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Paper 2 AS Level Structured Questions May/June 2025

 1 hour 15 minutes

You must answer on the question paper.

No additional materials are needed.

INSTRUCTIONS

 ● Answer all questions.

 ● Use a black or dark blue pen. You may use an HB pencil for any diagrams or graphs.

 ● Write your name, centre number and candidate number in the boxes at the top of the page.

 ● Write your answer to each question in the space provided.

 ● Do not use an erasable pen or correction fluid.

 ● Do not write on any bar codes.

 ● You may use a calculator.

 ● You should show all your working and use appropriate units.

INFORMATION

 ● The total mark for this paper is 60.

 ● The number of marks for each question or part question is shown in brackets [ ].

 ● The Periodic Table is printed in the question paper.

 ● Important values, constants and standards are printed in the question paper.
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1 (a) Solid sodium conducts electricity. Sodium oxide conducts electricity when molten but not 

when solid.

  (i) Name the type of bonding present in sodium and in sodium oxide.

bonding in sodium  .............................................................................................................

bonding in sodium oxide  ...................................................................................................

 [1]

  (ii) Explain how solid sodium conducts electricity.

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

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

  (iii) Explain why sodium oxide conducts electricity when molten.

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

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

 (b) Separate samples of sodium and sodium oxide are each added to an excess of cold water.

  (i) Write an equation for the reaction of sodium with cold water.

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

  (ii) Write an equation for the reaction of sodium oxide with cold water.

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

  (iii) Complete Table 1.1. 

   Do not refer to temperature changes when considering observations for these reactions.

Table 1.1

sodium sodium oxide

one similarity in 

observation on addition 

to cold water

one difference in 

observation on addition 

to cold water

 [2]

* 0000800000002 *
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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]

* 0000800000003 *
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2 A sample of iron is analysed using a mass spectrometer. The mass spectrum shows three isotopes 

of iron are present in the sample.

 (a) Define isotopes.

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

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

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

 (b) Fig. 2.1 shows the mass spectrum of the sample of iron.

54.0 55.0 56.0 57.0

5.9

91.9

2.2

m / e

0

20

40

60

80

100

abundance

/ %

Fig. 2.1

  (i) Use Fig. 2.1 to calculate the relative atomic mass, Ar, of iron to one decimal place.

   Show your working.

 Ar of iron = .............................. [2]

* 0000800000004 *
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  (ii) Complete Table 2.1 to show the number of protons and nucleons in one atom of 56Fe.

Table 2.1

particle number of particles in one atom of 56Fe

protons

nucleons

 [2]

 (c) Deduce the number of pairs of electrons in the shell with principal quantum number n = 3 in 

an Fe atom.

 number of pairs of electrons .............................. [1]

 (d) Write an equation to represent the first ionisation energy of iron.

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

 (e) Suggest how the value for the first ionisation energy of 54Fe compares to the first ionisation 

energy of 56Fe. Explain your answer in terms of the factors that affect ionisation energy.

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

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

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

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

 .............................................................................................................................................  [4]

 [Total: 11]
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3 (a) Hexene reacts with hydrogen gas to produce hexane.

reaction 1   C6H12(l) + H2(g)  C6H14(l)

  Fig. 3.1 shows the distribution of energies of H2(g) molecules at temperature T.

number of

molecules

EA energy

Fig. 3.1

  (i) Sketch on Fig. 3.1 the shape of the curve for the same sample of H2(g) molecules when 

the temperature is increased. [2]

  (ii) Explain why increasing the temperature increases the rate of reaction 1.

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

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

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

  (iii) State the role of nickel when it is added to reaction 1.

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

  (iv) Annotate Fig. 3.2 to show the effect of adding nickel to reaction 1 at temperature T.

number of

molecules

EA energy

Fig. 3.2

 [1]

* 0000800000006 *
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 (b) Define Le Chatelier’s principle.

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

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

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

 (c) Reaction 2 shows the equilibrium reaction between X(g) and Y(g) to produce Z(g) in a sealed 

container.

reaction 2   aX(g) + bY(g)  cZ(g)

  Fig. 3.3 shows the effect of changing pressure on the percentage yield of Z(g) at two different 

temperatures, 300 K and 350 K.

pressure / atm

yield / %

300 K

350 K

0 100 200 300

10

20

30

40

50

60

Fig. 3.3

  Deduce two conclusions about reaction 2 using Fig 3.3.

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

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

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

 [Total: 10]
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4 The structure of vitamin C is shown in Fig. 4.1.

HO

OH

HO OH

OO

vitamin C

Fig. 4.1

 (a) Deduce the empirical formula of vitamin C.

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

 (b) The concentration of vitamin C is found by titration with I2(aq).

HOI2  + +  2I–  +  2H+

OH

HO OH

OO HO

OH

O O

OO

vitamin C Q

Fig. 4.2

  A vitamin C tablet is dissolved in water to produce 200.0 cm3 of vitamin C solution.

  5.00 cm3 of this vitamin C solution is added to a flask with approximately 150 cm3 of water 

and an indicator.

  Exactly 28.40 cm3 of 5.00 × 10–4 mol dm–3 I2(aq) reacts with the sample of vitamin C solution 

in the flask.

  [Mr: vitamin C, 176]

  (i) Calculate the amount, in mol, of I2(aq) added to the flask in this titration.

 amount of I2(aq) = .............................. mol [1]

* 0000800000008 *
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  (ii) Use your answer to (b)(i) to calculate the mass, in g, of vitamin C in the tablet. Show 

your working.

   (If you were unable to calculate a value for the amount of I2(aq) in (b)(i), use the value 

2.64 × 10– 4 mol. This is not the correct value.)

 mass of vitamin C in tablet = .............................. g [2]

  (iii) Deduce the role of I2(aq) in the reaction in Fig. 4.2.

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

  (iv) Suggest two reasons why hot concentrated acidified potassium manganate(VII) is not a 

suitable reagent for producing Q from vitamin C.

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

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

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

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

 [2]

* 0000800000009 *
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 (c) Predict two absorptions that will be seen in the infrared spectra of both vitamin C and Q. 

Describe the relevant bond and the specific functional group that is responsible for each 

absorption identified.

HO

OH

HO OH

OO HO

OH

O O

OO

vitamin C Q

Fig. 4.3

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

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

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

 [Total: 9]

Table 4.1

bond functional groups containing 

the bond

characteristic infrared absorption range 

(in wavenumbers) / cm–1

C−O hydroxy, ester 1040–1300

C=C aromatic compound, alkene 1500–1680

C=O amide

carbonyl, carboxyl

ester

1640–1690

1670–1740

1710–1750

C≡N nitrile 2200–2250

C−H alkane 2850–2950

N−H amine, amide 3300–3500

O−H carboxyl

hydroxy

2500–3000

3200–3650

* 0000800000010 *
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5 Compound A contains the elements carbon, hydrogen and oxygen only.

 When A is heated with H2SO4(aq), compounds B and C are produced, as shown in Fig. 5.1.

A + 2H2O 
H2SO4(aq)

heat
 HOOCCH2COOH + 2CH3CH2OH

B C

Fig. 5.1

 (a) Draw the structure of A.

 [2]

 (b) Name the type of reaction that occurs when A is heated with H2SO4(aq).

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

 (c) When aqueous Na2CO3 is added to separate samples of B and C, effervescence is observed 

with B only.

  (i) Complete the equation to describe the reaction between B and an excess of aqueous 

Na2CO3.

......HOOCCH2COOH + ......Na2CO3   .............................................................................

 [1]

  (ii) Suggest why C does not react with aqueous Na2CO3 in a similar type of reaction to B.

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

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

 (d) A student suggests a two-step synthesis to produce B, as shown in Fig. 5.2.

Cl CH2CH2CH2Cl  HOCH2CH2CH2OH  HOOCCH2COOH

step 1 step 2 B

Fig. 5.2

  (i) Identify the reagents and conditions required in steps 1 and 2.

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

step 2  ................................................................................................................................

 [2]

  (ii) Identify the type of reaction that HOCH2CH2CH2OH undergoes in step 2.

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

* 0000800000012 *
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 (e) B reacts with an excess of reducing agent R to produce D.

  An excess of PCl 5 is added to D.

• A vigorous reaction occurs.

• Misty fumes are seen.

• Organic compound E is produced.

  (i) Identify the formula of the reducing agent R.

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

  (ii) Complete the equation to describe the reaction of B with an excess of R.

   Use [H] to represent one atom of hydrogen from R.

......HOOCCH2COOH + ......[H]   ...............................................................................  [2]

  (iii) Name organic compound E.

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

 [Total: 12]

* 0000800000013 *
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6 Three bottles of colourless liquids labelled F, G and H contain separate pure samples of the 

compounds ethanal, propanal or propanone but not necessarily in that order.

 (a) State the functional group in ethanal, propanal and propanone.

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

 (b) State a reagent and the relevant observation that confirm that F, G and H have the same 

functional group.

reagent  .....................................................................................................................................

observation  ...............................................................................................................................

 [2]

 (c) Separate samples of F, G and H are each tested with Tollens’ reagent and with alkaline I2(aq). 

The observations are shown in Table 6.1.

Table 6.1

Tollens’ reagent alkaline I2(aq)

F no observable change pale yellow precipitate

G silver mirror pale yellow precipitate

H silver mirror no precipitate

  (i) Use Table 6.1 to name the organic compounds in bottles F, G and H.

F = .............................................

G = .............................................

H = .............................................

 [2]

  (ii) Identify the yellow precipitate produced when alkaline I2(aq) is added to separate 

samples of F and G.

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

  (iii) Compound J does not contain the same functional group as F, G and H. Compound J 

also reacts with alkaline I2(aq) to produce a pale yellow precipitate.

   Suggest the structure of compound J.

 [1]

 [Total: 7]

* 0000800000014 *
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Important values, constants and standards

molar gas constant R = 8.31 J K–1 mol–1

Faraday constant F = 9.65 × 104 C mol–1

Avogadro constant L = 6.02 × 1023 mol–1

electronic charge e = –1.60 × 10–19 C

molar volume of gas Vm = 22.4 dm3 mol–1 at s.t.p. (101 kPa and 273 K)

Vm = 24.0 dm3 mol–1 at room conditions

ionic product of water Kw = 1.00 × 10–14 mol2 dm–6 (at 298 K (25 °C))

specific heat capacity of water c = 4.18 kJ kg–1 K–1 (4.18 J g–1 K–1)

* 0000800000015 *
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1 (a) Diamond and graphite are both crystalline solids made from carbon atoms. Graphite conducts 

electricity. Diamond does not conduct electricity.

  (i) Name the type of lattice structure present in the crystalline solids diamond and graphite.

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

  (ii) Explain how graphite conducts electricity.

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

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

  (iii) Explain why diamond does not conduct electricity.

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

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

 (b) Separate samples of phosphorus(V) chloride and silicon(IV) chloride are each added to an 

excess of cold water.

  (i) Write an equation for each reaction.

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

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

  (ii) Describe the appearance of phosphorus(V) chloride and silicon(IV) chloride at room 

temperature.

phosphorus(V) chloride  .....................................................................................................

silicon(IV) chloride  ............................................................................................................

 [2]

  (iii) Compare the appearance of the mixtures produced when each reaction is complete.

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

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

 (c) Some oxides are amphoteric.

  (i) Describe what is meant by amphoteric.

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

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

  (ii) Identify the formula of a Period 3 oxide that is amphoteric.

 .....................................................................................................................................  [1]
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 (d) The melting points of different oxides are shown in Table 1.1.

Table 1.1

oxide melting point / °C force of attraction broken during melting

SO2  –73

H2O    0

SiO2 1610

Na2O 1132

MgO 2852

  (i) Complete Table 1.1 by identifying the strongest force of attraction in each oxide that is 

broken during melting. Use the abbreviations below.

   i.d. = instantaneous dipole–induced dipole

   p.d. = permanent dipole–permanent dipole

   H = hydrogen bond

   C = covalent bond

   I = ionic bond

 [3]

  (ii) A student suggests the following hypothesis.

The stronger the covalent bond between atoms in non‑metal oxides, 

the higher the melting point.

   Use Table 1.1 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: 16]
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2 A sample of iron contains three different isotopes and has a relative atomic mass, Ar, of 55.8.

 (a) (i) Define relative atomic mass.

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

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

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

  (ii) Table 2.1 shows the abundances of two of the isotopes present in the sample of iron.

Table 2.1

isotope relative isotopic mass abundance / %

54Fe 53.9  6.0

56Fe 55.9 91.9

   Use Table 2.1 to calculate the relative isotopic mass of the third isotope of iron in the 

sample. Show your working.

 relative isotopic mass = .............................. [2]

 (b) Deduce the number of pairs of electrons in the 3d sub‑shell in an iron(II) ion.

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

 (c) Sketch the shape of the lowest energy orbital in the shell with principal quantum number 

n = 2.

 [1]
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 (d) Complete Table 2.2 to show information about particles in one ion of 56Fe3+.

Table 2.2

particle
number of particles present in 

one ion of 56Fe3+

electrons

30

 [2]

 (e) The atomic radius of iron is 1.26 × 10–10 m.

  Suggest the change to the radius, if any, after an iron atom reacts to produce an Fe3+ ion. 

Explain your answer.

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

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

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

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

 [Total: 10]
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3 (a) C3H6 reacts with HBr(g) in an addition reaction.

  (i) Define addition reaction.

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

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

  (ii) Complete Fig. 3.1 to show the mechanism for the addition reaction between C3H6 and 

HBr to produce 2‑bromopropane. Include charges, dipoles, lone pairs of electrons and 

curly arrows, as appropriate.

H C

CH3

Br

CH3

H Br

C

H

H3C

H

H

C

Fig. 3.1

 [4]

  (iii) Explain why the major product of this reaction is 2‑bromopropane rather than 

1‑bromopropane.

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

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

 .....................................................................................................................................  [2]
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 (b) H2(g) and nickel are added to alkene X. Fig. 3.2 shows how the concentration of X changes 

with time.

0
0.0

0.2

0.4

0.6

0.8

1.0

200 400

time / s

600

concentration

of X / mol dm–3

Fig. 3.2

  (i) Use Fig. 3.2 to identify the limiting reagent in this reaction. Explain your answer.

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

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

  (ii) Use Fig. 3.2 to describe how the gradient changes as the reaction proceeds. State what 

this shows about the rate during this reaction.

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

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

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

* 0000800000007 *

D
O

 N
O

T
 W

R
IT

E
 I
N

 T
H

IS
 M

A
R

G
IN

  
  
  
  
  
  
  
  
  
D

O
 N

O
T

 W
R

IT
E

 I
N

 T
H

IS
 M

A
R

G
IN

  
  
  
  
  
  
  
  
  
D

O
 N

O
T

 W
R

IT
E

 I
N

 T
H

IS
 M

A
R

G
IN

  
  
  
  
  
  
  
  
  
D

O
 N

O
T

 W
R

IT
E

 I
N

 T
H

IS
 M

A
R

G
IN

  
  
  
  
  
  
  
  
  
D

O
 N

O
T

 W
R

IT
E

 I
N

 T
H

IS
 M

A
R

G
IN



8

9701/22/M/J/25© UCLES 2025

 (c) Hydrocarbon Y contains two C=C groups. There are no other functional groups present.

  Y reacts with an excess of H2(g) to produce hexane, C6H14.

Table 3.1

bond energy / kJ mol–1

C−C 350

C=C 610

C≡C 840

H−H 436

C−H 410

  Use Table 3.1 to calculate the enthalpy change per mole of C6H14 produced in this reaction.

 enthalpy change = .............................. kJ mol–1 [2]
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 (d) Hydrocarbon Y reacts with H2(g).

  Fig. 3.3 shows the distribution of energies of H2(g) at temperature T.

  Area A represents the number of molecules with energy greater than or equal to the activation 

energy, EA, at temperature T.

EA energy

area A

number of

molecules

Fig. 3.3

  (i) Annotate Fig. 3.3 to show the effect of adding nickel to Y and H2(g) at temperature T. [1]

  (ii) Area B (not labelled on Fig. 3.3) represents the number of molecules with energy greater 

than or equal to the activation energy when nickel is added at temperature T.

   State the difference, if any, between areas A and B. Explain the significance of your 

answer on the rate of hydrogenation of Y. Give your answer in terms of collisions.

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

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

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

 (e) Alkene Z contains two C=C bonds. Z reacts with an excess of hot concentrated acidified 

KMnO4 to produce only CH3COCH3, HOOCCH2COOH, CO2 and H2O.

  Suggest the structure of Z.

 [2]

 [Total: 16]
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4 (a) Propanoic acid, CH3CH2COOH, reacts with reducing agent Q to produce propan‑1‑ol, 

CH3CH2CH2OH.

  (i) Suggest the formula of reducing agent Q.

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

  (ii) Complete the equation to show the reduction of propanoic acid to propan‑1‑ol.

   Use [H] to represent one atom of hydrogen from Q.

......CH3CH2COOH + ......[H]   ...................................................................................  [1]

 (b) Propan‑1‑ol is converted to compound T in a three‑step synthesis.

  In step 1, SOCl 2 is added to propan‑1‑ol to produce compound E.

  In step 2, E reacts with a suitable reagent to produce butanenitrile.

  In step 3, butanenitrile is heated with NaOH(aq).

  (i) Name the type of reaction that occurs in step 1.

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

  (ii) Identify the reagent and conditions required in step 2.

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

  (iii) Construct an equation to describe the reaction of butanenitrile with NaOH(aq) in step 3.

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

  (iv) Name the type of reaction that occurs in step 3.

 .....................................................................................................................................  [1]
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 (c) Compounds A, B and C belong to the alcohol homologous series. Each molecule of A, B and C 

contains four saturated carbon atoms.

  (i) Identify the type of hybridisation shown in the saturated carbon atoms of all alcohols.

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

  (ii) Identify the gas produced when Na(s) is added to separate samples of each alcohol.

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

  (iii)  Describe the role of Na(s) when it reacts with alcohols.

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

 (d) Table 4.1 shows the results of two tests on separate samples of A, B and C.

Table 4.1

compound
heat under reflux with 

acidified K2Cr2O7

warm with

alkaline I2(aq)

A remains orange no visible change

B orange to green no visible change

C orange to green pale yellow precipitate

  (i) Deduce the structure of A.

 [1]

  (ii) Deduce a possible name for B.

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

  (iii) Deduce the identity of C.

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

 [Total: 13]
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5 The structure of vitamin C is shown in Fig. 5.1.

O

vitamin C

HO

HO

HO

OH

O

Fig. 5.1

 (a) Deduce the empirical formula of vitamin C.

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

 (b) The mass of vitamin C present in 150.0 g of lemon is found in an experiment.

  stage 1  All the vitamin C in 150.0 g of lemon is extracted and dissolved in water to make 

100.0 cm3 of solution L.

  stage 2  A 25.0 cm3 sample of solution L is titrated with 5.00 × 10–3 mol dm–3 I2(aq).

O

O

HO

HO

O

O
O

vitamin C M

I2   + +  2I–  +  2H+

HO

HO

HO

OH

O

Fig. 5.2

  Exactly 36.65 cm3 of I2(aq) reacts with the 25.0 cm3 sample of solution L.

  [Mr: vitamin C, 176]

  (i) Calculate the amount, in mol, of I2(aq) added in the titration.

 amount of I2(aq) = .............................. mol [1]
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  (ii) Use your answer to (b)(i) to calculate the percentage by mass of vitamin C present in 

150.0 g of lemon.

   (If you were unable to calculate a value for the amount of I2(aq) in (b)(i), use the value 

7.65 × 10–4 mol. This is not the correct value.)

 percentage by mass = ..............................% [2]

  (iii) The progress of the reaction of vitamin C with I2(aq) to produce M is monitored using 

infrared spectroscopy.

   Table 5.1 indicates the presence of some absorptions in the infrared spectrum of vitamin C.

   Complete Table 5.1 to predict which of these absorptions, if any, are present in the 

infrared spectrum of M.

Table 5.1

absorption / cm–1 present in spectrum 

of vitamin C

present in spectrum 

of M

1500–1680 ✓

2850–2950 ✓

3200–3650 ✓

 [1]

Table 5.2

bond functional groups containing the bond characteristic infrared absorption range

(in wavenumbers) / cm–1   

C–O hydroxy, ester 1040–1300

C=C aromatic compound, alkene 1500–1680

C=O amide

carbonyl, carboxyl

ester

1640–1690 

1670–1740 

1710–1750

C≡N nitrile 2200–2250

C–H alkane 2850–2950

N–H amine, amide 3300–3500

O–H carboxyl

hydroxy

2500–3000

3200–3650

 [Total: 5]

* 0000800000013 *

D
O

 N
O

T
 W

R
IT

E
 I
N

 T
H

IS
 M

A
R

G
IN

  
  
  
  
  
  
  
  
  
D

O
 N

O
T

 W
R

IT
E

 I
N

 T
H

IS
 M

A
R

G
IN

  
  
  
  
  
  
  
  
  
D

O
 N

O
T

 W
R

IT
E

 I
N

 T
H

IS
 M

A
R

G
IN

  
  
  
  
  
  
  
  
  
D

O
 N

O
T

 W
R

IT
E

 I
N

 T
H

IS
 M

A
R

G
IN

  
  
  
  
  
  
  
  
  
D

O
 N

O
T

 W
R

IT
E

 I
N

 T
H

IS
 M

A
R

G
IN



14

9701/22/M/J/25© UCLES 2025
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Important values, constants and standards

molar gas constant R = 8.31 J K–1 mol–1

Faraday constant F = 9.65 × 104 C mol–1

Avogadro constant L = 6.02 × 1023 mol–1

electronic charge e = –1.60 × 10–19 C

molar volume of gas Vm = 22.4 dm3 mol–1 at s.t.p. (101 kPa and 273 K)

Vm = 24.0 dm3 mol–1 at room conditions

ionic product of water Kw = 1.00 × 10–14 mol2 dm–6 (at 298 K (25 °C))

specific heat capacity of water c = 4.18 kJ kg–1 K–1 (4.18 J g–1 K–1)
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1 The chemical properties of an element are related to the electronic configuration of its atoms.

 (a) (i) Give the full electronic configuration of a fluorine atom.

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

  (ii) Deduce the number of pairs of electrons in the second energy shell, n = 2, of an oxygen 

atom.

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

  (iii) Draw the shape of the highest energy orbital that contains electrons in an atom of 

calcium.

 [1]

 (b) (i) Write an equation to represent the first ionisation energy of sulfur.

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

  (ii) Explain why the first ionisation energy of sulfur is less than the first ionisation energy of 

phosphorus.

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

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

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

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

  (iii) Arrange the three species F–, Ne and Na+ in order of increasing radius.

   Explain your answer.

   .................................. < .................................. < ..................................

     smallest radius  largest radius

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

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

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

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

 [4]

 [Total: 10]
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2 The chemical properties of oxides are related to the chemical bonding present in these compounds.

 (a) A Period 3 oxide produces a solution with a pH greater than 10 when it is added to water.

  State the formula of the oxide.

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

 (b) P4O10 is added to an excess of aqueous NaOH.

  Write an equation to describe the reaction. 

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

 (c) Table 2.1 shows the melting points of some oxides.

Table 2.1

oxide melting point / °C

SO2 –73

H2O 0

SO3 17

SiO2 1610

Na2O 1132

MgO 2852

Al 2O3 2072

  (i) Identify the oxide from Table 2.1 that contains the element with the highest oxidation 

number.

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

  (ii) A student suggests the following hypothesis.

The melting point of an ionically bonded oxide is only determined by  

the charge on the cation.

   Use Table 2.1 to deduce if this hypothesis is true or false or if there is not enough 

information to make a conclusion. Explain your answer.

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

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

 .....................................................................................................................................  [2]
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 (d) State why ZnO is described as a Brønsted–Lowry base when it is added to H2SO4(aq).

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

 (e) Al 2O3 is a white amphoteric compound.

  (i) State the formula of the aluminium‑containing species produced when Al 2O3 reacts with 

NaOH(aq).

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

  (ii)  State the formula of the aluminium‑containing salt produced when Al 2O3 reacts with 

H2SO4(aq).

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

 [Total: 8]
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3 (a) Different hydrocarbon mixtures produced from fractional distillation of crude oil have different 

uses.

  (i) State the compound that is heated with long‑chain hydrocarbons to produce more useful 

smaller alkanes and alkenes.

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

  (ii) Describe how photochemical smog is produced during the combustion of petrol in an 

internal combustion engine.

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

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

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

 (b) C4H8 reacts with an excess of H2 to produce C4H10.

     reaction 1    C4H8 + H2  C4H10

  (i) Name a catalyst for reaction 1.

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

  (ii) Define activation energy, EA.

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

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

  (iii)  The Boltzmann distribution for the reaction mixture in reaction 1 is shown in Fig. 3.1.

   Use the Boltzmann distribution to explain the effect of adding a catalyst on the rate of 

reaction.

number of

molecules

energy

Fig. 3.1

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

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

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

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

 [Total: 7]
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4 The reaction between Na2S2O3(aq) and HCl (aq) is monitored at constant temperature.

Na2S2O3 + 2HCl  2NaCl + SO2 + S + H2O

 Fig. 4.1 shows how the concentration of HCl (aq) varies with time.

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

0 100 200 300 400 500 600

time / s

concentration

of HCl(aq)

/ mol dm–3

Fig. 4.1

 (a) (i) Use Fig. 4.1 to find the average rate of change of concentration of HCl (aq) in this reaction 

between 0–100 seconds and between 400–500 seconds. Include units in your answers.

   0–100 seconds .................................................. units ...........................................

   400–500 seconds .............................................. units ...........................................

 [2]

  (ii) Use Fig. 4.1 to identify the limiting reagent. Explain your answer.

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

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

  (iii) Explain why the rate of reaction changes with time.

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

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

 .....................................................................................................................................  [1]
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  (iv) The reaction between Na2S2O3(aq) and HCl (aq) is repeated in a second experiment.

   In this second experiment, 25.0 cm3 of 0.050 mol dm–3 Na2S2O3(aq) reacts with 0.0020 mol 

of HCl (aq). Calculate the number of sulfur atoms produced.

 number of sulfur atoms produced =  ..............................  [2]

  (v) Explain why the rate of reaction cannot be monitored accurately by measuring the 

volume of SO2(g) produced in this reaction.

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

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

 (b) Fig. 4.2 shows a possible arrangement of outer‑shell electrons in one SO2 molecule.

SO O

Fig. 4.2

  (i) Use Fig. 4.2 to predict the shape and bond angle of a molecule of SO2.

   shape .............................................

   bond angle .......................°

 [2]

  (ii) Use Table 4.1 to predict the strength of the dipole moment of SO2, if any, compared to 

that of H2O. Explain your answer.

Table 4.1

H O S

electronegativity 2.1 3.5 2.6

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

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

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

 [Total: 11]
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5 (a) W is a colourless liquid.

W

OH

O

Fig. 5.1

  (i) Deduce the empirical formula of W.

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

  (ii)  Two different reagents are each added to separate samples of W as shown in Table 5.1.

   Complete Table 5.1.

Table 5.1

reagent and 

conditions

observation when reagent is 

added to W

structural formula of organic 

product when reagent is 

added to W

solid Na

Br2 in absence of 

ultraviolet light

 [4]
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D
O

 N
O

T
 W

R
IT

E
 I
N

 T
H

IS
 M

A
R

G
IN

  
  
  
  
  
  
  
  
  
D

O
 N

O
T

 W
R

IT
E

 I
N

 T
H

IS
 M

A
R

G
IN

  
  
  
  
  
  
  
  
  
D

O
 N

O
T

 W
R

IT
E

 I
N

 T
H

IS
 M

A
R

G
IN

  
  
  
  
  
  
  
  
  
D

O
 N

O
T

 W
R

IT
E

 I
N

 T
H

IS
 M

A
R

G
IN

  
  
  
  
  
  
  
  
  
D

O
 N

O
T

 W
R

IT
E

 I
N

 T
H

IS
 M

A
R

G
IN



9

9701/23/M/J/25© UCLES 2025 [Turn over

 (b) Fig. 5.2 shows two reactions of W to produce organic compounds Y and Z.

W

OH

O

ZY

O

O

LiAl H4

Fig. 5.2

  (i) Deduce the number of sigma (σ) bonds and pi (π) bonds present in Z.

   number of σ bonds ....................

   number of π bonds ....................

 [2]

  (ii) W reacts with LiAl H4 to produce Y.

   Draw the structure of Y.

 [1]

  (iii) Identify the role of LiAl H4 when it reacts with W.

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

  (iv) Suggest the reagent and conditions required when W is converted into Z.

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

* 0000800000009 *
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Z

O

O

Fig. 5.3

  (v) Fig. 5.3 shows the structure of Z.

   Fig. 5.4 is the infrared spectrum of Z.

0

20

40

60

80

100

30003500 2500 2000 1500 1000 500

transmittance / %

wavenumber / cm–1

A

B

C

D

Fig. 5.4

   Identify the bond and functional group responsible for each of the absorptions labelled A, 

B, C and D in Fig. 5.4.

A  ........................................................................................................................................

B  ........................................................................................................................................

C  ........................................................................................................................................

D  ........................................................................................................................................

 [2]
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Table 5.2

bond functional groups containing the bond characteristic infrared absorption range

(in wavenumbers) / cm–1   

C–O hydroxy, ester 1040–1300

C=C aromatic compound, alkene 1500–1680

C=O amide

carbonyl, carboxyl

ester

1640–1690 

1670–1740 

1710–1750

C≡N nitrile 2200–2250

C–H alkane 2850–2950

N–H amine, amide 3300–3500

O–H carboxyl

hydroxy

2500–3000

3200–3650

  (vi) Z is used to produce addition polymer Q.

   Draw the repeat unit of polymer Q.

 [1]

 (c) Poly(ethene) is an addition polymer made from ethene.

  Explain why ethene reacts with electrophiles but poly(ethene) does not.

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

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

 [Total: 14]
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6 (a) HOCl reacts with CH2=CH2 to produce HOCH2CH2Cl in an electrophilic addition reaction.

  (i) Define addition reaction.

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

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

  (ii) Describe how Cl 2 is used to produce HOCl.

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

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

  (iii) State one use for HOCl.

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

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

 (b) Complete Fig. 6.1 to show the mechanism for the reaction between HOCl and CH2=CH2 to 

produce HOCH2CH2Cl . 

  Include charges, dipoles, lone pairs of electrons and curly arrows, as appropriate.

C C Cl

HO
δ–

Cl 
δ+

H

H

H

H

HOC C

HH

HH

Fig. 6.1

 [4]
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 (c) HOCH2CH2Cl reacts in a two‑step synthesis to produce HOCH2CH2COOH, as shown in 

Fig. 6.2.

     step 2

    step 1 HCl (aq)
HOCH2CH2Cl  HOCH2CH2CN  HOCH2CH2COOH

Fig. 6.2

  (i) State the reagent and conditions for step 1.

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

  (ii) Identify the type of reaction that occurs in step 2.

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

  (iii) Complete the equation to show the reaction in step 2.

HOCH2CH2CN +  .........................................................................................................  [1]

 [Total: 10]

* 0000800000013 *
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Important values, constants and standards

molar gas constant R = 8.31 J K–1 mol–1

Faraday constant F = 9.65 × 104 C mol–1

Avogadro constant L = 6.02 × 1023 mol–1

electronic charge e = –1.60 × 10–19 C

molar volume of gas Vm = 22.4 dm3 mol–1 at s.t.p. (101 kPa and 273 K)

Vm = 24.0 dm3 mol–1 at room conditions

ionic product of water Kw = 1.00 × 10–14 mol2 dm–6 (at 298 K (25 °C))

specific heat capacity of water c = 4.18 kJ kg–1 K–1 (4.18 J g–1 K–1)

* 0000800000015 *
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1 Elements in Period 3 of the Periodic Table show trends in their properties.

 (a) Complete Table 1.1 by identifying the lattice structures of the crystalline solids of Mg, Si and P.

Table 1.1

element Mg Si P

lattice structure in 

crystalline solid

 [3]

 (b) The relative electrical conductivities of the Period 3 elements are shown in Fig. 1.1.

Al Si

element

electrical

conductivity

P S Cl ArMgNa

Fig. 1.1

  Explain why there is an increase in conductivity from Na to Al and why P, S and Cl are 

non‑conductors of electricity.

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

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

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

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

 .............................................................................................................................................  [2]
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 (c) The third ionisation energies of the Period 3 elements are shown in Fig. 1.2.

Al Si

element

third

ionisation

energy

P S Cl ArMgNa

Fig. 1.2

  (i) Write an equation, including state symbols, to represent the third ionisation energy of 

argon.

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

  (ii) The differences in the values for third ionisation energy shown in Fig. 1.2 are due to 

differences in the strength of attraction between the nucleus and the outer electron of 

each ion.

   State two factors that affect the strength of attraction between the nucleus and the outer 

electron. 

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

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

 [2]

  (iii) Use Fig. 1.2 to suggest the most significant factor that determines the size of attraction 

between the nucleus and the outer electron. Explain your answer.

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

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

 .....................................................................................................................................  [2]
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  (iv) In the third ionisation energy of argon, the ion produced has the electronic configuration   

1s2 2s2 2p6 3s2 3p3.

   Complete Fig. 1.3 to show the arrangement of electrons in the orbitals of this ion.

1s 2s 3s2p 3p

Fig. 1.3

 [1]

 (d) Most Period 3 elements react with oxygen to form oxides.

  (i) Write an equation for the reaction of phosphorus with oxygen.

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

  (ii) Write an equation for the reaction of aluminium oxide with an excess of aqueous sodium 

hydroxide.

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

 [Total: 14]
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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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3 H2(g) and I2(g) react to form HI(g) in a reversible reaction, as shown in equation 1.

 equation 1 H2(g) + I2(g)  2HI(g)

 In three separate experiments, a student combines different amounts of two or more of the gases 

from equation 1. In each experiment, the gases are left to reach equilibrium at a given temperature. 

 (a) In experiment 1, H2(g) and I2(g) are combined.

  

  Water is then added to the equilibrium mixture to produce 1.00 dm3 of solution A. 

  The amount of I2(aq) present in 1.00 dm3 of solution A is found by titration with Na2S2O3(aq).

  Exactly 32.90 cm3 of 0.200 mol dm–3 Na2S2O3 reacts with all of the I2 in a 25.0 cm3 sample of 

solution A.

I2(aq) + 2S2O3
2–(aq)  2I–(aq) + S4O6

2–(aq)

  (i) Calculate the amount, in mol, of S2O3
2– that reacts in the titration.

 amount of S2O3
2– = .............................. mol [1]

  (ii) Use your answer to (a)(i) to calculate the amount, in mol, of I2 present in 1.00 dm3 of 

solution A. 

   (If you were unable to obtain an answer in (a)(i), then use 9.42 × 10–3 mol. This is not the 

correct answer.)

 amount of I2 in 1.00 dm3 of solution A = .............................. mol [2]

 (b) In experiment 2, 0.100 mol of H2(g), 0.200 mol of I2(g) and 0.300 mol of HI(g) are combined.

  At equilibrium 0.154 mol of I2 is present.

  Calculate the amounts, in mol, of H2 and HI in the equilibrium mixture produced in 

experiment 2. 

 amount of H2 in equilibrium mixture = .............................. mol

 amount of HI in equilibrium mixture = .............................. mol

 [3]

* 0000800000006 *

D
O

 N
O

T
 W

R
IT

E
 I
N

 T
H

IS
 M

A
R

G
IN

  
  
  
  
  
  
  
  
  
D

O
 N

O
T

 W
R

IT
E

 I
N

 T
H

IS
 M

A
R

G
IN

  
  
  
  
  
  
  
  
  
D

O
 N

O
T

 W
R

IT
E

 I
N

 T
H

IS
 M

A
R

G
IN

  
  
  
  
  
  
  
  
  
D

O
 N

O
T

 W
R

IT
E

 I
N

 T
H

IS
 M

A
R

G
IN

  
  
  
  
  
  
  
  
  
D

O
 N

O
T

 W
R

IT
E

 I
N

 T
H

IS
 M

A
R

G
IN



7

9701/24/M/J/25© UCLES 2025 [Turn over

 (c) In experiment 3, 0.0772 mol of H2 and 0.0986 mol of I2 are present in an equilibrium mixture 

at 298 K.

 H2(g) + I2(g)  2HI(g) Kc = 7.94 × 102 

  Use the equilibrium constant, Kc, to calculate the amount, in mol, of HI present in the 

equilibrium mixture in experiment 3. 

 amount of HI in equilibrium mixture = .............................. mol [1]

 (d) The value of Kc for the dissociation of HCl at 298 K is 5.50 × 10–34.

 2HCl (g)  H2(g) + Cl 2(g) Kc = 5.50 × 10–34

  (i) Define covalent bond.

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

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

  (ii) Describe and explain the relative thermal stabilities of the hydrogen halides HCl and HI.

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

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

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

  (iii) Use the data given in (c) and (d) to suggest a value for the equilibrium constant for the 

dissociation of HBr(g) at 298 K.

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

 [Total: 11] 
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4 The skeletal formula of E is shown in Fig. 4.1.

E

O

O

Fig. 4.1

 (a) State the molecular formula of E.

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

 (b) Name E.

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

 (c) E is made when a carboxylic acid and an alcohol react together.

  (i) Name the type of reaction that takes place during this esterification reaction.

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

  (ii) Write an equation for the formation of E from a carboxylic acid and an alcohol. 

Use structural formulae to represent the organic species.

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

  (iii) State the systematic name of the alcohol used to make E.

 .....................................................................................................................................  [1]
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 (d) F is an isomer of E. 

  F reacts with HCl (aq) to produce G and H. 

  G is a secondary alcohol.

  H is also produced when HCl (aq) is added to CH3CN.

  (i) Construct an equation for the acid hydrolysis of CH3CN with HCl (aq).

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

  (ii) Draw the displayed formula of G.

 [2]

  (iii) CH3OH is used to make CH3CN in a two‑step process, as shown in Fig. 4.2.

     step 1 step 2
CH3OH  CH3Cl  CH3CN

Fig. 4.2

   State the reagents and conditions required for steps 1 and 2.

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

step 2  ................................................................................................................................

 [3]

 [Total: 11]
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5 The skeletal formula of W is shown in Fig. 5.1.

W

 

Fig. 5.1

 (a) W has two positional isomers. Only one shows stereoisomerism. 

  Draw the structures of the two positional isomers of W in the boxes.

   

 [2]

 (b) (i) Describe the origin of stereoisomerism in W.

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

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

  (ii) State why W shows stereoisomerism but one of the positional isomers in (a) does not.

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

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

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

 (c) Draw the skeletal structure of the stereoisomer of W.

 [1]
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 (d) W reacts with reagent X to produce ethanoic acid and pentanoic acid.

  (i) State the role of X in this reaction.

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

  (ii) Identify X and state the conditions used for this reaction.

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

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

 [Total: 7]
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6 P, Q and R are three different hydrocarbon molecules. 

 (a) (i) Define empirical formula.

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

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

  (ii) Hydrocarbon P contains 85.7% by mass of carbon.

   Calculate the empirical formula of P. 

   Show your working.

 empirical formula of P = .............................. [2]

  (iii) Molecules of P have straight chains. 

   Name the homologous series to which P belongs.

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

 (b) Q is a volatile hydrocarbon. 

  0.194 g of gaseous Q occupies a volume of 71.5 cm3 at 100 °C and 100 kPa.

  Use the ideal gas equation to calculate the Mr of Q.

 Mr of Q = .............................. [2]
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 (c) The mass spectrum of hydrocarbon R is recorded. 

  Information about the two peaks with m / e greater than 135 is shown in Fig. 6.1.

136

relative

abundance

137 138

11.0

100

139

m / e

Fig. 6.1

  (i) Use Fig. 6.1 to deduce the number of carbon atoms in a molecule of R.

   Show your working.

 number of carbon atoms = .............................. [2]

  (ii) Use Fig. 6.1 and your answer to (c)(i) to deduce the molecular formula of R.

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

  (iii) Suggest the molecular formula of the fragment of R with m / e = 57.

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

 [Total: 10] 
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Important values, constants and standards

molar gas constant R = 8.31 J K–1 mol–1

Faraday constant F = 9.65 × 104 C mol–1

Avogadro constant L = 6.02 × 1023 mol–1

electronic charge e = –1.60 × 10–19 C

molar volume of gas Vm = 22.4 dm3 mol–1 at s.t.p. (101 kPa and 273 K)

Vm = 24.0 dm3 mol–1 at room conditions

ionic product of water Kw = 1.00 × 10–14 mol2 dm–6 (at 298 K (25 °C))

specific heat capacity of water c = 4.18 kJ kg–1 K–1 (4.18 J g–1 K–1)
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c
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2
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s
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o
d
y
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1
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0
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a

p
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2
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s
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1
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0
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P
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–

6
3
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u

e
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1
5
2
.0

9
5

A
m

a
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e
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c
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6
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G
d

g
a
d
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1
5
7
.3

9
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C
m

c
u
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u
m

–

6
5
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b
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m

1
5
8
.9

9
7
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k

b
e
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e
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–

6
6
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y

d
y
s
p
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s
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1
6
2
.5

9
8
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f

c
a
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–

6
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o

h
o
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1
6
4
.9

9
9

E
s
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m

–

6
8

E
r

e
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1
6
7
.3

1
0
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m
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m

–

6
9

T
m
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u
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m

1
6
8
.9

1
0
1

M
d

m
e
n
d
e
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v
iu

m

–

7
0

Y
b

y
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e
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1
7
3
.1

1
0
2

N
o

n
o
b
e
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m

–

7
1

L
u
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u
m

1
7
5
.0

1
0
3

L
r
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w
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n
c
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m

–
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