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28.	 Consider the following Maxwell-Boltzmann distribution. 
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Which represents the distribution and value of activation energy at a lower temperature?
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29.	 Consider the following system at equilibrium:

N2(g) + 3H2(g)  2NH3(g)	 ∆Hr
Ö = -46 kJ mol−1

Which row correctly describes the initial effect of a change in pressure on the equilibrium position 
and the relationship between Q and K?

Change in 
pressure Equilibrium shift Relationship 

between Q and K

A. decrease to the left Q < K

B. increase to the left Q > K

C. decrease to the right Q > K

D. increase  to the right Q < K

30.	 The following results were obtained from the acid-catalysed reaction between iodine, I2, and 
propanone, CH3COCH3.

Experiment Initial 
[CH3COCH3] 
(mol dm−3)

Initial [I2] 
(mol dm−3)

Initial [H+]
(mol dm−3)

Relative 
initial rate 

mol dm−3 s−1

1 0.56 0.56 0.56 5.6 × 10−3 

2 0.28 0.56 0.28 1.4 × 10−3

3 0.56 0.28 0.56 5.6 × 10−3

4 0.56 0.56 0.28 2.8 × 10−3

Which row gives the correct order of reaction for each reactant?

CH3COCH3 I2 H++

A. 1 0 1

B. 1 1 0

C. 0 0 2

D. 0 1 1
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29.	 Consider the following system at equilibrium:

N2(g) + 3H2(g)  2NH3(g)	 ∆Hr
Ö = -46 kJ mol−1

Which row correctly describes the initial effect of a change in pressure on the equilibrium position 
and the relationship between Q and K?

Change in 
pressure Equilibrium shift Relationship 

between Q and K

A. decrease to the left Q < K

B. increase to the left Q > K

C. decrease to the right Q > K

D. increase  to the right Q < K

30.	 The following results were obtained from the acid-catalysed reaction between iodine, I2, and 
propanone, CH3COCH3.

Experiment Initial 
[CH3COCH3] 
(mol dm−3)

Initial [I2] 
(mol dm−3)

Initial [H+]
(mol dm−3)

Relative 
initial rate 

mol dm−3 s−1

1 0.56 0.56 0.56 5.6 × 10−3 

2 0.28 0.56 0.28 1.4 × 10−3

3 0.56 0.28 0.56 5.6 × 10−3

4 0.56 0.56 0.28 2.8 × 10−3

Which row gives the correct order of reaction for each reactant?

CH3COCH3 I2 H++

A. 1 0 1

B. 1 1 0

C. 0 0 2

D. 0 1 1

– 16 – 2225 – 6207

31.	 The acid-catalysed reaction between iodine, I2, and propanone, CH3COCH3, was carried out at 
various temperatures to find the activation energy. The following graph was obtained from the 
processed data, and the slope was calculated to be −6400.
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Which expression gives the activation energy for this reaction?

ln lnk
E
RT

Aa
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31.	 The acid-catalysed reaction between iodine, I2, and propanone, CH3COCH3, was carried out at 
various temperatures to find the activation energy. The following graph was obtained from the 
processed data, and the slope was calculated to be −6400.
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Which expression gives the activation energy for this reaction?
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32.	 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

-.

33.	 A solution has a pH of 3.0. What is the hydroxide ion concentration, [OH-], in the solution?

A.	 11

B.	 10-3

C.	 10

D.	 10-11

34.	 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
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21.	 Which change results in a decrease in entropy?

A.	 N2H4 (l) → N2 (g) + 2H2 (g)

B.	 K2Cr2O7 (s) → K2Cr2O7 (aq)

C.	 MgCO3 (s) → MgO (s) + CO2 (g)

D.	 2H2 (g) + O2 (g) → 2H2O (g)

22.	 Which value indicates an equilibrium reaction?

A.	 ΔS = 0 J K-1 mol-1

B.	 ΔG = 0 kJ mol-1

C.	 ΔH = 0 kJ mol-1

D.	 ΔT = 0 K

23.	 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

24.	 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

– 11 – 2225 – 6213

Turn over

25.	 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

26.	 Which species is an intermediate in the following reaction mechanism?

(CH3)3CBr → (CH3)3C
+ + Br-

(CH3)3C
+ + H2O → H+ + (CH3)3COH

A.	 (CH3)3C
+

B.	 Br-

C.	 H2O

D.	 H+

27.	 What is the overall reaction order?

2NO (g) + Cl2 (g) → 2NOCl (g)

[NO] / mol dm--3 [Cl2] / mol dm--3 Rate

0.10 0.10 2.5 × 10−6

0.10 0.20 5.0 × 10−6

0.20 0.10 10.0 × 10−6

A.	 Zero order

B.	 First order

C.	 Second order

D.	 Third order



Chemistry HL | Paper 1A | May 2025 TZ2 | Q25 | 1 marks

Apollo | Original source crop | 8

– 11 – 2225 – 6213

Turn over

25.	 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

26.	 Which species is an intermediate in the following reaction mechanism?

(CH3)3CBr → (CH3)3C
+ + Br-

(CH3)3C
+ + H2O → H+ + (CH3)3COH

A.	 (CH3)3C
+

B.	 Br-

C.	 H2O

D.	 H+

27.	 What is the overall reaction order?

2NO (g) + Cl2 (g) → 2NOCl (g)

[NO] / mol dm--3 [Cl2] / mol dm--3 Rate

0.10 0.10 2.5 × 10−6

0.10 0.20 5.0 × 10−6

0.20 0.10 10.0 × 10−6

A.	 Zero order

B.	 First order

C.	 Second order

D.	 Third order
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25.	 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

26.	 Which species is an intermediate in the following reaction mechanism?

(CH3)3CBr → (CH3)3C
+ + Br-

(CH3)3C
+ + H2O → H+ + (CH3)3COH

A.	 (CH3)3C
+

B.	 Br-

C.	 H2O

D.	 H+

27.	 What is the overall reaction order?

2NO (g) + Cl2 (g) → 2NOCl (g)

[NO] / mol dm--3 [Cl2] / mol dm--3 Rate

0.10 0.10 2.5 × 10−6

0.10 0.20 5.0 × 10−6

0.20 0.10 10.0 × 10−6

A.	 Zero order

B.	 First order

C.	 Second order

D.	 Third order
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25.	 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

26.	 Which species is an intermediate in the following reaction mechanism?

(CH3)3CBr → (CH3)3C
+ + Br-

(CH3)3C
+ + H2O → H+ + (CH3)3COH

A.	 (CH3)3C
+

B.	 Br-

C.	 H2O

D.	 H+

27.	 What is the overall reaction order?

2NO (g) + Cl2 (g) → 2NOCl (g)

[NO] / mol dm--3 [Cl2] / mol dm--3 Rate

0.10 0.10 2.5 × 10−6

0.10 0.20 5.0 × 10−6

0.20 0.10 10.0 × 10−6

A.	 Zero order

B.	 First order

C.	 Second order

D.	 Third order

– 12 – 2225 – 6213

28.	 What is true of rate constants of elementary reactions?

A.	 Always increase with temperature

B.	 Only increase with temperature for endothermic reactions

C.	 Never vary with temperature

D.	 Only decrease with temperature for endothermic reactions

29.	 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

30.	 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

31.	 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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28.	 What is true of rate constants of elementary reactions?

A.	 Always increase with temperature

B.	 Only increase with temperature for endothermic reactions

C.	 Never vary with temperature

D.	 Only decrease with temperature for endothermic reactions

29.	 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

30.	 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

31.	 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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25.	 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

26.	 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

27.	 Compounds P and Q were mixed together at various concentrations and the initial rate of each 
reaction was measured.

Experiment [P] mol dm–3 [Q] mol dm–3 Initial rate of reaction 
(mol dm–3 s–1)

1 0.20 0.15 0.50

2 0.10 0.15 0.25

3 0.20 0.30 1.00

What are the orders of reaction with respect to P and Q?

Order with respect to P Order with respect to Q

A. 1 1

B. 1 2

C. 2 1

D. 1 0
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25.	 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

26.	 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

27.	 Compounds P and Q were mixed together at various concentrations and the initial rate of each 
reaction was measured.

Experiment [P] mol dm–3 [Q] mol dm–3 Initial rate of reaction 
(mol dm–3 s–1)

1 0.20 0.15 0.50

2 0.10 0.15 0.25

3 0.20 0.30 1.00

What are the orders of reaction with respect to P and Q?

Order with respect to P Order with respect to Q

A. 1 1

B. 1 2

C. 2 1

D. 1 0
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28.	 What are the units for the rate constant, k, in the following expression?

Rate = k [X]2[Y]0

A.	 mol2 dm-6 s-1

B.	 mol dm-3 s-1

C.	 mol-1 dm3 s-1

D.	 mol-2 dm6 s-1

29.	 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.

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

Mr propane = 44.1 g mol-1

A.	 10.4

B.	 5.20

C.	 2.60

D.	 1.30

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

A.	 2.0

B.	 2.5

C.	 3.0

D.	 3.5
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28.	 What are the units for the rate constant, k, in the following expression?

Rate = k [X]2[Y]0

A.	 mol2 dm-6 s-1

B.	 mol dm-3 s-1

C.	 mol-1 dm3 s-1

D.	 mol-2 dm6 s-1

29.	 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.

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

Mr propane = 44.1 g mol-1

A.	 10.4

B.	 5.20

C.	 2.60

D.	 1.30

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

A.	 2.0

B.	 2.5

C.	 3.0

D.	 3.5
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8.	 The mechanism of an exothermic reaction between A and B consists of two steps.

A + B  C + D Fast step

D + B → E Slow step

(a)	 (i)	� State the products of the reaction.� [1]

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

(ii)	 Sketch the energy profile for this reaction. Include labels for reactants, products, 
transition state(s) and intermediate(s).� [3]
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Reaction coordinate

(iii)	 Deduce the rate equation of the reaction.� [2]
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(This question continues on the following page)
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(Question 8 continued)

(b)	 Explain, using collision theory, how an increase in temperature increases the reaction rate.� [3]
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9.	 Ethanol is a biofuel that is made from glucose. Glucose is formed by the biological fixation of 
carbon through photosynthesis.

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

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

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

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

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

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

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

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

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

(ii)	 Calculate the enthalpy change for the combustion of ethanol in kJ mol–1. Use 
section 12 of the data booklet.� [3]

C2H5OH(l) + 3O2 (g) → 2CO2 (g) + 3H2O (g)

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

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

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

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

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

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

(This question continues on the following page)
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27.	 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?
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28.	 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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27.	 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?
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28.	 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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29. Consider the following equation:

2X  Y + Z

Which graph shows that the reaction is first order with respect to X?
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30. 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.
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29. Consider the following equation:

2X  Y + Z

Which graph shows that the reaction is first order with respect to X?
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30. 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.
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25.	 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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26.	 The reaction between bromine and nitrogen(II) oxide follows a two-step mechanism.

Br2 (g) + NO (g)  NOBr2 (g) fast

NOBr2 (g) + NO (g) → 2NOBr (g) slow

What is the rate equation?

A.	 Rate = k[Br2] [NO]

B.	 Rate = k[Br2] [NO]2

C.	 Rate = k[Br2] [NO]2 [NOBr2]

D.	 Rate = k[NOBr]2

27.	 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.

28.	 What is the value of the Gibbs energy change, DG, in kJ mol−1, for the reaction between 
hydrogen and iodine gases at 30 °C?

H2 (g) + I2 (g)  2HI (g) K = 40.2

DG = −RT lnK R = 8.31 J K−1 mol−1

A.	 −9300

B.	 −921

C.	 −9.30

D.	 −0.921
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26.	 The reaction between bromine and nitrogen(II) oxide follows a two-step mechanism.

Br2 (g) + NO (g)  NOBr2 (g) fast

NOBr2 (g) + NO (g) → 2NOBr (g) slow

What is the rate equation?

A.	 Rate = k[Br2] [NO]

B.	 Rate = k[Br2] [NO]2

C.	 Rate = k[Br2] [NO]2 [NOBr2]

D.	 Rate = k[NOBr]2

27.	 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.

28.	 What is the value of the Gibbs energy change, DG, in kJ mol−1, for the reaction between 
hydrogen and iodine gases at 30 °C?

H2 (g) + I2 (g)  2HI (g) K = 40.2

DG = −RT lnK R = 8.31 J K−1 mol−1

A.	 −9300

B.	 −921

C.	 −9.30

D.	 −0.921
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26.	 The reaction between bromine and nitrogen(II) oxide follows a two-step mechanism.

Br2 (g) + NO (g)  NOBr2 (g) fast

NOBr2 (g) + NO (g) → 2NOBr (g) slow

What is the rate equation?

A.	 Rate = k[Br2] [NO]

B.	 Rate = k[Br2] [NO]2

C.	 Rate = k[Br2] [NO]2 [NOBr2]

D.	 Rate = k[NOBr]2

27.	 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.

28.	 What is the value of the Gibbs energy change, DG, in kJ mol−1, for the reaction between 
hydrogen and iodine gases at 30 °C?

H2 (g) + I2 (g)  2HI (g) K = 40.2

DG = −RT lnK R = 8.31 J K−1 mol−1

A.	 −9300

B.	 −921

C.	 −9.30

D.	 −0.921
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24.	 What is correct as a system approaches equilibrium?

A.	 Q remains constant.

B.	 Kc increases.

C.	 ΔGÖ becomes more negative.

D.	 ΔG approaches zero.

25.	 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

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

Reactants

Products

Reaction coordinate 

P
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l e
ne
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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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27.	 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.

28.	 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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2
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2

+

C.	
[SO ]

[SO ] [O ]
3
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2
2

2

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

2 2

3

29.	 Which statement is correct about points X and Y on the energy profile diagram?

Reaction coordinate 
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en
tia

l e
ne

rg
y

Reactants

Products

X

Y

A.	 X is a transition state and Y is an intermediate.

B.	 X is an intermediate and Y is a transition state.

C.	 X and Y are transition states.

D.	 X and Y are intermediates.
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27.	 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.

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

2SO3 (g)  2SO2 (g) + O2 (g)

A.	
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29.	 Which statement is correct about points X and Y on the energy profile diagram?

Reaction coordinate 
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Reactants

Products

X

Y

A.	 X is a transition state and Y is an intermediate.

B.	 X is an intermediate and Y is a transition state.

C.	 X and Y are transition states.

D.	 X and Y are intermediates.
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27.	 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.

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

2SO3 (g)  2SO2 (g) + O2 (g)

A.	
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29.	 Which statement is correct about points X and Y on the energy profile diagram?
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A.	 X is a transition state and Y is an intermediate.

B.	 X is an intermediate and Y is a transition state.

C.	 X and Y are transition states.

D.	 X and Y are intermediates.
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30.	 The equation for the reaction between two gases, A and B, is:

A (g) + 2B (g)  2C (g)

When the reaction is at equilibrium at 600 K, the concentrations of A, B, and C are 2, 1, and 
2 mol dm−3 respectively. What is the value of the equilibrium constant at 600 K?

A.	 0.25

B.	 1

C.	 2

D.	 4

31.	 Which reaction would be expected to have the largest Arrhenius (pre-exponential) factor, A, 
at constant temperature?

A.	 H (g) + I (g) → HI (g)

B.	 H2 (g) + I2 (g) → 2HI (g)

C.	 2HCl (g) → H2 (g) + Cl2 (g)

D.	 H2 + C2H4 → C2H6

32.	 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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30.	 The equation for the reaction between two gases, A and B, is:

A (g) + 2B (g)  2C (g)

When the reaction is at equilibrium at 600 K, the concentrations of A, B, and C are 2, 1, and 
2 mol dm−3 respectively. What is the value of the equilibrium constant at 600 K?

A.	 0.25

B.	 1

C.	 2

D.	 4

31.	 Which reaction would be expected to have the largest Arrhenius (pre-exponential) factor, A, 
at constant temperature?

A.	 H (g) + I (g) → HI (g)

B.	 H2 (g) + I2 (g) → 2HI (g)

C.	 2HCl (g) → H2 (g) + Cl2 (g)

D.	 H2 + C2H4 → C2H6

32.	 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]

���������������������������������������������������������������������������������������������������������������������������������������������������
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(d)	 The following graph shows the student’s results.
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(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]
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(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]
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(iii)	 State the implications of the results of the experiment for avoiding loss of vitamin 
C in the storage of orange juice.� [1]
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(e)	 Suggest an extension to the investigation that would generate further recommendations 
for the storage of orange juice.� [1]
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3.	 A student investigates the effect of pressure on the volume of carbon dioxide gas released 
from a carbonated drink poured into a flask.

To alter the pressure on the carbonated drink, masses are placed on top of the piston of the 
gas syringe as shown.
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The graph shows some of the data collected.
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Experiment 3:
400 g attached 
to piston

(a)	 Determine, by annotating the graph, the initial rate of release of CO2 in Experiment 1 in 
cm3 s−1.� [2]

(This question continues on the following page)

12EP10



Chemistry HL | Paper 1B | Specimen 2025 | Q3 | 8 marks

Apollo | Original source crop | 33

– 3 –

SPEC/4/CHEMI/HP1/ENG/TZ0/XX

0000 – 6102

Turn over

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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3.	 A student investigates the effect of pressure on the volume of carbon dioxide gas released 
from a carbonated drink poured into a flask.

To alter the pressure on the carbonated drink, masses are placed on top of the piston of the 
gas syringe as shown.
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The graph shows some of the data collected.
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Experiment 3:
400 g attached 
to piston

(a)	 Determine, by annotating the graph, the initial rate of release of CO2 in Experiment 1 in 
cm3 s−1.� [2]

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

(b)	 Estimate the time at which the piston would begin to move if a 600 g mass is used.� [1]

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

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

(c)	 Suggest two reasons why the volume of CO2 collected in the gas syringe is smaller 
when more masses are placed on top of the piston.� [2]

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

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

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

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

(d)	 Calculate the percentage decrease in the final volume of CO2 per 100 g mass placed 
on the piston, using the results of Experiment 1 and Experiment 3 at 100 s.� [1]

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

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

(e)	 Sketch and give a reason for a graph of the total mass of the apparatus in 
Experiment 1 against time.� [2]
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