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1 (a)	 	The	electronic	structures	of	five	atoms,	A,	B,	C,	D	and	E,	are	shown.

A B C D E

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

	 	Which	atom,	A,	B,	C,	D or E,

 (i)	 	has	a	total	of	8	electrons,	 ..............................		[1]

 (ii)	 	is	in	Group	III	of	the	Periodic	Table,	 ..............................		[1]

 (iii)	 has	13	protons,	 ..............................		[1]

 (iv)	 	is	a	noble	gas,	 ..............................		[1]

 (v)	 	forms	a	stable	ion	with	a	single	negative	charge?	 ..............................		[1]

 (b)	 	Complete	the	table	to	show	the	number	of	electrons,	neutrons	and	protons	in	the	sulfur	atom	
and	oxide	ion	shown.

number	of	electrons number	of	neutrons number	of	protons

34S
16

16

18O2–
8

10

[3]

[Total:	8]

Chemistry · 2017 · May/Jun · Paper 32 · QP · Cambridge
GradeMax



3

0620/32/M/J/17© UCLES 2017 [Turn over

2 (a)	 	The	table	shows	the	ions	present	in	a	1000	cm3	sample	of	rainwater.

ion present formula	of	ion mass	present
in	mg	/	1000	cm3

calcium Ca2+ 1

hydrogencarbonate HCO3
– 3

magnesium Mg2+ 1

potassium K+ 2

sodium Na+ 9

silicate SiO3
2– 1

Cl – 17

	 	Answer	these	questions	using	the	information	from	the	table.

 (i)	 	State	the	name	of	the	ion	Cl –.

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

 (ii)	 	Which	positive	ion	is	present	in	the	highest	concentration?

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

 (iii)	 	Calculate	the	mass	of	potassium	ions	present	in	200	cm3	of	this	sample.

mass	of	potassium	ions	=	..............................	mg		[1]

 (iv)	 	Calculate	the	mass	of	solid	formed	when	all	the	water	is	evaporated	from	the	1000	cm3 

sample.

mass	of	solid	formed	=	..............................	mg		[1]

 (v)	 	Name	the	compound	containing	Na+	ions	and	HCO3
–	ions.

 	.......................................................................................................................................		[1]
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 (b)	 	Describe	a	test	for	potassium	ions.

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

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

 (c)	 	The	formulae	of	some	nitrates	are	given.

	 	aluminium	nitrate,	Al (NO3)3

	 	magnesium	nitrate,	Mg(NO3)2

	 	sodium	nitrate,	NaNO3

	 	Deduce	the	formula	for	potassium	nitrate.

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

 (d)	 	Molten	potassium	bromide	can	be	electrolysed	using	inert	electrodes.

	 	Predict	the	products	of	this	electrolysis	at

	 the	negative	electrode	(cathode),		..............................................................................................

	 the	positive	electrode	(anode).		..................................................................................................
[2]

[Total:	10]
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3	 	The	diagram	shows	part	of	the	structures	of	three	substances,	X,	Y	and	Z,	at	room	temperature	and	
pressure.

Na+ I– Na+ I–

Na+ I– Na+ I–

I– Na+ I– Na+

X Y Z

C O

C O

C
O

C O
C

O

H O

H H

O

H

H

O

H

H

O

H

H

O

H

H

O

H

 (a)	 	Describe	substances	X,	Y	and	Z	in	terms	of

	 ●	 	their	bonding,
	 ●	 	the	arrangement	of	their	particles,
	 ●	 	the	motion	of	their	particles.

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

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

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

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

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

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

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

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

 	..............................................................................................................................................		[5]
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 (b)	 	A	closed	gas	syringe	contains	substance	Z.

Z

end blocked

gas syringe

	 	Describe	what	happens	to	the	volume	of	substance	Z	in	the	syringe	when	the	temperature	is	
increased.	The	pressure	remains	constant.	Explain	your	answer	in	terms	of	particles.

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

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

 (c)	 	Describe	the	colour	change	when	substance	Y	is	added	to	anhydrous	copper(II)	sulfate.

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

 (d)	 	Give	a	reason	why	substance	Y	is	a	compound.

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

[Total:	10]
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4	 	Aluminium	and	zinc	are	both	metals.
	 	Aluminium	is	extracted	from	its	purified	ore	by	electrolysis.

 (a) (i)	 	State	the	name	of	an	ore	of	aluminium.

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

 (ii)	 	Explain	why	aluminium	is	extracted	from	its	purified	ore	by	electrolysis	and	not	by	heating	
with	carbon.

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

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

 (b)	 	Aluminium	reacts	with	hydrochloric	acid	to	form	aluminium	chloride	and	a	gas	which	‘pops’	with	
a	lighted	splint.

 (i)	 	Identify	this	gas.

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

 (ii)	 	Suggest	a	practical	method	for	investigating	the	rate	of	this	reaction	involving	collection	of	
the	gas.

	 You	may	include	a	labelled	diagram	in	your	answer.

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

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

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

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

 (c)	 	State	one	use	of	aluminium.	Give	a	reason	why	it	is	used	for	this	purpose.

 use 	.............................................................................................................................................

	 reason		........................................................................................................................................
[2]
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 (d)	 	Give	two	advantages	of	recycling	aluminium.

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

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

 (e)	 	Zinc	is	extracted	from	zinc	oxide	by	heating	zinc	oxide	with	carbon	monoxide.

ZnO  +  CO    Zn  +  CO2

 (i)	 	How	does	this	equation	show	that	zinc	oxide	is	reduced?

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

 (ii)	 	The	energy	level	diagram	for	this	reaction	is	shown.

energy

Zn + CO2

ZnO + CO

	 	Explain	how	this	diagram	shows	that	the	reaction	is	endothermic.

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

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

[Total:	12]
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Question 5 starts on the next page.
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5	 	The	structure	of	lactic	acid	is	shown.

H O C

H

C

H

OO

H

H C H

 (a) (i)	 	On	the	structure	shown	draw	a	circle	around	the	carboxylic	acid	functional	group.	 [1]

 (ii)	 	State	the	name	of	one	other	functional	group	found	in	lactic	acid.

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

 (b)	 	Give	the	molecular	formula	of	lactic	acid	showing	the	number	of	carbon,	hydrogen	and	oxygen	
atoms.

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

 (c)	 	Complete	the	structure	of	ethanol.	Show	all	of	the	atoms	and	all	of	the	bonds.

C C

[2]

 (d)	 	The	table	shows	the	properties	of	some	alcohols.

alcohol melting	point
/	°C

boiling	point
/	°C volatility

methanol –98 65 decreases

ethanol –114

propanol –126 98

butanol –89 117

 (i)	 	What	is	the	meaning	of	the	term	volatility?

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

 (ii)	 	Which	alcohol	in	the	table	has	the	highest	melting	point?

 	.......................................................................................................................................		[1]
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 (iii)	 	Predict	the	boiling	point	of	ethanol.

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

 (iv)	 	What	is	the	state	of	propanol	at	120	°C?	Explain	your	answer.

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

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

 (e) (i)	 	Complete	this	chemical	equation	for	the	incomplete	combustion	of	methanol.

CH3OH		+		...............		 		CO		+		......H2O

[2]

 (ii)	 	Calculate	the	relative	molecular	mass	of	methanol,	CH3OH.
	 	Show	all	your	working.
	 	Use	your	Periodic	Table	to	help	you.

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

[Total:	14]
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6 (a)	 	The	table	shows	the	properties	of	some	types	of	steel.

type
of steel

density
in	g	/	cm3

resistance
to corrosion

relative
strength

relative
hardness

L 7.80 poor 4.8 200

M 7.82 very	good 5.1 210

N 7.85 good 4.6 210

	 	Which	type	of	steel,	L,	M or N,	would	be	best	to	reinforce	concrete?
	 	Give	two	reasons	for	your	answer.

	 type	of	steel	.................

	 reason	1		.....................................................................................................................................

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

 (b)  Steel	is	an	alloy.

	 	Which	diagram,	P,	Q,	R or S,	represents	an	alloy?

Fe Fe Fe Fe

Fe Fe Fe Fe

Fe Fe Fe Fe

C Fe C Fe

Fe Fe Fe C

Fe C Fe Fe

S S S C

S C C S

C S S C

C C C C

C C C C

C C C C

P Q R S

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

 (c)	 	Iron	is	a	transition	element.

	 	State	three	properties	of	transition	elements	which	are	not	shown	by	Group	I	elements.

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

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

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

 (d)	 	Iron	reacts	with	hydrochloric	acid	to	form	iron(II)	chloride	and	hydrogen.

	 	Complete	the	chemical	equation	for	this	reaction.

Fe		+		......HCl    FeCl 2		+		...............
[2]
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 (e)	 	Some	information	about	the	reaction	of	four	metals	with	oxygen	is	given.

	 copper:	 surface	turns	black	slowly	when	heated	strongly
	 iron:	 thin	wire	burns	when	heated	strongly
	 gold:	 remains	a	gold	colour	when	heated	strongly
	 potassium:	 bursts	into	flame	when	heated	gently

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

least reactive most reactive

[2]

 (f)	 	The	table	compares	the	time	taken	for	reaction	of	iron	with	methanoic	acid,	phosphoric	acid	and	
propanoic	acid,	each	at	three	different	concentrations.	The	time	taken	for	the	iron	to	decrease	
in	mass	by	1.0	g	was	measured.	All	other	conditions	were	kept	the	same.

acid
time	taken	for	reaction	/	hours

concentration	of	acid
0.01	mol	/	dm3

concentration	of	acid
0.02	mol	/	dm3

concentration	of	acid
0.04	mol	/	dm3

methanoic	acid 98 47 20

phosphoric	acid 9 5 2

propanoic	acid 220 102 45

 (i)	 	How	does	the	concentration	of	acid	affect	the	rate	of	reaction?

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

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

 (ii)	 	Which	acid	reacts	most	rapidly	with	the	iron?

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

 (iii)	 	Predict	how	long	it	would	take	for	the	iron	to	decrease	in	mass	by	1.0	g	using	propanoic	acid	
of	concentration	0.03	mol	/	dm3.

time	taken	=	..............................	hours		[1]

 (iv)	 	Suggest	which	one	of	these	pH	values	is	the	pH	of	concentrated	aqueous	phosphoric	acid.	
Draw	a	circle	around	the	correct	answer.

pH	2																				pH	7																				pH	9																				pH	13
[1]

[Total:	14]
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7	 	Sulfur	is	an	element	in	Group	VI	of	the	Periodic	Table.

 (a)	 	What	is	the	meaning	of	the	term	element?

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

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

 (b)	 	Give	one	source	and	one	use	of	sulfur.

 source 	........................................................................................................................................

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

 (c)	 	When	sulfur	vapour	touches	a	cold	surface	it	changes	directly	to	a	solid.

	 	What	is	the	name	given	to	this	change	of	state?

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

 (d)	 	Sulfur	dioxide	and	oxides	of	nitrogen	are	both	atmospheric	pollutants.

	 ●	 	Give	the	sources	of	these	gases.
	 ●	 	Describe	the	effects	of	these	pollutants	on	the	environment.
	 ●	 	Describe	the	effects	of	these	pollutants	on	health.

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

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

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

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

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

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

 	..............................................................................................................................................		[5]
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 (e)	 	Sulfur	and	zinc	are	both	insoluble	in	water.
	 	Sulfur	does	not	react	with	hydrochloric	acid	but	zinc	reacts	to	form	a	soluble	salt	and	a	gas	

which	escapes	into	the	air.

	 	Suggest	how	you	could	prepare	a	pure	dry	sample	of	sulfur	from	a	mixture	of	sulfur	powder	
and	zinc	powder.

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

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

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

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

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

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

[Total:	12]

Chemistry · 2017 · May/Jun · Paper 32 · QP · Cambridge
GradeMax



16

0620/32/M/J/17© UCLES 2017

G
ro

u
p

T
h

e
 P

e
ri

o
d

ic
 T

a
b

le
 o

f 
E

le
m

e
n

ts

1 H
h

y
d

ro
g

e
n

1

2

H
e

h
e

liu
m

4

I
II

II
I

IV
V

V
I

V
II

V
II

I

3 L
i

lit
h

iu
m

7

4 B
e

b
e

ry
lli

u
m

9

a
to

m
ic

 n
u

m
b

e
r

a
to

m
ic

 s
y
m

b
o

l

K
e

y

n
a

m
e

re
la

ti
v
e

 a
to

m
ic

 m
a

s
s

1
1

N
a

s
o

d
iu

m

2
3

1
2

M
g

m
a

g
n

e
s
iu

m

2
4

1
9 K

p
o

ta
s
s
iu

m

3
9

2
0

C
a

c
a

lc
iu

m

4
0

3
7

R
b

ru
b

id
iu

m

8
5

3
8

S
r

s
tr

o
n

ti
u

m

8
8

5
5

C
s

c
a

e
s
iu

m

1
3

3

5
6

B
a

b
a

ri
u

m

1
3

7

8
7

F
r

fr
a

n
c
iu

m

–

8
8

R
a

ra
d

iu
m

–

5 B
b

o
ro

n

1
1

1
3

A
l

a
lu

m
in

iu
m

2
7

3
1

G
a

g
a
lli
u
m

7
0

4
9

I
n

in
d
iu
m

1
1
5

8
1 T
l

th
a
lli
u
m

2
0
4

6 C
c
a
rb
o
n

1
2

1
4 S
i

s
ili
c
o
n

2
8

3
2

G
e

g
e
rm
a
n
iu
m

7
3

5
0

S
n
ti
n

1
1
9

8
2

P
b

le
a
d

2
0
7

2
2 T
i

ti
ta
n
iu
m

4
8

4
0

Z
r

z
ir
c
o
n
iu
m

9
1

7
2

H
f

h
a
fn
iu
m

1
7
8

1
0
4

R
f

ru
th
e
rf
o
rd
iu
m

–

2
3 V

v
a
n
a
d
iu
m

5
1

4
1

N
b

n
io
b
iu
m

9
3

7
3

T
a

ta
n
ta
lu
m

1
8
1

1
0
5

D
b

d
u
b
n
iu
m

–

2
4

C
r

c
h
ro
m
iu
m

5
2

4
2

M
o

m
o
ly
b
d
e
n
u
m

9
6

7
4

W
tu
n
g
s
te
n

1
8
4

1
0
6

S
g

s
e
a
b
o
rg
iu
m

–

2
5

M
n

m
a
n
g
a
n
e
s
e

5
5

4
3

T
c

te
c
h
n
e
ti
u
m

– 7
5

R
e

rh
e
n
iu
m

1
8
6

1
0
7

B
h

b
o
h
ri
u
m

–

2
6

F
e

ir
o
n

5
6

4
4

R
u

ru
th
e
n
iu
m

1
0
1

7
6

O
s

o
s
m
iu
m

1
9
0

1
0
8

H
s

h
a
s
s
iu
m

–

2
7

C
o

c
o
b
a
lt

5
9

4
5

R
h

rh
o
d
iu
m

1
0
3

7
7

I
r

ir
id
iu
m

1
9
2

1
0
9

M
t

m
e
it
n
e
ri
u
m

–

2
8

N
i

n
ic
k
e
l

5
9

4
6

P
d

p
a
lla
d
iu
m

1
0
6

7
8

P
t

p
la
ti
n
u
m

1
9
5

1
1
0

D
s

d
a
rm
s
ta
d
ti
u
m

–

2
9

C
u

c
o
p
p
e
r

6
4

4
7

A
g

s
ilv
e
r

1
0
8

7
9

A
u

g
o
ld

1
9
7

1
1
1

R
g

ro
e
n
tg
e
n
iu
m

–

3
0

Z
n

z
in
c

6
5

4
8

C
d

c
a
d
m
iu
m

1
1
2

8
0

H
g

m
e
rc
u
ry

2
0
1

1
1
2

C
n

c
o
p
e
rn
ic
iu
m

–

1
1
4

F
l

fl
e
ro
v
iu
m

–

1
1
6

L
v

liv
e
rm
o
ri
u
m

–

7 N
n
it
ro
g
e
n

1
4

1
5 P

p
h
o
s
p
h
o
ru
s

3
1

3
3

A
s

a
rs
e
n
ic

7
5

5
1

S
b

a
n
ti
m
o
n
y

1
2
2

8
3 B
i

b
is
m
u
th

2
0
9

8 O
o
x
y
g
e
n

1
6

1
6 S

s
u
lf
u
r

3
2

3
4

S
e

s
e
le
n
iu
m

7
9

5
2

T
e

te
llu
ri
u
m

1
2
8

8
4

P
o

p
o

lo
n

iu
m

–

9 F
fl
u

o
ri
n

e

1
9

1
7

C
l

c
h

lo
ri
n

e

3
5

.5

3
5

B
r

b
ro

m
in

e

8
0

5
3 I

io
d

in
e

1
2

7

8
5

A
t

a
s
ta

ti
n

e

–

1
0

N
e

n
e

o
n

2
0

1
8

A
r

a
rg

o
n

4
0

3
6

K
r

k
ry

p
to

n

8
4

5
4

X
e

x
e

n
o

n

1
3

1

8
6

R
n

ra
d

o
n

–

2
1

S
c

s
c
a

n
d

iu
m

4
5

3
9 Y

y
tt

ri
u

m

8
9

5
7

–
7

1

la
n

th
a

n
o

id
s

8
9

–
1

0
3

a
c
ti
n

o
id

s

5
7

L
a

la
n

th
a

n
u

m

1
3

9

8
9

A
c

la
n

th
a

n
o

id
s

a
c
ti
n

o
id

s

T
h

e
 v

o
lu

m
e

 o
f 

o
n

e
 m

o
le

 o
f 

a
n

y
 g

a
s
 i
s
 2

4
 d

m
3
 a

t 
ro

o
m

 t
e

m
p

e
ra

tu
re

 a
n

d
 p

re
s
s
u

re
 (

r.
t.

p
.)

.

a
c
ti
n

iu
m

–

5
8

C
e

c
e

ri
u

m

1
4
0

9
0

T
h

th
o
ri
u
m

2
3
2

5
9

P
r

p
ra
s
e
o
d
y
m
iu
m

1
4
1

9
1

P
a

p
ro
ta
c
ti
n
iu
m

2
3
1

6
0

N
d

n
e
o
d
y
m
iu
m

1
4
4

9
2 U

u
ra
n
iu
m

2
3
8

6
1

P
m

p
ro
m
e
th
iu
m

– 9
3

N
p

n
e
p
tu
n
iu
m

–

6
2

S
m

s
a
m
a
ri
u
m

1
5
0

9
4

P
u

p
lu
to
n
iu
m

–

6
3

E
u

e
u
ro
p
iu
m

1
5
2

9
5

A
m

a
m
e
ri
c
iu
m

–

6
4

G
d

g
a
d
o
lin
iu
m

1
5
7

9
6

C
m

c
u
ri
u
m

–

6
5

T
b

te
rb
iu
m

1
5
9

9
7

B
k

b
e
rk
e
liu
m

–

6
6

D
y

d
y
s
p
ro
s
iu
m

1
6
3

9
8

C
f

c
a
lif
o
rn
iu
m

–

6
7

H
o

h
o
lm
iu
m

1
6
5

9
9

E
s

e
in
s
te
in
iu
m

–

6
8

E
r

e
rb
iu
m

1
6
7

1
0
0

F
m

fe
rm
iu
m

–

6
9

T
m

th
u
liu
m

1
6
9

1
0
1

M
d

m
e
n
d
e
le
v
iu
m

–

7
0

Y
b

y
tt
e
rb
iu
m

1
7
3

1
0
2

N
o

n
o
b
e
liu
m

–

7
1

L
u

lu
te
ti
u
m

1
7
5

1
0
3

L
r

la
w
re
n
c
iu
m

–

Chemistry · 2017 · May/Jun · Paper 32 · QP · Cambridge
GradeMax


