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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 The melting points of some solids are shown in Table 1.1.

Table 1.1

solid melting point / K

magnesium 923

phosphorus 317

sodium chloride 1074

sulfur 392

 (a) (i) State the type of bonding present in magnesium and in sodium chloride.

bonding in magnesium  ......................................................................................................

bonding in sodium chloride  ...............................................................................................
 [1]

  (ii) Explain the difference in the melting points of magnesium and sodium chloride.

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

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

  (iii) Explain the difference in the melting points of phosphorus and sulfur in terms of structure 
and bonding. 

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

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

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

 (b) (i) Define electronegativity.

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

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

  (ii) Explain why electronegativity increases across a period.

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

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

 .....................................................................................................................................  [2]
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  (iii) Name the strongest intermolecular force that exists between NH3(l) molecules.

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

  (iv) Draw a diagram to show the formation of the strongest intermolecular force between 
two molecules of NH3(l).

   Include any relevant lone pairs of electrons and dipoles. 

 [2]

  (v) The melting points of ice and ammonia are shown in Table 1.2.

Table 1.2

solid melting point / K

ice 273

ammonia 195

   Suggest two reasons for the difference in the melting points of ice and ammonia.

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

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

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

[Total: 12]
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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]
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 (e) Bleach is used as a cleaning product to kill bacteria. It is made by adding compounds like 
sodium chlorate(I), NaCl O, to water.

  (i) Identify the formula of the ion present in bleach that kills bacteria.

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

  (ii) Sodium chlorate(I), NaCl O, reacts with hydrogen peroxide to produce sodium chloride, 
water and oxygen gas. 

   Construct an equation for this reaction.

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

  (iii) A sample of bleach W contains an unknown concentration of sodium chlorate(I).

   10.0 cm3 of W is diluted with distilled water to make a total volume of 100 cm3 of 
bleach solution. 25.0 cm3 of this diluted bleach solution is added to an excess of 
hydrogen peroxide and the volume of gas produced measured under room conditions.

   The experiment is repeated and on average 25.0 cm3 of diluted bleach solution produces 
42.0 cm3 of gas.

   Calculate the concentration, in g dm–3, of sodium chlorate(I) in W. 

concentration of NaCl O in W = .............................. g dm–3 [3]

[Total: 13]
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3 Fig. 3.1 describes a sequence of reactions that can be used to produce a food additive, 
compound Y, from CH3CH2Cl .

CH3CH2Cl CH3CH2CN CH3CH2COOH
step 1

X

Y
step 2

dilute acid

step 3

Ca(s)

Fig. 3.1 

 (a) (i) State the reagent and conditions for step 1 in Fig. 3.1. 

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

  (ii) Give the systematic name of X.

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

  (iii) Identify the type of reaction that occurs when dilute acid is added to X in step 2.

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

  (iv) In step 3, Y and a gas are produced. 
   Construct an equation for step 3.

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

 (b) CH3CH2COOH can also be formed from propan-1-ol and potassium dichromate(VI).
  State the conditions required.

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

 (c) Complete Table 3.1 to show the number of sigma bonds (σ ) and pi bonds (π) present in a 
molecule of X.

Table 3.1

type of bond number of bonds in X

sigma (σ )

pi (π)
 [2]

[Total: 8]
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4 In industry, ethanol is made by reacting ethene with steam in the presence of H3PO4.

reaction 1  C2H4(g) + H2O(g)  C2H5OH(g)

 (a) Use the bond energy values in Table 4.1 to calculate the enthalpy change, ΔHr , for reaction 1.

Table 4.1

bond bond energy / kJ mol–1

C–C 350

C=C 610

C≡C 840

C–H 410

C–O 360

C=O 740

O–H 460

  ΔHr = .............................. kJ mol–1 [2]

 (b) Reaction 1 reaches equilibrium at constant temperature and pressure.

  Deduce what effect increasing the pressure will have on the amount of ethanol in the new 
equilibrium mixture. Use Le Chatelier’s principle to explain your answer.

effect of increasing pressure  .....................................................................................................

explanation  ...............................................................................................................................

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

PMT



8

9701/22/M/J/23© UCLES 2023

 (c) The mechanism for reaction 1 can be described in three steps. Steps 1 and 2 for reaction 1 
are shown in Fig. 4.1.

step 1

step 2

H2C

H

HO OH

O

CH2 H

H2C

H

P

O

HO OH

O–

P

O

C+

H

H2C

H

H

H

H
C+

H

H3C CH2 O+ H

H

O

Fig. 4.1

  (i) Describe the behaviour of H3PO4 in step 1 in Fig. 4.1. Explain your answer. 

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

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

  (ii) Identify the species that behaves as an electrophile in step 2 in Fig. 4.1. Explain your 
answer.

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

 .....................................................................................................................................  [1]
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  (iii) Complete Fig. 4.2 to show the mechanism for step 3 of reaction 1. Include charges, 
dipoles, lone pairs of electrons and curly arrows, as appropriate.

H

HO OH

O

P

O

HO OH

O–

P

O

H3C CH2 O+ H H3C CH2 O H

H

Fig. 4.2
 [2]

  (iv) Describe how a catalyst affects a reaction. Explain your answer.

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

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

  (v) Use Fig. 4.1 and Fig. 4.2 to justify why H3PO4 is described as a catalyst in reaction 1. 

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

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

  (vi) Propene also reacts with steam. A mixture of organic products is produced.

   Explain why propan-2-ol is produced in the higher yield.

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

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

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

 (d) Describe the covalent bonds present between the carbon atoms in an ethene molecule by 
completing Table 4.2. 

Table 4.2

sigma (σ ) pi (π)

type of orbitals involved in bond

how the orbitals overlap

 [2]

[Total: 15]
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5 (a) Describe structural isomerism. 

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

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

 (b) A and B are structural isomers with molecular formula C5H10O.

  They are both straight-chained molecules with only one functional group.

  Table 5.1 describes observations when separate samples of A and B are added to different 
reagents.

Table 5.1

reagent A B

2,4-dinitrophenylhydrazine
(2,4-DNPH reagent) orange precipitate appears orange precipitate appears

Tollens’ reagent silver mirror appears no reaction

 alkaline I2(aq) no reaction no reaction

  (i) Name the functional group present in both A and B.

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

  (ii) Draw the structures of A and B in the boxes.

A

  

B

 [2]

PMT
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 (c) C is a structural isomer of A and B.

  C is straight chained and has two functional groups.

  C shows only one type of stereoisomerism.

  Table 5.2 describes observations when separate samples of C are added to different   
reagents.

Table 5.2

reagent C

2,4-dinitrophenylhydrazine
(2,4-DNPH reagent) no reaction

Br2(aq) orange to colourless

alkaline I2(aq) yellow precipitate appears

  (i) Draw the structure of C in the box.

C

 [2]

  (ii) Name the type of stereoisomerism shown by molecules of C.

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

PMT
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 (d) D reacts in the presence of a sulfuric acid catalyst to form E and water.

  The structure of E is shown in Fig. 5.1.

O

E

O

Fig. 5.1

  (i) Name the functional group present in E.

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

  (ii) Identify the type of reaction that occurs when D reacts to form E.

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

  (iii) Draw the structure of D in the box.

D

 [1]

PMT



13

9701/22/M/J/23© UCLES 2023

  (iv) The infrared spectrum of E is shown in Fig. 5.2.

0
4000 3000 2000 1500 1000 500

transmittance /% 

wavenumber / cm–1

50

100

Fig. 5.2

Table 5.3

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
3200–3600

   Use Fig. 5.2 and Table 5.3 to predict two differences in the absorptions above 1500 cm–1

of the infrared spectrum of D compared to E. Explain your answer.

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

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

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

[Total: 12]
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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 = 6.022 × 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)

PMT
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