Section B

Answer all questions. Answers must be written within the answer boxes provided.

1.	 The graph shows the variation of the first ionization energy with atomic radius for periods 2, 
3 and 4 of the periodic table, with the d-block elements omitted.
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(a)	 Annotate the graph with an additional data point, marked with a cross (X), 
for scandium. Use sections 9 and 10 of the data booklet.� [1]

(b)	 Suggest why there might be a link between the two variables in the graph.� [1]
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(Question 1 continued)

(c)	 The graph shows a relationship between first ionization energy and atomic radius.

(i)	 State the type of relationship between the variables.� [1]
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(ii)	 Compare and contrast the trends shown by the different periods.� [2]
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2.	 A teacher gave the class an experimental assignment to determine the concentration 
of aqueous sodium hydroxide, NaOH, using 2.00 mol dm-3 hydrochloric acid, HCl, 
a thermometer and laboratory glassware.

(a)	 Student A used a 50 cm3 measuring cylinder to make the following mixtures of the two 
solutions in a 125 cm3 conical flask and measured the highest temperature for each mixture.

Volume HCll 
± ± 0.5 / cm3 0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0 45.0 50.0

Volume NaOH 
± ± 0.5 / cm3 50.0 45.0 40.0 35.0 30.0 25.0 20.0 15.0 10.0 5.0 0.0

Temperature 
± ± 1 / °C 22 25 28 30 33 33 32 30 27 25 22

(i)	 Suggest one health and safety risk.� [1]

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

(ii)	 Use a ruler to draw straight lines of best fit through the increase and the decrease 
in temperature to show where they intersect.� [1]
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12.	 Which functional groups are present in this molecule?

A.	 amino, alkoxy, ester

B.	 ether, carboxyl, amino

C.	 carboxyl, alkoxy, ester

D.	 ester, amino, carboxyl

13.	 In which block of the periodic table would element 119 be placed, if it is found in the future?

A.	 s

B.	 p

C.	 d

D.	 f
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14.	 Which is a correct alternative representation of this molecule?

C

C

C

H

H

H

H

H

H

C

Cl

Cl

A.	 C3H6Cl2

B.	
Cl

Cl

C.	 2,2-dichlorobut-1-ene

D.	 CH3CHClC(Cl)=CH2

15.	 The block structure of the periodic table groups elements according to which characteristic?

A.	 atomic number

B.	 atomic mass

C.	 electron configuration

D.	 reactivity

16.	 Which set of conditions describe a reaction in which the reactants are more stable than 
the products?

A.	 endothermic and ∆H negative

B.	 endothermic and ∆H positive

C.	 exothermic and ∆H negative

D.	 exothermic and ∆H positive
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14.	 Which is a correct alternative representation of this molecule?

C

C

C

H

H

H

H

H

H

C

Cl

Cl

A.	 C3H6Cl2

B.	
Cl

Cl

C.	 2,2-dichlorobut-1-ene

D.	 CH3CHClC(Cl)=CH2

15.	 The block structure of the periodic table groups elements according to which characteristic?

A.	 atomic number

B.	 atomic mass

C.	 electron configuration

D.	 reactivity

16.	 Which set of conditions describe a reaction in which the reactants are more stable than 
the products?

A.	 endothermic and ∆H negative

B.	 endothermic and ∆H positive

C.	 exothermic and ∆H negative

D.	 exothermic and ∆H positive
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3.	 In a simulation, equal masses of potassium and lithium are added to water and the time 
taken for the metals to fully react is recorded. Five different increasing masses of each metal 
are used, and the reaction is timed.

(a)	 Sketch the graphs on the axes to show the expected results of this experiment.� [2]
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(b)	 Suggest a reason why comparing the time for complete reaction of equal masses is not 
a valid measure of reactivity.� [1]
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(c)	 Lithium carbide, Li2C2, is one of many compounds of lithium and carbon. Determine the 
percentage covalent character and bonding type in this compound by using sections 9 
and 17 of the data booklet.� [2]
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(Question 3 continued)

(d)	 Draw the Lewis formula of the anion in the salt Li2C2.� [2]
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4.	 Heptadecane, C17H36, can be extracted from crude oil or cactus plants.

(a)	 Write an equation for the complete combustion of C17H36.� [1]
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(b)	 The enthalpy of combustion of C17H36 is -11 350 kJ mol-1.

(i)	 Calculate the maximum energy produced when 2.00 g of C17H36 is combusted.� [2]
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(ii)	 Determine the maximum temperature change when 500.0 cm3 of water is heated 
by a 2.00 g sample of C17H36.� [2]
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(iii)	 Outline two assumptions made in the calculation in (b)(ii).� [2]
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12.	 The following thin-layer chromatogram was obtained from a mixture of naphthalene, C10H8, and 
naphthol, C10H8O. A polar silica was used as the stationary phase, and a non-polar hexane as the 
mobile phase.

OH

NaphtholNaphthalene

Solvent front

x

Base line

y

7 cm

0 cm

What are the position and retardation factor (RF) of naphthalene?

A.	 y and 0.50

B.	 y and 0.58

C.	 x and 0.80

D.	 x and 0.83
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13.	 Aluminium trichloride, AlCl3(g), and beryllium chloride, BeCl2(g), have been known for  
many years. Which adaptation of the bonding model was made to explain the bonding in AlCl3(g) 
and BeCl2(g)?

A.	 The existence of coordination bonding was proposed.

B.	 Ideas about oxidation states were formed.

C.	 Exceptions to the octet rule were introduced.

D.	 Lewis formulas of molecules were developed.

14.	 Germanium has several stable oxidation states. Which row shows these species in order  
of increasing radius?

A.	 Ge4+, Ge2+, Ge, Ge4-.

B.	 Ge4-, Ge4+, Ge2+, Ge.

C.	 Ge, Ge4-, Ge4+, Ge2+.

D.	 Ge2+, Ge, Ge4-, Ge4+.

15.	 Which statement explains the trend in first ionisation energy from sodium, Na, to chlorine,Cl?

A.	 Nuclear charge increases.

B.	 Electronegativity decreases.

C.	 Atomic radius increases.

D.	 Shielding decreases.

16.	 Which elements would react with each other most vigorously?

A.	 K(s) and Br2(g)

B.	 K(s) and Cl2(g)

C.	 Na(s) and Br2(g)

D.	 Na(s) and Cl2(g)
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10.	 Which monomer produces this addition polymer?
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11.	 Which label shows the d-block elements of the periodic table?

A.

D.

B.

C.



Chemistry SL | Paper 1A | May 2025 TZ2 | Q14 | 1 marks

Apollo | Original source crop | 275

– 6 – 2225 – 6216

12.	 Why do group 17 elements have higher first ionization energies than group 1 elements in the 
same period?

A.	 Group 17 elements have more electrons in the valence shell.

B.	 Group 17 elements have more filled energy levels.

C.	 Group 17 elements have more paired electrons.

D.	 Group 17 elements have more protons in the nucleus.

13.	 What is the oxidation state of nitrogen in N2O4?

A.	 −4

B.	 −2

C.	 +2

D.	 +4

14.	 Which compound is an isomer of propanone?
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15.	 What is the correct interpretation of this energy profile?

P
ot

en
tia

l e
ne

rg
y

Products

Reactants

Reaction coordinate

Relative stability Temperature of surroundings

A. reactants more stable than products decreases

B. reactants more stable than products increases

C. reactants less stable than products decreases

D. reactants less stable than products increases
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10.	 Which monomer could produce this polymer?

CH CH
CH2

CH CH
CH2

CH CH
CH2CH2 CH2 CH2

A.	 C6H6CH2CH2

B.	 C6H6CHCH2

C.	 C6H5CHCH2

D.	 C6H5CH2CH2

11.	 Which of these elements is in the f-block of the periodic table?

A.	 Ra

B.	 Lu

C.	 Rf

D.	 Nh

12.	 What is the electron configuration of an atom of Cu?

A.	 [Ar]3d9

B.	 [Ar]4s23d9

C.	 [Ar]4s24d9

D.	 [Ar]4s13d10
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13.	 Which pair of elements would react with each other the least vigorously?

A.	 Lithium and fluorine

B.	 Lithium and iodine

C.	 Caesium and fluorine

D.	 Caesium and iodine

14.	 Which compounds contain an atom in a +3 oxidation state?

I.	 NO2
-

II.	 FeCl3

III.	 BrF3

A.	 I and II only

B.	 I and III only

C.	 II and III only

D.	 I, II and III

15.	 Which functional groups are present in both of these molecules?

H3C

H3C

N N

O

CH3

N
H

F

O

N

N

A.	 Amino and amido

B.	 Amino and alkoxy

C.	 Amino and carbonyl

D.	 Amino and a benzene ring

– 7 – 2225 – 6222

Turn over

16.	 Which statement about an exothermic reaction is correct?

A.	 Temperature decreases and the products have higher enthalpy than the reactants.

B.	 Temperature decreases and the products have lower enthalpy than the reactants.

C.	 Temperature increases and the products have higher enthalpy than the reactants.

D.	 Temperature increases and the products have lower enthalpy than the reactants.

17.	 The energy from burning 0.321 g of methanol causes the temperature of 200 cm3 of water to rise by 
5.00 K. What is the enthalpy of combustion of the methanol in kJ mol-1?

Specific heat capacity of water: 4.18 J g-1 K-1, M r methanol = 32.05 g mol-1

Q = mc ∆ T

A.	 -417

B.	 -579

C.	 -23 200

D.	 -417 000

18.	 Which process to produce ethanol has an atom economy of 100?

A.	 C2H4 + H2O → C2H5OH

B.	 C6H12O6 → 2C2H5OH + 2CO2

C.	 CH3COOC2H5 + NaOH → C2H5OH + CH3COONa

D.	 CH3COOC2H5 + H2O  C2H5OH + CH3COOH
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11.	 A section of a polymer containing three repeating units is shown.

C C C C C C

H H H H H H

CH3 H CH3 H CH3 H

Which monomer was used to make this polymer?

A.	 But-1-ene

B.	 But-2-ene

C.	 Methylpropene

D.	 Propene

12.	 What are the oxidation states of the elements in Na2CrO4?

Sodium Chromium Oxygen

A. +1 +6 -1

B. +2 +3 -1

C. +1 +6 -2

D. +2 +3 -2

13.	 What is the IUPAC name of the molecule below?

O

A.	 2-ethyl-4-methylpentan-3-one

B.	 4-ethyl-2-methylpentan-3-one

C.	 2,4-dimethylhexan-3-one

D.	 3,5-dimethylhexan-4-one

– 6 – 8825 – 6210

14.	 The relative values of the first ionization energies of four elements which have consecutive 
atomic numbers are shown.

An element X reacts with oxygen to form an acidic oxide.

Which element could be X?
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A

B

C
D

15.	 Which formula represents an amide?

A.	 C6H5NH2

B.	 CH3CONH2

C.	 (CH3)2NH

D.	 NH2CH2COOH
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14.	 The relative values of the first ionization energies of four elements which have consecutive 
atomic numbers are shown.

An element X reacts with oxygen to form an acidic oxide.

Which element could be X?
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15.	 Which formula represents an amide?

A.	 C6H5NH2

B.	 CH3CONH2

C.	 (CH3)2NH

D.	 NH2CH2COOH

– 7 – 8825 – 6210

Turn over

16.	 The potential energy profile of a reaction is shown.

P
ot

en
tia

l e
ne

rg
y

Reaction coordinate

Reactants

Products

Which reaction has this energy profile?

A.	 N2 (g) + O2 (g)  2NO (g)

B.	 2H (g)  H2 (g)

C.	 NaOH (aq) + HCl (aq) → NaCl (aq) + H2O (l)

D.	 CH4 (g) + 2O2 (g) → CO2 (g) + 2H2O (l)

17.	 What is H, in kJ, in the energy cycle below?

�

A.	 + 52 - 176

B.	 + 52 + 176

C.	 - 52 + 124

D.	 - 52 - 176
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12.	 Which functional groups are present in this molecule?

A.	 amino, alkoxy, ester

B.	 ether, carboxyl, amino

C.	 carboxyl, alkoxy, ester

D.	 ester, amino, carboxyl

13.	 In which block of the periodic table would element 119 be placed, if it is found in the future?

A.	 s

B.	 p

C.	 d

D.	 f
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14.	 Which is a correct alternative representation of this molecule?

C

C

C

H

H

H

H

H

H

C

Cl

Cl

A.	 C3H6Cl2

B.	
Cl

Cl

C.	 2,2-dichlorobut-1-ene

D.	 CH3CHClC(Cl)=CH2

15.	 The block structure of the periodic table groups elements according to which characteristic?

A.	 atomic number

B.	 atomic mass

C.	 electron configuration

D.	 reactivity

16.	 Which set of conditions describe a reaction in which the reactants are more stable than 
the products?

A.	 endothermic and ∆H negative

B.	 endothermic and ∆H positive

C.	 exothermic and ∆H negative

D.	 exothermic and ∆H positive


