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23.	 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

24.	 The table shows enthalpy of combustion data for several substances.

Substance ∆∆HÖ
c (kJ mol-1)

C2H6 -1561

C2H4 -1411

H2 -286

Which expression would give the enthalpy for the following reaction?

C2H4(g) + H2(g) → C2H6(g)

A.	 -1561 + 286 - 1411

B.	 -1411 - 286 + 1561

C.	 -1411 + 286 + 1561

D.	 -1561 - 286 -1411

25.	 Which of the following reactions will have the largest positive change in entropy?

A.	 CaCO3(s) + 2HCl(aq) → CaCl2(aq) + H2O(l) + CO2(g)

B.	 CaO(s) + CO2(g) → CaCO3(s)

C.	 I2(g) + H2(g) → 2HI(g)

D.	 2H2(g) + O2(g) → 2H2O(g)
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26.	 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 %

27.	 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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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
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22.	 Which energy change on the diagram below represents the electron affinity of chlorine?

Na(s)

Na(g)

+

+

∆H1

∆H2 ∆H3 ∆H6

Na+
(g)

1
2 Cl2(g)

Cl(g)
∆H4

∆H5

NaCl (s)

+Cl–(g)

A.	 ∆H2

B.	 ∆H3

C.	 ∆H4

D.	 ∆H5

23.	 In which reaction does entropy decrease?

A.	 KBr (s) → KBr (aq)

B.	 NH3 (g) + HCl (g) → NH4Cl (s)

C.	 Mg (s) + H2SO4 (aq) → MgSO4 (aq) + H2 (g)

D.	 CaCO3 (s) → CaO (s) + CO2 (g)

24.	 What are the signs of ∆ H and ∆ S for a reaction that is non-spontaneous at low temperatures but 
spontaneous at high temperatures?

∆ H ∆ S

A. + -

B. - -

C. + +

D. - +
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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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5.	 Ethyne, C2H2, is a useful raw material in the synthesis of organic compounds.

(a)	 (i)	� Calculate the standard enthalpy change, in kJ mol-1, of the complete 
hydrogenation of ethyne to produce ethane. Use section 14 of the data booklet.� [2]

C2H2 (g) + 2 H2 (g) → C2H6 (g)
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(ii)	 Calculate the temperature at which this reaction is no longer spontaneous.� [2]

Use your answer to part (a)(i) and section 1 of the data booklet.

The standard entropy change of this reaction is ∆S À = -233 J K-1 mol-1.

If you did not obtain an answer to part (a)(i) then use the value -80.0 kJ mol-1, 
although this is not the correct answer.
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(Question 5 continued)

(b)	 140.0 cm3 of ethyne are 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]
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(c)	 (i)	� Draw the Lewis formula of C2H2.� [1]

(ii)	 State the hybridization of the carbon atom in C2H2.� [1]
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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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(ii)	 Comment on the sign and value of the standard reduction potential of lithium that 
make it suitable to use in the battery. Use section 19 of the data booklet.� [2]

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

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

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

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

(This question continues on the following page)

24EP12



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

Apollo | Original source crop | 10

– 11 – 8825 – 6207

Turn over

24.	 Which reaction is predicted to occur with the largest decrease in entropy?

A.	 N2 (g) + 3H2 (g)  2NH3 (g)

B.	 N2 (g) + 2O2 (g)   2NO2 (g)

C.	 6CO2 (g) + 6H2O (g)  C6H12O6 (s) + 6O2 (g)

D.	 CO (g) + 2H2 (g)  CH3OH (l)

25.	 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

26.	 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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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

– 12 – 8825 – 6219

29.	 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]

30.	 Consider the equilibrium reaction:

CO (g) + 2H2 (g)  CH3OH (g)

Under certain conditions, K = 2.5.

At the same temperature and pressure, a mixture has the following concentrations, in mol dm−3

[CO] = 0.2 [H2] = 0.4 [CH3OH] = 0.32

Which statement is correct?

A.	 Mixture is at equilibrium and no reactions are occurring.

B.	 Forward and reverse reactions are occurring at the same rate.

C.	 Forward reaction rate is favoured to establish equilibrium.

D.	 Reverse reaction rate is favoured to establish equilibrium.

31.	 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 pOH = −log10 [OH- ] [OH- ] = 10−pOH Kw = [H+] [OH− ]

A.	 3.16 × 10−10

B.	 3.16 × 10−9

C.	 3.16 × 10−5

D.	 3.16 × 10−4
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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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ne
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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


