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Answer all questions.

1. Ammonia is produced during the Haber process. The reaction is summarised in the diagram 
below.

 (a) Give the name of gas A.  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . [1]

 (b) Name catalyst B and state why it is used. [2]

 

 

 (c) The yield of ammonia is only 28 % therefore 72 % of the gases remain unreacted.

  Describe what happens to these unreacted gases and state why this is important. [2]

 

 

 

nitrogen, N2, 
from the air

450 °C, 200 atm, 
catalyst B

liquid ammonia

unreacted 
gases

gas A, formed 
from natural gas

Reactor
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 (d) The following graph shows the effect of temperature and pressure on the yield of ammonia 
during the Haber process.

10

 Describe how the yield of ammonia varies with temperature and pressure. [2]

 Temperature

 

 

 Pressure

 

 

 (e) Write a balanced symbol equation for the production of ammonia. [3]

  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . + . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . a . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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2. A pupil investigated the effect of temperature on the rate of fermentation using the apparatus 
shown below.

gas syringeconical flask

glucose solution and yeast

 The experiment was carried out three times at five different temperatures. The volume of gas 
collected after 10 minutes was recorded each time. The results are shown below.

Temperature 
(°C)

Volume of gas collected after 10 minutes (cm3 )

1 2 3 Mean

20 9 8 7 8

30 38 40 32 39

40 52 53 54 53

50 35 32 33 33

60 12 11 12 12

 (a) Suggest why the circled value is considered to be anomalous. [1]

 

 

 (b) Plot a graph of the mean volume of gas collected against temperature on the grid 
opposite. [2]
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 (c) State what conclusions can be drawn from the graph. [2]

 

 

 

 

 (d) Write a word equation for the reaction taking place. [2]

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

 (e) Yeast produces a catalyst that allows this reaction to take place. Name the type of catalyst 
produced by yeast. [1]

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

8
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3. Limestone, CaCO3, is an important raw material. It can be converted into other useful materials 
as shown in the diagram below.

 Describe how these reactions can be carried out in a laboratory.
 Your answer should include:

 • the conditions required for each reaction;

 • observations at each stage;

 • equations for the reactions taking place. [6 QWC]

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

6

limestone,
CaCO3

quicklime,
CaO

slaked lime,
Ca(OH)2

Reaction 1 Reaction 2
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4. Sulfuric acid is produced in industry by the contact process.

 (a) The contact process involves four stages. The first two are shown below.

   Stage 1        sulfur   +   oxygen                    sulfur dioxide

   Stage 2        sulfur dioxide   +   oxygen   a   sulfur trioxide

 (i) Name the raw material that provides oxygen in stage 1. [1]

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

 (ii) Describe the last two stages in the contact process (stages 3 and 4). [2]

  Stage 3  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

 

  Stage 4  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

 

 (iii) Name the catalyst used in stage 2. [1]

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

 (b) When concentrated sulfuric acid is added to sugar a black solid is formed.

© WJEC CBAC Ltd.

  In terms of the elements present in sugar, describe what happens during this reaction.
 [2]

 

 

 

6
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5. The following diagram shows the structures of six organic compounds.
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 (a) Name the family to which each of the following pairs of compounds belong. [2]

  B and D  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

  E and F   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

 (b) Describe a chemical test that could be carried out to distinguish between compounds  
C and E. Give the expected result for both compounds. [2]
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 (c) Compound C is one of two isomers that have the molecular formula C4H10.

 (i) Give the meaning of the term isomer. [1]

 

 

 (ii) Draw in the space below the structure of the other isomer of C4H10. [1]

 (d) Give the letter, A-F, of one other compound that has an isomer. Draw the structure of its 
isomer. [2]

  Compound  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

  Structure

© WJEC CBAC Ltd.
8
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6. (a) The following box contains the names of six ionic compounds.
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sodium chloride sodium carbonate copper(II) sulfate

ammonium chloride potassium sulfate lithium carbonate

  State which of the compounds in the box you would expect to

 (i) give a yellow flame in a flame test, [1]

 

 (ii) produce bubbles when reacting with hydrochloric acid. [1]

 

 (b) A student has two colourless solutions in unlabelled bottles. He knows that one is 
potassium chloride and that the other is potassium iodide. Describe a test that could be 
carried out to distinguish between the solutions, giving the observations expected in both 
cases. [3]

 

 

 

 (c) Compounds containing ammonium ions can be identified by heating gently with sodium 
hydroxide solution and testing the gas produced.

  Name the gas produced and describe how you would positively identify this gas. [2]

 

 

 (d) Iron(III) chloride solution produces a brown precipitate when it reacts with sodium 
hydroxide solution.

  Write a balanced ionic equation for this reaction. You should include state symbols. [3]

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

10
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7. A laboratory technician prepared a solution of sodium hydroxide, NaOH, in the following way.

 •	 He weighed out accurately 2.0 g of sodium hydroxide.

 • He dissolved the sodium hydroxide in 250 cm3 of water.

 The relative formula mass (Mr) of sodium hydroxide is 40.

 (a) Use this information to calculate the concentration of this sodium hydroxide solution in 
mol/dm3. [2]

 Concentration of sodium hydroxide solution = . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . mol / dm3

 (b) A student was asked to carry out a titration to check the concentration of the sodium 
hydroxide solution. She carried out the titration using the apparatus shown below.

© WJEC CBAC Ltd.

0.2 mol / dm3 

hydrochloric acid

25 cm3 of sodium hydroxide 
solution and indicator
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  The equation for the reaction taking place is as follows.

 NaOH + HCI NaCl + H2O

  The titration was carried out three times and the results obtained are shown below.

Titration

1 2 3

Volume of hydrochloric 
acid added (cm3 ) 22.2 22.7 22.6

  Calculate the number of moles of hydrochloric acid that reacted and hence the 
concentration of the sodium hydroxide solution. [4]

 Concentration of sodium hydroxide solution = . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . mol / dm3

6
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8. Describe the similarities in the reactions of ethanoic acid and sulfuric acid with metals, 
carbonates and bases. Describe and explain any differences observed. You should include 
relevant equations in your answer. [6 QWC]

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

END OF PAPER
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FORMULAE FOR SOME COMMON IONS

POSITIVE IONS NEGATIVE IONS
Name Formula Name Formula

Aluminium
Ammonium
Barium
Calcium
Copper(II)
Hydrogen
Iron(II)
Iron(III)
Lithium
Magnesium
Nickel
Potassium
Silver
Sodium
Zinc

Al3+

NH4
+

Ba2+

Ca2+

Cu2+

H+

Fe2+

Fe3+

Li+

Mg2+

Ni2+

K+

Ag+

Na+

Zn2+

Bromide
Carbonate
Chloride
Fluoride
Hydroxide
Iodide
Nitrate
Oxide
Sulfate

Br–

CO3
2–

Cl–

F–

OH–

I–

NO3
–

O2–

SO4
2–

© WJEC CBAC Ltd.



(4493-02)

16

1 
H

Hy
dr

og
en

4 
H

e

H
el

iu
m

7 
Li

Li
th

iu
m

9 
B

e

Be
ry

lliu
m

11
 B

B
or

on

12
 C

C
ar

bo
n

14
 N

Ni
tro

ge
n

16
 O

O
xy

ge
n

19
 F

Fl
uo

rin
e

20
 N

e

N
eo

n

23
 N

a

S
od

iu
m

24
 M

g

Ma
gn

es
ium

27
 A

l

Alu
mi

niu
m

28
 S

i

S
ili

co
n

31
 P

Ph
os

ph
oru

s

32
 S

Su
lfu

r

35
 C

l

Ch
lo

rin
e

40
 A

r

A
rg

on

39
 K

Po
tas

siu
m

40
 C

a

C
al

ci
um

45
 S

c

Sc
an

diu
m

48
 T

i

Ti
ta

niu
m

51
 V

Va
na

diu
m

52
 C

r

Ch
rom

ium

55
 M

n

Ma
ng

an
es

e

56
 F

e

Iro
n

59
 C

o

C
ob

al
t

59
 N

i

N
ic

ke
l

64
 C

u

C
op

pe
r

65
 Z

n

Zi
nc

70
 G

a

G
al

liu
m

73
 G

e

Ge
rm

an
ium

75
 A

s

A
rs

en
ic

79
 S

e

Se
len

ium

80
 B

r

Br
om

in
e

84
 K

r

Kr
yp

to
n

86
 R

b

Ru
bid

ium

88
 S

r

St
ro

nti
um

89
 Y

Yt
tri

um

91
 Z

r

Zir
co

niu
m

93
 N

b

Ni
ob

iu
m

96
 M

o

Mo
lyb

den
um

99
 T

c

Te
ch

ne
tiu

m

10
1 
R

u

Ru
the

niu
m

10
3 
R

h

Rh
od

ium

10
6 
Pd

Pa
lla

diu
m

10
8 
Ag

S
ilv

er

11
2 
C

d

Ca
dm

ium

11
5 
In

In
di

um

11
9 
Sn Ti
n

12
2 
Sb

An
tim

on
y

12
8 
Te

Te
llu

riu
m

12
7 
I

Io
di

ne

13
1 
Xe

Xe
no

n

13
3 
C

s

Ca
es

ium

13
7 
Ba

B
ar

iu
m

13
9 
La

La
nth

an
um

17
9 
H

f

Ha
fn

iu
m

18
1 
Ta

Ta
nt

alu
m

18
4 
W

Tu
ng

ste
n

18
6 
R

e

Rh
en

ium

19
0 
O

s

O
sm

iu
m

19
2 
Ir

Iri
di

um

19
5 
P

t

Pl
at

in
um

19
7 
Au

G
ol

d

20
1 
H

g

M
er

cu
ry

20
4 
Tl

Th
all

ium

20
7 
Pb

Le
ad

20
9 
B

i

Bi
sm

ut
h

21
0 
Po

Po
lon

ium

21
0 
At

As
ta

tin
e

22
2 
R

n

R
ad

on

22
3 
Fr

Fr
an

ciu
m

22
6 
R

a

R
ad

iu
m

22
7 
Ac

Ac
tin

ium

3 11 19 37 55 87

2 8654361810
9

17 35

53 85

8 16 34 52 84
8315 33

7 51

6 14 32 50 82

5

13 31 49 81

30 48 80

29 47 79

28 46 78

27 45 77

26 44 76

1

25 43 75

24 42

74

23 41 73

22 40 72

21 39 57 89

4 12 20 38 56 88

PE
R

IO
D

IC
 T

A
B

LE
 O

F 
EL

EM
EN

TS

1
2

G
ro

up
3

4
5

6
7

0

A
X

Z N
am

e

Ke
y:

M
as

s 
nu

m
be

r

At
om

ic
 n

um
be

r
El

em
en

t S
ym

bo
l

© WJEC CBAC Ltd.


