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1  The following techniques are used to separate mixtures.

 A  simple distillation B  fractional distillation C  evaporation

 D  chromatography E  Þ ltration F  diffusion

  From this list, choose the most suitable technique to separate the following.

 (a)  methane from a mixture of the gases, methane and ethane .................. [1]

 (b)  water from aqueous magnesium sulfate .................. [1]

 (c)  glycine from a mixture of the amino acids, glycine and lysine ................... [1]

 (d)  iron Þ lings from a mixture of iron Þ lings and water .................. [1]

 (e)  zinc sulfate crystals from aqueous zinc sulfate .................. [1]

 (f)  hexane from a mixture of the liquids, hexane and octane .................. [1]

[Total: 6]

2  Selenium and sulfur are in Group VI. They have similar properties.

 (a)  One of the main uses of selenium is in photoelectric cells. These cells can change light 

into electrical energy.

 (i)  Name a process which can change light into chemical energy.

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

 (ii)  Name a device which can change chemical energy into electrical energy.

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

 (b)  The electron distribution of a selenium atom is 2 + 8 + 18 + 6.

 (i)  Selenium forms an ionic compound with potassium. Draw a diagram which shows 

the formula of this ionic compound, the charges on the ions and the arrangement of 

the valency electrons around the negative ion.

 Use o to represent an electron from an atom of potassium.

 Use x to represent an electron from an atom of selenium.

[3]
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 (ii)  Draw a diagram showing the arrangement of the valency electrons in one molecule 

of the covalent compound selenium chloride.

 Use x to represent an electron from an atom of selenium.

 Use o to represent an electron from an atom of chlorine.

[3]

 (iii)  Predict two differences in the physical properties of these two compounds.

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

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

 (c)  The selenide ion reacts with water.

Se2�  +  H
2
O  →  HSe�  +  OH�

 What type of reagent is the selenide ion in this reaction? Give a reason for your choice.

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

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

[Total: 13]

3  Iron from the blast furnace is impure. It contains about 4 % carbon and 0.5 % silicon. Most 

of this impure iron is used to make mild steel, an alloy of iron containing less then 0.25 % 

carbon.

 (a)  A jet of oxygen is blown through the molten iron in the presence of a base, usually 

calcium oxide. Explain how the percentage of carbon is reduced and how the silicon is 

removed.

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

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

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

  .....................................................................................................................................  [4]
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 (b) (i)  Why are steel alloys used in preference to iron?

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

 (ii)  State a use of the following alloys.

 mild steel  ...................................................................................................................  

 stainless steel  ......................................................................................................  [2]

 (c)  Both iron and steel have typical metallic structures - a lattice of positive ions and a sea 

of electrons.

 (i)  Suggest an explanation for why they have high melting points.

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

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

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

 (ii)  Explain why, when a force is applied to a piece of steel, it does not break but just 

changes its shape.

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

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

[Total: 11]

4  A major ore of zinc is zinc blende, ZnS. A by-product of the extraction of zinc from this ore is 

sulfur dioxide which is used to make sulfuric acid.

 (a) (i)  Zinc blende is heated in air. Zinc oxide and sulfur dioxide are formed. Write the 

balanced equation for this reaction.

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

 (ii)  Zinc oxide is reduced to zinc by heating with carbon. Name two other reagents 

which could reduce zinc oxide.

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

 (iii)  The zinc obtained is impure. It is a mixture of metals. Explain how fractional distillation 

could separate this mixture.

 zinc bp = 908 °C, cadmium bp = 765 °C, lead bp = 1751 °C

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

  ..............................................................................................................................  [2]
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 (b)  Sulfur dioxide is used to make sulfur trioxide in the Contact Process.

2SO
2
(g)  +  O

2
(g)    2SO

3
(g)

  The forward reaction is exothermic. The conditions used are:

 temperature: 450 °C
 pressure: 2 atmospheres

 catalyst: vanadium(V) oxide

  Explain, mentioning both position of equilibrium and rate, why these conditions give the 

most economic yield.

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

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

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

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

[Total: 10]

5  Hydriodic acid, HI(aq), is a strong acid. Its salts are iodides.

 (a)  It has the reactions of a typical strong acid. Complete the following equations.

 (i) ............Li  +  ............HI  →  ........................  +  ................... [1]

 

(ii) zinc

carbonate
+ + +→

hydriodic

acid

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

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

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

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

[1]

 (iii) MgO  +  ............HI  → + ......................................  [1]

 (b)  Two of the reactions in (a) are acid / base and one is redox. Which one is redox? Explain 

your choice.

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

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

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

 (c)  Describe how you could distinguish between hydriodic, HI(aq), and hydrobromic, HBr(aq) 

acids, by bubbling chlorine through these two acids.

 result with hydriodic acid  ..................................................................................................

 result with hydrobromic acid  .......................................................................................  [2]
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 (d)  20.0 cm3 of aqueous sodium hydroxide, 2.00 mol / dm3, was placed in a beaker. The 

temperature of the alkali was measured and 1.0 cm3 portions of hydriodic acid were 

added. After each addition, the temperature of the mixture was measured. Typical results 

are shown on the graph.

temperature

volume of

acid added
18.0 cm3

NaOH(aq)  +  HI(aq)  →  NaI(aq)  +  H
2
O(l)

 (i)  Explain why the temperature increases rapidly at Þ rst then stops increasing.

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

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

 (ii)  Suggest why the temperature drops after the addition of 18.0 cm3 of acid.

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

 (iii)  In another experiment, it was shown that 15.0 cm3 of the acid neutralised 20.0 cm3 of 

aqueous sodium hydroxide, 1.00 mol / dm3. Calculate the concentration of the acid.

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

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

[Total: 12]

6  The structural formula of a butanol is given below.

CH
3

 � CH
2

 � CH
2

 � CH
2

 � OH

 (a)  Butanol can be made from petroleum and also by fermentation.

 (i)  Describe the chemistry of making butanol from petroleum by the following route.

petroleum  →  butene  →  butanol

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

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

  ..............................................................................................................................  [3]
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 (ii)  Explain, in general terms, what is meant by fermentation.

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

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

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

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

 (b)  Butanol can be oxidised to a carboxylic acid by heating with acidiÞ ed potassium 

manganate(VII). Give the name and structural formula of the carboxylic acid.

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

 structural formula

[1]

 (c)  Butanol reacts with ethanoic acid to form a liquid, X, which has the sweet smell of 

bananas. Its empirical formula is C
3
H

6
O and its M

r
 is 116.

 (i)  What type of compound is liquid X?

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

 (ii)  Give the molecular formula of liquid X.

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

 (iii)  Draw the structural formula of X. Show all the individual bonds.

[2]

[Total: 12]
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7  Excess hydrochloric acid was added to powdered zinc. The hydrogen evolved was collected 

and its volume measured every 20 seconds.

  The experiments were repeated at the same temperature using the same number of moles 

of powdered magnesium and aluminium.

volume of

hydrogen

time

metal C

metal B

metal A

 (a)  Identify metals A, B and C by choosing from zinc, magnesium and aluminium. Give a 

reason for each choice.

 metal A  .............................................................................................................................

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

 metal B  .............................................................................................................................

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

 metal C  .............................................................................................................................

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

 (b)  Using �moles�, explain why two of the metals form the same volume of hydrogen but the 

third metal forms a larger volume.

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

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

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

[Total: 8]
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8  There are two types of polymerisation - addition and condensation.

 (a)  Explain the difference between them.

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

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

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

 (b)  Poly(dichloroethene) is used to package food. Draw its structure. The structural formula 

of dichloroethene is shown below.

C C

Cl

Cl

H

H

[2]

 (c)  The polymer known as PVA is used in paints and adhesives. Its structural formula is 

shown below.

CH
2

CH

OOCCH
3

OOCCH
3

CH
2

CH

  Deduce the structural formula of its monomer.

[1]
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 (d)  A condensation polymer can be made from the following monomers.

HOOC(CH
2
)

4
COOH  and  H

2
N(CH

2
)

6
NH

2

 Draw the structural formula of this polymer.

[3]

[Total: 8]



11

0620/31/M/J/11

BLANK PAGE

© UCLES 2011



12

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.

University of 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.

0620/31/M/J/11© UCLES 2011

G
ro

u
p

1
4

0

C
e

C
e

ri
u

m

5
8

1
4

1

P
r

P
ra

s
e

o
d

y
m

iu
m

5
9

1
4

4

N
d

N
e

o
d

y
m

iu
m

6
0

P
m

P
ro

m
e

th
iu

m

6
1

1
5

0

S
m

S
a

m
a

ri
u

m

6
2

1
5

2

E
u

E
u

ro
p

iu
m

6
3

1
5

7

G
d

G
a

d
o

lin
iu

m

6
4

1
5

9

T
b

T
e

rb
iu

m

6
5

1
6

2

D
y

D
y
s
p

ro
s
iu

m

6
6

1
6

5

H
o

H
o

lm
iu

m

6
7

1
6

7

E
r

E
rb

iu
m

6
8

1
6

9

T
m

T
h

u
liu

m

6
9

1
7

3

Y
b

Y
tt

e
rb

iu
m

7
0

1
7

5

L
u

L
u

te
ti
u

m

7
1

2
3

2

T
h

T
h

o
ri
u

m

9
0

P
a

P
ro

ta
c
ti
n

iu
m

9
1

2
3

8

U
U

ra
n

iu
m

9
2

N
p

N
e

p
tu

n
iu

m

9
3

P
u

P
lu

to
n

iu
m

9
4

A
m

A
m

e
ri
c
iu

m

9
5

C
m

C
u

ri
u

m

9
6

B
k

B
e

rk
e

liu
m

9
7

C
f

C
a

lif
o

rn
iu

m

9
8

E
s

E
in

s
te

in
iu

m

9
9

F
m

F
e

rm
iu

m

1
0

0

M
d

M
e

n
d

e
le

v
iu

m

1
0

1

N
o

N
o

b
e

liu
m

1
0

2

L
r

L
a

w
re

n
c
iu

m

1
0

3

1 H
H

y
d

ro
g

e
n

1

7 L
i

L
it
h

iu
m

3

2
3

N
a

S
o

d
iu

m

1
1

2
4

M
g

M
a

g
n

e
s
iu

m

1
2

4
0

C
a

C
a

lc
iu

m

2
0

4
5

S
c

S
c
a

n
d

iu
m

2
1

4
8 T
i

T
it
a

n
iu

m

2
2

5
1 V

V
a

n
a

d
iu

m

2
3

5
2

C
r

C
h

ro
m

iu
m

2
4

5
5

M
n

M
a

n
g

a
n

e
s
e

2
5

5
6

F
e

Ir
o

n

2
6

5
9

C
o

C
o

b
a

lt

2
7

5
9

N
i

N
ic

k
e

l

2
8

6
4

C
u

C
o

p
p

e
r

2
9

6
5

Z
n

Z
in

c

3
0

7
0

G
a

G
a

lli
u

m

3
1

2
7

A
l

A
lu

m
in

iu
m

1
3

1
1 B

B
o

ro
n

5

1
2 C

C
a

rb
o

n

6

1
4 N

N
it
ro

g
e

n

7

1
6 O

O
x
y
g

e
n

8

1
9 F

F
lu

o
ri
n

e

9

2
8

S
i

S
ili

c
o

n

1
4

3
1 P

P
h

o
s
p

h
o

ru
s

1
5

3
2 S

S
u

lf
u

r

1
6

3
5

.5

C
l

C
h

lo
ri
n

e

1
7

4
0

A
r

A
rg

o
n

1
8

2
0

N
e

N
e

o
n

1
0

4

H
e

H
e

liu
m

2

7
3

G
e

G
e

rm
a

n
iu

m

3
2

7
5

A
s

A
rs

e
n

ic

3
3

7
9

S
e

S
e

le
n

iu
m

3
4

8
0

B
r

B
ro

m
in

e

3
5

8
4

K
r

K
ry

p
to

n

3
6

3
9 K

P
o

ta
s
s
iu

m

1
9

8
8

S
r

S
tr

o
n

ti
u

m

3
8

8
9 Y

Y
tt

ri
u

m

3
9

9
1

Z
r

Z
ir
c
o

n
iu

m

4
0

9
3

N
b

N
io

b
iu

m

4
1

9
6

M
o

M
o

ly
b

d
e

n
u

m

4
2

T
c

T
e

c
h

n
e

ti
u

m

4
3

1
0

1

R
u

R
u

th
e

n
iu

m

4
4

1
0

3

R
h

R
h

o
d

iu
m

4
5

1
0

6

P
d

P
a

lla
d

iu
m

4
6

1
0

8

A
g

S
ilv

e
r

4
7

1
1

2

C
d

C
a

d
m

iu
m

4
8

1
1

5

I
n

In
d

iu
m

4
9

1
1

9

S
n

T
in

5
0

1
2

2

S
b

A
n

ti
m

o
n

y

5
1

1
2

8

T
e

T
e

llu
ri
u

m

5
2

1
2

7

I
Io

d
in

e

5
3

1
3

1

X
e

X
e

n
o

n

5
4

1
3

7

B
a

B
a

ri
u

m

5
6

1
3

9

L
a

L
a

n
th

a
n

u
m

5
7

  
  

  
  

*

1
7

8

H
f

H
a

fn
iu

m

7
2

1
8

1

T
a

T
a

n
ta

lu
m

7
3

1
8

4

W
T

u
n

g
s
te

n

7
4

1
8

6

R
e

R
h

e
n

iu
m

7
5

1
9

0

O
s

O
s
m

iu
m

7
6

1
9

2

I
r

Ir
id

iu
m

7
7

1
9

5

P
t

P
la

ti
n

u
m

7
8

1
9

7

A
u

G
o

ld

7
9

2
0

1

H
g

M
e

rc
u

ry

8
0

2
0

4

T
l

T
h

a
lli

u
m

8
1

2
0

7

P
b

L
e

a
d

8
2

2
0

9

B
i

B
is

m
u

th

8
3

P
o

P
o

lo
n

iu
m

8
4

A
t

A
s
ta

ti
n

e

8
5

R
n

R
a

d
o

n

8
6

F
r

F
ra

n
c
iu

m

8
7

2
2

7

A
c

A
c
ti
n

iu
m

8
9

9

B
e

B
e

ry
lli

u
m

4

I
II

II
I

IV
V

V
I

V
II

0

8
5

R
b

R
u

b
id

iu
m

3
7

1
3

3

C
s

C
a

e
s
iu

m

5
5

2
2

6

R
a

R
a

d
iu

m

8
8

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 X

b

a
 =

 r
e

la
ti
v
e

 a
to

m
ic

 m
a

s
s

X
 =

 a
to

m
ic

 s
y
m

b
o

l

b
 =

 p
ro

to
n

 (
a

to
m

ic
) 

n
u

m
b

e
r

K
e

y

* 5
8

-7
1

 L
a

n
th

a
n

o
id

 s
e

ri
e

s

9
0

-1
0

3
 A

c
ti
n

o
id

 s
e

ri
e

s

D
A

T
A

 S
H

E
E

T

T
h

e
 P

e
ri

o
d

ic
 T

a
b

le
 o

f 
th

e
 E

le
m

e
n

ts


