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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



Chemistry SL | Paper 1A | May 2025 TZ1 | Q27 | 1 marks

Apollo | Original source crop | 3

– 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)

– 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?
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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•

�
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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.	 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]

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

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

(This question continues on the following page)
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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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(This question continues on the following page)
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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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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]
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(This question continues on the following page)
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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]

���������������������������������������������������������������������������������������������������������������������������������������������������
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(b)	 Describe how you would connect the Fe2+ | Fe half-cell to another half-cell to produce 
electric current through a light bulb.� [2]
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(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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