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2
1 The names of the elements of Period 2 of the Periodic Table are shown.
lithium  berylium  boron carbon nitrogen oxygen fluorine  neon

Answer the following questions about these elements.
Each element may be used once, more than once or not at all.

Identify the element which:

(a) is a product of photosynthesis

.............................................................................................................................................. [1
(b) has an oxide found in clean, dry air
.............................................................................................................................................. 1
(c) forms a basic oxide with the formula X,0
.............................................................................................................................................. [1
(d) is a main component of fertilisers used to improve crop growth
.............................................................................................................................................. [1
(e) has the highest rate of diffusion at room temperature
.............................................................................................................................................. [1
(f) produces a red flame in a flame test
.............................................................................................................................................. [1
(g) has only 5 electrons in each of its atoms
.............................................................................................................................................. 1
(h) has an oxide responsible for acid rain.
.............................................................................................................................................. 1

[Total: 8]
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2 Potassium is a Group | element.

(@) Name and describe the bonding in potassium.

[4]
(b) Potassium combines with sulfur to form an ionic compound, potassium sulfide, K,S.
(i) Give two physical properties of ionic compounds.
LSS
2 ettt ettt e aeeeaee et e eAee st e es et aR et e Eeean et e teeenee e neeenneeeneeanneeneeenneenns
[2]

(ii) Complete the dot-and-cross diagram to show the electron arrangement and charges of
the ions in potassium sulfide.

[3]
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(c) When potassium is added to water, it reacts vigorously and a coloured flame is seen.
The equation for the reaction is shown.

2K(s) + 2H,0(l) —» 2KOH(aq) + H,(g)

(i) State the colour of the flame seen.

....................................................................................................................................... [1]
(i) The solution formed is potassium hydroxide, a strong alkali.

State the formula of the ion responsible for alkalinity in a solution.

....................................................................................................................................... [1]
(iii) State the colour of litmus in a strong alkali.

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

(iv) Calculate the volume, in cm?, of hydrogen gas formed when 2.34 g of potassium is added
to excess water at room temperature and pressure.

Use the following steps.

e (Calculate the number of moles of potassium added.

e mol
e Determine the number of moles of hydrogen gas formed.
S mol
e Calculate the volume of hydrogen gas formed.
volume = ......oooveeiieee e cm?®
[3]

© UCLES 2022 0620/41/0/N/22
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(d) Aqueous potassium hydroxide reacts with a dilute acid to produce aqueous potassium chloride,
KCl(aq), which is a salt.

(i) Name the dilute acid used.

(iii) Name the experimental technique used when salts are made by reacting a dilute acid with
an aqueous alkali.

(e) When aqueous silver nitrate, AQNO,(aq), is added to aqueous potassium chloride, a precipitate
is formed.

(i) State the colour of the precipitate formed.

....................................................................................................................................... [1]
(ii) Name the precipitate formed.

....................................................................................................................................... [1]
(iii) Write the ionic equation for the reaction. Include state symbols.

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

[Total: 23]
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3 Ammonia is made in an industrial process starting with nitrogen. The equation for the reaction is
shown.

N, + 3H, = 2NH,

(@) Name the industrial process used to make ammonia.

.............................................................................................................................................. [1
(b) State the raw material from which nitrogen is obtained.
.............................................................................................................................................. [1
(c) State what is meant by the symbol =.
.............................................................................................................................................. [1
(d) State the temperature and pressure used in this industrial process.
temperature = ...l °C
Pressure = ........cooiveeiiieenneennnn. atm
(2]
(e) Name the catalyst used in this industrial process.
.............................................................................................................................................. [1

(f) The forward reaction is exothermic.

State the effect, if any, on the position of the equilibrium when the following changes are made.
Explain your answers.

temperature is reduced

© UCLES 2022 0620/41/0/N/22
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(g) Explain, in terms of particles, what happens to the rate of reaction when the temperature is
reduced.

[Total: 14]
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4 Astudent prepares calcium nitrate, Ca(NQO,),, by adding calcium carbonate to dilute nitric acid.

(a)

(b)

(c)

(d)

Write the chemical equation for this reaction.

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

Describe two observations during this reaction.

L PRSP PP UTPPPP PP

PRSP
(2]

The student continues to add calcium carbonate until it is in excess. The student then removes
the excess calcium carbonate by filtration and collects the aqueous calcium nitrate.

State the general term given to a solution collected from filtration.

.............................................................................................................................................. [1]
The student gently heats the aqueous calcium nitrate until the solution is saturated.
(i) Suggest what is meant by the term saturated solution.
....................................................................................................................................... [2]
(ii) Describe how crystals are produced from a hot saturated solution.
....................................................................................................................................... [1]

© UCLES 2022 0620/41/0/N/22
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(e) Calcium nitrate crystals are hydrated and have the formula Ca(NO,),*xH,O where x is a whole
number of molecules of water.

The student heats the crystals to remove the molecules of water.
Ca(NO,),*xH,O(s) — Ca(NO,),(s) + xH,0O(g)

(i) State the term used to describe the calcium nitrate after the molecules of water have been
removed.

(ii) The student heats a sample of Ca(NO,),»xH,O0 and forms 2.46g of Ca(NO,), and
0.0600 moles of H,O.

Determine the value of x. Use the following steps.

e Calculate the M, of Ca(NO,),.

e Determine the number of moles of Ca(NO,), formed.

moles of Ca(NO,), formed = .............ccccoeinin.

e Determine the value of x in Ca(NO,),*xH,0.

X T e
[3]
(f) Nitrates decompose on heating.
Write the chemical equation for the reaction when solid sodium nitrate is heated.
.............................................................................................................................................. [2]
[Total: 14]
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5 Ethene is an alkene which reacts with bromine as shown in the equation.
CH, + Br, > C,H,Br,

(a) Write the general formula of alkenes.

(c) In this reaction only one product is formed from two reactants.

Name this type of organic reaction.

(d) Part of the energy profile diagram of this reaction is shown.

A

C,H, + Br,

energy

progress of reaction

(i) The reaction is exothermic.

Complete the energy profile diagram for this reaction.
Include:

e the position of the products
e an arrow to show the activation energy, labelled as A

e an arrow to show the energy change for the reaction.

[3]
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(ii) The chemical equation for the reaction can be represented as shown.

H H H H
\
C=C + Br—Br - Br—C—C—Br
/
H H H H

Some bond energies are given.

o | 7y
C-H 410
Cc=C 610
Br-Br 190
Cc-C 350
C-Br 290

Use the bond energies in the table to calculate the energy change in this reaction.
Use the following steps.

e Calculate the energy needed to break bonds.

ENEIgY = .oiveeieeeeeeeeeeeeeeeeeeeeee kJ
e Calculate the energy released in making bonds.
ENEIgY = .oieiiiieieeeeeeeeeeeeeeeeee kJ
e Determine the energy change in this reaction.
energy change in this reaction = ............ccccccceeeee kJ/mol
[3]
[Total: 9]
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6 Ester Y has the structure shown.

o)
| |
H—C—O—?—H

H

(@) (i) Name esterY.

(b) Complete the dot-and-cross diagram to show the arrangement of electrons in a molecule of

-
Hofelor
&

[3]

© UCLES 2022 0620/41/0/N/22



13
(c) EsterY can be made by reacting two organic compounds together.
Name the compounds and draw their structures.

Show all of the atoms and all of the bonds.

structure

structure

[4]
(d) (i) Describe what is meant by the term structural isomer.
....................................................................................................................................... [2]
(i) Name a carboxylic acid which is a structural isomer of ester Y.
....................................................................................................................................... [1]

[Total: 12]

© UCLES 2022 0620/41/0/N/22



14

BLANK PAGE

© UCLES 2022 0620/41/0/N/22



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 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 2022 0620/41/0/N/22



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

0620/41/0/N/22

© UCLES 2022



¥ LY%10226061%%*

Cambridge IGCSE™

CANDIDATE
NAME

CENTRE CANDIDATE
NUMBER NUMBER

CHEMISTRY 0620/42
Paper 4 Theory (Extended) October/November 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 11_0620_42/3RP
© UCLES 2022 [Turn over



2

1 Diamond and graphite are different solid forms of carbon. The carbon atoms in diamond and
graphite are arranged in different ways.

(a) State the number of covalent bonds each carbon atom has in diamond.

.............................................................................................................................................. [1
(b) State the term used to describe the structure of diamond.

.............................................................................................................................................. [1
(c) Name an oxide that has a similar structure to diamond.

.............................................................................................................................................. [1
(d) Describe the arrangement of atoms in graphite.

.............................................................................................................................................. [2]
(e) Explain how graphite conducts electricity.

.............................................................................................................................................. [1
(f) Buckminsterfullerene is a simple molecular form of carbon.

The relative molecular mass of Buckminsterfullerene is 720.

Determine the number of carbon atoms in one molecule of Buckminsterfullerene.

.............................................................................................................................................. [1
(g) All forms of carbon burn to produce carbon dioxide.

Name the substance used to test for carbon dioxide.

.............................................................................................................................................. [1

[Total: 8]
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2 Sodium is a reactive metal.

(@) Suggest why sodium is stored under oil.

.............................................................................................................................................. [1]
(b) Sodium burns in air to form sodium oxide, Na,O.
(i) State the term given to a reaction in which a substance burns.
....................................................................................................................................... [1]
(ii) State the colour of the flame seen when sodium burns.
....................................................................................................................................... [1]

(iii) Write a chemical equation for the reaction which takes place when sodium burns in air to
form sodium oxide.

(iv) Complete the dot-and-cross diagram to show the electron arrangement and charges of
the ions in sodium oxide.

[3]

© UCLES 2022 0620/42/0/N/22 [Turn over
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(c) Sodium reacts vigorously with water to form aqueous sodium hydroxide, NaOH, which is a
strong base.

(i) Explainin terms of proton transfer what is meant by a base.

....................................................................................................................................... [1]
(ii) State a pH number that indicates the presence of a strong alkali

....................................................................................................................................... [1]
(iii) State the colour of methyl orange in aqueous sodium hydroxide

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

(iv) The equation for the reaction is shown.
2Na(s) + 2H,0(l) —» 2NaOH(aq) + H,(9)

Calculate the concentration of NaOH(aq) formed, in g/dm?, when 0.345g of sodium is
added to 50.0cm? of distilled water. Assume there is no change in volume.

Use the following steps.

e Calculate the number of moles of Na added.

U mol

e Determine the number of moles of NaOH formed.
S ——————— mol

e Calculate the concentration of NaOH in mol/dm?3.
concentration of NaOH = ..............cccoceeeel. mol/dm?

e Determine the M. of NaOH and calculate the concentration of NaOH in g/dm?.

concentration of NaOH = ............................. g/dm?
[3]

© UCLES 2022 0620/42/0/N/22



5
(d) When NaOH(aq) is added to aqueous iron(Ill) chloride, FeCl,(aq), a solid product is formed.

(i) Name the type of reaction where a solid is formed from two solutions.

....................................................................................................................................... [1]
(i) State the colour of this solid product.
....................................................................................................................................... [1]
(iii) Name this solid product.
....................................................................................................................................... [1]
(iv) Write the ionic equation for the reaction. Include state symbols.
....................................................................................................................................... [3]

[Total: 22]
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6
3 Sulfuric acid is manufactured by an industrial process. Sulfur is obtained from sulfur-containing
metal ores.

The sulfur in the metal ore is converted to sulfur dioxide which is then oxidised to sulfur trioxide as
shown.

280,(g) + O,(g) = 2S04(9)

(@) Name a metal ore which contains sulfur.

.............................................................................................................................................. [1]
(b) Describe the process which converts metal ores to sulfur dioxide.

.............................................................................................................................................. [1]
(c) Name the industrial process used to manufacture sulfuric acid.

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

(d) The reaction that produces sulfur trioxide is an equilibrium. The forward reaction is exothermic.

(i) State the temperature and pressure used to make sulfur trioxide.

temperature = ....................... °C
PreSSUre = ......ccoeevuieeeeennneeeenns atm
(2]
(ii) Name the catalyst used.

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

(iii) Describe two features of an equilibrium.
L PSPPSRI
2 ettt tee et e ahee et e oaeeeteeesee e Eeeeaeees e e teean et eneeaneeeseeaneeenneeeneeeaneeenteenneeenne
(2]

(iv) State the effect, if any, on the position of equilibrium when the following changes are
made.

Explain your answers.

temMpPEerature iS INCrEASEA ..........uuuiiuuiiiiiiiiiiiiiiie ittt esseeesesssss s seeeeeeeeeeeeeees

© UCLES 2022 0620/42/0/N/22
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(v) Explain, in terms of particles, what happens to the rate of reaction when the temperature
is increased.

[Total: 16]
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4 A student prepares magnesium sulfate crystals, MgSO,, by adding excess magnesium to dilute
sulfuric acid.

(a) Write the chemical equation for this reaction.

.............................................................................................................................................. 1
(b) Describe two observations which show the reaction has finished
LRSS
2 et eeee oo oo eeeeeeeeeeeeaeeeaseteeeeeeeeeaaeatsteeeeeeeeeaaaaatteeeeeeeeeaaanantreeataeeeeeaaanrreeeaeaeeaaaans
(2]
(c) The excess magnesium is removed by filtration.
State the general name given to a solid separated from a solution by filtration.
.............................................................................................................................................. 1
(d) The aqueous magnesium sulfate is heated until crystals begin to appear.
(i) Suggest the name for a solution in which no more solute can dissolve.
....................................................................................................................................... 1
(ii) Suggest why more crystals of magnesium sulfate appear on cooling.
....................................................................................................................................... [1

(e) Magnesium sulfate crystals have the formula, MgSO,*xH,O, where x is a whole number of
molecules of water.

The student heats the crystals to remove the molecules of water.
MgSO,*xH,0(s) —» MgSO,(s) + xH,O(g)

(i) Name the term given to crystals containing molecules of water.

© UCLES 2022 0620/42/0/N/22
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(ii) The student heats a sample of MgSO,*xH,O and finds it has lost 0.140 moles of H,O and
has 2.40g of MgSQO, remaining.

Determine the value of x. Use the following steps.

e Calculate the M, of MgSO,,.

e Determine the number of moles of MgSO, formed.

moles of MgSO, formed = ...

e Determine the value of x in MgSQO,*xH,0.

(f) If the student uses dilute nitric acid instead of dilute sulfuric acid, the salt formed is
magnesium nitrate, Mg(NQO,),.

Write the chemical equation for the reaction when solid magnesium nitrate is heated.

[Total: 12]
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5 Ethane is an alkane which undergoes a photochemical reaction with chlorine as shown.
C,He(g) + Cly(g) > C,HCI(I) + HCI(g)

(a) Write the general formula of alkanes.

.............................................................................................................................................. [1
(b) State why this reaction is described as a photochemical reaction.
.............................................................................................................................................. [1
(c) In this reaction, an atom of hydrogen is replaced with a chlorine atom.
State the name of this type of organic reaction.
.............................................................................................................................................. [1
(d) In this reaction, one of the products is chloroethane.
Name the other product.
.............................................................................................................................................. [1
(e) The energy profile diagram of this reaction is shown.
A
energy
C,H,Cl + HCI
progress of reaction
(i) Name the energy change labelled A.
....................................................................................................................................... 1
(ii) Name the energy change labelled B.
....................................................................................................................................... 1
(iii) State how the energy profile diagram shows this is an exothermic reaction.
....................................................................................................................................... [1

© UCLES 2022 0620/42/0/N/22



(f) The equation for the reaction can be represented as shown.

Some bond energies are given.

11

oong | P e
C-H 410
Cc-C 350
Cl-Cl 240
C-ClI 340
H-ClI 430

Use the bond energies in the table to calculate the energy change in this reaction.

Use the following steps.

© UCLES 2022

Calculate the energy needed to break bonds.

ENEIgY = wovreieieeeeee e kdJ
Calculate the energy released in making bonds.
ENEIgY = .oieeiiieieeeeieeeeeeeeeeeee kJ
Determine the energy change in this reaction.
energy change in this reaction = ............cccccceeeeee kd/mol
[3]
[Total: 10]
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6 Acarboxylic acid Y has the structure shown.
O
H—("3—O—H

(a) State the general formula of carboxylic acids.

.............................................................................................................................................. [1]
(b) Name carboxylic acid Y.

.............................................................................................................................................. [1]
(c) Write the molecular formula of carboxylic acid Y.

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

(d) Complete the dot-and-cross diagram to show the arrangement of electrons in a molecule of

ofer

[3]

© UCLES 2022 0620/42/0/N/22
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(e) Carboxylic acid Y will react with propan-1-ol, C,H,OH, to form ester Z and one other product.

(i)

(ii)

(iii)

© UCLES 2022

Name and draw the structure of ester Z.

Show all of the atoms and all of the bonds.

structure

[3]
Name the other product formed when carboxylic acid Y reacts with propan-1-ol.
....................................................................................................................................... [1]
Name:
e an ester which is a structural isomer of ester Z
e a carboxylic acid which is a structural isomer of ester Z.

[2]

[Total: 12]
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1 Atoms and ions are made from small particles called electrons, neutrons and protons.

(a) Complete the table.

2

particle relative charge relative mass
electron -1 181—40
neutron

proton

(b) Information about atoms and ions, A, B and C, is shown in the table.

Complete the table.
atom number of number of number of
. symbol
or ion electrons neutrons protons
A 18 20 3Ca**
B 18 %CI
C 18 16 16

© UCLES 2022
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[2]

[6]

[Total: 8]



3

2 The table shows the melting points, boiling points and electrical conductivities of six substances, D,
E,F,G, HandI.

substance melting point boiling point conducts electricity conducts electricity
/°C /°C when solid when liquid

D 1083 2567 yes yes

E =117 79 no no

F 3550 4827 no no

G 119 445 no no

H -210 -196 no no

I 801 1413 no yes

(a) ldentify the substance, D, E, F, G, H or I, which is:

(1) @ lQUIA @t 25°C .o e e e e e e e e r e e e e e e e naeaas [1]
L) = Ko = EoIR= 1 245 Rl PP PPPPPPPPPPPPP 1
(iii) a solid consisting of simple molecules at 25°C. ... [1]

(b)

(c)

(d)

© UCLES

Identify the substance, D, E, F, G, H or I, which is a metal. Give a reason for your choice.
LT U] 011 £=1 o (o TN

1S T e

Identify the substance, D, E, F, G, H or I, which has a macromolecular structure. Give two
reasons for your choice.

SUD S AN CE ..o
(=10 T OO

(=210 o 12O TP

Identify the substance, D, E, F, G, H or I, which is an ionic solid. Give a reason for your choice.
ESTU] 011 c=1 o (oL Y

1S T

[Total: 10]

2022 0620/43/0/N/22 [Turn over



4

3 Aluminium is extracted from its ore by electrolysis.

(@) Name the ore of aluminium which consists mainly of aluminium oxide.

(c) Electrolysis is carried out on aluminium oxide dissolved in molten cryolite.

negative electrode

(i)

(ii)

(iii)

© UCLES 2022

waste gases

I\/\I positive electrode
ﬂaluminium oxide dissolved

/ in molten cryolite

\ /8

Give two reasons why the electrolysis is carried out on aluminium oxide dissolved in
molten cryolite instead of electrolysing molten aluminium oxide only.

aluminium

ettt ettt e et e ettt etee ettt e teeenee ettt anteeasee e teeaaeeete e teeaRee e teeanee ettt enteenneeenteeaneeeneeaneean
2 e a e teeeateeteee—eeeteeaneeeheeaateeatee e teanteeaseeanteeahee e teeaneeeteeaneeereeeneeenee e
(2]
Write the ionic half-equation for the reaction occurring at the negative electrode.
....................................................................................................................................... [2]
The positive electrodes are made of carbon.
Explain why the positive carbon electrodes are replaced regularly.
....................................................................................................................................... [2]

0620/43/0/N/22



(d) Aluminium is more reactive than copper.

When aluminium is added to aqueous copper(Il) sulfate, no immediate reaction is seen.

Explain why.
.............................................................................................................................................. [1]
(e) Aluminium reacts with oxygen to form an amphoteric oxide.
(i) State what is meant by the term amphoteric.
....................................................................................................................................... [1]

(ii) The reaction between aluminium oxide and aqueous sodium hydroxide forms a salt
containing the negative ion AlO,". The only other product is water.

Write a chemical equation for the reaction between aluminium oxide and aqueous
sodium hydroxide.

....................................................................................................................................... [2]
(f) Gallium is in the same group as aluminium and forms similar compounds.
Predict the formulae of:
GallIUM(IIL) CRIOFIAE ..ottt e e e et e e e e e e e s annnes
GallIUM(IIL) SUIALE. .oeeeeeeeeeieeeeeee ettt e e e e e e e e e e e e e e e e e aaas
[2]

[Total: 15]
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4 This question is about compounds of phosphorus.

(@) Gaseous phosphorus(V) chloride decomposes into gaseous phosphorus(IIl) chloride and
gaseous chlorine.

When the three gases are present in a closed container the system reaches equilibrium.
PCls(g) == PCly(g) + Cl(9)

(i) Complete the table using only the words increases, decreases or no change.

effect on the rate of effect on the equilibrium
the forward reaction yield (PCl,(g) and Cl,(9))
increasing the temperature increases
decreasing the pressure
adding a catalyst no change

[4]

(ii) The table shows that when the temperature increases, the equilibrium yields of PCl,(g)
and Cl,(g) increase.

State what conclusion can be made from this.

(b) Complete the dot-and-cross diagram to show the electron arrangement in a molecule of
phosphorus(III) chloride, PCl,. Show outer shell electrons only.

G

[2]

© UCLES 2022 0620/43/0/N/22



7
(c) Phosphorus oxychloride has the formula POCI,.

Phosphorus oxychloride is the only product of the reaction between phosphorus(V) chloride,
PCl,, and phosphorus(V) oxide, P,O,,.

Write a chemical equation for the reaction between phosphorus(V) chloride and

phosphorus(V) oxide.
.............................................................................................................................................. [2]
(d) Compound X has the following composition by mass.
H, 3.66%; P, 37.80%; O, 58.54%
Calculate the empirical formula of compound X.
empirical formula = ... [2]
(e) Compound Y has the empirical formula H,PO, and a relative molecular mass of 98.
Deduce the molecular formula of compound Y.
molecular formula = ..........ccccceeiiiinnnnne. [1]
[Total: 12]
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5 This question is about sulfuric acid, H,SO,, and salts that can be made from sulfuric acid.
(a) Sulfuric acid is manufactured by the Contact process.
stage 1 Molten sulfur burns in air to produce sulfur dioxide.
stage 2 Sulfur dioxide reacts with oxygen to form sulfur trioxide, SO,.
stage 3 Sulfur trioxide reacts with concentrated sulfuric acid to form oleum, H,S,0,.
stage 4 Oleum is converted into sulfuric acid.
(i) The equation for the reaction in stage 2 is shown.
280, + O, = 280,
State the temperature and pressure used in stage 2.

Name the catalyst used in stage 2.

1CT ] 01=T k=10 [T PP PPPPPPPPPPPPN °C
[0S U] = PP atm
(o7= 1 ¢= 1 V7] USSR PR PRRRPRR

3]

(i) Write the chemical equation for the reaction in stage 3.

(b) Name the black solid that is produced when concentrated sulfuric acid is added to sugar,
C12H22011'

© UCLES 2022 0620/43/0/N/22 [Turn over
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(c) Dilute sulfuric acid and aqueous potassium hydroxide are used to make aqueous
potassium sulfate.

H,S0, + 2KOH — K,SO, + 2H,0

The method includes use of the following apparatus.

/dllute sulfuric acid

M\\M\\M\\\\M\\\\\\M\M\\M\\M\[\M\

=k

conical flask

25.0cm? of aqueous
potassium hydroxide

(i) Calculate the volume of 0.0625mol/dm?® dilute sulfuric acid, H,SO,, that completely
reacts with 25.0cm® of 0.100mol/dm? potassium hydroxide, KOH, to produce aqueous
potassium sulfate.

Use the following steps.

e Calculate the number of moles of KOH in 25.0cm?® of 0.100 mol/dm? KOH.

e Deduce the number of moles of H,SO, that react with KOH.

© UCLES 2022 0620/43/0/N/22
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e Calculate the volume of H,SO, required.

VOIUME = oo cm?®

[3]

(ii) The experiment is repeated using the same volume and concentration of potassium
hydroxide and the same concentration of dilute sulfuric acid. In this second experiment,
the product is aqueous potassium hydrogensulfate, KHSO,.

H,SO, + KOH —» KHSO, + H,0

Use your answer to (c)(i) and the equation to deduce the volume of H,SO, required.

(d) Aqueous potassium hydrogensulfate, KHSO,(aq), contains the ions K*(aq), H'(aq) and
SO,*(aq).

Describe the observations in the following tests.

(i) Aflame test is carried out on aqueous potassium hydrogensulfate.

(iii) An acidic solution containing aqueous barium ions, Ba®'(aq), is added to aqueous
potassium hydrogensulfate.

(e) Write the ionic equation for the reaction in (d)(iii).

Include state symbols.

[Total: 17]
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6 (a) Chloroethene (CH,=CHCI) can be manufactured from 1,2-dichloroethane (CH,CICH,CI).

The equation can be represented as shown.

Cl H Cl H

H—C—C—C!I —» C=C + H—CI

H H H H

(i) Some bond energies are given.

bond | " el
c—C 350
c=C 610
c-Cl 340
C-H 410
H-C 430

Use the bond energies in the table to calculate the energy change, in kd/mol, of the
reaction.

Use the following steps.

e Calculate the energy needed to break bonds.

ENEIgY = wovveiiieeeeeeeeeeennnnnns kdJ

e Calculate the energy released when bonds form.

ENEIgY = wrvveiieieeeeeeeeeeein kdJ

© UCLES 2022 0620/43/0/N/22
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e Calculate the energy change of the reaction.

energy change of the reaction = .............................. kd/mol

3]
(ii) Deduce whether the energy change for this reaction is exothermic or endothermic.

Give a reason for your answer.

2H5

C,Hs H
]
c—-cC
]
H H

(i) State the number of monomer units that are needed to make the part of the polymer
shown.

(ii) Name and draw the structure of the monomer used to make this polymer. Show all of the
atoms and all of the bonds.

structure

[3]

(iii) State the empirical formula of the polymer.

© UCLES 2022 0620/43/0/N/22 [Turn over
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(c) Proteins are natural polymers.

Proteins are broken down into amino acids. The process is similar to how complex
carbohydrates are broken down to give simple sugars.

(i) Name the type of reaction in which proteins are broken down into amino acids.

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

(ii) Name two types of substance that are used to break down proteins into amino acids.
PSSP PRRURO
SO
[2]

(iii) Amino acids are colourless.

A sample containing a mixture of amino acids is separated. Each amino acid is detected
and identified.

e Name the process used to separate the amino acids.
e Name the type of substance used to detect the amino acids.

e Give the symbol of the value used to determine the identity of each amino acid after
separation and detection.

3]
(d) Proteins are natural polymers. Proteins contain amide linkages.
Synthetic polyamides also contain amide linkages.
(i) Name a synthetic polyamide.
....................................................................................................................................... [1]
(ii) Identify the two functional groups present in the monomers used to produce synthetic
polyamides.
1 SRR UR ST
PRSP PRSPPI

[Total: 18]
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