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Section A

Answer all the questions in this section in the spaces provided.

The total mark for this section is 45.

1 The diagram shows part of the Periodic Table.

Sr

Ba

Ag

Ni

SiNa

I II III IV V VI VII VIII

Ca Fe Zn

N O

Al Cl

CrK

 Answer the following questions using only the symbols of the elements in the diagram.

 Each symbol may be used once, more than once or not at all.

 Give the symbol of the element that:

 (a) is a catalyst in the hydrogenation of alkenes

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

 (b) is extracted by electrolysis of its oxide dissolved in cryolite

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

 (c) is a metal below copper in the reactivity series

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

 (d) is a gas used in welding

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

 (e) forms an ion with a charge of –1. 

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

 [Total: 5]
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2 Carbon dioxide is a gas at room temperature.

 (a) (i) Draw a dot-and-cross diagram to show the arrangement of electrons in a carbon dioxide 

molecule.

   Show only the outer shell electrons.

 [2]

  (ii) Describe the motion and separation of the particles in a gas.

motion  ...............................................................................................................................

separation  .........................................................................................................................

 [2]

 (b) The main processes in the carbon cycle are combustion, respiration and photosynthesis.

  (i) Name the products of photosynthesis.

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

  (ii) Some of the reactions in photosynthesis involve enzymes.

 

   State the meaning of the term enzyme.

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

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

 (c) Carbon dioxide is formed when hydrocarbons are completely combusted.

  (i) Name the other product of the complete combustion of hydrocarbons.

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

  (ii) The paraffin (kerosene) fraction from the fractional distillation of petroleum (crude oil) 

contains hydrocarbons.

   State one use of the paraffin (kerosene) fraction.

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

 [Total: 8]
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3 The alkenes are a homologous series of hydrocarbons.

 (a) Give the general formula for the alkenes.

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

 (b) The structure of an alkene is shown.

H C

H

H

H

H

H H

C C C H

  (i) Name this alkene.

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

  (ii) Explain how this structure shows that alkenes are:

unsaturated  .......................................................................................................................

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

hydrocarbons.  ...................................................................................................................

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

 [2]

 (c) Alkenes are produced by cracking some fractions obtained from the fractional distillation of 

petroleum (crude oil).

  State the meaning of the term cracking.

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

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

 (d) Carbon monoxide is formed when alkenes undergo incomplete combustion.

  State one effect of carbon monoxide on health.

 .............................................................................................................................................  [1]
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 (e) Alkenes react with bromine to form compounds containing carbon, hydrogen and bromine.

  (i) A compound contains 22.2% carbon, 3.70% hydrogen and 74.1% bromine by mass.

   Calculate the empirical formula of this compound.

 empirical formula  .........................................................  [2]

  (ii) A different compound of carbon, hydrogen and bromine has the empirical formula 

C3H2Br.

   The relative molecular mass of this compound is 236.

   Deduce the molecular formula of this compound.

   

 molecular formula  .........................................................  [1]

 [Total: 10]
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4 This question is about ammonia and ammonium salts.

 (a) Ammonia is manufactured by the Haber process.

  (i) Name the catalyst used in the Haber process.

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

  (ii) Explain how a catalyst increases the rate of reaction.

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

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

 (b) Ammonium phosphate, (NH4)3PO4, is a fertiliser.

 

  Calculate the percentage by mass of nitrogen in ammonium phosphate.

  Give your answer to three significant figures. 

 percentage by mass =  .......................................................... [3]

 (c) Fertilisers can make soil more acidic. 

  (i) State the name of a compound used to decrease the acidity of soil.

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

  (ii) Explain how this compound decreases the acidity of soil. 

 .....................................................................................................................................  [1]
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 (d) Ammonia is formed by the reduction of nitrogen(I) oxide, N2O, with hydrogen. 

  The reaction is exothermic.

    N2O   +    4H2      2NH3   +   H2O

  Complete and label the energy profile diagram for this reaction to include:

• the reactants and products

• the enthalpy change of the reaction.

energy

reaction pathway

 [2]

 (e) Copper(II) oxide, CuO, reacts with ammonia. 

  The products are copper, nitrogen and a liquid which turns blue cobalt(II) chloride paper pink.

  Construct the equation for this reaction.

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

 [Total: 11]
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5 This question is about metals and metal compounds.

 (a) Magnesium reacts with aqueous iron(II) ions.

    Mg   +   Fe2+      Mg2+   +   Fe

  Explain why this reaction involves both oxidation and reduction. 

  Use the equation and ideas about electron transfer in your answer.

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

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

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

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

 (b) Explain why iron conducts electricity. 

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

 (c) Explain why magnesium is extracted by electrolysis and not by reduction with carbon.

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

 (d) Describe a chemical test to distinguish between aqueous iron(II) ions and aqueous 

iron(III) ions.

test  ............................................................................................................................................

  observations with aqueous iron(II) ions  

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

observations with aqueous iron(III) ions  

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

 [3]

 (e) (i) Explain why molten magnesium chloride conducts electricity.

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

  (ii) Predict the products formed at the anode and the cathode when molten magnesium 

chloride is electrolysed.

anode  ................................................................................................................................

cathode  .............................................................................................................................

 [2]
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 (f) Food containers can be made from aluminium.

  State one property of aluminium that makes it suitable for use as a food container.

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

 [Total: 11]



10

5070/21/O/N/22© UCLES 2022

Section B

Answer three questions from this section in the spaces provided.

The total mark for this section is 30.

6 This question is about compounds of nitrogen. 

 (a) The equation represents the equilibrium between N2O4 and NO2 at a high temperature in a 

closed container.

    N2O4(g)      2NO2(g)

  (i) Predict what happens to the position of equilibrium when the pressure is decreased.

   Explain your answer.

prediction  ...........................................................................................................................

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

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

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

 [2]

  (ii) The table shows the concentration of NO2 in the closed container at three different 

temperatures.

temperature

in °C

concentration of NO2 

in mol / dm3

  100   0.04

  150   0.40

  200   4.00

   State what this information shows about the enthalpy change of the forward reaction.

   Explain your answer.

enthalpy change  ................................................................................................................

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

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

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

 [2]



11

5070/21/O/N/22© UCLES 2022 [Turn over

 (b) Nitrogen dioxide, NO2, is made by heating lead(II) nitrate, Pb(NO3)2. 

  The other products are lead(II) oxide and a gas which relights a glowing splint. 

  (i) Construct the equation for this reaction.

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

  (ii) Nitrogen dioxide contributes to acid rain.

   State one effect of acid rain on organisms.

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

 (c) Nitric acid, HNO3, is a strong acid.

  (i) State the meaning of the term strong in strong acid. 

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

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

  (ii) Suggest a pH value for a concentrated solution of a strong acid.

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

  (iii) Complete the ionic equation for the reaction of an acid with an alkali.

    H+   +   ..............    H2O [1]

 [Total: 10]



12

5070/21/O/N/22© UCLES 2022

7 This question is about alcohols and polymers.

 (a) The structure of an organic compound is shown.

C C

HH

H

H

H

H

H

C C O

O

O

H

  Deduce the molecular formula of this compound. 

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

 (b) An isomer of butanol has the structure shown.

H C

H

H

H

H

H H

H H

C C C O H

  (i) State the meaning of the term isomerism.

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

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

  (ii) Draw the structure of a different isomer of butanol.

 [1]

  (iii) Butanol reacts with ethanoic acid, CH3COOH, to form an ester. 

   Name this ester. 

   Draw the structure of this ester. Show all of the atoms and all of the bonds.

   name of ester .........................................................

   structure of ester

 [2]
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 (c) The partial structure of a polyester is shown.

C C O

O O

O C

O

C O O

O

(CH2)6 (CH2)6 (CH2)6 (CH2)6

 

  Draw the structures of the two monomers used to make this polyester.

 [2]

 (d) Terylene is a polyester. 

  (i) State one use of Terylene. 

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

  (ii) Name a naturally occurring molecule which has the same ester linkage as Terylene.

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

 (e) Starch is a polymer which can be hydrolysed.

  State the meaning of the term hydrolysis.

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

 [Total: 10]
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8   This question is about metals and metal compounds.

 (a) Brass is an alloy of copper and zinc. 

  Brass is less malleable than either copper or zinc.

  Explain, with reference to the structure of metals, why brass is less malleable than either 

copper or zinc.

  You may include a labelled diagram in your answer.

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

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

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

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

 (b) The table shows the reactivity of four metals with cold water and with steam. 

metal reactivity with cold water reactivity with steam

chromium none slow

mercury none none

potassium very fast explosive

uranium very slow slow

  Put the four metals in order of increasing reactivity.

  least reactive most reactive

 [1]

 (c) The full symbol of an ion of mercury is shown.

199

80
 Hg2+

  Deduce the number of electrons and neutrons in this ion.

number of electrons  ..................................................................................................................

number of neutrons  ..................................................................................................................

 [2]
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 (d) The formula of chromium(III) sulfate crystals is Cr2(SO4)3•18H2O.

  State the name given to the water present in Cr2(SO4)3•18H2O.

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

 (e) (i) Aqueous bromine reacts with aqueous potassium iodide.

   The products of the reaction are aqueous iodine and aqueous potassium bromide. 

   Construct the ionic equation, including state symbols, for this reaction.

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

  (ii) Explain, in terms of the reactivity of the halogens, why aqueous iodine does not react 

with aqueous potassium bromide.

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

 [Total: 10]



16

5070/21/O/N/22© UCLES 2022

9 (a) Zinc powder reacts with dilute hydrochloric acid.

    Zn  +   2HCl    →   ZnCl 2    +    H2

  When 20.0 cm3 of dilute hydrochloric acid is added to excess zinc, the volume of hydrogen 

gas produced at room temperature and pressure is 60.0 cm3.

  (i) Calculate the concentration, in mol / dm3, of the dilute hydrochloric acid.

 concentration  .......................................... mol / dm3 [3]

  (ii) The reaction is repeated using large pieces of zinc instead of zinc powder. All other 

conditions stay the same.

   Describe how the rate of reaction changes. 

   Explain your answer using ideas about collisions between particles.

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

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

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

 (b) Dilute hydrochloric acid is electrolysed.

  Construct an ionic equation for the reaction at the cathode.

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

 (c) Zinc is used to prevent iron from rusting. 

  (i) State the essential conditions needed for rusting.

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

  (ii) Explain how zinc prevents iron from rusting by the method of sacrificial protection.

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

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

  (iii) Give one example of the use of sacrificial protection.

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

 [Total: 10]
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