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1 Alist of substances is shown.

ammonium nitrate
carbon monoxide
copper(II) chloride
ethane
ethene
litmus
methane
methyl orange
sodium chloride
sodium sulfate
sulfur dioxide
thymolphthalein

Answer the following questions using only the substances from the list.
Each substance may be used once, more than once or not at all.

Give the name of the substance that:

(a) turns from blue to colourless when an acid is added

.............................................................................................................................................. [1
(b) is in many fertilisers
.............................................................................................................................................. [1
(c) is a salt which has a negative ion with a charge of 2—
.............................................................................................................................................. [1
(d) is a waste gas from digestion in animals
.............................................................................................................................................. 1
(e) is a hydrocarbon with a total of five atoms in a molecule
.............................................................................................................................................. 1
(f) is a compound of a transition element.
.............................................................................................................................................. 1

[Total: 6]
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2 (a) Fig. 2.1 shows the distillation apparatus that can be used to separate water from aqueous
copper(Il) sulfate.

thermometer

condenser

distillation flask

aqueous
copper(1l) sulfate

0 water

Fig. 2.1

Explain how distillation separates water from aqueous copper(II) sulfate.
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(b) Fig. 2.2 shows a fractionating column for separating petroleum into different hydrocarbon
fractions.

fraction

—— refinery gas

— gasoline

— naphtha

|

A
— diesel ol
— fuel oil

— |ubricating oll

3

— bitumen

Fig. 2.2

(i) On Fig. 2.2, draw an X inside the column to show where the hydrocarbon with the highest
viscosity collects. (1]

(ii) Name the fraction labelled A in Fig. 2.2.

....................................................................................................................................... [1]
(iii) State the name of the fraction in Fig. 2.2 which has the lowest boiling point.
....................................................................................................................................... [1]
(iv) State one use of the bitumen fraction.
....................................................................................................................................... 1]
[Total: 6]
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3 (a) Table 3.1 shows the average concentrations, in ng/1000cm?, of air pollutants in four different
years.
Table 3.1
concentration of air pollutant in ng/ 1000 cm?
year i
ammonia hydrocarbons 0)_(|des of particulates | sulfur dioxide

nitrogen
2019 10.6 12.0 15.3 30.1 20.5
2020 11.2 13.0 21.6 28.2 20.0
2021 14.3 15.2 23.5 26.5 25.0
2022 15.5 9.0 14.0 25.2 18.2

(i) Name the pollutant that has the lowest concentration in 2019.

(iii) Calculate the average mass, in ng, of sulfur dioxide in a 250 cm?® sample of polluted air in
2020.
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(iii) Choose the compound used to remove sulfur dioxide in flue gas desulfurisation.

Tick (v') one box.

aluminium chloride

calcium oxide

methane

sulfuric acid

[1]
(iv) Hydrochloric acid reacts with sodium sulfite.

The products are sodium chloride, sulfur dioxide and a liquid which turns anhydrous
cobalt(II) chloride pink.

Complete the symbol equation for this reaction.
Na,SO, + ..... HC! —» 2NaCl + SO, + .......... [2]
(v) Name the acidified solution used to test for sulfur dioxide gas and state the observations.
ACIAIfIEd SOIULION ...t e e e e e e

(0] 0 1YY V7= [0] o =TT

[2]
(c) Ammonia forms an alkaline solution in water.
(i) Give the formula of the ion that is present in all alkaline solutions.
....................................................................................................................................... [1]
(ii) Choose from the list the pH value for an alkaline solution.
Draw a circle around your chosen answer.
pH1 pH4 pH7 pH13 [1]
[Total: 12]
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4 Bromine is a liquid at room temperature.

(a) State two general properties of a liquid.

GradeMax

(b) Fig. 4.1 shows the physical states of bromine.

solid >
bromine |4

liquid
bromine

bromine
gas

Fig. 4.1

Name the changes of physical states A and B.

(c) Describe liquid bromine and bromine gas in terms of the arrangement and motion of the

particles.

liquid bromine

E= 1 = 0 1= 0 0= ]

bromine gas

E= 1 = 0 1= 0 0= |

© UCLES 2023
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(d) A sealed gas syringe contains 80cm? of bromine gas.

State how decreasing the pressure affects the volume of bromine gas in the gas syringe when
the temperature remains constant.

[Total: 9]
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5 This question is about metals and metal compounds.

(a) Table 5.1 shows some properties of some Group | metals.

GradeMax

Table 5.1
, , - . . solubility of metal
metal meltllng point b0|I!ng point obs_ervatl_ons on hydroxide in g/dm?
in °C in °C reaction with water
at room temperature
sodium 98 883 bubbles form rapidly
but no flame
potassium 63 760 1130
rubidium 686 explodes 1980
caesium 29 669 explodes 3860

Use the information in Table 5.1 to predict:

(i) the melting point of rubidium ...

(i) the solubility of sodium hydroxide at room temperature .......

(iii) the observations when potassium reacts with water

(iv) the physical state of caesium at 20°C. Give a reason for your answer.

physical State ..o

FEASON ..o e

© UCLES 2023 0620/31/0/N/23
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(b) Iron is extracted in a blast furnace by reduction of iron(III) oxide, Fe,O,, with carbon monoxide.
Carbon monoxide is produced by the reaction of carbon with carbon dioxide.
C + CO, » 2CO

(i) Explain how this equation shows that carbon dioxide is reduced.

....................................................................................................................................... [1]
(ii) Name the type of chemical reaction where oxidation and reduction take place
simultaneously.
....................................................................................................................................... [1]
(iii) Calcium carbonate is added to the blast furnace.
The calcium carbonate undergoes thermal decomposition.
State the meaning of the term thermal decomposition.
....................................................................................................................................... [2]
(c) Stainless steel is an alloy of iron.
(i) Give one reason why alloys are more useful than pure metals.
....................................................................................................................................... [1]

(ii) Brass is an alloy.

Choose the diagram, A, B, C or D, in Fig. 5.1 that best shows the structure of brass.

(o 1E=To = 1 o PP [1]
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(d) Table 5.2 gives some observations about the reactivity of four metals with dilute
hydrochloric acid.

Table 5.2
metal observations
iron bubbles form slowly

magnesium | bubbles form very quickly

mercury no bubbles form

tin bubbles form very slowly

Put the four metals in order of their reactivity.
Put the least reactive metal first.

least reactive > most reactive

[2]

[Total: 13]
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6 A student investigates the reaction of large pieces of magnesium carbonate with dilute
hydrochloric acid at 20 °C. The magnesium carbonate is in excess.

(a) Fig. 6.1 shows the volume of carbon dioxide gas released as the reaction proceeds.

60

50

volume of
carbon dioxide
gas/cm® 30 -

N\

AN

20

AN

10

™.

0 1 2 3 4 5 6 7
time/min
Fig. 6.1
(i) Deduce the volume of carbon dioxide gas released after 2 minutes.
volume of carbon dioxide = .............cccceeeeennee. cm?® [1]

(ii) The student repeats the experiment using the same volume of hydrochloric acid but with
a higher concentration. The magnesium carbonate is still in excess.

All other conditions stay the same.

Draw a line on the grid in Fig. 6.1 to show the volume of carbon dioxide released when
hydrochloric acid with a higher concentration is used. [2]
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(b) (i) The student repeats the experiment using smaller pieces of magnesium carbonate.

All other conditions stay the same.

Describe how the rate of reaction differs when smaller pieces of magnesium carbonate are

used.

(i) The student repeats the experiment at 10°C.

All other conditions stay the same.

(c¢) Hydrochloric acid reacts with iron.

Complete the word equation for this reaction.

hydrochloric
acid

(d) Acids are used as catalysts in many chemical reactions.

State the meaning of the term catalyst.

....................................................................................................................................... [1]
Describe how the rate of reaction differs when the temperature is 10°C.
....................................................................................................................................... [1]
iron Ly | | L s
[2]
.............................................................................................................................................. [2]

© UCLES 2023
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7 (a) Fig. 7.1 shows the displayed formula of compound S.

|
H—C|)—O—H
H—(|3—H

C
0” NOo—H

Fig. 7.1

(i) On Fig. 7.1, draw a circle around the carboxylic acid functional group.

(ii) Deduce the molecular formula of compound S.

(b) Compound S can be converted to acrylic acid.
The molecular formula of acrylic acid is C,H,O,.

(i) Complete Table 7.1 to calculate the relative molecular mass of acrylic acid.

Table 7.1
number relative
atom .
of atoms atomic mass
carbon 3 12 3x12=36
hydrogen 1
oxygen 16

relative molecular mass = ........cooevvviivviiiennns

(ii) Acrylic acid is an unsaturated compound.

Describe a test for an unsaturated compound.

© UCLES 2023 0620/31/0/N/23
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(iii) When left in the air, acrylic acid forms a polymer.

State the meaning of the term polymer.

(iv) Poly(ethene) is also a polymer.
Choose from the list the type of polymerisation that occurs when poly(ethene) is made.
Draw a circle around your chosen answer.

substitution oxidation neutralisation addition [1]

(c) Ethanoic acid is a carboxylic acid.

Complete the word equation for the reaction of ethanoic acid with sodium hydroxide.

ethanoic sodium | |

nan: N e o R [P
........................ 2
(d) Ethanoic acid can be converted to ethanol.
Name the two products formed when ethanol undergoes complete combustion.
................................................................... anNd ..o [2]
[Total: 13]
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8 Lithium bromide is a compound with ionic bonding.

(a) State the meaning of the term ionic bond.

.............................................................................................................................................. [2]
(b) Complete Fig. 8.1 to show:
e the electronic configuration of a lithium ion
e the charge on the ion.
Fig. 8.1
[2]
(c) Deduce the number of protons and neutrons in the bromide ion shown.
15Br-
NUMDET Of PrOtONS ..o,
NUMDETr Of NEULIONS ...
[2]

(d) Molten lithium bromide is electrolysed using graphite electrodes.

State the names of the product at each electrode and give the observations at the positive
electrode.

product at the negative eleCtrode ..........coooo oo
product at the positive eleCtrode ............ oo

observations at the positive electrode

© UCLES 2023 0620/31/0/N/23
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(e) Fig. 8.2 shows the structure of graphite.

| I
| : | n : |
| ! Iy !
| Iy ! I
' |

Fig. 8.2

(i)

(ii)

(iii)

© UCLES 2023

State the type of bonding in graphite.

Graphite and diamond are both forms of carbon.

State one use of diamond.

GradeMax

[Total: 12]

0620/31/0/N/23



GradeMax
Chemistry - 2023 - Oct/Nov - Paper 31 - QP - Cambridge

18

BLANK PAGE

© UCLES 2023 0620/31/0/N/23



GradeMax
Chemistry - 2023 - Oct/Nov - Paper 31 - QP - Cambridge

19

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 Cambridge Assessment. Cambridge Assessment is the brand name of the University of Cambridge
Local Examinations Syndicate (UCLES), which is a department of the University of Cambridge.

© UCLES 2023 0620/31/0/N/23



GradeMax

Chemistry - 2023 - Oct/Nov - Paper 31 - QP - Cambridge

20

‘(*d"yJ) aunssalid pue ainjesadwa) wool je wp 4z S! seb Aue Jo sjow Suo JO SWN|OA 8y ]

- - - - - - - - - - - 8€¢C 3574 [4%4 -
wniouaIme| wnieqou wniAsjepuaW wniuusy wnjuie)sue wnjuioyijes wnijasiaq wnuno wniouawe wniuoynid wniumydau wnjuesn wnunoejold wnuoy) wniunoe
el ON PN w4 s3 10 Mls! wo wy nd dN n ed uL oY splouioe
€0} 2ol L0k 00k 66 86 16 96 G6 6 €6 26 16 06 68
Sl [YA% 691 91 fefel’ €9l 651 1S1 st 0sh - i 4% ovl 6el
wnna)n| wniqiepA wninyy wniqie wniwjoy wnisoidsAp wniqia) wniuijoped wnidoina wnuewes wniyawoud wniwApoau | wniwApoaseid wnueo wnueyjue|
n7 aA wl = OH Aa qL PO n3 ws wd PN id 520) e Sploueyjue|
L. 0L 69 89 19 99 59 79 €9 29 19 09 6G 8G 1S
uossaueBo auIssauua} WNLIOWLIBAI| WwiNIACOSOW wniAoay wniuoyu wniousadoo wniuablusos | wnppejsuLep wnuauyaw wnissey wnuyoq wniBiogess wniugnp wnipiopayin wnipes wnouely
60 sL AT ON 14 UN uo 6y sd N SH ug 6s aa | swome | EY 2E|
8l LI 9Ll Gl il €Ll 47 13 oLl 601 80} 101 9014 S0l 0L €01-68 88 18
- - - 60¢ 102 ¥0¢ 102 161 G611 261 061 981 8l 3:1% 8.1 pA el
uopel aunejse wnjuojod ynwsiq pes| wnijiey) Ainosaw plob wnuned wnipul wniwso wniuayl uaysbuny wn|ejuey wniujey wnueq wniseeo
uy I\ od 'q ad 1L BH ny id I SO oY M el H spioveyue) ed sO
98 G8 8 €8 Z8 18 08 6. 8. 11 9. GL i ZA €L cL L.-1S 9G et}
Lel lc) 8¢l (443 6Ll Gl 473 801 9014 €0} 10} - 96 €6 16 68 88 G8
uouax aulpol wnun|e} Auownue un wniput wniwpeo FENNTS wnipejjed wnipoyl wnjuayint winfauyos) wnuapgAjow wnigolu winiuoouz wnupAk wnpuons wnipigns
X I al as us ul PO By pPd ud ny oL ON aN 1z A IS qd
1] €§ [4°] 13¢] 0S 61 14 Ly €14 14 144 j14 [44 (34 o 6¢ 8¢ 1€
V8 08 6. S €L 0L S9 9 69 6S 96 GG cs 1S 14 14 oy 6€
uoydAsy aujwolq wniuajes oluasie wnjuewsab wnijeb oulz Jaddoo 193o1u Jleqoo uoul asauebuew wniwoiyo wnipeuea wniueyy wnipueos wniojes wnissejod
M 19 oS sY 29 59 uz no IN 0D o4 UN 10 A L oS eD M
9€ Ge e €€ 43 33 0¢ 6¢ 8¢ P4 9¢ 14 ve €¢ [44 14 0¢ 6l
o G'ge [43 1€ 8¢ 1c e €C
uoble auuo|yo anyns snioydsoyd uoal|is wnuwnie wnisaubew wnipos
v 10 S d IS v b eN
8l L 9l Sl i €l 4% L
0c 6l 9l 143 cl L SSeuwl dlwoje aAle|as 6 L
uoau auLony uabAxo uabouyu uogJeo uoioq aweu wni|iA1eq wniyyy
SN £ o N 0 g |oquwiAs ojwioye ed 1
0ol 6 8 A 9 S Jaquinu ojwoje ¥ [
14 l
wniay uaboipAy >0!
oH H
4 3
HIA lIA IA A Al Il Il I
dnoig

sjuswal3 Jo a|qe] dlpolad ayL

0620/31/0/N/23

© UCLES 2023



