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1	� Element X can undergo the following physical changes.

gaseous X
boiling or

evaporation

liquid X

solid X

2

4

3

1

	 (a)	 (i)	 �Give the scientific name for each of the numbered physical changes.

	 1 ...........................................................................................................................................

	 2 ...........................................................................................................................................

	 3 ...........................................................................................................................................

	 4 ...........................................................................................................................................
� [4]

	 (ii)	� Explain why the changes shown are physical changes.

	 ..............................................................................................................................................

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

	 (iii)	 �One difference between boiling and evaporation is the rate at which the processes occur.

	� State one other difference between boiling and evaporation.

	 ..............................................................................................................................................

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

	 (b)	 �Describe the separation, arrangement and motion of particles of element X in the solid state.

	 separation ...................................................................................................................................

	 arrangement ...............................................................................................................................

	 motion .........................................................................................................................................
� [3]

	 (c)	� Element X is a Group I metal. It burns in air to form an oxide X2O.

	 Write a chemical equation for this reaction.

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

� [Total: 11]
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2	 �Magnesium, calcium and strontium are Group II elements.

	 (a)	 �Complete the table to show the arrangement of electrons in a calcium atom.

shell number 1 2 3 4

number of electrons

� [1]

	 (b)	 �Describe how the arrangement of electrons in a strontium atom is:

	 (i)	� similar to the arrangement of electrons in a calcium atom

	 ..............................................................................................................................................

	 ..............................................................................................................................................

	 (ii)	� different from the arrangement of electrons in a calcium atom.

	 ..............................................................................................................................................

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

	 (c)	� Calcium reacts with cold water to form two products:

●● �a colourless gas, P, which ‘pops’ with a lighted splint
●● �a weakly alkaline solution, Q, which turns milky when carbon dioxide is bubbled through it.

	 (i)	� Name gas P.

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

	 (ii)	 �Identify the ion responsible for making solution Q alkaline.

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

	 (iii)	� Suggest the pH of solution Q.

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

	 (iv)	� Write a chemical equation for the reaction of calcium with cold water.

	 ........................................................................................................................................  [2]
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	 (d)	 �Magnesium reacts with chlorine to form magnesium chloride, MgCl 2. Magnesium chloride is 
an ionic compound.

	 (i)	� Complete the diagrams to show the electronic structures of the ions in magnesium chloride. 
Show the charges on the ions.

Cl

......

Mg

......

Cl

......

� [3]

	 (ii)	� Give three physical properties that are typical of ionic compounds such as MgCl 2.

	 1 ...........................................................................................................................................

	 2 ...........................................................................................................................................

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

	 (e)	� Aqueous magnesium chloride is added to aqueous silver nitrate. A white precipitate forms.

	� Write an ionic equation for this reaction. Include state symbols.

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

� [Total: 16]
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3	� Sulfur is an important element.

	 (a)	 �Explain how burning fossil fuels containing sulfur leads to the formation of acid rain.

	 .....................................................................................................................................................

	 .....................................................................................................................................................

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

	 (b)	 �Sulfuric acid is manufactured by the Contact process. One step in the Contact process involves 
a reversible reaction in which sulfur trioxide, SO3, is formed.

	 (i)	 �Write a chemical equation for this reversible reaction. Include the correct symbol to show 
that the reaction is reversible.

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

	 (ii)	 �State the conditions and name the catalyst used in this reversible reaction.

	 temperature .........................................................................................................................

	 pressure ...............................................................................................................................

	 catalyst ................................................................................................................................
� [3]

	 (iii)	 �Describe how the sulfur trioxide formed is converted into sulfuric acid in the next steps of 
the Contact process.

	 ..............................................................................................................................................

	 ..............................................................................................................................................

	 ........................................................................................................................................  [2]
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	 (c)	� Dilute sulfuric acid is used to make salts known as sulfates.

	 �A method consisting of three steps is used to make zinc sulfate from zinc carbonate.

	 step 1	 �Add an excess of zinc carbonate to 20 cm3 of 0.4 mol / dm3 dilute sulfuric acid until 
the reaction is complete.

	 step 2	� Filter the mixture.

	 step 3	 �Heat the filtrate until a saturated solution forms and then allow it to crystallise.

	 (i)	 �Name a suitable piece of apparatus for measuring 20 cm3 of dilute sulfuric acid in step 1.

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

	 (ii)	� State two observations which would show that the reaction is complete in step 1.

	 1 ...........................................................................................................................................

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

	 (iii)	 �Why is it important to add an excess of zinc carbonate in step 1?

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

	 (iv)	 �What is meant by the term saturated solution in step 3?

	 ..............................................................................................................................................

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

	 (v)	� The equation for the reaction is shown.

ZnCO3(s)  +  H2SO4(aq)    ZnSO4(......)  +  H2O(l)  +  CO2(g)

	 �Complete the equation by inserting the state symbol for zinc sulfate.� [1]

	 (vi)	 �Name another zinc compound which could be used to make zinc  sulfate from dilute 
sulfuric acid using this method.

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

	 (vii)	� Suggest why this method would not work to make barium sulfate from barium carbonate 
and dilute sulfuric acid.

	 ........................................................................................................................................  [1]
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	 (d)	 �In a titration, a student added 25.0 cm3 of 0.200 mol / dm3 aqueous sodium  hydroxide to a 
conical  flask. The student then added a few drops of methyl  orange to the solution in the 
conical flask.

	 �Dilute sulfuric acid was then added from a burette to the conical flask. The volume of dilute 
sulfuric acid needed to neutralise the aqueous sodium hydroxide was 20.0 cm3.

2NaOH  +  H2SO4    Na2SO4  +  2H2O

	 (i)	� What was the colour of the methyl orange in the aqueous sodium hydroxide?

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

	 (ii)	 �Determine the concentration of the dilute sulfuric acid in g / dm3.

	 ●	 �Calculate the number of moles of aqueous sodium hydroxide added to the conical 
flask.

� .............................. mol

	 ●	 �Calculate the number of moles of dilute sulfuric acid added from the burette.

� .............................. mol

	 ●	 �Calculate the concentration of the dilute sulfuric acid in mol / dm3.

� .............................. mol / dm3

	 ●	 �Calculate the concentration of the dilute sulfuric acid in g / dm3.

� .............................. g / dm3

� [4]
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	 (e)	� Iron(II) sulfate decomposes when heated strongly.

2FeSO4(s)    Fe2O3(s)  +  SO2(g)  +  SO3(g)

	 �15.20 g of FeSO4(s) was heated and formed 4.80 g of Fe2O3(s).

	 [Mr, FeSO4 = 152; Mr, Fe2O3 = 160]

	� Calculate the percentage yield for this reaction.

� .............................. %  [3]

� [Total: 26]
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4	 �A student investigated the progress of the reaction between dilute hydrochloric acid, HCl, and an 
excess of large pieces of marble, CaCO3, using the apparatus shown.

gas syringe

dilute
hydrochloric acid an excess of large

pieces of marble

	 (a)	� A graph of the volume of gas produced against time is shown.

150

100

50

0

volume of gas
produced / cm3

0 30 60 90 120

time / s

150 180 210 240

	 (i)	� How does the shape of the graph show that the rate of reaction decreased as the reaction 
progressed?

	 ..............................................................................................................................................

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

	 (ii)	� Why did the rate of reaction decrease as the reaction progressed?

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

	 (iii)	 �After how many seconds did the reaction finish?

� .............................. s  [1]

	 (b)	 �The experiment was repeated using the same mass of smaller pieces of marble. All other 
conditions were kept the same.

	� Draw a graph on the grid to show the progress of the reaction using the smaller pieces of 
marble.� [2]
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	 (c)	� The original experiment was repeated at a higher temperature. All other conditions were kept 
the same.

	 �Describe and explain, in terms of collisions between particles, the effect of using a higher 
temperature on the time taken for the reaction to finish.

	 .....................................................................................................................................................

	 .....................................................................................................................................................

	 .....................................................................................................................................................

	 .....................................................................................................................................................

	 .....................................................................................................................................................

	 .....................................................................................................................................................

	 .....................................................................................................................................................

	 .....................................................................................................................................................

	 ...............................................................................................................................................  [5]

� [Total: 10]
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5	 �Alkynes are a homologous series of unsaturated hydrocarbons.
	 �All members contain a C≡C triple bond.

	 (a)	 �Complete the table showing information about the first three alkynes.

formula C2H2 C3H4

structure H–C≡C–H H–C≡C–CH3 H–C≡C–CH2–CH3

name ethyne butyne

� [2]

	 (b)	 �Complete the dot-and-cross diagram to show the electron arrangement in a molecule of ethyne, 
H–C≡C–H. Show outer shell electrons only.

H HC C

� [2]

	 (c)	� Compounds in the same homologous series have the same general formula.

	 (i)	� Give two other characteristics of members of a homologous series.

	 1 ...........................................................................................................................................

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

	 (ii)	 �Use the information in the table in (a) to deduce the general formula of alkynes.

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

	 (d)	 �Alkynes are unsaturated.

	 �Describe a test for unsaturation.

	 test ..............................................................................................................................................

	 result ...........................................................................................................................................
� [2]
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	 (e)	 (i)	 �Name an oxidising agent which can be used to oxidise ethanol to ethanoic acid.

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

	 (ii)	 �Draw the structure of ethanoic acid. Show all of the atoms and all of the bonds.

� [1]

	 (f)	 �Carboxylic acids can be converted into esters.

	 (i)	 �The ester formed by reacting propanoic acid and methanol has the molecular formula 
C4H8O2.

	 �Name this ester and draw its structure. Show all of the atoms and all of the bonds.

	 name of the ester .................................................................................................................

	 structure of the ester

� [2]

	 (ii)	� Name another ester with the molecular formula C4H8O2.

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

	 (g)	� Polyesters are polymers.

	 (i)	� What type of polymerisation is used in the manufacture of polyesters?

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

	 (ii)	� Name a polyester.

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

� [Total: 17]



13

0620/42/O/N/18© UCLES 2018

BLANK PAGE



14

0620/42/O/N/18© UCLES 2018

BLANK PAGE



15

0620/42/O/N/18© UCLES 2018

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 International 
Examinations Copyright Acknowledgements Booklet. This is produced for each series of examinations and is freely available to download at www.cie.org.uk after 
the live examination series.

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

BLANK PAGE



16

0620/42/O/N/18© UCLES 2018

G
ro

up

Th
e 

Pe
rio

di
c 

Ta
bl

e 
of

 E
le

m
en

ts

1 H
hy

dr
og

en
1

2 H
e

he
liu

m
4

I
II

III
IV

V
V

I
V

II
V

III

3 Li
lit

hi
um 7

4 B
e

be
ry

lli
um

9

at
om

ic
 n

um
be

r

at
om

ic
 s

ym
bo

l

K
ey

na
m

e
re

la
tiv

e 
at

om
ic

 m
as

s

11 N
a

so
di

um
23

12 M
g

m
ag

ne
si

um
24

19 K
po

ta
ss

iu
m

39

20 C
a

ca
lc

iu
m

40

37 R
b

ru
bi

di
um

85

38 S
r

st
ro

nt
iu

m
88

55 C
s

ca
es

iu
m

13
3

56 B
a

ba
riu

m
13

7

87 Fr
fra

nc
iu

m
–

88 R
a

ra
di

um –

5 B bo
ro

n
11 13 A
l

al
um

in
iu

m
27 31 G
a

ga
lli
um
70 49 In in
di
um

11
5

81 Tl
th
al
liu
m

20
4

6 C
ca
rb
on

12 14 S
i

si
lic
on

28 32 G
e

ge
rm
an
iu
m

73 50 S
n tin 11
9

82 P
b

le
ad
20
7

22 Ti
tit
an
iu
m

48 40 Zr
zi
rc
on
iu
m

91 72 H
f

ha
fn
iu
m

17
8

10
4

R
f

ru
th
er
fo
rd
iu
m

–

23 V
va
na
di
um

51 41 N
b

ni
ob
iu
m

93 73 Ta
ta
nt
al
um

18
1

10
5

D
b

du
bn
iu
m

–

24 C
r

ch
ro
m
iu
m

52 42 M
o

m
ol
yb
de
nu
m

96 74 W
tu
ng
st
en

18
4

10
6

S
g

se
ab
or
gi
um

–

25 M
n

m
an
ga
ne
se

55 43 Tc
te
ch
ne
tiu
m

– 75 R
e

rh
en
iu
m

18
6

10
7

B
h

bo
hr
iu
m

–

26 Fe iro
n

56 44 R
u

ru
th
en
iu
m

10
1

76 O
s

os
m
iu
m

19
0

10
8

H
s

ha
ss
iu
m

–

27 C
o

co
ba
lt

59 45 R
h

rh
od
iu
m

10
3

77 Ir
iri
di
um

19
2

10
9

M
t

m
ei
tn
er
iu
m

–

28 N
i

ni
ck
el

59 46 P
d

pa
lla
di
um

10
6

78 P
t

pl
at
in
um

19
5

11
0

D
s

da
rm
st
ad
tiu
m

–

29 C
u

co
pp
er

64 47 A
g

si
lv
er

10
8

79 A
u

go
ld

19
7

11
1

R
g

ro
en
tg
en
iu
m

–

30 Zn zi
nc 65 48 C
d

ca
dm
iu
m

11
2

80 H
g

m
er
cu
ry

20
1

11
2

C
n

co
pe
rn
ic
iu
m

–

11
4 Fl

fle
ro
vi
um

–

11
6

Lv
liv
er
m
or
iu
m

–

7 N
ni
tro
ge
n

14 15 P
ph
os
ph
or
us

31 33 A
s

ar
se
ni
c

75 51 S
b

an
tim
on
y

12
2

83 B
i

bi
sm
ut
h

20
9

8 O
ox
yg
en

16 16 S su
lfu
r

32 34 S
e

se
le
ni
um

79 52 Te
te
llu
riu
m

12
8

84 P
o

po
lo

ni
um

–

9 F
flu

or
in

e
19 17 C
l

ch
lo

rin
e

35
.5

35 B
r

br
om

in
e

80 53 I
io

di
ne

12
7

85 A
t

as
ta

tin
e

–

10 N
e

ne
on 20 18 A
r

ar
go

n
40 36 K
r

kr
yp

to
n

84 54 X
e

xe
no

n
13

1

86 R
n

ra
do

n
–

21 S
c

sc
an

di
um

45 39 Y
yt

tri
um 89

57
–7

1
la

nt
ha

no
id

s

89
–1

03
ac

tin
oi

ds

57 La
la

nt
ha

nu
m

13
9

89 A
c

la
nt

ha
no

id
s

ac
tin

oi
ds

Th
e 

vo
lu

m
e 

of
 o

ne
 m

ol
e 

of
 a

ny
 g

as
 is

 2
4 

dm
3  a

t r
oo

m
 te

m
pe

ra
tu

re
 a

nd
 p

re
ss

ur
e 

(r.
t.p

.).

ac
tin

iu
m

–

58 C
e

ce
riu

m
14
0

90 Th th
or
iu
m

23
2

59 P
r

pr
as
eo
dy
m
iu
m

14
1

91 P
a

pr
ot
ac
tin
iu
m

23
1

60 N
d

ne
od
ym
iu
m

14
4

92 U
ur
an
iu
m

23
8

61 P
m

pr
om
et
hi
um

– 93 N
p

ne
pt
un
iu
m

–

62 S
m

sa
m
ar
iu
m

15
0

94 P
u

pl
ut
on
iu
m

–

63 E
u

eu
ro
pi
um

15
2

95 A
m

am
er
ic
iu
m

–

64 G
d

ga
do
lin
iu
m

15
7

96 C
m

cu
riu
m

–

65 Tb te
rb
iu
m

15
9

97 B
k

be
rk
el
iu
m

–

66 D
y

dy
sp
ro
si
um

16
3

98 C
f

ca
lif
or
ni
um

–

67 H
o

ho
lm
iu
m

16
5

99 E
s

ei
ns
te
in
iu
m

–

68 E
r

er
bi
um

16
7

10
0

Fm fe
rm
iu
m

–

69 Tm th
ul
iu
m

16
9

10
1

M
d

m
en
de
le
vi
um

–

70 Y
b

yt
te
rb
iu
m

17
3

10
2

N
o

no
be
liu
m

–

71 Lu lu
te
tiu
m

17
5

10
3 Lr

la
w
re
nc
iu
m

–


