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1 Gaseous ammonia and gaseous hydrogen chloride react to form ammonium chloride, a white
solid.

Cotton wool soaked in concentrated aqueous ammonia is placed in one end of a glass tube and
at the same time cotton wool soaked in concentrated hydrochloric acid is placed at the other end
of the tube. The tube is sealed.

Where in the tube does the white solid initially appear?

A B
concentrated aqueous concentrated concentrated aqueous concentrated
amm\onia hydroc/hloric acid amm{)nia hydroc/hloric acid
W W
white solid white solid
C D
concentrated aqueous concentrated concentrated aqueous concentrated
amm\onia hydroc/hloric acid amm\onia hydroc/hloric acid
1 o
white solid white solid

2 A student uses the apparatus shown to measure the volume of carbon dioxide gas made when
different masses of marble chips are added to 25 cm?® of dilute hydrochloric acid.

gas syringe

bung

25cm? dilute

) hydrochloric acid
marble chips

Which other items of apparatus are needed?
A funnel and balance

B funnel and stop-watch

C measuring cylinder and balance

D

measuring cylinder and stop-watch
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3 A solute and a solvent are separated by distillation.

Which diagram is correctly labelled?

A B

water out water in

f /
f /

water in water out

? solute ? solute
solvent

heat heat

solvent

o D

water out water in

f /
f /

water in water out

solvent solvent
solute solute

heat heat

4 A magnesium atom has the symbol #;Mg. It reacts to form a magnesium ion, Mg?*.

Which row identifies the number of protons, neutrons and electrons in the ion?

protons neutrons electrons
A 10 10 10
B 10 12 12
Cc 12 12 10
D 12 12 12
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5 Which dot-and-cross diagram shows the outer-shell electron arrangement in a molecule of
carbon dioxide?

A B C D
+ X X + X X X + oo + X X X X
+ + ° ° + +
L0%XC%0, XOxCx0k ,0XCX0, X0:C:O:
+ o o L X X X 4+ + X X X X
6 The electronic structures of atoms X and Y are shown.
key
e electron
What is the formula of the molecule formed by X and Y?
A XY, B X3Y, C XY, D XyY

7 Which row about a property of silicon(IV) oxide and the explanation of the property is correct?

property of silicon(IV) oxide explanation

A it conducts electricity electrons can move freely
through the structure

B it is used as a lubricant there are weak forces between the
layers of silicon and oxygen atoms

C it has a high melting point there is a strong attraction
between silicon and oxide ions

D it is a hard solid it is @ macromolecule
with strong bonds

© UCLES 2021 1523/22/M/J/21



5
8 These two statements are about metals, their properties and bonding.

statement 1 Metals conduct electricity when solid.

statement 2 In metals, a lattice of positive ions exists in a ‘sea of electrons’ which can
move throughout the metal.

Which answer is correct?

A Both statements are correct and statement 2 explains statement 1.

B Both statements are correct but statement 2 does not explain statement 1.
C Statement 1 is correct but statement 2 is incorrect.
D

Statement 2 is correct but statement 1 is incorrect.

9 The equation for the complete combustion of ethanethiol, C,HgS, is shown.
2C2HGS + 902 D i + 2802 + 6H20

Which formula balances the equation?

A 2CO, B 4CO, C 2CO D 4CO

10 The equation for the formation of ethanol from glucose is shown.
CeH120s — 2C,HsOH + 2CO,
In an experiment, 36 g of glucose produces 9.2 g of ethanol.
[M;: CeH1206, 180; C,HsOH, 46]
What is the percentage yield of ethanol in this experiment?

A 20 B 26 C 50 D 100
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11 Four electrolysis experiments are described.

electrolyte electrodes
aqueous copper(Il) sulfate copper
aqueous copper(Il) sulfate graphite
concentrated aqueous sodium chloride graphite
dilute sulfuric acid graphite

Which statement is correct for all four electrolysis experiments?

A

B
Cc
D

Hydrogen gas is formed at the cathode.
lons gain electrons at the cathode.
The electrodes are inert.

Two or more products are formed.

12 An energy level diagram for a reaction is shown.

A

energy

—

progress of reaction

Which statement and explanation about this reaction are correct?

O o0 W »

statement explanation
the reaction is endothermic the products have more energy than the reactants
the reaction is endothermic the products have less energy than the reactants
the reaction is exothermic the products have more energy than the reactants
the reaction is exothermic the products have less energy than the reactants

13 Which product is made in a fuel cell?

A

B
Cc
D

carbon dioxide
ethanol
hydrogen

water
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14 Which processes are physical changes?

A

1 melting ice

reduction of copper(Il) oxide

2
3 burning sulfur
4

boiling ethanol

1and 3 B

C 2and3

15 A chemical reaction is carried out at a fixed temperature.

It is repeated at a higher concentration. All other conditions remain the same.

D 2and4

Which row describes how the collision rate and the proportion of molecules with the activation
energy changes in the second reaction?

proportion of molecules
collision rate with the
activation energy
A increases increases
B increases no change
C no change increases
D no change no change

16 The equation for the reaction between aqueous potassium iodide and aqueous bromine is shown.

2KI(aq) + Bry(aq) — 2KBr(aq) + Iy(s)

Which statement about the reaction is correct?

A Bromine is reduced.
B The potassium ions act as an oxidising agent.
C The potassium ions are oxidised.
D The iodide ions gain electrons.
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17 Hydrogen and iodine gases react together to produce gaseous hydrogen iodide in a reversible
reaction.

Ha(g) + I(g) = 2HI(g)
The forward reaction is exothermic.
Hydrogen and hydrogen iodide are colourless gases. lodine gas is purple.
Which statement is correct?

A The forward and reverse reactions both stop when equilibrium is reached.
B The position of equilibrium is not affected by pressure changes.

C The position of equilibrium is not affected by temperature changes.
D

The reaction mixture continues to change colour after equilibrium is reached.

18 Ethanoic acid is a weak acid.
Hydrochloric acid is a strong acid.
Which statements are correct?

1 Ethanoic acid molecules are partially dissociated in aqueous solution.

2 1.0mol/dm? ethanoic acid has a higher pH than 1.0 mol/dm? hydrochloric acid.
3 Ethanoic acid is always more dilute than hydrochloric acid.
4

Ethanoic acid is a proton acceptor.

A 1and?2 B 1and3 C 2and4 D 3and4

19 Which oxide neutralises aqueous sodium hydroxide?
A calcium oxide
B carbon monoxide
C sulfur dioxide

D water
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20 An excess of aqueous sodium sulfate was added to aqueous barium chloride and the mixture
was filtered.

Which row shows the identity of the residue and the substances present in the filtrate?

residue substances in filtrate
A barium sulfate barium chloride and sodium chloride
B barium sulfate sodium chloride and sodium sulfate
Cc sodium chloride barium chloride and sodium sulfate
D sodium chloride barium sulfate and sodium sulfate

21 Compound X is tested and the results are shown.

test result
aqueous sodium hydroxide is gas given off which turns damp
added, then heated gently red litmus paper blue
dilute hydrochloric acid is added effervescence, gas given off
which turns limewater milky

Which ions are present in compound X?
A ammonium ions and carbonate ions
B ammonium ions and chloride ions

C calcium ions and carbonate ions
D

calcium ions and chloride ions

22 Which statement about elements in the Periodic Table is correct?
A Elements are arranged in order of increasing nucleon number.
B Elements in Group VII are diatomic non-metals.
C Elements with similar properties are in the same period.
D

Transition elements are a collection of metals and non-metals.

23 Which statement explains why the noble gas helium is unreactive?
A It has a complete outer shell of electrons.
B It has two protons in the nucleus.
C It has the same number of protons and neutrons.
D

It has the same number of protons, electrons and neutrons.
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24 The positions of four elements in the Periodic Table are shown.

Which element forms ionic compounds in which the element has different oxidation numbers
(states)?

25 The element rutherfordium, Rf, was first detected in 1964.
Rutherfordium is a metal.
What are the predicted properties of rutherfordium?

1 Rutherfordium conducts electricity when molten.

2 Rutherfordium does not conduct electricity when solid.
3 Rutherfordium has a low melting point.
4

Rutherfordium is malleable.

A 1and?2 B 1and4 C 2and3 D 3and4

26 The results of three reactions of metal M and its nitrate are given.

reaction 1 M reacts with dilute hydrochloric acid.
reaction 2 M displaces zinc metal from aqueous zinc salts.
reaction 3 Heat decomposes the nitrate of M into a mixture of two gases and a solid.
What is M?
A copper
B iron
C magnesium
D

potassium
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27 Which statement about the extraction of aluminium from aluminium oxide is correct?

A Aluminium is formed at the positive electrode during electrolysis.

B Pure aluminium oxide is dissolved in molten cryolite.

C Pure aluminium oxide is electrolysed using aluminium as the positive electrode.
D

Pure aluminium oxide is heated with carbon to form carbon dioxide and aluminium.

28 Iron is extracted from its ore in a blast furnace.
The equations for four different reactions are shown.
1 4Fe + 3CO, —» 2Fe, O3 + 3C
2 CO;, »>C+ 0,
3 CO, + C - 2CO
4 Fe,0O;3 + 3CO —» 2Fe + 3CO,
Which equations represent reactions that occur in the blast furnace?

A 1and?2 B 1and3 C 2and3 D 3and4

29 Some uses of water are listed.

1 asasolvent

2 as a coolant in the chemical industry
3 toirrigate crops
4

to provide safe drinking water

During a drought, which uses are important to sustain the population of a country?

A 1and?2 B 1and4 C 2and3 D 3and4

30 Which substances are needed for iron to rust?
A carbon dioxide and oxygen
B oxygen only
C water and carbon dioxide
D

water and oxygen
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32

33

34

12

Which process removes carbon dioxide from the atmosphere?
A cement manufacture

B combustion

C photosynthesis
D

respiration

Which statements about sulfur dioxide are correct?

1 ltis produced when sulfuric acid is electrolysed.

2 Itis produced when sodium sulfite reacts with dilute hydrochloric acid.
3 ltis a neutral oxide.
4

It reacts with oxygen in the presence of a catalyst to form sulfur trioxide.

A 1and?2 B 1and3 C 2and4 D 3and4

What are uses of sulfur dioxide?

1 as a bleach in the manufacture of wood pulp
2 as afood preservative

3 in the conversion of iron to steel

4

to kill bacteria in water treatment

A 1and?2 B 1and3 C 2and3 D 2and4

Which type of reaction occurs when calcium oxide is formed from calcium carbonate?
A addition

B combustion

C neutralisation
D

thermal decomposition
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35 The structures of some organic compounds are shown.

1 2
1] LT
H—C—C|:—O—H H—(|3—(|3—(|3—H
H H H H H
3 4
H H H H H 0
| | 7
H—C—C—C—O—H H—C—C—C
| 1N\
H H H H H O—H
Which compounds belong to the same homologous series?
A 1and?2 B 1and3 C 2and3 D 3and4

36 The industrial fractional distillation of petroleum is shown.

/ﬁ—» refinery gas

— — gasoline fraction

—_ — naphtha fraction

T [N
— — —» kerosene fraction
— —— diesel oil

— —» fuel oil fraction

petroleum — :I:k;
— |ubricating fraction

and bitumen

Which process happens at Y?
A burning

B condensation
C cracking
D

evaporation
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37 Which pair of compounds is used to prepare CH;CH,COOCH,CH3?
A ethanoic acid and ethanol
B ethanoic acid and propanol
C propanoic acid and ethanol
D

propanoic acid and propanol

38 Ethanol is oxidised to ethanoic acid by acidified potassium manganate(VII).

Which colour change is observed in the reaction?

A colourless to purple
B purple to colourless
C colourless to orange
D

orange to colourless

39 The linkage between monomer units in a condensation polymer is shown.

O
.
)

Which types of polymer contain this linkage?

1 a complex carbohydrate

2 apolyamide

3 apolyester

4 aprotein
A 1and3 B 1and4 C 2and3 D 2and4
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40 The structure of part of a polymer is shown.
CH, C|3H3 (|)H3 Cl)H3
—C—C—C—C—

H H H H

Which monomer is used to make this polymer?

H H CH, H CH,  CH, CH, H
N/ \ \ N/
c=c¢C c=C¢C c=c¢C c=C¢C
/ N\ / N\
H H H H H H CH, H

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 2021 1523/22/M/J/21



16

"(d"yJ) ainssaud pue ainjesadwa) wWool Je Wwp g SI seb Aue Jo 8jow duo Jo BwN|OA 8y |

- - - - - - - - - - - 8€T 1x4 zee -
wniouaime| wnij@qou wniAsjepuaW wniwJay wniuieisule wnjuioyles wni@yiaq wnuno wniouawe wnjuond wnjundau wnjuesn wniunoejoud wnuoyy wniunoe
el ON PN w4 s3 10 g wo wy nd dN n ed UL v/ splounoe
€0l [40]% LoL 0oL 66 86 16 96 g6 76 €6 26 16 06 68
Gl €Ll 691 191 jeic]% €91 6S1 LG 4] 0S1L - 144] 345 orlL 6€L
wnnan| wniquepk wniny} wnique wniw|oy wnisoldsAp wnique} wnjuijopeb wnidouna wnuewes wniyiewouid wniwApoau wniwApoaseid wnuao wnueyjue|
nq aA wy 13 OH Aa alL 3] n3 ws wd PN Id ETe) e sploueyjue|
L. 0L 69 89 19 99 g9 9 €9 29 19 09 6G 8G 18
WNLIOWJaAI| wninoJaj) wnioluledod wniuaBjusol wnipejswJiep wnusuyaw wnissey wnuyoq wnibiogess wniugnp wnipJopayn wnipes wniouely
A E| uo 6y sa N SH ug bs ad | wouoe | BY 14
9Ll 1415 435 1%% oLL 601 801 L0L 901 SoL 70l €01L—68 88 /8
- - - 602 102 702 102 161 G611 261 061 981 78l 181 8.1 LEL eel
uopes aunejse wniuojod ynwsiq pes| wnijleyy Ainosaw plob wnuned wniwso wniuayl uaysbuny winjejue} wniujey wnueq wnisaeo
ud W od Id qd 11 BH ny id I SO 9y M el iH sploueyue| ed SO
98 g8 8 €8 8 18 08 6. 8. 1L 9. S. V. €L L WAV 96 it
LeL yxa% 8¢l (44" 6L Gl 435 801 90l €0l 1oL - 96 €6 L6 68 88 g8
uouax aulpol winun|a} Auownue ury wnipul wniwpeo J9A|IS wnipejjed winipoyt winiuayynt winiauyoa} wnuapgAjow wnigolu winiuoouIz wnupk wnpuous wnipign.
9x I al as us ul PO by Pd yd ny oL ON aN 1Z A IS qd
VS €3 4] 1S 0S (94 514 yA4 4 14 144 194 [44 34 oy 6€ 8¢ PAS
8 08 6. SL €L 0. S9 ¥9 6G 65 96 GG 4] 3] 514 14 (014 6€
uoydAny aulwolq wniuses oluasie wnjuewsab wnyjeb oulz Jaddoo [oo1u }Jleqoo uol| asauebuew wniwoJiyo wnipeuea wniuey} wnipueos wniojes wnissejod
M ig oS sy 99 529) uz no IN 0D k| UnN 10 A\ 1L 39S eD M
9€ 1 e €e (4> L€ 0¢ 62 8¢ yx4 9 14 14 €C (44 ¥4 014 6l
oy g'Ge [4 1€ 8¢ yx4 14 €C
uobue auLoly2 anyns snioydsoyd uool|is wnujwnie wnisaubew wnipos
e\ 10 S d IS v BN EN
8l Ll 9l Sl vl el 43 L
(114 6l 9l vl cl L SSeuw dlwoje dAlne|al 6 /
uoau auuonyy uabAxo uaBoniu uogled uoloq aweu wniiAieq wniyy|
oN 4 o) N o) g loquwiAs olwoye og "
ol 6 8 pA 9 S Jaguinu olwoje 14 €
14 l
wniay uaboiphy >w!
oH H
4 l
lIA IN A Al 1 Il |
dnolg

SjuaWa|3 40 3|qe] dIpoliad ayL

1523/22/M/J/21

© UCLES 2021



