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	 (c)	 �Hydrogen sulfide gas, H2S(g), is slightly soluble in water. It acts as a weak acid in aqueous 
solution.

	 (i)	 �State the meaning of weak acid.

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

	 ........................................................................................................................................  [1]

	 (ii)	 �Give the formula of the conjugate base of H2S.

	 ........................................................................................................................................  [1]

	 (iii)	� H2S(aq) reacts slowly with oxygen dissolved in water. The reaction is represented by the 
following equation.

H2S(aq)  +  12O2(aq)  →  H2O(l)  +  S(s)

	 �Explain, with reference to oxidation numbers, why this reaction is a redox reaction.

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

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

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

	 ........................................................................................................................................  [2]

2
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1	 (a)	� Magnesium has a melting point of 650 °C and high electrical conductivity.

	� Explain these properties of magnesium by referring to its structure and bonding.

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

	 ...............................................................................................................................................  [2]

	 (b)	� When magnesium is heated in air, magnesium oxide, MgO, is the major product. Smaller 
amounts of magnesium nitride, Mg3N2, are also made.

	 (i)	� Calculate the oxidation number for magnesium and for the nitrogen species in Mg3N2 to 
complete Table 1.1.

Table 1.1

species magnesium in Mg3N2 nitrogen in Mg3N2

oxidation number

� [1]

	 (ii)	� Identify the type of reaction which takes place between magnesium and nitrogen.
		  Explain your answer.

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

	 ........................................................................................................................................  [1]

	 (iii)	 �Define enthalpy change of formation.

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

	 ........................................................................................................................................  [2]

	 (iv)	� When 3.645 g of Mg(s) burns in excess N2(g) to form Mg3N2(s), 23.05 kJ of energy is 
released.

	� Calculate the enthalpy change of formation, ∆Hf, of Mg3N2. Show your working.

� ∆Hf (Mg3N2) = ..............................................  [3]

� [Total: 9]
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Q3  -  Easy 9701/22/F/M/21/Q2(c)(ii) 1 mark

Q4  -  Easy 9701/22/F/M/22/Q2(c)(ii) 1 mark
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	 (c)	� The halide ions, X– (where X = Cl, Br, I), show clear trends in their physical and chemical 
properties.

	 (i)	 �State and explain the relative thermal stabilities of the hydrogen halides, HX.

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

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

	 ........................................................................................................................................  [2]

	 �The halide ions react easily with concentrated H2SO4.

	 �The main sulfur-containing product of each reaction is shown in the table.

halide ion Cl – Br – I–

main sulfur-containing product of
reaction with concentrated H2SO4

HSO4
– SO2 H2S

oxidation number of sulfur

	 (ii)	 �Complete the table to show the oxidation number of sulfur in each of the sulfur-containing 
products.� [1]

	 (iii)	 �Explain why different sulfur-containing products are produced when each of these halide 
ions reacts with concentrated H2SO4.

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

	 ........................................................................................................................................  [1]

	 (d)	� Cl 2 reacts with aqueous sodium hydroxide in a disproportionation reaction.

	 (i)	 �State what is meant by disproportionation.

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

	 ........................................................................................................................................  [1]

	 (ii)	� Write an equation for the reaction of Cl 2 with cold aqueous sodium hydroxide.

	 ........................................................................................................................................  [1]

5
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	 (iii)	� Al 2O3 is used as a catalyst in the dehydration of alcohols.

	 �State the effect of using Al 2O3 as a catalyst in the dehydration of alcohols. Use the 
Boltzmann distribution in Fig. 2.1 to help explain your answer.

energy

number of
molecules

Fig. 2.1

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

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

	 ........................................................................................................................................  [3]

	 (c)	� P4O6 is a white solid that has a melting point of 24 °C. Solid P4O6 reacts with water to form 
H3PO3.

	 (i)	� Deduce the type of structure and bonding shown by P4O6. Explain your answer.

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

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

	 ........................................................................................................................................  [2]

	 (ii)	� Determine the oxidation number of P in H3PO3.

	 ........................................................................................................................................  [1]
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	 (iii)	� Al 2O3 is used as a catalyst in the dehydration of alcohols.

	 �State the effect of using Al 2O3 as a catalyst in the dehydration of alcohols. Use the 
Boltzmann distribution in Fig. 2.1 to help explain your answer.

energy

number of
molecules

Fig. 2.1

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

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

	 ........................................................................................................................................  [3]

	 (c)	� P4O6 is a white solid that has a melting point of 24 °C. Solid P4O6 reacts with water to form 
H3PO3.

	 (i)	� Deduce the type of structure and bonding shown by P4O6. Explain your answer.

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

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

	 ........................................................................................................................................  [2]

	 (ii)	� Determine the oxidation number of P in H3PO3.

	 ........................................................................................................................................  [1]



SECTION - OXIDATION NUMBERS

Q5  -  Easy 9701/22/M/J/23/Q2(a)(i)-(ii) 2 marks
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2 Chlorine is a reactive element. It forms many compounds.

 (a) (i) Complete Table 2.1 to show the maximum oxidation number of the elements Na to P in 
their chlorides.

Table 2.1

element Na Mg Al Si P

maximum oxidation number

 [1]

  (ii) State what determines the maximum oxidation number of elements in Period 3.

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

 .....................................................................................................................................  [1]

 (b) An excess of cold water is added to the chloride of silicon.

  (i) Write an equation for the reaction between an excess of cold water and the chloride of 
silicon. 

 .....................................................................................................................................  [1]

  (ii) Suggest the pH of the solution produced in (b)(i).

 .....................................................................................................................................  [1]

 (c) An excess of cold water is added to the chloride of phosphorus.

  (i) Write an equation for the reaction between an excess of cold water and the chloride of 
phosphorus. 

 .....................................................................................................................................  [1]

  (ii) Suggest the pH of the solution produced in (c)(i). 

 .....................................................................................................................................  [1]

 (d) (i) Write an equation for the reaction of chlorine with water. 

 .....................................................................................................................................  [1]

  (ii) Write an equation for the reaction of chlorine with hot NaOH(aq). 

 .....................................................................................................................................  [1]

2
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1 Bismuth is an element in Group 15 of the Periodic Table.

 (a) Bismuth has metallic bonding.

  Draw a labelled diagram to show the metallic bonding in bismuth.

 [1]

 (b) Bismuth reduces water to form bismuth oxide, Bi2O3. A colourless gas that ignites with a 
squeaky pop also forms.

  (i) Construct an equation for the reduction of water by bismuth. 

 .....................................................................................................................................  [1]

  (ii) Bi2O3 is a yellow insoluble solid that melts at 1090 K. The molten compound conducts 
electricity.

   Deduce the structure and bonding of Bi2O3. Explain your answer.

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

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

 .....................................................................................................................................  [2]

 (c) Bi2O3 can be used to form NaBiO3, as shown in equation 1.

  equation 1  Na2O + Bi2O3 + O2    2NaBiO3

  (i) Deduce the oxidation number of Bi in Bi2O3 and in NaBiO3.

   oxidation number of Bi:

in Bi2O3 ................................................. in NaBiO3  ...........................................................
 [1]

  (ii) Identify the reducing agent in equation 1.

 .....................................................................................................................................  [1]
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1 Phosphorus and chlorine are elements in Period 3 of the Periodic Table.

 (a) Chlorine forms three different compounds with phosphorus.

  The most common compounds are PCl 3 and PCl 5.

  (i) Complete Table 1.1.

Table 1.1

compound oxidation number of P oxidation number of Cl

PCl 3

PCl 5

 [2]

  (ii) In a closed system, PCl 3 and PCl 5 exist in an equilibrium mixture as shown in reaction 1.

   reaction 1    PCl 3(l) + Cl 2(g)  PCl 5(s)    ΔH = –124 kJ mol–1

   Deduce two conditions that favour the production of PCl 5 in reaction 1.

1  ........................................................................................................................................

2  ........................................................................................................................................

 [2]

  (iii) The third compound of phosphorus and chlorine, W, has a relative molecular mass, Mr, 

between that of PCl 3 and PCl 5. The compound contains 69.6% by mass of chlorine.

   Determine the molecular formula of W.

 molecular formula of W =  .........................................................  [2]

  (iv) W is a liquid at room temperature and pressure. It reacts vigorously with water to form an 

acidic solution.

   Suggest the structure and bonding in W. Explain your answer.

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

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

 .....................................................................................................................................  [2]
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 (c) State the oxidation number of the Period 3 elements bonded to Cl in NaCl and PCl 5.

  Explain the difference in the oxidation number.

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

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

 .............................................................................................................................................  [2]

 (d) Table 1.2 shows melting points of some oxides.

Table 1.2

oxide melting point / °C

SO2 –73

H2O 0

SO3 17

SiO2 1610

MgO 2852

Al 2O3 2072

  A student suggests the following hypothesis.

The higher the oxidation number of the element combined with oxygen,  

the higher the melting point of the oxide.

  Use Table 1.2 to deduce if this hypothesis is true or false or if there is not enough information 

to make a conclusion. Explain your answer.

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

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

 .............................................................................................................................................  [2]

 [Total: 11]
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SECTION - OXIDATION AND REDUCTION
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 (c) The mass spectrum of a sample of pure copper is shown in Fig. 1.1. 

50

40

30

20

10

31.5 32.5 63 65
0

% abundance
23% 21%

10%

46%

m / e

Fig. 1.1

  Identify the ion with an abundance of 23% in the sample. 

 .............................................................................................................................................  [1]

 (d) When KI(aq) is added to CuSO4(aq) the blue-coloured solution turns brown and a white 
precipitate of CuI(s) is seen. 

  The reaction between copper ions and iodide forms only two products.

  (i) Complete the equation for this reaction.

............Cu2+ + ...........I–  ...........CuI + ...................................
 [1]

  (ii) Identify the oxidising agent in this reaction. Explain your answer in terms of electron 
transfer.

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

 .....................................................................................................................................  [1]

  (iii) State the full electronic configuration of Cu2+.

 .....................................................................................................................................  [1]

 [Total: 9]

7
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3 Nitrogen and phosphorus are elements in Group 15 of the Periodic Table.

 (a) Nitrogen is found in inorganic compounds such as nitrogen oxides (NOx), nitrates and nitric 

acid.

  (i) Identify one natural and one man-made occurrence of nitrogen oxides in the atmosphere.

natural  ...............................................................................................................................

man-made  .........................................................................................................................

 [2]

  (ii) Write an equation to describe the role of NO2 in the direct formation of acid rain.

 .....................................................................................................................................  [1]

  (iii) Peroxyacetyl nitrate, PAN, is a component of photochemical smog.

   Describe how PAN forms from NO2.

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

 .....................................................................................................................................  [1]

  (iv) Nitric acid reacts with basic oxides to form nitrates.

   Write an equation for the reaction of nitric acid with calcium oxide.

 .....................................................................................................................................  [1]

  (v) Describe what is seen when solid calcium nitrate is heated strongly.

 .....................................................................................................................................  [1]

 

 (b) A common test for nitrates is the reaction with NaOH and Al. Equation 1 shows the reaction.

equation 1  3NO3
– + 8Al + 5OH– + 18H2O  3NH3 + 8[Al(OH)4]–

  (i) Deduce the oxidation state of nitrogen in NO3
–.

 .....................................................................................................................................  [1]

  (ii) Identify the species that is oxidised in equation 1.

 .....................................................................................................................................  [1]

  (iii) NH3 is a basic gas.

   Describe how NH3 is able to act as a base.

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

 .....................................................................................................................................  [1]
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SECTION - OXIDISING AND REDUCING AGENTS

Q11  -  Easy 9701/21/M/J/21/Q4(a) 1 mark

Q12  -  Easy 9701/22/F/M/22/Q2(a)(i) 1 mark

Q13  -  Easy 9701/21/O/N/23/Q3(a) 1 mark

Also appears as: 9701/23/O/N/23/Q3(a)
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4	� Aqueous bromine reacts with methanoic acid to form hydrogen bromide and carbon dioxide gas.

Br2(aq)  +  HCO2H(aq)  →  2HBr(aq)  +  CO2(g)

	� The table shows the oxidation numbers of bromine and carbon in the species involved in this 
reaction.

Br in Br2 C in HCO2H Br in HBr C in CO2

oxidation number 0 +2 –1 +4

	 (a)	� Identify the oxidising agent in this reaction. Explain your reasoning with reference to oxidation 
numbers.

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

	 ...............................................................................................................................................  [1]

	 (b)	� Suggest one change you would observe, ignoring temperature changes, when bromine reacts 
with methanoic acid.

	 ...............................................................................................................................................  [1]

	 (c)	� This reaction can be followed by measuring the concentration of bromine present in the mixture 
at regular time intervals.

	� The graph shows the change in concentration of bromine against time in a reaction carried out 
at 20 °C.

0 100 200 300
time / s

[Br2] � 105

/ mol dm–3

400 500 600

100

80

60

40

20

0

	 (i)	� Use the graph to calculate the average rate of reaction at 20 °C during the first 600 s. State 
the units of this rate of reaction.

	 average rate of reaction ..............................................  units ..............................................
� [2]

4

9701/22/F/M/22© UCLES 2022

2	� Some oxides of elements in Period 3 are shown.

Na2O      Al 2O3      P4O6      P4O10      SO2      SO3

	 (a)	� Na reacts with O2 to form Na2O. Na is the reducing agent in this reaction.

	 (i)	 �Define reducing agent.

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

	 ........................................................................................................................................  [1]

	 (ii)	� Write an equation for the reaction of Na2O with water.

	 ........................................................................................................................................  [1]

	 (b)	� Al 2O3 is an amphoteric oxide found in bauxite.

	 (i)	� State what is meant by amphoteric.

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

	 ........................................................................................................................................  [1]

	 (ii)	� Al 2O3 is purified from bauxite in several steps. The first step involves heating Al 2O3 with 
an excess of NaOH(aq). A colourless solution forms.

	� Write an equation for this reaction.

	 ........................................................................................................................................  [1]

8
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3 Potassium chlorate, KCl O3, is widely used as an oxidising agent and to make O2(g).

 (a) Define oxidising agent.

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

 .............................................................................................................................................  [1]

 (b) KCl O3(s) decomposes when heated.

  MnO2(s) catalyses the exothermic decomposition reaction.

  Complete and label the diagram in Fig. 3.1 to show the effect of MnO2(s) on the decomposition 
of KCl O3(s).

enthalpy

reactants

progress of reaction

products

Fig. 3.1
 [2]

 (c) When KCl O3 is heated without a catalyst, KCl O4 and KCl form.

       4KCl O3    3KCl O4 + KCl

  Explain why this reaction is described as a disproportionation reaction.

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

 .............................................................................................................................................  [1]
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1 The Group 17 elements are oxidising agents.

 (a) (i) Explain how the Group 17 elements act as oxidising agents.

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

 .....................................................................................................................................  [1]

  (ii) Write an equation to show the reaction in which Cl 2 oxidises aluminium metal.

 .....................................................................................................................................  [1]

  (iii) A student heats equal amounts of I2(g) and H2(g) in a sealed flask. The student leaves 

the contents to cool.

   State what you would observe during the reaction.

 .....................................................................................................................................  [1]

 (b) Cl 2 and Br2 can each react with NH3 to give N2 and a hydrogen halide, HX.

3X2  +  2NH3    N2  +  6HX

 

X = Cl or Br

  The relative bond strengths of X–X and H–X determine the difference in enthalpy change of 

the two reactions.

  (i) Describe and explain the difference in the X–X bond strengths of Cl 2 and Br2.

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

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

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

 .....................................................................................................................................  [2]

  (ii) Describe the relative thermal stabilities of HCl and HBr.

 .....................................................................................................................................  [1]
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SECTION - BALANCING REDOX EQUATIONS

Q15  -  Hard 9701/23/M/J/21/Q1(f) 2 marks

Q16  -  Hard 9701/21/O/N/25/Q1(c)(i)-(ii) 2 marks

Also appears as: 9701/23/O/N/25/Q1(c)(i)-(ii)
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	 (d)	� When Cl O–(aq) is added to water, it behaves as a Brønsted-Lowry base.

	 (i)	 �Define the term Brønsted-Lowry base.

	 ........................................................................................................................................  [1]

	 (ii)	� Write an ionic equation for the reaction between Cl O– and H2O.

	 ........................................................................................................................................  [1]

	 (e)	� The concentration of NaCl O in bleach S is x g dm–3.

	� NaCl O reacts with H2O2(aq) as shown.

H2O2(aq)  +  NaCl O(aq)  →  H2O(l)  +  NaCl (aq)  +  O2(g)

	� A 5.00 cm3 sample of S completely reacts with H2O2(aq). The volume of O2(g) produced is 
24.0 cm3 under room conditions.

	� Assume that only the NaCl O in S reacts with H2O2(aq).

	� Calculate x. Show your working.

� x = .............................. g dm–3

� [3]

	 (f)	� Sodium  chlorate(I), NaCl O, oxidises dilute hydrochloric  acid to form three products. The 
products which contain chlorine have chlorine species with oxidation number –1 or 0.

	� No other species changes its oxidation number during the reaction.

	� Use this information to complete the ionic equation.

	 ........Cl O–  +  ......HCl  →  ............  +  ............  +  ............� [2]

� [Total: 13]

3
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 (c) Acidified dichromate(VI) ions will convert methanal, CH2O, to carbon dioxide. The movement 

of electrons to or from relevant species is shown in the following half-equations.

  half-equation 1 CH2O  +  H2O    CO2  +  4H+  +  4e–

  half-equation 2 Cr2O7
2–  +  14H+  +  6e–    2Cr3+  +  7H2O

  (i) Identify the species that is reduced in half-equation 2. Explain your answer.

 .....................................................................................................................................  [1]

  (ii) The oxidation state of the carbon atom in methanal is 0.

   Calculate the oxidation state of carbon in carbon dioxide.

 .....................................................................................................................................  [1]

  (iii) Construct the ionic equation for the reaction of dichromate(VI) ions with methanal in 

acidic conditions.

 .....................................................................................................................................  [2]

  (iv) Methanal is a liquid at –30 °C but carbon dioxide is a gas at this temperature. Explain 

why.

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

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

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

 .....................................................................................................................................  [2]
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SECTION - BALANCING REDOX EQUATIONS
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 (c) Manganese(IV) oxide reacts with methanal, CH2O, in acidic conditions to produce carbon 

dioxide. The movement of electrons to or from relevant species is shown in the following 

half-equations.

  half-equation 1  CH2O + H2O  CO2 + 4H+ + 4e–

  half-equation 2  MnO2 + 4H+ + 2e–  Mn2+ + 2H2O

  (i) Identify the species that is reduced in half-equation 2. Explain your answer.

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

 .....................................................................................................................................  [1]

  (ii) The oxidation state of carbon in methanal is 0.

   Calculate the oxidation state of carbon in carbon dioxide.

 .....................................................................................................................................  [1]

  (iii) Construct the ionic equation for the reaction of manganese(IV) oxide with methanal in 

acidic conditions.

 .....................................................................................................................................  [2]

 [Total: 10]
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Q19  -  Easy 9701/21/O/N/23/Q3(c) 1 mark
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Q20  -  Hard 9701/22/O/N/23/Q3(b)(iii) 2 marks
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	 (c)	� The halide ions, X– (where X = Cl, Br, I), show clear trends in their physical and chemical 
properties.

	 (i)	 �State and explain the relative thermal stabilities of the hydrogen halides, HX.

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

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

	 ........................................................................................................................................  [2]

	 �The halide ions react easily with concentrated H2SO4.

	 �The main sulfur-containing product of each reaction is shown in the table.

halide ion Cl – Br – I–

main sulfur-containing product of
reaction with concentrated H2SO4

HSO4
– SO2 H2S

oxidation number of sulfur

	 (ii)	 �Complete the table to show the oxidation number of sulfur in each of the sulfur-containing 
products.� [1]

	 (iii)	 �Explain why different sulfur-containing products are produced when each of these halide 
ions reacts with concentrated H2SO4.

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

	 ........................................................................................................................................  [1]

	 (d)	� Cl 2 reacts with aqueous sodium hydroxide in a disproportionation reaction.

	 (i)	 �State what is meant by disproportionation.

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

	 ........................................................................................................................................  [1]

	 (ii)	� Write an equation for the reaction of Cl 2 with cold aqueous sodium hydroxide.

	 ........................................................................................................................................  [1]
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3 Potassium chlorate, KCl O3, is widely used as an oxidising agent and to make O2(g).

 (a) Define oxidising agent.

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

 .............................................................................................................................................  [1]

 (b) KCl O3(s) decomposes when heated.

  MnO2(s) catalyses the exothermic decomposition reaction.

  Complete and label the diagram in Fig. 3.1 to show the effect of MnO2(s) on the decomposition 
of KCl O3(s).

enthalpy

reactants

progress of reaction

products

Fig. 3.1
 [2]

 (c) When KCl O3 is heated without a catalyst, KCl O4 and KCl form.

       4KCl O3    3KCl O4 + KCl

  Explain why this reaction is described as a disproportionation reaction.

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

 .............................................................................................................................................  [1]
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3 Phosphoric(V) acid, H3PO4, is used in both inorganic and organic reactions.

 (a) H3PO4 is made in a two-step process from phosphorus.

   step 1 Phosphorus reacts with an excess of oxygen to form a white solid.

   step 2 The white solid then reacts with water to form H3PO4.

  (i) Write an equation for each step.

step 1  ................................................................................................................................

step 2  ................................................................................................................................
 [2]

  (ii) H3PO4 is a weak Brønsted–Lowry acid.

   Define weak Brønsted–Lowry acid.

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

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

 .....................................................................................................................................  [2]

 (b) H3PO4 is also formed in the process shown in reaction 1.

   reaction 1 4H3PO3    3H3PO4 + PH3

  Table 3.1 shows some relevant thermodynamic data.

Table 3.1

compound enthalpy change of formation, 
ΔHf  / kJ mol–1

H3PO3 –972

H3PO4 –1281

PH3 +9

  (i) Define enthalpy change of formation.

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

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

 .....................................................................................................................................  [2]

9
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  (ii) Use the data in Table 3.1 to calculate the enthalpy change, ΔH r , of reaction 1.

 ΔH r =  .................................................  kJ mol–1

 [2]

  (iii) Explain why reaction 1 is a disproportionation reaction.

   Explain your reasoning with reference to relevant oxidation numbers.

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

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

 .....................................................................................................................................  [2]



SECTION - DISPROPORTIONATION REACTIONS

Q21  -  Easy 9701/22/F/M/24/Q2(b)(i)-(iii) 3 marks

Q22  -  Easy 9701/21/O/N/24/Q2(c)(ii) 1 mark

Also appears as: 9701/23/O/N/24/Q2(c)(ii)

Q23  -  Easy 9701/24/M/J/25/Q2(b)(ii) 2 marks

AS Level Chemistry - Electrochemistry Paper 2 Theory  |  ChemBridge Page 11

5

9701/22/F/M/24© UCLES 2024 [Turn over

2 Chlorine, Cl 2, reacts with many elements and compounds to form chlorides.

 Table 2.1 shows information about some chlorides of Period 3 elements.

Table 2.1

Na Mg Si

formula of chloride

structure of chloride giant

bonding of chloride covalent

pH of solution formed 
on addition of 

chloride to water
6.2

 
 (a) Complete Table 2.1. [3]

 (b) When Cl 2 reacts with cold NaOH(aq), Cl 2 is both oxidised and reduced. The products are 
NaCl, water and G.

  (i) State the type of redox reaction in which the same species is both oxidised and reduced.

 .....................................................................................................................................  [1]

  (ii) Identify G.

 .....................................................................................................................................  [1]

  (iii) Write an equation for the reaction between Cl2 and hot NaOH(aq).

 .....................................................................................................................................  [1]

  (iv) Describe fully what is observed when AgNO3(aq) is added to the aqueous solution of the 
chloride of sodium, followed by dilute NH3(aq).

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

 .....................................................................................................................................  [2]

6
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2 Chlorine is one of the elements in Group 17 of the Periodic Table.

 (a) (i) Describe the colours of the Group 17 elements, chlorine to iodine, at room temperature.

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

 .....................................................................................................................................  [1]

  (ii) Describe the relative reactivity of the elements chlorine to iodine as oxidising agents.

 .....................................................................................................................................  [1]

  (iii) State what is observed when chlorine reacts with hydrogen.

 .....................................................................................................................................  [1]

  (iv) Explain why the thermal stability of the hydrogen halides decreases down the group.

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

 .....................................................................................................................................  [1]

 (b) The halogenoalkane CH3CH2Cl forms when chlorine reacts with C2H6 via a free-radical 

substitution mechanism.

  (i) Define free radical.

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

 .....................................................................................................................................  [1]

  (ii) State the essential condition for chlorine to react with C2H6 at room temperature.

 .....................................................................................................................................  [1]

  (iii) Write two equations to show the propagation steps in this reaction.

1  ........................................................................................................................................

2  ........................................................................................................................................

 [2]

 (c) CHCl3 is another halogenoalkane. CHCl3 forms when propanone reacts with NaClO.

  NaClO is made from chlorine in a disproportionation reaction.

  (i) Identify a reagent and conditions that can be used to convert chlorine to NaClO.

 .....................................................................................................................................  [1]

  (ii) Define disproportionation.

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

 .....................................................................................................................................  [1]
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2 Chlorine is one of the elements in Group 17 of the Periodic Table.

 (a) (i) Describe the colours of the Group 17 elements, chlorine to iodine, at room temperature.

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

 .....................................................................................................................................  [1]

  (ii) Describe the relative reactivity of the elements chlorine to iodine as oxidising agents.

 .....................................................................................................................................  [1]

  (iii) State what is observed when chlorine reacts with hydrogen.

 .....................................................................................................................................  [1]

  (iv) Explain why the thermal stability of the hydrogen halides decreases down the group.

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

 .....................................................................................................................................  [1]

 (b) The halogenoalkane CH3CH2Cl forms when chlorine reacts with C2H6 via a free-radical 

substitution mechanism.

  (i) Define free radical.

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

 .....................................................................................................................................  [1]

  (ii) State the essential condition for chlorine to react with C2H6 at room temperature.

 .....................................................................................................................................  [1]

  (iii) Write two equations to show the propagation steps in this reaction.

1  ........................................................................................................................................

2  ........................................................................................................................................

 [2]

 (c) CHCl3 is another halogenoalkane. CHCl3 forms when propanone reacts with NaClO.

  NaClO is made from chlorine in a disproportionation reaction.

  (i) Identify a reagent and conditions that can be used to convert chlorine to NaClO.

 .....................................................................................................................................  [1]

  (ii) Define disproportionation.

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

 .....................................................................................................................................  [1]
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2 (a) Fig. 2.1 shows the covalent bonds and lone pairs of electrons in a molecule of SCl 2.

Cl ClS

Fig. 2.1

  (i) Use VSEPR theory to predict the shape of a molecule of SCl 2. 

 .....................................................................................................................................  [1]

  (ii) Predict the bond angle in a molecule of SCl 2.

   ................... ° [1]

 (b) SCl 2 is a red liquid that reacts with water.

2SCl 2(l) + 3H2O(l)  H2SO3(aq) + S(s) + 4HCl (aq)

  (i) Describe two observations, other than temperature change, that are made when an 

excess of water is added to SCl 2.

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

 .....................................................................................................................................  [2]

  (ii) When SCl 2 reacts with water, the SCl 2 is broken down and a disproportionation reaction 

occurs.

   State the oxidation numbers of sulfur in SCl 2 and H2SO3.

oxidation number of S in SCl 2  ...........................................................................................

oxidation number of S in H2SO3  ........................................................................................

 [2]

  (iii) State the general name to describe the type of reaction that occurs when a substance is 

broken down by water.

 .....................................................................................................................................  [1]

 [Total: 7]
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2 (a) Fig. 2.1 shows the covalent bonds and lone pairs of electrons in a molecule of SCl 2.

Cl ClS

Fig. 2.1

  (i) Use VSEPR theory to predict the shape of a molecule of SCl 2. 

 .....................................................................................................................................  [1]

  (ii) Predict the bond angle in a molecule of SCl 2.

   ................... ° [1]

 (b) SCl 2 is a red liquid that reacts with water.

2SCl 2(l) + 3H2O(l)  H2SO3(aq) + S(s) + 4HCl (aq)

  (i) Describe two observations, other than temperature change, that are made when an 

excess of water is added to SCl 2.

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

 .....................................................................................................................................  [2]

  (ii) When SCl 2 reacts with water, the SCl 2 is broken down and a disproportionation reaction 

occurs.

   State the oxidation numbers of sulfur in SCl 2 and H2SO3.

oxidation number of S in SCl 2  ...........................................................................................

oxidation number of S in H2SO3  ........................................................................................

 [2]

  (iii) State the general name to describe the type of reaction that occurs when a substance is 

broken down by water.

 .....................................................................................................................................  [1]

 [Total: 7]
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Question Answer Marks 

1(c)(iii) M1 S (increases) oxidation number  –2 → 0 so oxidation / or is oxidised 
 
M2 O (decreases) O.N. 0 → –2 so reduction / is reduced 

2 

1(d)(i) M1 moles of As2S3 = 0.198 / 246.1 / 8.05 × 10–4 

 
M2 moles SO2 (using moles of As2S3 as limiting factor) = 2.41(36) × 10–3 moles (6 / 2 × 8.05 × 10–4) 
 
Volume SO2 = 2.41(36) × 10–3 × 24 = 0.0579 dm3 
 
M3 Moles O2 used in reaction = 8.05 × 10–4 × 9 / 2 = 3.62 × 10–3 
Volume O2 used in reaction = 3.62 × 10–3 × 24 = 0.0869 dm3  
 
M4 Final total volume gas = (0.1 – 0.0869) + 0.0579 =  
[0.0131 + 0.0579] = 0.071(0) dm3 

 
M4  ONLY award 4th mark if the final answer rounds to 0.071  
Answer to minimum of 2 sig figs 
 
MAX 3 for using ecf from M1 to M2 to M3 and M4 
 
Award all 4 marks if final answer rounds to 0.071 

4 

1(d)(ii) acid rain   

1(d)(iii) M1 SO2(g) + 2NaOH(aq)  →  Na2SO3(aq) + H2O(l) AND correct species and balancing 
 
M2 State symbols  

2 
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Question Answer Marks 

1(a) M1 comment explaining high melting point of Mg in terms of 
many strong metallic bonds  
OR  
many strong (electrostatic) attractions between cations and delocalised electrons   
OR  
strong bonds in giant metallic structure.   
 
M2 comment explaining electrical conductivity of Mg in terms of movement of delocalised electrons 
delocalised electrons can move through the structure 

2 

1(b)(i) species magnesium in Mg3N2 nitrogen in Mg3N2 

oxidation number 2(+) / (+)II 3– / –III 
 

1 

1(b)(ii)  redox  
 Mg loses electrons / Mg increases ox no / Mg is oxidised  
 N gains electrons / N reduces ox no / N is reduced  

1 

1(b)(iii) M1 (enthalpy change / energy change) when one mole of a compound / substance is formed 
 
M2 from its elements in their standard states  

2 

1(b)(iv) M1 correct method to find amount Mg3N2 formed in reaction  
3.645  24.3 mol Mg produces 0.15  3 mol of Mg3N2 OR 0.05 mol of Mg3N2 
 
M2 use M1 in correct expression to find energy released by 1 mol Mg3N2  
23.05  M1 OR 23.05  mol Mg3N2   
OR 23 050  M1 OR 23 050  Mg3N2 
 
M3 calculate value from M2 expression correctly 
∆H = –(M2) = –461(.0) kJ mol–1 OR –461 000 J mol–1 

3 
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Question Answer Marks 

2(b)(ii) M1: increasing proton number but similar shielding 
M2: greater attraction of nucleus (for outer / valence electrons) 

2 

2(c)(i) M1: (thermal stability) decreases (down group) 
M2: (H—X) bond energy / strength decreases 

2 

2(c)(ii) (+)6, (+)4, –2 1 

2(c)(iii) halides are better / stronger / more able reducing agents / are more easily oxidised down group 1 

2(d)(i) when a species is both oxidised and reduced 1 

2(d)(ii) Cl 2 + 2NaOH  →  NaCl + NaCl O + H2O 1 

2(e)(i) 

 
 
M1: 2 × coordinate bonds in the right place 
M2: all other bonds 

2 

2(e)(ii) M1: 
• (Al Cl 3 / solid) disappears 
• misty / steamy fumes 
• temperature increases 
 
M2: hydrolysis 

2 

2(f)(i) simple / molecular AND covalent 1 
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Question Answer Marks 

2(c)(i) (structure =) simple/molecular, because it has a low melting/boiling point [1] 
(bonding =) covalent, because it is hydrolysed [1] 

2 

2(c)(ii) (+)3 / III 1 

2(c)(iii) –1640 (kJ mol–1) 1 

2(c)(iv) P4O10 + 6H2O → 4H3PO4 1 

2(d)(i) NO + ½O2 → NO2 1 

2(d)(ii) peroxyac(et)ylnitrate / PAN 1 

2(d)(iii) position of equilibrium moves / farther to right (at 20 km) [1] 
(forward) reaction is exothermic AND temperature colder at 20 km (cf. 50 km) [1] 

2 

Question Answer Marks 

3(a) M1: reaction less vigorous (down the group) 
 
M2: Any two of the following for one mark: 
• electronegativity decreases 
• less attractive to e– addition 
• weaker oxidising agent 
• greater nuclear charge outweighing increased shielding (ENC argument) 

2 

3(b)(i) SiCl4 + 2H2O → SiO2 + 4HCl 1 

3(b)(ii) M1: All three correct for two marks: 
row 1  • acid–base 
row 2  • acid–base • redox 
 
M2: explanation 
H2SO4 is strong enough to oxidise / is an oxidising agent with NaBr / HBr / bromide 

3 
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Question Answer Marks 

2(a)(i) element Na Mg Al Si P 

maximum oxidation number 
of elements in chlorides 

(+)1 (+)2 (+)3 (+)4 (+)5 

All correct for one mark 

1 

2(a)(ii) number of outer/valence electrons  1 

2(b)(i) SiCl4 + 2H2O  SiO2 + 4HCl  1 

2(b)(ii) 1–4  1 

2(c)(i) PCl5 + 4H2O  5HCl + H3PO4 1 

2(c)(ii) 1–4  1 

2(d)(i) Cl2 + H2O ⇌ HOCl + HCl  1 

2(d)(ii) 3Cl2 + 6NaOH  5NaCl + NaClO3 + 3H2O 1 

2(e)(i) ClO– 1 

2(e)(ii) NaClO + H2O2  O2 + NaCl + H2O  1 

2(e)(iii) M1 (show how to calculate) mol O2 gas 
42 cm3 gas = 42 / 24000 mol oxygen gas (= 1.75  10–3 mol)  
M2 (process to find) amount NaClO in 10 cm3 sample = 100 cm3 (diluted) bleach 
M1 x 4 (= 4  1.75  10 –3 mol in 10 cm-3 = 0.007) 
M3 correct calculation using M2 to find concentration 
 = (M2 /10)  1000  74.5 = 52.2 (g / dm3) 

3 
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Question Answer Marks 

1(a) 

 
labelled diagram shows: 

• regular arrangement of positive ions 
• AND surrounded by / (sea of) delocalised electrons 

1 

1(b)(i) 2Bi + 3H2O → Bi2O3 + 3H2 1 

1(b)(ii) giant AND has a high melting point 1 

 ionic AND conducts electricity (only) when molten 1 

1(c)(i) Bi2O3 (+)3 / III AND NaBiO3 (+)5 / V 1 

1(c)(ii) Bi2O3 1 

1(d)(i) a substance that removes electrons from another / causes electron loss / gains electrons 1 

1(d)(ii) (KMnO4 is) cold and dilute 1 

1(d)(iii) 
reagent observation with Y observation with Z 

Na2CO3(aq) no reaction ● no reaction 

alkaline I2(aq) ● yellow precipitate (ppt) ● yellow ppt 

2,4-DNPH ● red / orange / yellow ppt ● red / orange / yellow ppt 

Tollens’ reagent ● no reaction ● silver mirror 
 

4 

1(d)(iv) CH3CHO + 2[H] → CH3CH2OH 1 
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Question Answer Marks 

1(a)(i) ● (+)3 / III ● –1 / I 
● (+)5 / V ● –1 / I 

2 

1(a)(ii) high pressure 2 

 low temperature  

1(a)(iii) 
ratio of moles of P : Cl  = 

30.4

31.0
 : 

69.6

35.5
  = 0.98 : 1.96  (= 1 : 2) 

2 

 molecular formula = P2Cl4  

1(a)(iv) (structure =) simple / molecular because low melting point / weak intermolecular forces 2 

 (bonding =) covalent because hydrolysed  

1(b)(i) green colour (of gas) disappears 1 

1(b)(ii) trigonal bipyramid(al) 1 

1(b)(iii) P4 + 5O2  →  P4O10 1 

1(b)(iv) phosphoric(V) acid 1 

1(b)(v) 
 

1 

1(c)(i) contains a(/ one or more) C=C / double / multiple bonds 1 

1(c)(ii) ethanol (solvent) AND heat 1 

1(d)(i) (relative) abundance is 3:1 / 100:33 AND link to two isotopes of Cl  1 

1(d)(ii) D is   1 
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Question Answer Marks 

1(a)(i) sodium – metallic  
AND sodium oxide – ionic  

1 

1(a)(ii) delocalised electrons move (through the structure) 1 

1(a)(iii) (sodium and oxide) ions move (through the liquid) 1 

1(b)(i) 2Na + 2H2O → 2NaOH + H2 1 

1(b)(ii) Na2O + H2O → 2NaOH 1 

1(b)(iii) 
 

 sodium sodium oxide 

one similarity 
(both) solids disappear 
OR (both produce) colourless solutions 

one difference effervescence  no effervescence  

2 

1(c) M1 NaCl +1 AND PCl 5 + 5 
M2 Na has only 1 valence (shell) electrons AND P has 5 

2 

1(d) All three for two marks: 

• false 

• comparison or statement of oxidation number  

• correct link to melting point from their comparison or statement 

2 

   

Question Answer Marks 

2(a) atoms (of an element) with same number of protons and different number of neutrons 1 
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Question Answer Marks 

1(a)(i) giant metallic  1 

1(a)(ii) 

 
 
M1 diagram showing minimum of 4 particles  
 circles containing just a + do not have to be labelled 
 empty circles / circles with Cu must be labelled + ion / positive ion / cation / Cun+ 
 
AND with the circles surrounded by electrons shown as e– / – OR little circles labelled delocalised electrons 

1 

1(b)(i) (the mass of) one twelfth of the mass of a C-12 / 12C atom (or isotope) 1 

1(b)(ii) average mass of the isotopes of an element compared to the unified atomic mass unit 1 

1(b)(iii) (62.93  69.15) 100 + (64.928  30.85) 100 = 63.55 / 63.546  1 

1(c) 63Cu2+ 1 

1(d)(i) 2Cu2+ + 4I—  2CuI + I2  1 

1(d)(ii) Cu2+ OR CuSO4  AND copper (species / ion) has gained / taken electron(s) from iodide (ion)  1 

1(d)(iii) 1s2 2s2 2p6 3s2 3p6 3d9(4s0) 1 

delocalised electrons 
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Question Answer Marks 

3(a)(i) (natural = )lightning 1 

 (man-made = )internal combustion engines  1 

3(a)(ii) 2NO2 + H2O → HNO2 + HNO3 OR 4NO2 + O2 + 2H2O → 4HNO3 1 

3(a)(iii) It / NO2 reacts with (unburned) hydrocarbons / VOCs 
 
ALLOW reaction of unburned hydrocarbons / VOCs in presence of NO2 

1 

3(a)(iv) 2HNO3 + CaO → Ca(NO3)2 + H2O 1 

3(a)(v) brown fumes given off 1 

3(b)(i) (+)5 / V 1 

3(b)(ii) aluminium / Al 1 

3(b)(iii) (NH3 is an) H+ acceptor  1 

3(b)(iv) tetrahedral 1 

3(c)(i) P2+(g) → P3+(g) + e(–)  1 

3(c)(ii) general increase 1 

 increase in IE between IE5 and IE6 is noticeably the largest increase between IEs shown 1 

9701/21 Cambridge International AS & A Level – Mark Scheme 
PUBLISHED 

May/June 2021 
 

© UCLES 2021 Page 8 of 10  
 

Question Answer Marks 

4(a) Br / bromine as the oxidation number of Br decreases / goes from 0 → –1 
OR  
bromine as it causes oxidation number of C (in methanoic acid) to increase / go from (+)2 → (+)4 

1 

4(b) (solution) turns (from brown / orange / red to) colourless / decolorises 
OR brown / orange / red fades 

1 

4(c)(i) rate = total change in concentration of Br2 divided by time taken 
calculation dependent on graph  
(100 × 10–5 – 12 × 10–5) / 600 
M1 average rate of reaction 1.47 × 10–6 

1 

 M2 units mol dm–3 s–1 1 

4(c)(ii) graph shown on same axes has steeper initial gradient 
AND reaches the same final [Br2] 

1 

4(c)(iii) M1 (at increased temp the average kinetic) energy of particles / species / molecules increases. 1 

 M2 (many) more/greater proportion of particles with energy ⩾ Ea   1 

4(d) 

 
M1 correct bonding electrons  

1 

 M2 correct number of non-bonding electrons around each oxygen 1 
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1(a) O(g) → O+(g) + e– 1 

1(b)(i) increase across period AND increased nuclear attraction for (valence / outer) electrons [1] 
increase in (positive) nuclear charge / number of protons (in the nucleus) [1] 
similar shielding (of outer electrons) [1] 

3 

1(b)(ii) spin-pair repulsion (of electrons) in (2)p orbital [1] 
outweighs increased nuclear charge [1] 

2 

1(c) 1s2 2s2 2p6 3s2 3p1 [1] 
greatest jump between 3rd and 4th ionisations [1] 
indicates three electrons in outer shell [1] 

3 

Question Answer Marks 

2(a)(i) species that donates electrons 1 

2(a)(ii) Na2O + H2O → 2NaOH 1 

2(b)(i) reacts with both acids and bases / shows both acidic and basic behaviour 1 

2(b)(ii) Al2O3 + 2NaOH + 3H2O → 2NaAl(OH)4 1 

2(b)(iii) two lines shown on diagram, e.g. EA and EA,cat [1] 
greater proportion of molecules with E ⩾ EA [1] 
frequency of effective collisions increases [1] 

3 
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Question Answer Marks 

2(c) CH3OH 1 

 
 
one COOH group AND correct carbon framework (5C’s) 
(each C has the correct valency) 

1 

both COOH groups 1 

   

Question Answer Marks 

3(a) compound / molecule / substance that oxidises another / is reduced 1 

3(b) 

 
uncatalysed hump 

1 

catalysed hump lower than uncatalysed 1 

3(c) Cl / chlorine is both oxidised and reduced 1 



MARKING SCHEME

Q14  -  Official MS 9701/24/O/N/25/Q1(a)(i)-(ii) 2 marks

Q15  -  Official MS 9701/23/M/J/21/Q1(f) 2 marks

Q16  -  Official MS 9701/21/O/N/25/Q1(c)(i)-(ii) 2 marks

Q17  -  Official MS 9701/22/O/N/25/Q1(c)(i)-(ii) 2 marks

Q18  -  Official MS 9701/22/F/M/21/Q2(d)(i)-(ii) 2 marks

Q19  -  Official MS 9701/21/O/N/23/Q3(c) 1 mark
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Question Answer Marks 

1(a)(i) (halogens can) remove electron(s) (from a reactant) 1 

1(a)(ii) 2Al + 3Cl 2 → 2Al Cl 3 1 

1(a)(iii) purple (gas) disappears 1 

1(b)(i) M1 Br—Br is weaker (than Cl —Cl) AND Br atoms are larger 
 
M2 less (significant) overlap of orbitals (in Br-Br) 

2 

1(b)(ii) HCl is more thermally stable  1 

1(b)(iii) M1 (enthalpy change / energy change) when one mole of a compound  / substance is formed 
 
M2 from its (constituent) elements in their standard state(s) 

2 

1(b)(iv) M1 (6 × –92) – (2 × –46) = 
 
M2 –460 (kJ mol−1) 

2 

1(b)(v) M1 (trigonal) pyramidal 
 
M2 three bonding pairs AND one lone pair (of electrons) 

2 

1(c)(i) 
 NaCl  NaBr  NaI 

with Ag+(aq) white precipitate M1 cream / off-white 
ppt  

M2 yellow ppt 
 

with conc. 
H2SO4 

acid – base acid – base, 
then redox 

acid – base, 
then redox 

observations 
with conc. 
H2SO4 

M3 steamy fumes 
OR 
f izzing 

M4 brown liquid 
OR 
f izzing 

• black solid 

• yellow solid 
• effervescence 

 

4 

9701/23 Cambridge International AS & A Level – Mark Scheme 
PUBLISHED 

May/June 2021 
 

© UCLES 2021 Page 5 of 9  
 

Question Answer Marks 

1(a)(i) increases  1 

1(a)(ii) chlorine gas 
bromine liquid 
iodine solid 

1 

1(b) M1 observation with Cl2(aq) (colourless / pale green to) orange / brown 1 

 M2 observation with I2(aq) no visible change  1 

 M3 explanation chlorine is a stronger oxidising agent (than bromine) AND iodine is a weaker oxidising agent 1 

1(c) Cl2 + 2NaOH → NaCl + NaClO + H2O 1 

1(d)(i) proton / H+ acceptor 1 

1(d)(ii) ClO– + H2O → HClO + OH– 1 

1(e) M1 Use volume O2 to express / find no mol O2 produced  24 / 24 000 mol O2 produced = 1 × 10–3 (mol) 1 

 M2 Use 1:1 ratio to deduce no mol NaClO in 1000 cm3 sample  M1 × 1000 / 5 = 0.2 (mol dm–3) 1 

 M3 Use amount of NaClO and its molecular mass (74.5) to find the mass of NaClO added –24 / 24 000 × 1000 / 5 × 74.5 = 
14.9 (g dm–3) 

1 

1(f) M1 products contain Cl– AND Cl2 1 

 M2 correct balanced equation  ClO– + 2HCl → Cl– + H2O + Cl2 1 
9701/21 Cambridge International AS & A Level – Mark Scheme 

PUBLISHED 
October/November 2025  

 

© Cambridge University Press & Assessment 2025 Page 7 of 12  
 

Question Answer Marks 

1(a)(i) 24 protons 28 neutrons 24 electrons 1 

1(a)(ii) (54Cr  has two) more neutrons (than 52Cr)  1 

1(a)(iii) (relative) abundance (of each isotope) 1 

1(a)(iv) The fourth isotope has any value of RIM less than 51.996 1 

1(b)(i) 1s2 2s2 2p6 3s2 3p6 (3d5 4s1) 1 

1(b)(ii) 6 1 

1(c)(i) Cr / Cr2O72– AND it gains electrons 1 

1(c)(ii) (+)4 1 

1(c)(iii) Due to an issue with question 1(c)(iii), the question has been removed from the question paper.  N/A 

1(c)(iv) M1 CO2 has only instantaneous / temporary dipole–induced dipole forces 
AND methanal has permanent dipole–permanent dipole (and id-id) forces 
 
M2 IMF’s in methanal are stronger than IMF’s in CO2 

2 
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Question Answer Marks 

1(a)(i) 25 protons   30 neutrons   25 electrons 1 

1(a)(ii) (atoms of an element) with the same number of protons and different number of neutrons 1 

1(a)(iii) M1 (relative) isotopic mass. 
OR (relative isotopic) mass of Mn-55 and Mn-53  
 
M2 (relative) abundance of each isotope  

2 

1(b)(i) 1s2 2s2 2p6 3s2 3p6 (3d5 4s2) 1 

1(b)(ii) 5 1 

1(c)(i) Mn / MnO2 AND it gains electrons 1 

1(c)(ii) (+)4 1 

1(c)(iii) Due to an issue with question 1(c)(iii), the question has been removed from the question paper.  N/A 

   

Question Answer Marks 

2(a)(i) delocalised electrons move (through the structure / between layers)   1 

2(a)(ii) P / S / Cl have no charge carriers  
OR (no ions and) no delocalised electrons  
OR no mobile / moving ions 

1 

2(b) M1 Si has (lots of) strong covalent bonds broken 
 
M2 P / S / Cl (only) has weak Van der Waals’ (forces) broken 

2 
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Question Answer Marks 

2(b)(ii) M1: increasing proton number but similar shielding 
M2: greater attraction of nucleus (for outer / valence electrons) 

2 

2(c)(i) M1: (thermal stability) decreases (down group) 
M2: (H—X) bond energy / strength decreases 

2 

2(c)(ii) (+)6, (+)4, –2 1 

2(c)(iii) halides are better / stronger / more able reducing agents / are more easily oxidised down group 1 

2(d)(i) when a species is both oxidised and reduced 1 

2(d)(ii) Cl 2 + 2NaOH  →  NaCl + NaCl O + H2O 1 

2(e)(i) 

 
 
M1: 2 × coordinate bonds in the right place 
M2: all other bonds 

2 

2(e)(ii) M1: 
• (Al Cl 3 / solid) disappears 
• misty / steamy fumes 
• temperature increases 
 
M2: hydrolysis 

2 

2(f)(i) simple / molecular AND covalent 1 
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Question Answer Marks 

2(c) CH3OH 1 

 
 
one COOH group AND correct carbon framework (5C’s) 
(each C has the correct valency) 

1 

both COOH groups 1 

   

Question Answer Marks 

3(a) compound / molecule / substance that oxidises another / is reduced 1 

3(b) 

 
uncatalysed hump 

1 

catalysed hump lower than uncatalysed 1 

3(c) Cl / chlorine is both oxidised and reduced 1 



MARKING SCHEME

Q20  -  Official MS 9701/22/O/N/23/Q3(b)(iii) 2 marks

Q21  -  Official MS 9701/22/F/M/24/Q2(b)(i)-(iii) 3 marks

Q22  -  Official MS 9701/21/O/N/24/Q2(c)(ii) 1 mark

Q23  -  Official MS 9701/24/M/J/25/Q2(b)(ii) 2 marks
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Question Answer Marks 

3(a)(i) 4P / P4  +  5O2  →  P4O10 1 

P4O10  +  6H2O  →  4H3PO4 1 

3(a)(ii) proton / H+ donor 1 

partially dissociates (in solution / in water / when aqueous) 1 

3(b)(i) enthalpy change when one mole of a compound / substance is formed 1 

from its constituent elements in their standard states 1 

3(b)(ii) Hf = +9 + 3(–1281) – 4(–972) = (+)54 (kJ mol–1) (1) 2 

Any two from (1): 

• use correct stoichiometry for all three values 

• use correct expression regardless of stoichiometry for all three values 

• calculated correctly 

 

3(b)(iii) P (in H3PO3) is (both) oxidised and reduced (simultaneously) 1 

P (is oxidised) from (+)3 / (+)III → (+)5 / (+)V AND (reduced to) –3 / –III 1 

3(c)(i) H2O / steam 1 

3(c)(ii) 

 

1 

3(c)(iii) condensation  1 

3(c)(iv) C=O    1 

absorption changes to frequency / wavenumber / from 1670–1740 to 1710–1750 cm–1  1 

3(d)(i) H3PO4  +  3CH3OH  →  (CH3O)3PO  +  3H2O 1 
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Question Answer Marks 

1(e) moles of NaBiO3 = 21.50 / 1000  0.100 (= 2.15  10–3 mol) 1 

 moles of Mn2+ in dil. = 2.15  10–3  2 / 5  40 (= 0.0344 mol) 1 

 conc. saturated Mn2+ = 0.0344  1000 / 100 = 0.344 mol dm–3 1 

   

Question Answer Marks 

2(a) 
formula of chloride ● NaCl ● MgCl2 ● SiCl4 

structure giant ● giant ● simple 

bonding of chloride ● ionic ● ionic covalent 

pH of solution formed ● 7 6.2 ● 1–4 
 

3 

2(b)(i) disproportionation 1 

2(b)(ii) NaCl O / sodium chlorate(I) 1 

2(b)(iii) 3Cl 2 + 6NaOH → NaCl O3 + 5NaCl + 3H2O 1 

2(b)(iv) white ppt / solid 1 

 dissolves (in NH3(aq)) 1 

2(c)(i) ● trigonal bipyramidal ● octahedral 2 

2(c)(ii) H2O / water 1 

 hydrolysis 1 
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Question Answer Marks 

2(a)(i) chlorine = yellow-green 
 
bromine = orange / brown / red 
 
iodine = silver grey / black 

1 

2(a)(ii) oxidising strength decreases from chlorine to iodine 1 

2(a)(iii) green colour disappears 1 

2(a)(iv) H—Hal covalent bond strength decreases down the group 1 

2(b)(i) a species with one or more unpaired electrons 1 

2(b)(ii) ultraviolet 1 

2(b)(iii) C2H6 + Cl●  →  C2H5
● + HCl 1 

 C2H5
● + Cl2  →  C2H5Cl + Cl● 1 

2(c)(i) cold NaOH(aq)      1 

2(c)(ii) a reaction where a species / same species is both oxidised and reduced simultaneously / in the same reaction 1 

2(c)(iii) CH3COCH3 + 3NaClO  →  1CHCl3 + 1CH3COONa + 2NaOH 1 

2(c)(iv) M1 white precipitate/white ppt forms 1 

 M2 CHCl3 is hydrolysed / chloride ions are released 
OR 
Cl– / chloride ions which are released react with Ag+  
OR 
silver chloride / AgCl is formed 

1 
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Question Answer Marks 

2(a)(i) non-linear 1 

2(a)(ii) 104.5° 1 

2(b)(i) In any order: 
M1 (solution / liquid) (red) to colourless 
M2 yellow solid appears 

2 

2(b)(ii) oxidation number of S in SCl 2 = (+) 2 / (+) II 

oxidation number of S in H2SO3 = (+) 4 / (+) IV 

2 

2(b)(iii) hydrolysis 1 

   

Question Answer Marks 

3(a)(i) 0.00658(0) mol 1 

3(a)(ii) M1 I2 in 25.0 cm3 0.00658 / 2 = 0.00329 (mol)  

M2 0.00329 × 1000 / 25.0 = 0.132 (mol)  
 
alternative answer using 9.42 × 10–3: 
M1 0.00471  
M2 0.1884  

2 

3(b) M1 0.2 – 0.154 = 0.046 (mol H2 and / or I2 reacts)  
M2 mol H2 at equilibrium 0.1 – 0.046 = 0.054 

M3 mol HI at equilibrium 0.3 + (0.046 × 2) = 0.392 

3 

3(c) 2.46 1 

3(d)(i) (electrostatic) attraction between the nuclei (of two atoms) and a shared pair of electrons 1 
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