¥ 2690201 £81 %

Cambridge IGCSE™

CANDIDATE
NAME

CENTRE CANDIDATE
NUMBER NUMBER

CHEMISTRY 0620/42
Paper 4 Theory (Extended) February/March 2022

1 hour 15 minutes
You must answer on the question paper.

No additional materials are needed.

INSTRUCTIONS

e Answer all questions.

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

e  Write your name, centre number and candidate number in the boxes at the top of the page.
e  Write your answer to each question in the space provided.

e Do not use an erasable pen or correction fluid.

e Do not write on any bar codes.

e You may use a calculator.

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

INFORMATION

e  The total mark for this paper is 80.
e  The number of marks for each question or part question is shown in brackets [ ].
e The Periodic Table is printed in the question paper.

This document has 16 pages. Any blank pages are indicated.

IB22 03_0620_42/3RP
© UCLES 2022 [Turn over



2
1 This question is about the first 30 elements in the Periodic Table.

Name the element which:

(@) 1S 78% Of Clean, dry @I .....cooi it 1
(b) has atoms with an electronic structure of 2,8,1 ... [1
(c) is extracted from hematite ............oooviiiiiiii s 1
(d) forms an oxide with a giant covalent structure .............ccoooiiiiiiiiiiiiiii [1

(e) is the gas with the slowest rate of diffusion at room temperature

.............................................................................................................................................. [1]
(f) has an anhydrous chloride which turns pink when water is added
.............................................................................................................................................. [1]
(g) has aqueous ions which form a white precipitate when added to aqueous silver ions
.............................................................................................................................................. [1]
(h) forms a blue hydroxide which dissolves in aqueous ammonia
................................................................................................................................................ [1]
(i) is added to molten iron to remove impurities in the steel making process
.............................................................................................................................................. [1]
(j) S USed 10 GalIVaANISE IMON. ..o e e [1

[Total: 10]
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2 Astudent adds excess large pieces of magnesium carbonate, MgCO,, to dilute hydrochloric acid,
HCI, and measures the volume of carbon dioxide gas, CO,, given off.

(@) Add the missing state symbols to the chemical equation for the reaction.
MgCO, ..... + 2HCL..... — MgCl,(aq) + H,O ..... + CO, ..... [1]
(b) Complete the dot-and-cross diagram to show the electron arrangement of the ions in
magnesium chloride.
The inner shells have been drawn.

Give the charges on the ions.

()

=

[3]

(c) Complete the dot-and-cross diagram to show the electron arrangement in a molecule of
carbon dioxide.
Show outer shell electrons only.

8
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(d) The graph shows how the volume of carbon dioxide gas changes with time.

(i)

(ii)

(iii)

© UCLES 2022

A

volume of
carbon dioxide gas

\

time
Describe how the graph shows that the rate of this reaction decreases as time increases.

The student repeats the experiment using powdered MgCO, instead of large pieces.
All other conditions stay the same.

On the grid, draw the line expected when powdered MgCOQO, is used instead of large
pieces. [2]

0620/42/FIM/22
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(e) Determine the volume of CO, gas given off when excess MgCO, is added to 25.0cm® of
0.400 mol/dm?® HC! at room temperature and pressure.

MgCO, + 2HC! - MgCl, + H,0 + CO,
Use the following steps.

e Calculate the number of moles of HClin 25.0cm? of 0.400 mol/dm? of acid.

.............................. mol
e Determine the number of moles of CO, gas given off.
.............................. mol
e Calculate the volume of CO, gas given off in cm?.
.............................. cm?
[3]
[Total: 14]
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3 Nitrogen dioxide, NO,, is an atmospheric pollutant and is formed in car engines.

(a) Explain how nitrogen dioxide is formed in car engines.

(b) Nitrogen dioxide causes respiratory problems.

State one other adverse effect of nitrogen dioxide.

(c) Nitrogen dioxide emissions can be reduced by adding an aqueous solution of urea, (NH,),CO,
to car exhaust gases.

The heat of the exhaust gases breaks down the urea into simpler substances.

(i) Name the type of reaction which occurs when a substance is heated and breaks down into
simpler substances.
....................................................................................................................................... [1]

(ii) One molecule of urea breaks down to form one molecule of ammonia and one other
molecule.
Complete the chemical equation to show the formula of the other molecule formed in this
reaction.
(NH,),CO — NH; + ..o [1]
(iii) State the test for ammonia.
LS PSS
ODSEIVALIONS ... s
(2]
(d) The ammonia formed reacts with nitrogen dioxide to form nitrogen and water.

(i) Balance the equation for this reaction.

.......... NO, + .......NH, —» ......N, + 12H,0 [2]

(ii) State how the equation shows that the nitrogen in nitrogen dioxide is reduced
....................................................................................................................................... [1]

© UCLES 2022
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(iii) This reaction is a redox reaction.

State the meaning of the term redox.

....................................................................................................................................... [1]
(e) 135 moles of urea, (NH,),CO, is stored in the tank of a car.
Calculate the mass, in kg, of the stored (NH,),CO.
mass of (NH,),CO = ..., kg
[2]

(f) Another oxide of nitrogen formed in car engines is nitrogen monoxide, NO. A catalytic converter
removes NO by reacting it with a gas formed by incomplete combustion of the fuel. Two
non-toxic gases are formed.

(i) Name the gas formed by incomplete combustion of the fuel.

[Total: 15]
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4  This question is about chemical reactions and electricity.

(a) The diagram shows the apparatus used in the production of electrical energy in a simple cell.

voltmeter

W

zinc electrode iron electrode

electrolyte

The zinc electrode dissolves in the electrolyte forming Zn?*(aq) ions.
(i) Draw an arrow on the diagram to show the direction of electron flow. [

(ii) Write the ionic half-equation for the reaction that occurs when the zinc electrode dissolves.

(b) The reading on the voltmeter can be increased if either zinc or iron is replaced by another
metal.

(i) Name a metal that can replace zinc and increase the reading on the voltmeter.

....................................................................................................................................... [1]
(ii) Name a metal that can replace iron and increase the reading on the voltmeter.
....................................................................................................................................... [1]
(c) Fuel cells are used to generate electricity.
(i) Name the reactants in a fuel cell.
....................................................................................................................................... [1]
(ii) Name the waste product of a fuel cell.
....................................................................................................................................... [1]
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(d) Electricity can be used to break down aqueous or molten ionic compounds.

(i) Namethe process which uses electricity to break down aqueous or molten ionic compounds.

....................................................................................................................................... [1]
(ii) Explain why the ionic compound needs to be aqueous or molten.
....................................................................................................................................... [1]
(e) Brine is concentrated aqueous sodium chloride.
(i) Name three substances which are manufactured by passing electricity through brine.
L PSPPSRSO
2 ettt te ettt e et e ettt e teeaseeeteeaseeeteeaneeaneeeseeanee e seeanaeeneeeneeeaseeanreeaneeenneenns
K SO
[3]

(ii) Name a different substance formed when molten sodium chloride is used instead of
concentrated aqueous sodium chloride.

[Total: 13]
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5 This question is about alkanes and alkenes.
(a) Short-chain alkanes and alkenes can be formed from long-chain alkanes in a chemical reaction.

(i) Name the type of chemical reaction which forms short-chain alkanes and alkenes from
long-chain alkanes.

(ii) Decane has 10 carbon atoms. It forms ethane and ethene as the only products in this type
of chemical reaction.

Write the chemical equation for this reaction.

(b) Ethane reacts with chlorine at room temperature to form chloroethane, C,H,C!, and one other
product.

(i) Name the other product formed.

....................................................................................................................................... [1]
(i) State the condition needed for this reaction to take place.
....................................................................................................................................... [1]
(c) Ethene reacts with chlorine at room temperature to form dichloroethane, C,H,Cl,.
CH, + Cl, » CH,CI,
(i) State why this is an addition reaction.
....................................................................................................................................... [1]
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(ii) The chemical equation for this reaction can be represented as shown.
H H H H
/
C=C + Cl—ClI — CI—C—C—ClI
\
H H H H
The energy change for the reaction is —180kJ/mol.

Use the bond energies in the table to calculate the bond energy of a C—Clbond, in kdJ/mol.

bond C-H C=C | CI-Cl | C-C
bond energy in kd/mol 410 610 240 350

Use the following steps.

step 1 Calculate the energy needed to break bonds.

energy needed to break bonds = ...........ccccooeiiii kdJ

step 2 Use your answer in step 1 and the energy change for the reaction to determine
the energy released when bonds are formed.

energy released when bonds form = ..........cccccceiiiinnnnnn. kJ

step 3 Use your answer in step 2 and bond energy values to determine the energy of
a C-Clbond.

bond energy of a C—Clbond = ........ccccceiiiiiiiinnnnns kd/mol
[4]

[Total: 11]
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6 The names of four esters are listed.

methyl propanoate
ethyl propanoate
propyl propanoate

butyl propanoate

(a) Esters are a family of organic compounds with similar chemical properties. They can be
represented by the formula C H,,0,.

(i) State the name given to a family of organic compounds with similar chemical properties.

....................................................................................................................................... [1]
(iii) State the name given to a formula such as C H,,0O,.
....................................................................................................................................... [1]
(iv) Determine the value of ‘n’ in butyl propanoate.
....................................................................................................................................... [1]
(b) All four of the esters in the list are liquids at room temperature.
Name the technique used to separate ethyl propanoate from a mixture of the four esters.
.............................................................................................................................................. [2]

(c) All four esters can be made by reacting different alcohols with the same substance.

(i) Name this substance and draw its structure. Show all of the atoms and all of the bonds.

structure

(2]

(ii) Name the alcohol used to make methyl propanoate.

© UCLES 2022 0620/42/FIM/22
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(d) Otheresters, notin the list, have the same molecular formula as propyl propanoate, but different
structures.

(i) State the term used to describe substances with the same molecular formula but different

structures.
....................................................................................................................................... [1]
(ii) Name two esters with the same molecular formula as propyl propanoate.
ettt ettt ettt eeheeeeeateeeateeeeaheeeeReeeeheeeeEeeeReeeeheeeeReeeabeeeabeeeabeeeareeeanneaeaneean
2 e eeeteee ettt e eseee e sttt easeeeeaseeeaatee et eeeaheeeaseeeaneeeaneeeanaeeeaneeeanneaaas
[2]

and

H—o—_ _}-o0—H

(i) Complete the diagram to show a section of the polyester made from these two molecules.
Include all of the atoms and all of the bonds in the linkages.

[ ] [ ] [ ] [ ]

[3]
(i) Name the type of polymerisation that takes place when this polymer forms.
....................................................................................................................................... [1]
(iii) Name a polyester.
....................................................................................................................................... [1]

[Total: 17]
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