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1	 (a)	� The diagram shows part of the Periodic Table.
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N O F Ne

H

K

	� Answer the following questions using only the symbols of the elements in the diagram.
	� Each symbol may be used once, more than once or not at all.

	� State the symbol of the element that:

	 (i)	� is a monoatomic gas at room temperature

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

	 (ii)	� is a liquid at room temperature

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

	 (iii)	� forms a stable ion of type X2–

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

	 (iv)	� is extracted from hematite

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

	 (v)	� forms an ion whose aqueous solution gives a grey‑green precipitate on addition of aqueous 
ammonia.

	 ........................................................................................................................................  [1]
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	 (b)	� Magnesium has several naturally occurring isotopes.

	 (i)	� State the meaning of the term isotopes.

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

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

	 (ii)	� An isotope of magnesium is shown.

26Mg12

	� Deduce the number of protons and neutrons in this isotope.

	� number of protons ...............................................................................................................

	� number of neutrons .............................................................................................................
� [2]

	 (c)	� Complete the electronic structure of a magnesium atom.

Mg

� [1]

� [Total: 10]
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2	� The table shows the mass of air pollutants, in nanograms, in 1000 cm3 samples of air taken over a 
four month period.

mass of pollutant in 1000 cm3 of air / nanograms

month oxides of
nitrogen

sulfur
dioxide

carbon
monoxide ozone particulates

April 108.2 0.6 1.3 24.6 17.8

May 121.6 1.8 1.6 23.2 19.2

June 126.7 1.6 1.9 22.8 20.0

July 163.9 4.5 2.2 20.1 22.0

	 (a)	� Answer these questions using only the information in the table.

	 (i)	� Name the pollutant that shows a decrease in concentration between April and July.

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

	 (ii)	� Name the pollutant present in the lowest concentration in May.

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

	 (iii)	� Calculate the mass of sulfur dioxide in 250 cm3 of the sample of air taken in April.

� .............................. nanograms  [1]

	 (b)	� Oxides of nitrogen are produced when oxygen combines with nitrogen during thunderstorms.

	 (i)	� State one other source of oxides of nitrogen in the air.

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

	 (ii)	� Give one adverse effect of oxides of nitrogen on health.

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

	 (iii)	� Complete the chemical equation for the reaction of nitrogen with oxygen to form 
nitrogen dioxide.

	 ........  +  2O2    ......NO2� [2]
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	 (c)	� Particulates are tiny solid particles in the air.

	� The movement of these particles is shown by the arrows in the diagram.

	� State the name given to this random motion of particles.

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

� [Total: 8]
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3	� Some properties of four substances, A, B, C and D, are shown in the table.

substance strength
ductility

(how easy it is
to pull into a wire)

hardness conductivity
of heat

A weak poor hard poor

B strong not ductile very hard good

C very strong very good hard good

D weak poor soft good

	� Answer these questions using only the information in the table.

	 (a)	� State which substance, A, B, C or D, is best used in the core of an overhead electricity cable.

	� Explain your answer.

	� substance ...................................................................................................................................

	 explanation .................................................................................................................................

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

	 (b)	� State which substance, A, B, C or D, is best used for the tip of a drill.

	� Explain your answer.

	� substance ...................................................................................................................................

	� explanation .................................................................................................................................

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

� [Total: 6]



7

0620/31/O/N/20© UCLES 2020 [Turn over

4	� The structure of tartaric acid is shown.
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OO H

	 (a)	 (i)	� On the structure, draw a circle around one alcohol functional group.� [1]

	 (ii)	� Deduce the formula of tartaric acid to show the number of carbon, hydrogen and oxygen 
atoms.

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

	 (iii)	� Complete the table to calculate the relative molecular mass of tartaric acid.
	� Use your Periodic Table to help you.

type of atom number
of atoms

relative
atomic mass

carbon 12

hydrogen 6 1 6  1 = 6

oxygen 16

� relative molecular mass = ..............................  [2]

	 (b)	� Acids react with bases such as calcium hydroxide.

	 (i)	� Complete the word equation for the reaction of nitric acid with calcium hydroxide.

nitric acid + calcium
hydroxide

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

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

+ ........................

� [2]

	 (ii)	� An aqueous solution of calcium hydroxide is alkaline.

	� Identify which one of these pH values represents the pH of an alkaline solution.

	� Draw a circle around the correct answer.

	 pH 1            pH 4            pH 7            pH 10� [1]
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	 (iii)	� One way of determining pH is to use a pH meter.

	� Describe one other way of determining pH.

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

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

	 (iv) �Farmers spread calcium hydroxide (slaked lime) on ýelds where crops are grown.

	� Explain why.

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

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

	 (c)	� Calcium carbonate undergoes thermal decomposition.

CaCO3    CaO  +  CO2

	 (i)	� State the meaning of the term thermal decomposition.

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

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

	 (ii)	� Complete the energy level diagram for the thermal decomposition of calcium carbonate by 
writing these words on the diagram:

●ǒ reactant
●ǒ products.

energy

progress of reaction

� [1]

	 (iii)	� Explain, using information on the energy level diagram, how you know that this reaction is 
endothermic.

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

� [Total: 14]
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5	� Ethene is an alkene.

	 (a)	� Draw the structure of ethene to show all of the atoms and all of the bonds.

� [1]

	 (b)	� Ethene reacts with aqueous bromine.

	� State the colour change observed when ethene reacts with aqueous bromine.

	 from ............................................................. to ....................................................................  [2]

	 (c)	� Ethene reacts with steam.

	 (i)	� Name and give the formula of the product of this reaction.

	� name ....................................................................................................................................

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

	 (ii)	� Identify the type of chemical reaction that occurs when ethene reacts with steam.

	� Draw a circle around the correct answer.

	 addition            fermentation            polymerisation            neutralisation� [1]

	 (d)	� Alkenes are produced by cracking hydrocarbons.

	� Complete the chemical equation for the cracking of the hydrocarbon, C16H34, to produce an 
alkene and one other product.

	 C16H34    C6H12  +  .........................� [1]



10

0620/31/O/N/20© UCLES 2020

	 (e)	� Poly(ethene) is produced by combining many ethene molecules.

	 (i)	� Name the general term used to describe the small molecules which combine to form a 
polymer. 

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

	 (ii)	� Nylon is a polymer.

	� State one use for nylon.

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

	 (iii)	� Describe one pollution problem caused by non-biodegradable plastics.

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

� [Total: 10]
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6	� Electrolysis is used to extract metals from metal compounds.

	 (a)	� Describe the electrolysis of molten lead(II) bromide.
	� In your answer include:

●ǒ �a labelled diagram of the apparatus used
●ǒ �the names of the products formed at the positive and the negative electrodes.

	� positive electrode ........................................................................................................................

	� negative electrode ......................................................................................................................

� [5]

	 (b)	� Use the kinetic particle model to describe the arrangement and motion of the particles in 
molten (liquid) lead.

	� arrangement ...............................................................................................................................

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

	 (c)	� Lead is a metal which is soft and has a relatively low melting point.

	� State two other physical properties of metals such as lead.

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

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

	 (d)	� Lead is formed when red lead oxide, Pb3O4, is heated with carbon.

Pb3O4  +  4C    3Pb  +  4CO

	� Explain how this equation shows that Pb3O4 has been reduced.

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

� [Total: 10]
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7	� Catalysts increase the rate of chemical reactions.

	 (a)	� Name the type of metals often used as catalysts.

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

	 (b)	� A student investigated the reaction of zinc powder with excess dilute hydrochloric acid in the 
absence of a catalyst.

Zn  +  2HCl    ZnCl 2  +  H2

	� The student measured the volume of hydrogen gas produced at 10 second intervals.

	� The graph shows the results.

120

100

80

60

40

20

0
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hydrogen
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40 50 7060

	� Answer these questions using information from the graph.

	 (i) �Deduce the volume of hydrogen produced in the ýrst 25 seconds of the experiment.

� volume = .............................. cm3  [1]

	 (ii)	� Explain why no more hydrogen is produced after 50 seconds.

	 ........................................................................................................................................  [1]
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	 (iii)	� The experiment is repeated using a catalyst.

	� Draw a line on the grid to show how the volume of hydrogen changes with time when a 
catalyst is used.

	� All other conditions stay the same.� [2]

	 (iv)	� Describe what effect the following changes have on the rate of the reaction.

●ǒ �The concentration of hydrochloric acid is decreased.

	� All other conditions stay the same.

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

●ǒ �Large pieces of zinc are used.

	� All other conditions stay the same.

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

	 (c)	 (i)	� Describe a test for hydrogen.

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

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

	 (ii)	� State one use of hydrogen.

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

� [Total: 10]



14

0620/31/O/N/20© UCLES 2020

8	� This question is about metals and compounds of metals.

	 (a)	� Identify two correct statements about transition elements.

	� Tick two boxes.

	� All transition elements are metals which are brown in colour.

	� Transition elements have high densities.

	� Compounds of transition elements are white in colour.

	� Transition elements have high melting points.

	� Transition elements are found between Groups IV and V of
	� the Periodic Table.
� [2]

	 (b)	� The table compares the ease of reduction of some metal oxides with carbon.

metal oxide ease of reduction with carbon

cobalt(II) oxide reduced at 450  C

copper(II) oxide reduced below 450  C

magnesium oxide reduced above 1400  C

manganese(II) oxide reduced at 1400  C

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

least reactive most reactive

� [2]
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	 (c)	� Crystals of copper(II) sulfate, CuSO4•5H2O, can be prepared by heating excess copper(II) oxide 
powder with dilute sulfuric acid.

	 (i)	� Describe how to prepare a sample of pure dry copper(II) sulfate crystals after the reaction 
is complete.

	� In your answer describe how to:
●ǒ �remove the excess copper(II) oxide from the reaction mixture
●ǒ �crystallise the copper(II) sulfate
●ǒ �dry the crystals.

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

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

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

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

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

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

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

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

	 (ii)	� Identify the word that best describes copper(II) sulfate.

	� Draw a circle around the correct answer.

	 acid            halogen            polymer            salt� [1]

	 (d)	� A few drops of water are added to a sample of solid anhydrous copper(II) sulfate, CuSO4.

	 (i)	� The reaction is reversible.

CuSO4  +  5H2O    CuSO4•5H2O

	� Draw in the box, the sign for a reversible reaction.� [1]

	 (ii)	� State the colour change observed when water is added to anhydrous copper(II) sulfate.

	 from ............................................................. to .............................................................  [2]

� [Total: 12]



16

0620/31/O/N/20© UCLES 2020

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

–


