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1 (a) Give the name of the process that:

(i) occurs when a gas turns into a liquid

....................................................................................................................................... [1]
(i) occurs when a solid turns into a gas without yrst forming a liquid
....................................................................................................................................... [1]
(iii) is used to separate a mixture of liquids with different boiling points
....................................................................................................................................... [1]
(iv) is used to extract aluminium from aluminium oxide
....................................................................................................................................... [1]
(v) is used to separate a mixture of amino acids.
....................................................................................................................................... [1]

(b) The symbols of the elements in Period 2 of the Periodic Table are shown.
Li Be B C N O F Ne

For each of the following, give the symbol of an element from Period 2 which matches the
description.

Each element may be used once, more than once or not at all.
Which element:

(i) combines with hydrogen to produce ammonia

....................................................................................................................................... [1]
(ii) makes up approximately 21% of clean, dry air
....................................................................................................................................... [1]
(iii) has atoms with only two electrons in the outer shell
....................................................................................................................................... [1]
(iv) has atoms with only seven protons
....................................................................................................................................... [1]
(v) is a monoatomic gas
....................................................................................................................................... [1]
(vi) is a soft metal stored in oil?
....................................................................................................................................... [1]

[Total: 11]
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2  Fluorine forms both ionic and covalent compounds.
(@) Magnesium reacts with puorine to form the ionic compound magnesium puoride.

The electronic structures of an atom of magnesium and an atom of puorine are shown.

(i) Complete the dot-and-cross diagrams to show the electronic structures of one magnesium
ion and one puoride ion. Show the charges on the ions.

©

[3]

(i) What is the formula of magnesium puoride?

(iii) Magnesium puoride does not conduct electricity when it is solid.
What can be done to solid magnesium puoride to make it conduct electricity?

In your answer explain why magnesium puoride conducts electricity when this change is
made.
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(b) Carbonyl puoride, COF,, is a covalent compound. The structure of a molecule of COF, is
shown.

Complete the dot-and-cross diagram to show the electron arrangement in a molecule of
carbonyl puoride. Show outer shell electrons only.

()

[3]

(c) The melting points of magnesium puoride and carbonyl puoride are shown.

melting point/°C

magnesium puoride 1263

carbonyl puoride 111

(i) Explain, using your knowledge of structure and bonding, why magnesium puoride has a
high melting point.

(i) Explain, using your knowledge of structure and bonding, why carbonyl puoride has a low
melting point.

[Total: 13]

© UCLES 2020 0620/42/M/J/20



5

3 (a) Sulfuric acid is made from sulfur in a four-stage process.
stage 1 Sulfur is converted into sulfur dioxide.
stage 2 Sulfur dioxide is converted into sulfur trioxide.
stage 3 Sulfur trioxide is converted into oleum.
stage 4 Oleum is converted into sulfuric acid.

(i) How is sulfur converted into sulfur dioxide in stage 1?

....................................................................................................................................... [1]
(ii) Describe how sulfur dioxide is converted into sulfur trioxide in stage 2.
Your answer should include:
0 an equation for the reaction
0 the temperature used
0 the name of the catalyst used.
....................................................................................................................................... [3]
(iii) The reaction in stage 2 can reach equilibrium.
What is meant by the term equilibrium?
....................................................................................................................................... [2]
(b) Sulfur trioxide is converted into oleum, H,S,0,, in stage 3.
What is sulfur trioxide reacted with to convert it into oleum?
.............................................................................................................................................. [1]
(c) Oleum is converted into sulfuric acid in stage 4.
Write a chemical equation for the conversion of oleum, H,S,0;, into sulfuric acid.
.............................................................................................................................................. [2]
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(d) When copper is reacted with hot concentrated sulfuric acid, sulfur dioxide gas is formed.
Balance the chemical equation for this reaction.

CU + .ol H,SO, — CuSO, + SO, + ... H,O [1]

(e) Sulfur dioxide is a reducing agent.

Give the colour change that occurs when excess sulfur dioxide is bubbled into acidiyed aqueous
potassium manganate(VII).

starting colour of the SOIULION ...,

gtz oo ] (o1U o] 1 a TSI STo] [V] 1o ] o PP PPPPPPPPPN

(f) When sulfuric acid reacts with ammonia the salt produced is ammonium sulfate.

Write the chemical equation for this reaction.

(g) Barium sulfate is an insoluble salt.
Barium sulfate can be made from aqueous ammonium sulfate using a precipitation reaction.

(i) Name a solution that can be added to aqueous ammonium sulfate to produce a precipitate
of barium sulfate.

[Total: 16]
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4 Oxygen is produced by the decomposition of hydrogen peroxide. Manganese(IV) oxide is the
catalyst for this reaction.

(@) What is meant by the term catalyst?

(b) A student measures the volume of oxygen produced at regular time intervals using the
apparatus shown. Large lumps of manganese(I1V) oxide are used.

r

gas syringe

manganese(I'V) oxide

catalyst aqueous hydrogen peroxide

A graph of the results is shown.

A

volume
of oxygen
produced
/cm?®

0 time/s

What happens to the rate of this reaction as time increases?
In your answer, explain why the rate changes in this way.

(c) The experiment is repeated using the same mass of manganese(IV) oxide. Powdered
manganese(I'V) oxide is used instead of large lumps. All other conditions stay the same.

Sketch a graph on the axes in (b) to show how the volume of oxygen changes with time. [2]
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(d) Interms of particles, explain what happens to the rate of this reaction when the temperature is
increased.

(e) The equation for the decomposition of hydrogen peroxide is shown.
2H,0,(aq) — 2H,0(l) + O4(9)

25.0cm? of aqueous hydrogen peroxide forms 48.0cm?® of oxygen at room temperature and
pressure (r.t.p.).

Calculate the concentration of aqueous hydrogen peroxide at the start of the experiment using
the following steps.

0 Calculate the number of moles of oxygen formed.
.............................. mol
0 Deduce the number of moles of hydrogen peroxide that decomposed.
.............................. mol
0 Calculate the concentration of hydrogen peroxide in mol/dm?.
.............................. mol/dm3
3]
(f) Oxygen can also be produced by the decomposition of potassium chlorate(V), KCIO;.
The only products of this decomposition are potassium chloride and oxygen.
Write a chemical equation for this decomposition.
.............................................................................................................................................. [2]

[Total: 16]
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5 Electrolysis of concentrated aqueous sodium chloride using inert electrodes forms chlorine,
hydrogen and sodium hydroxide.

(@) What is meant by the term electrolysis?

.............................................................................................................................................. [2]
(b) Name a substance that can be used as the inert electrodes
.............................................................................................................................................. [1]
(c) Write an ionic half-equation for the formation of hydrogen during this electrolysis.
.............................................................................................................................................. [1]
(d) Give the formulae of the four ions present in concentrated aqueous sodium chloride.
.............................................................................................................................................. [2]
(e) Explain how sodium hydroxide is formed during this electrolysis.
.............................................................................................................................................. [2]

[Total: 8]
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6 (a) Propane reacts with chlorine in a photochemical reaction as shown.
C;Hg + Cl, —» C;H,Cl + HClI

(i) What type of reaction is this?

....................................................................................................................................... [1]
(ii) What condition is needed for this photochemical reaction to occur?

....................................................................................................................................... [1]
(iii) Draw two structural isomers of compounds with the formula C;H,CL

Show all of the atoms and all of the bonds.

[2]
(b) Propene reacts with chlorine in an addition reaction as shown.
C;Hs + Cl, » C4HCL,

(i) State why this is an addition reaction.

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

© UCLES 2020 0620/42/M/J/20



11
(i) The structures of the reactants and products of this reaction are shown.

H H H H H H

H—C—C=C—H + CI—Cl - H—C—C—C—H

H H CiI CI

Some bond energies are shown in the table.

bond | 0 el
c—C 347
c=C 612
C-H 413
C—Cl 339
CI-Cl 242

Calculate the energy change for the reaction between propene and chlorine using the
following steps.

0 Calculate the energy needed to break the bonds.

.............................. kJ
0 Calculate the energy released when bonds are formed.
.............................. kJ
0 Calculate the energy change for the reaction between propene and chlorine.
.............................. kJ/mol
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(c) There are three functional groups in compound A.

compound A
COOH CH,OH
C=—=02C

]
H H

(i) Name the homologous series of compounds that contains the following structures.

(ii)

What would you observe when compound A is added to:

aqueous bromine

aqueous sodium CarbONALE? .......coiii i e aaaaas

[2]

(d) Compound A can be used as a single monomer to produce two different polymers.

(i)

Draw one repeat unit of the addition polymer formed from compound A.

[2]

(ii) What type of condensation polymer is formed from compound A?

© UCLES 2020
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0620/42/M/J/20



13

BLANK PAGE

© UCLES 2020 0620/42/M/J/20



14

BLANK PAGE

© UCLES 2020 0620/42/M/J/20



15

BLANK PAGE

Permission to reproduce items where third-party owned material protected by copyright is included has been sought and cleared where possible. Every
reasonable effort has been made by the publisher (UCLES) to trace copyright holders, but if any items requiring clearance have unwittingly been included, the
publisher will be pleased to make amends at the earliest possible opportunity.

To avoid the issue of disclosure of answer-related information to candidates, all copyright acknowledgements are reproduced online in the Cambridge
Assessment International Education Copyright Acknowledgements Booklet. This is produced for each series of examinations and is freely available to download
at www.cambridgeinternational.org after the live examination series.

Cambridge Assessment International Education is part of the Cambridge Assessment Group. Cambridge Assessment is the brand name of the University of
Cambridge Local Examinations Syndicate (UCLES), which itself is a department of the University of Cambridge.

© UCLES 2020 0620/42/M/J/20



16

‘(d"yJ) aunssalid pue ainjesadwa) wool je wp gz S! seb Aue Jo sjow Suo JO SWN|OA 8y ]

- - - - - - - - - - - 8€C 1€2 [4%4 -
wniouaime| wnijagou wniAsjepuaWw wniwJay wniuielsuie wnjuioyles wnijeyiaq wnund wniolawe wnuoynid wnjunydeu wnjuein wniunoejoud wnuoyy wniunoe
o ON PN w4 s3 10 Ad wo wy nd dnN n ed L Y spiounoe
€0l ol oL (o[0] 66 86 16 96 G6 6 €6 6 16 06 68
(/A" €Ll 691 191 Gol €9l 661 151 st oSt - 144" (342 orl 6EL
wnpen| wniquapAk wninyy wnique wnjwjoy wnisoldsAp wniqua} wniuljopeb wnidoina wnuewes wniyiawoud wniwApoau wniwApoaseid wnuao wnueyjue|
n7 aA w] 13 OH AQ qlL PO n3g ws wd PN Id 90 = Sploueyjue|
LL 0L 69 89 19 99 <99 79 €9 29 19 09 69 89 1S
WNLOWIaAI| wniAoJaly wnioluledoo wniuabjusol wnppejswiep wnuauyew wnissey wnuyoq wniBioqess wniugnp wnipiopaying wnipeJ wniouely
AT 14 ud 6y sd N SH ug 6s aa JbY sprouoe ey 14
9Ll 141 ¢l L oLl 601 801 101 901 S0l 0L €01-68 88 18
- - - 60¢ 10C ¥0C L0C /161 G61L 6l 061 981 8L 18l 8.1 LEL eel
uopel aunejse wnjuojod ynwsiq pes| wnijiey) Ainosaw plob wnuned wnipul wniwso wniuayJ uaysbuny wnjejuey wniujey wnueq wnisaeo
uy w od 9 qd 11 6H ny d 1 SO oYy M el IH sploueyuel eqd sO
98 a8 8 €8 8 18 08 6. 8/ LL 9L GL YL €L cL | WAsIA] 99 [e°}
LEL 121 8clL el 6Ll Gl ¢l 801 901 €0l LoL - 96 €6 16 68 88 G8
uouax aulpol wnun|8) Auownue uny wnipul wniwpeo JOA|IS wnipejjed wnipoyJ wniuayns wniauyos} wnuapgAjow wniqoiu wniuooLIz wnupik wnpuoss wnipignJ
SX I o] as us ul PO By pd yd ny al O adN 1z A 1S qy
S €9 cs 1S 0S 6V 514 Ly 14 14 144 ev [474 34 014 6¢ 8¢ 1€
8 08 6L 74 €L 0L G99 9 6S 69 99 GS 4%} LG 214 14 (04 6¢
uoydAsy aujwolq wnuajes oluasie wniuewsab wnyjieb oulz Jaddoo 193o1u Jleqoo uoll asauebuew wniwoiyo wnipeuea wniuey} wnipuess wniojes wnissejod
M Bis| oS SY 9D 9] uz no IN 0D CE | Ui\ 10 N N oS eD A
9¢ Ge 12 €e [4% L€ (019 6¢C 8¢ lC ¢ 14 174 €c (44 74 0c 6l
014 G'Ge 4 L€ 8¢ yxa 4 €c
uoble auuo|yo anyns snioydsoyd uoal|is wniuwnie wnisaubew wnipos
Iy 10 S d IS v BN eN
8l Ll 9l Sl 14 €l cl L
0c 6l 9l 7l L L SSEeWw olwoje aAne|a.l 6 L
uoau auLony uabAxo uabouu uogJeo uoloq aweu wniik1eq wniyy|
oN E| 0 N o) g loqwiAs olwoye og 7
0ol 6 8 A 9 S Jaquinu o|woje ¥ [
14 l
wniay uaboipAy >0!
oH H
4 l
A IIA IN 7 N A\ Il 1] |
dnoig

sjuswal3 jo a|qe] dlpouad ayL

0620/42/M/J/20

© UCLES 2020



