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1 The names of eight substances are given.
aluminium oxide calcium oxide ethanol
iron(III) oxide methane oxygen

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

State which substance is:

(a) the main constituent of natural gas
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nitrogen

silicon(IV) oxide

[Total: 6]



3

2 (a) %Na, 3Na and 3{Na are isotopes of sodium.

(i) Describe how these sodium isotopes are the same and how they are different in terms of
the total number of protons, neutrons and electrons in each.

[3]
(ii) Why do all three isotopes have an overall charge of zero?
....................................................................................................................................... [1]
(iii) Why do all three isotopes have the same chemical properties?
....................................................................................................................................... [2]
(iv) Why do sodium ions have a charge of +1?
....................................................................................................................................... [1]
(b) Carbon is an element which exists in different forms.
(i) Name two forms of the element carbon that have giant covalent structures.
............................................................... AN e [1]
(ii) Name the oxide of carbon that is a toxic gas.
....................................................................................................................................... [1]

[Total: 9]
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3 This question is about phosphorus and compounds of phosphorus.

(a) Phosphorus has the formula P,. Some properties of P, are shown.

melting point/°C 45
boiling point/°C 280

electrical conductivity | non-conductor

solubility in water insoluble

(i) Name the type of bonding that exists between the atoms in a P, molecule.

....................................................................................................................................... [1]
(iii) Explain why phosphorus is a non-conductor of electricity.
....................................................................................................................................... [1
(b) Phosphorus, P,, reacts with air to produce phosphorus(V) oxide, P,0O,,.
(i) Write a chemical equation for this reaction.
....................................................................................................................................... [2]
(ii) What type of chemical reaction is this?
....................................................................................................................................... [1

(c) Phosphorus(V) oxide, P,0,,, is an acidic oxide.

Phosphorus(V) oxide, P,0,,, reacts with aqueous sodium hydroxide to form a salt containing
the phosphate ion, PO,*. Water is the only other product.

Write a chemical equation for the reaction between phosphorus(V) oxide and aqueous
sodium hydroxide.
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(d) Phosphine has the formula PH,.

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

7

[2]
(e) Phosphine, PH,, has a similar chemical structure to ammonia, NH,.
Ammonia acts as a base when it reacts with sulfuric acid.
(i) What is meant by the term base?
....................................................................................................................................... [1]
(i) Write a chemical equation for the reaction between ammonia and sulfuric acid.
....................................................................................................................................... [2]
[Total: 13]
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4 Methanol is made industrially by reacting carbon monoxide with hydrogen. The gases react at a
temperature of 250°C and a pressure of 75 atmospheres.

CO(g) + 2H,(g) = CH,0OH(g)
The forward reaction is exothermic.

(a) Suggest a source of hydrogen for this industrial process.

.............................................................................................................................................. [1
(b) Complete the table using only the words increases, decreases or no change.
effect on the rate effect on the equilibrium
of the reverse reaction yield of CH,OH(g)
adding a catalyst no change
increasing the temperature increases
decreasing the pressure
[4]
(c) Methanol is a member of the homologous series of alcohols.
(i) State two general characteristics of a homologous series.
ettt e e et eeeeeeeeee—ee——eeeeeeeeeeiat—eeeeeeeeeeaat——eeeeeeeaaaaaareeeteeeeeaaabaraeeaaeeeeaaaarrrneees
2 e e e oo oo t—eeeeeeeeeeeeeaee—e—eeeeeeeeaeat—eeeeeeeaaaatteeeeeeaeaaaaaa————raaaeeeeaaaarranaees
(2]

(ii) Draw the structures of two different alcohols, each containing three carbon atoms. Show
all of the atoms and all of the bonds.

Name these two alcohols.

[4]
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(iii) What term is used to describe compounds with the same molecular formula but different
structural formulae?

....................................................................................................................................... [1]
(d) Alcohols react with carboxylic acids to produce esters.
(i) The structure of ester X is shown.
@)
H—C// b H
N
O—(|3—C|:—H
H H
Name ester X.
....................................................................................................................................... [1]

(ii) Give the name of the carboxylic acid and the alcohol that react together to produce ester X.

Lo7= o T0) 4 Y] [ Twr=Ted o NN PSP
=] (7o o PP
[2]
(iii) EsterY is different from ester X but also has the formula C,H,O.,.
Draw the structure of ester Y. Show all of the atoms and all of the bonds.

[Total: 17]
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5 Copper(Il) sulfate crystals, CuSO,.5H,0, are hydrated.
Copper(II) sulfate crystals are made by reacting copper(Il) carbonate with dilute sulfuric acid.
The equation for the overall process is shown.
CuCO, + H,SO, + 4H,0 —» CuSO,.5H,0 + CO,

step1 Powdered solid copper(ll) carbonate is added to 50.0cm? of 0.05mol/dm? sulfuric acid
until the copper(II) carbonate is in excess.

step 2 The excess of copper(Il) carbonate is separated from the aqueous copper(II) sulfate.
step 3 The aqueous copper(ll) sulfate is heated until the solution is saturated.

step 4 The solution is allowed to cool and crystallise.

step 5 The crystals are removed and dried.

(a) Calculate the maximum mass of the copper(Il) sulfate crystals, CuSO,.5H,0, that can form
using the following steps.

0 Calculate the number of moles of H,SO, in 50.0cm? of 0.05mol/dm? H,SO,.
.............................. mol
0 Determine the number of moles of CuSO,.5H,0 that can form.
.............................. mol
0 The M. of CuSO,.5H,0 is 250.
Calculate the maximum mass of CuSO,.5H,0 that can form.
.............................. g
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(b) Steps 1-5 were done correctly but the mass of crystals obtained was less than the maximum
mass.

Explain why.

(c) State two observations that would indicate that the copper(II) carbonate is in excess in step 1.

(d) When the reaction in step 1 is done using lumps of copper(ll) carbonate instead of powder,
the rate of reaction decreases. All other conditions are kept the same.

Give a reason for this. Explain your answer in terms of particles.

(e) Name a different substance, other than copper(Il) carbonate, that could be added to dilute
sulfuric acid to produce copper(Il) sulfate in step 1.

(f) Name the process used to separate the aqueous copper(Il) sulfate from the excess of
copper(Il) carbonate in step 2.

.............................................................................................................................................. [1]
(g) The solution of aqueous copper(Il) sulfate was heated until it was saturated in step 3.
(i) Suggest what is meant by the term saturated solution.
....................................................................................................................................... [2]
(i) What evidence would show that the solution was saturated in step 3?
....................................................................................................................................... [1]
(iii) Why should the aqueous copper(Il) sulfate not be heated to dryness in step 3?
....................................................................................................................................... [1]

[Total: 14]
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6 The halogens are the elements in Group VIl of the Periodic Table.
(a) Predict the physical state and colour of astatine at room temperature and pressure.

PRYSICAI STALE ...ttt e e

o] o] U | RSP RRRRPRRRPR
(2]
(b) When chlorine reacts with aqueous potassium bromide a displacement reaction occurs.
(i) Describe the colour change of the solution.
L0 1.0 R (o TS
[2]
(ii) Write a chemical equation for this reaction.
....................................................................................................................................... [2]

(c) Reactions occur when some aqueous solutions of halogens are added to aqueous solutions of
halides.

Use the key to complete the table to show the results of adding halogens to halides.

key
v = reaction
X = no reaction

halides
KCl(aq) KBr(aq) KI(aq)
” Cl,(aq) v
&
t_o:D Br,(aq)
2
I(aq)
[2]
[Total: 8]
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(a) Displacement reactions occur between metals and metal ions.

Displacement reactions can be used to determine the order of reactivity of metals such as
lead (Pb), nickel (Ni), and silver (Ag).

The ionic equation for a displacement reaction is shown.
Ni(s) + Pb?(aq) — Pb(s) + Ni*(aq)
The ionic half-equations for this reaction are shown.
Ni(s) — Ni**(aq) + 2e-
Pb*(aq) + 2e- — Pb(s)

The ionic half-equations show that electrons are donated by nickel atoms and accepted by
lead ions.

(i) Identify the reducing agent in the displacement reaction. Give a reason for your answer.
(=Y [0 T3 g T =T 1= o | S
(== To] o OO UUPPPRTP

(ii) What is the general term given to the type of reaction in which electrons are transferred
from one species to another?

....................................................................................................................................... [1]
(b) The ionic equation for another displacement reaction is shown.
Pb(s) + 2Ag*(aq) — 2Ag(s) + Pb*(aq)
Write the two ionic half-equations for this reaction.
ettt et e ee e heee e teeeeeeeeeteeeaeeeeaseeeeaseeeeaseeeaasseeaaseeeanseeeaseeeaseeeaneeeaeeeeanneeeanneeeanneeeanreaans
PRSPPI
[2]

(c) Use the information in (a) and (b) to put the three metals lead, nickel and silver in order of

reactivity.

most reactive

T

least reactive

[1]
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(d) Nickel is a transition element. Nickel is stronger than sodium.

Describe two other differences in the physical properties of nickel and sodium.

(e) Predict one difference in the appearance of aqueous solutions of nickel compounds compared
to aqueous solutions of sodium compounds.

.............................................................................................................................................. 1
(f) Copper is reyned (puriyed) by electrolysis. Nickel can be reyned using a similar method.
(i) The diagram shows the reyning of nickel by electrolysis.
Complete the labels in the boxes.
power
supply
anode made of cathode made of
electrolyte of
[3]
(ii) Indicate, by writing N on the diagram, where nickel is produced. [

[Total: 13]

© UCLES 2019 0620/42/M/J/19



13

BLANK PAGE

© UCLES 2019 0620/42/M/J/19



14

BLANK PAGE

© UCLES 2019 0620/42/M/J/19



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 2019 0620/42/M/J/19



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 wniouelsy
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/19

© UCLES 2019



