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1 Using numbers only, state the:

 (a) percentage of oxygen in clean, dry air ............................... [1]

 (b) typical operating temperature, in °°C, used in the Haber process ............................... [1]

 (c) number of atoms in a diatomic molecule ............................... [1]

 (d) maximum number of electrons in the second electron shell of an atom ............................... [1]

 (e) number of hydrogen atoms in an alkane with 7 carbon atoms ............................... [1]

 (f) number of particles in one mole, in standard form. ............................... [1]

 [Total: 6]

2 This question is about ionic compounds.

 (a) State what is meant by the term ionic bond.

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

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

 (b) Potassium sulfide, K2S, is an ionic compound.

  Complete the dot-and-cross diagram in Fig. 2.1 of the ions in potassium sulfide.

  Show the charges on the ions.

.....

K

.....

K

.....

S

Fig. 2.1
 [3]

* 0000800000002 *
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 (c) Ionic compounds form giant ionic lattices.

  (i) Fig. 2.2 shows part of the giant ionic lattice structure of sodium chloride.

   Complete the diagram in Fig. 2.2 to show the ions present. Use ‘+’ for sodium ions 
and ‘–’ for chloride ions. One chloride ion has been completed for you.

–

Fig. 2.2
 [2]

  (ii) State the name given to any positive ion.

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

 (d) Ionic compounds can be decomposed by the passage of an electric current using inert 
electrodes.

  (i) State the name of this process.

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

  (ii) Write the ionic half-equation for the reaction which takes place at the anode when 
molten potassium bromide, KBr, is decomposed by the passage of an electric current.

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

  (iii) Name the products and state the observations at the negative and positive electrodes 
when dilute aqueous potassium bromide, KBr, is decomposed by the passage of an 
electric current.

product at the negative electrode

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

observations at the negative electrode

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

products at the positive electrode

 ................................................................. and  .................................................................

observations at the positive electrode

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

 [Total: 16]

* 0000800000003 *
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3 The halogens are a group of elements in the Periodic Table.

 Chlorine is a member of this group.

 (a) State the group number of the halogens.

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

 (b) State how many halogens there are in this group.

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

 (c) Suggest the identity of the halogen which:

  (i) has the highest density

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

  (ii) is the most reactive.

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

 (d) State the name of the negative ions (anions) formed by halogens.

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

 (e) State how many occupied electron shells there are in a bromine atom.

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

 (f) Name the noble gas which has the same electronic configuration as a Br – ion.

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

 (g) Aqueous chlorine, Cl 2, reacts with aqueous potassium iodide, KI.
  One of the products formed is iodine, I2.

  (i) Complete and balance the ionic equation for the reaction between Cl 2 and I – ions.
   State symbols are not required.

Cl 2  +  ..... I –    ....................  +  I2
 [2]

  (ii) Explain why this reaction is defined as a redox reaction.

   Give your answer in terms of electron transfer.

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

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

 (h) Give the colour and state of iodine at room temperature and pressure.

colour  ........................................................................................................................................

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

 [Total: 13]

* 0000800000004 *
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4 Carbonyl chloride, COCl 2, is manufactured by reacting carbon monoxide with chlorine.

 CO(g)  +  Cl 2(g)    COCl 2(g) ΔH = –105 kJ / mol

 The process takes place in a closed system, and an equilibrium is reached.
 The conditions for this process are 200 °C and 200 kPa.

 (a) Explain what is meant by the term closed system.

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

 (b) State what the symbol ΔH represents.

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

 (c) State how the value of ΔH shows that the forward reaction is exothermic.

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

 (d) Deduce the value of ΔH for the reverse reaction. Include a sign in your answer.

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

 (e) Complete Table 4.1 to show the effect, if any, on the concentration of COCl 2(g) at equilibrium 
when the following changes to the conditions are applied.

  Use only the words increases, decreases or no change.

Table 4.1

change to conditions
effect on the concentration of 

COCl 2(g) at equilibrium

the temperature is increased

some CO is added

the pressure is increased 

a catalyst is added

 [4]

* 0000800000005 *
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 (f) The equation for the reaction can be represented as shown in Fig. 4.1.

 C  O  +  Cl  Cl    C  O
Cl

Cl
 ΔH = –105 kJ / mol

Fig. 4.1

  Table 4.2 shows some bond energies.

Table 4.2

bond C≡O Cl –Cl C–Cl

bond energy in kJ / mol 1075 240 340

  Use the bond energies in Table 4.2 and the value of ΔH for the reaction to calculate the 
bond energy, in kJ / mol, of the C=O bond.

  Use the following steps.

• Calculate the energy needed to break the bonds in the reactants.

 .............................. kJ

• Calculate the energy released when the bonds in carbonyl chloride form.

 .............................. kJ

• Calculate the bond energy of the C=O bond.

 .............................. kJ / mol
 [3]

* 0000800000006 *
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 (g) Complete the dot-and-cross diagram in Fig. 4.2 of a molecule of carbonyl chloride.

  Show outer shell electrons only.

Cl

Cl

C O

Fig. 4.2
 [3]

 [Total: 14]

* 0000800000007 *
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5 Manganese is the element with atomic number 25 in the Periodic Table. 
 Calcium is the element with atomic number 20 in the Periodic Table.

 (a) Complete Table 5.1 to show the number of protons, neutrons and electrons in the 55Mn atom 

and the 42Ca2+ ion.

Table 5.1

55Mn 42Ca2+

protons

neutrons

electrons

 [3]

 (b) Manganese forms several oxides. The formulae of some of these oxides are shown.

MnO

Mn2O3

Mn3O4

MnO2

Mn2O7

  (i) Suggest why manganese is expected to form coloured oxides.

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

  (ii) State which other property of manganese is shown by the formation of several oxides.

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

  (iii) State the formula of manganese(II) oxide.

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

 (c) Mn3O4 is found in an ore of manganese. Manganese metal can be extracted from Mn3O4 
using aluminium as the reducing agent.

  (i) Define the term reducing agent.

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

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

  (ii) Complete the symbol equation by inserting the formula of the missing product and 
balancing the equation.

..... Mn3O4  +  ..... Al    ........................  +  ..... Mn
 [2]

* 0000800000008 *
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 (d) MnO2 reacts with dilute hydrochloric acid as shown in the equation.

MnO2  +  4HCl    MnCl 2  +  2H2O  +  Cl 2

  (i) Calculate the volume of chlorine gas formed, in cm3, at r.t.p. when excess MnO2 reacts 
with 50.0 cm3 of 0.200 mol / dm3 HCl .

   Use the following steps.

• Calculate the number of moles of HCl used.

 .............................. mol

• Determine the number of moles of Cl 2 formed.

 .............................. mol

• Calculate the volume of Cl 2 formed.

 .............................. cm3

 [3]

  (ii) Describe a test for chlorine gas.

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

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

  (iii) Explain, in terms of collision theory, why decreasing the temperature decreases the rate 
of this reaction.

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

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

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

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

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

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

 [Total: 17]

* 0000800000009 *
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6 The structural formulae of two compounds, A and B, are shown.

A B

CH2=CHCH3 CH3CH=CHCH3

 A and B are members of the same homologous series.

 (a) Give two reasons why the structural formulae of A and B show they are members of the 
same homologous series.

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

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

 (b) Explain why A and B are both hydrocarbons.

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

 (c) Write the symbol equation for the complete combustion of A.

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

 (d) Deduce the empirical formula of A.

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

 (e) Name compound B.

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

 (f) A structural isomer of B is a member of the same homologous series.

  Draw the displayed formula of this structural isomer of B.

 [1]

* 0000800000010 *
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 (g) Compound B reacts with aqueous bromine at room temperature to form product C.
  The equation is shown.

 B C
CH3CH=CHCH3  +  Br2    CH3CHBrCHBrCH3

  (i) State why this is an addition reaction.

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

  (ii) Describe the colour change in aqueous bromine during this reaction.

from  .......................................................  to  ................................................................  [1]

  (iii) Name product C.

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

 (h) Under certain conditions, one mole of B reacts with oxygen to form two moles of 
carboxylic acid D.

  Carboxylic acid D has two carbon atoms.

  (i) Draw the displayed formula of carboxylic acid D.

 [1]

  (ii) Name carboxylic acid D.

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

  (iii) Complete the symbol equation for this reaction.

CH3CH=CHCH3  +  .........................    .........................
 [1]

 [Total: 14]

* 0000800000011 *

,����	��������,

ĬÛú¾Ġ´íÈõÏĪÅĊÝû·þ×ĬÝĞûÔĨĝčÙòû®¼Ú¿ĚĀĂĥõĕÕõõåµÅõµÅÅÕĥÕąÕD
O

 N
O

T
 W

R
IT

E
 I
N

 T
H

IS
 M

A
R

G
IN

  
  
  
  
  
  
  
  
  
D

O
 N

O
T

 W
R

IT
E

 I
N

 T
H

IS
 M

A
R

G
IN

  
  
  
  
  
  
  
  
  
D

O
 N

O
T

 W
R

IT
E

 I
N

 T
H

IS
 M

A
R

G
IN

  
  
  
  
  
  
  
  
  
D

O
 N

O
T

 W
R

IT
E

 I
N

 T
H

IS
 M

A
R

G
IN

  
  
  
  
  
  
  
  
  
D

O
 N

O
T

 W
R

IT
E

 I
N

 T
H

IS
 M

A
R

G
IN www.mathtonic.com



12

0620/42/F/M/25© UCLES 2025

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
yd

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
ym

b
o
l

K
e

y

n
a
m

e

re
la

tiv
e
 a

to
m

ic
 m

a
ss

11 N
a

so
d
iu

m

2
3

1
2

M
g

m
a
g
n
e
si

u
m

2
4

1
9 K

p
o
ta

ss
iu

m

3
9

2
0

C
a

ca
lc

iu
m

4
0

3
7

R
b

ru
b
id

iu
m

8
5

3
8 S
r

st
ro

n
tiu

m

8
8

5
5

C
s

ca
e
si

u
m

1
3
3

5
6

B
a

b
a
ri
u
m

1
3
7

8
7 F
r

fr
a
n
ci

u
m

–

8
8

R
a

ra
d
iu

m

–

5 B
b
o
ro

n

11 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 In in

d
iu

m

11
5

8
1 T
l

th
a
lli

u
m

2
0
4

11
3

N
h

n
ih

o
n
iu

m

–

6 C
ca

rb
o
n

1
2

1
4 S
i

si
lic

o
n

2
8

3
2

G
e

g
e
rm

a
n
iu

m

7
3

5
0

S
n

tin 11
9

8
2

P
b

le
a
d

2
0
7

2
2 T
i

tit
a
n
iu

m

4
8

4
0 Z
r

zi
rc

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

va
n
a
d
iu

m

5
1

4
1

N
b

n
io

b
iu

m

9
3

7
3

Ta
ta

n
ta

lu
m

1
8
1

1
0
5

D
b

d
u
b
n
iu

m

–

2
4

C
r

ch
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
st

e
n

1
8
4

1
0
6

S
g

se
a
b
o
rg

iu
m

–

2
5

M
n

m
a
n
g
a
n
e
se

5
5

4
3 Tc

te
ch

n
e
tiu

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
sm

iu
m

1
9
0

1
0
8

H
s

h
a
ss

iu
m

–

2
7

C
o

co
b
a
lt

5
9

4
5

R
h

rh
o
d
iu

m

1
0
3

7
7 Ir

ir
id

iu
m

1
9
2

1
0
9

M
t

m
e
itn

e
ri
u
m

–

2
8 N
i

n
ic

ke
l

5
9

4
6

P
d

p
a
lla

d
iu

m

1
0
6

7
8 P
t

p
la

tin
u
m

1
9
5

11
0

D
s

d
a
rm

st
a
d
tiu

m

–

2
9

C
u

co
p
p
e
r

6
4

4
7

A
g

si
lv

e
r

1
0
8

7
9

A
u

g
o
ld

1
9
7

11
1

R
g

ro
e
n
tg

e
n
iu

m

–

3
0

Z
n

zi
n
c

6
5

4
8

C
d

ca
d
m

iu
m

11
2

8
0

H
g

m
e
rc

u
ry

2
0
1

11
2

C
n

co
p
e
rn

ic
iu

m

–

11
4

F
l

fle
ro

vi
u
m

–

11
6

L
v

liv
e
rm

o
ri
u
m

–

7 N
n
itr

o
g
e
n

1
4

1
5 P

p
h
o
sp

h
o
ru

s

3
1

3
3

A
s

a
rs

e
n
ic

7
5

5
1

S
b

a
n
tim

o
n
y

1
2
2

8
3 B
i

b
is

m
u
th

2
0
9

11
5

M
c

m
o
sc

o
vi

u
m

–

8 O
o
xy

g
e
n

1
6

1
6 S

su
lfu

r

3
2

3
4

S
e

se
le

n
iu

m

7
9

5
2

Te
te

llu
ri
u
m

1
2
8

8
4

P
o

p
o
lo

n
iu

m

–

9 F
flu

o
ri
n
e

1
9

1
7

C
l

ch
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
st

a
tin

e

–

11
7

Ts
te

n
n
e
ss

in
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

kr
yp

to
n

8
4

5
4

X
e

xe
n
o
n

1
3
1

8
6

R
n

ra
d
o
n

–

11
8

O
g

o
g
a
n
e
ss

o
n

–

2
1

S
c

sc
a
n
d
iu

m

4
5

3
9 Y

yt
tr

iu
m

8
9

5
7
–
7
1

la
n
th

a
n
o
id

s

8
9
–
1
0
3

a
ct

in
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
ct

in
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 

is
 2

4
 d

m
3
 a

t 
ro

o
m

 t
e

m
p

e
ra

tu
re

 a
n

d
 p

re
ss

u
re

 (
r.

t.
p

.)
.

a
ct

in
iu

m

–

5
8

C
e

ce
ri
u
m

1
4
0

9
0

T
h

th
o
ri
u
m

2
3
2

5
9 P
r

p
ra

se
o
d
ym

iu
m

1
4
1

9
1

P
a

p
ro

ta
ct

in
iu

m

2
3
1

6
0

N
d

n
e
o
d
ym

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

sa
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
ci

u
m

–

6
4

G
d

g
a
d
o
lin

iu
m

1
5
7

9
6

C
m

cu
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
ys

p
ro

si
u
m

1
6
3

9
8 C
f

ca
lif

o
rn

iu
m

–

6
7

H
o

h
o
lm

iu
m

1
6
5

9
9

E
s

e
in

st
e
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

vi
u
m

–

7
0

Y
b

yt
te

rb
iu

m

1
7
3

1
0
2

N
o

n
o
b
e
liu

m

–

7
1

L
u

lu
te

tiu
m

1
7
5

1
0
3

L
r

la
w

re
n
ci

u
m

–

* 0000800000012 *

,����	��������,

ĬÙú¾Ġ´íÈõÏĪÅĊßù·Ā×ĬÝĞúÔĞďĜÞðôµĚöĝĊøĂĥÅÅÕµõåĕåÕÅÅąÕÅÕĕÕ D
O

 N
O

T
 W

R
IT

E
 I
N

 T
H

IS
 M

A
R

G
IN

  
  
  
  
  
  
  
  
  
D

O
 N

O
T

 W
R

IT
E

 I
N

 T
H

IS
 M

A
R

G
IN

  
  
  
  
  
  
  
  
  
D

O
 N

O
T

 W
R

IT
E

 I
N

 T
H

IS
 M

A
R

G
IN

  
  
  
  
  
  
  
  
  
D

O
 N

O
T

 W
R

IT
E

 I
N

 T
H

IS
 M

A
R

G
IN

  
  
  
  
  
  
  
  
  
D

O
 N

O
T

 W
R

IT
E

 I
N

 T
H

IS
 M

A
R

G
INwww.mathtonic.com


