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This paper consists of the following.

Exercise 1 Implementing and Analysing Determination of the temperature rise during a
neutralisation reaction

Exercise 2 Analysing and Evaluating Determination of the relative molecular mass, Mr,
of a volatile liquid

Exercise 3 Planning The relative molecular mass, Mr, of a Group I metal
carbonate.

An essential part of any practical work is to plan for the most efficient use of the time available.
There is enough time to complete the exercises set provided that a sensible approach is used.

You are advised to spend approximately

40 minutes on Exercise 1
40 minutes on Exercise 2
40 minutes on Exercise 3



3

APW/Jun06/CHM3/P

1.
0

H
H

yd
ro

ge
n

1

4.
0
H

e
H

el
iu

m
2

10
.8
B

B
or

on
5

12
.0
C

C
ar

bo
n

6

14
.0
N

N
itr

og
en

7

16
.0
O

O
xy

ge
n

8

19
.0

F
F

lu
or

in
e

9

20
.2 N

e
N

eo
n

10

27
.0 A

l
A

lu
m

in
iu

m
13

28
.1 S

i
S

ili
co

n
14

31
.0

P
P

ho
sp

ho
ru

s
15

32
.1

S
S

ul
ph

ur
16

35
.5 C

l
C

hl
or

in
e

17

39
.9 A

r
A

rg
on

18

6.
9

L
i

Li
th

iu
m

3

6.
9

L
i

Li
th

iu
m

3

9.
0
B

e
B

er
yl

liu
m

4

I
II

III
IV

V
V

I
V

II
0

*
58

 –
 7

1
La

nt
ha

ni
de

s

†
90

 –
 1

03
A

ct
in

id
es

K
ey

re
la

tiv
e 

at
om

ic
 m

as
s

at
om

ic
 n

um
be

r

T
h

e 
P

er
io

d
ic

 T
ab

le
 o

f 
th

e 
E

le
m

en
ts

�
T

he
 a

to
m

ic
 n

um
be

rs
 a

nd
 a

pp
ro

xi
m

at
e 

re
la

ti
ve

 a
to

m
ic

 m
as

se
s 

sh
ow

n 
in

 t
he

 t
ab

le
 a

re
 f

or
 u

se
 in

 t
he

 e
xa

m
in

at
io

n 
un

le
ss

 s
ta

te
d

ot
he

rw
is

e 
in

 a
n 

in
di

vi
du

al
 q

ue
st

io
n.

23
.0 N

a
S

od
iu

m
11 39

.1
K

P
ot

as
si

um
19

40
.1 C

a
C

al
ci

um
20

45
.0 S

c
S

ca
nd

iu
m

21

47
.9 T

i
T

ita
ni

um
22

50
.9

V
V

an
ad

iu
m

23

52
.0 C

r
C

hr
om

iu
m

24

54
.9 M

n
M

an
ga

ne
se

25

55
.8 F

e
Ir

on
26

58
.9 C

o
C

ob
al

t
27

58
.7 N

i
N

ic
ke

l
28

63
.5 C

u
C

op
pe

r
29

65
.4 Z

n
Z

in
c

30

69
.7 G

a
G

al
liu

m
31

72
.6 G

e
G

er
m

an
iu

m
32

74
.9 A

s
A

rs
en

ic
33

79
.0 S

e
S

el
en

iu
m

34

79
.9 B

r
B

ro
m

in
e

35

83
.8 K

r
K

ry
pt

on
36

85
.5 R

b
R

ub
id

iu
m

37

87
.6 S

r
S

tr
on

tiu
m

38

88
.9

Y
Y

ttr
iu

m
39

91
.2 Z

r
Z

irc
on

iu
m

40

92
.9 N

b
N

io
bi

um
41

95
.9 M

o
M

ol
yb

de
nu

m
42

98
.9 T

c
Te

ch
ne

tiu
m

43

10
1.

1 R
u

R
ut

he
ni

um
44

10
2.

9 R
h

R
ho

di
um

45

10
6.

4 P
d

P
al

la
di

um
46

10
7.

9 A
g

S
ilv

er
47

11
2.

4 C
d

C
ad

m
iu

m
48

11
4.

8 In
In

di
um

49

11
8.

7 S
n

T
in

50

12
1.

8 S
b

A
nt

im
on

y
51

12
7.

6 Te
Te

llu
riu

m
52

12
6.

9 I
Io

di
ne

53

13
1.

3 X
e

X
en

on
54

13
2.

9 C
s

C
ae

si
um

55

13
7.

3 B
a

B
ar

iu
m

56

13
8.

9 L
a

La
nt

ha
nu

m
57

  
  

  
  
*

17
8.

5 H
f

H
af

ni
um

72

18
0.

9 Ta
Ta

nt
al

um
73

18
3.

9 W
Tu

ng
st

en
74

18
6.

2 R
e

R
he

ni
um

75

19
0.

2 O
s

O
sm

iu
m

76

19
2.

2 Ir
Ir

id
iu

m
77

19
5.

1 P
t

P
la

tin
um

78

19
7.

0 A
u

G
ol

d
79

20
0.

6 H
g

M
er

cu
ry

80

20
4.

4 T
l

T
ha

lli
um

81

20
7.

2 P
b

Le
ad

82

20
9.

0 B
i

B
is

m
ut

h
83

21
0.

0 P
o

P
ol

on
iu

m
84

21
0.

0 A
t

A
st

at
in

e
85

22
2.

0 R
n

R
ad

on
86

22
3.

0 F
r

Fr
an

ci
um

87

22
6.

0 R
a

R
ad

iu
m

88

22
7 A

c
A

ct
in

iu
m

89
  

  
  

  
†

14
0.

1 C
e

C
er

iu
m

58

14
0.

9 P
r

Pr
as

eo
dy

m
iu

m
59

14
4.

2 N
d

N
eo

dy
m

iu
m

60

14
4.

9 P
m

P
ro

m
et

hi
um

61

15
0.

4 S
m

S
am

ar
iu

m
62

15
2.

0 E
u

E
ur

op
iu

m
63

15
7.

3 G
d

G
ad

ol
in

iu
m

64

15
8.

9 T
b

Te
rb

iu
m

65

16
2.

5 D
y

D
ys

pr
os

iu
m

66

16
4.

9 H
o

H
ol

m
iu

m
67

16
7.

3 E
r

E
rb

iu
m

68

16
8.

9 T
m

T
hu

liu
m

69

17
3.

0 Y
b

Y
tte

rb
iu

m
70

17
5.

0 L
u

Lu
te

tiu
m

71

23
2.

0 T
h

T
ho

riu
m

90

23
1.

0 P
a

P
ro

ta
ct

in
iu

m
91

23
8.

0 U
U

ra
ni

um
92

23
7.

0 N
p

N
ep

tu
ni

um
93

23
9.

1 P
u

P
lu

to
ni

um
94

24
3.

1 A
m

A
m

er
ic

iu
m

95

24
7.

1 C
m

C
ur

iu
m

96

24
7.

1 B
k

B
er

ke
liu

m
97

25
2.

1 C
f

C
al

ifo
rn

iu
m

98

(2
52

) E
s

E
in

st
ei

ni
um

99

(2
57

) F
m

F
er

m
iu

m
10

0

(2
58

) M
d

M
en

de
le

vi
um

10
1

(2
59

) N
o

N
ob

el
iu

m
10

2

(2
60

) L
r

La
w

re
nc

iu
m

10
3

24
.3 M

g
M

ag
ne

si
um

12



APW/Jun06/CHM3/P

4

Table 1
Proton n.m.r chemical shift data

Type of proton δ/ppm

RCH3 0.7–1.2

R2CH2 1.2–1.4

R3CH 1.4–1.6

RCOCH3 2.1–2.6

ROCH3 3.1–3.9

RCOOCH3 3.7–4.1

ROH 0.5–5.0

Table 2
Infra-red absorption data

Bond Wavenumber/cm–1

C—H 2850–3300

C—C 750–1100

C    C 1620–1680

C    O 1680–1750

C—O 1000–1300

O—H (alcohols) 3230–3550

O—H (acids) 2500–3000

Gas constant R = 8.31 J K–1 mol–1
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Exercise 1 Determination of the temperature rise during a neutralisation reaction

Skills assessed Implementing (8 marks)  and Analysing (2 marks)

Introduction

You are provided with aqueous solutions of nitric acid and sodium hydroxide.  The concentration
of both solutions is 1.00 mol dm–3.  You are required to determine the temperature rise for the
neutralisation of a sample of nitric acid by sodium hydroxide.

Wear eye protection at all times.
Assume that all solutions are toxic and corrosive.

Procedure

1 Rinse a burette with the nitric acid provided.  Set up the burette and, using a funnel, fill it
with the nitric acid provided.

2 Using the burette, transfer 25.0 cm3 of the nitric acid to a clean, dry plastic cup.

3 Measure the temperature of the nitric acid in the cup to one decimal place.  Record your
result.

4 Wash the thermometer with distilled or de-ionised water and dry the thermometer.

5 Rinse a pipette with the sodium hydroxide solution provided.  Using this pipette and a filler,
transfer 25.0 cm3 of the sodium hydroxide solution to a second clean, dry plastic cup.

6 Place the plastic cup containing the sodium hydroxide solution in a beaker to provide
support and additional insulation.  Mount the thermometer in the cup using a clamp and
stand.  The bulb of the thermometer must be fully immersed in the solution.  Place a stirrer
in the cup.

7 Stir the sodium hydroxide solution in the cup and measure the temperature to one decimal
place.  Record your result in the table below.  Every minute for a further three minutes stir
the solution, measure the temperature and record each result in the table.

8 At the fourth minute add the 25.0 cm3 of nitric acid from the plastic cup.  Stir the mixture
but do not record the temperature.

9 Continue to stir the mixture, and measure the temperature at the fifth minute, and then every
subsequent minute up to ten minutes.  Record each temperature in the table.

8

Temperature of the nitric acid / °C

Time / minutes 0 1 2 3 4 5 6 7 8 9 10

Temperature / °C

For Examiner’s use only

M P
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10 Plot a graph of temperature (y-axis) against time (x-axis) on the graph paper below.  Draw
a line of best fit for the points before the fourth minute.  Draw a second line of best fit for
the points after the fourth minute.  Extrapolate both lines to the fourth minute.  Hence
determine an accurate value for the temperature rise at the fourth minute.

Accurate value for the temperature rise ....................... °C

Turn over �
APW/Jun06/CHM3/P
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Exercise 2 Determination of the relative molecular mass, Mr, of a volatile liquid

Skills assessed Analysing (6 marks)  and Evaluating (6 marks)

Introduction

Compound X is a volatile liquid.  In order to determine the relative molecular mass, Mr, of X, a
student carried out six experiments. In each experiment a measured mass of X was injected into an
empty 100 cm3 gas syringe maintained at a pressure of 100 kPa and a temperature of 373 K.  In
each of the six experiments the volume of gas produced was measured.  The student’s results are
shown on the graph on page 9.

The apparatus used is shown in the diagram below.

heating
jacket

thermometer

self-sealing
rubber cap

graduated 100 cm3

gas syringe
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Analysis Full marks can only be scored if you show all your working.

1 Draw a best fit straight line on the graph.

2 Use the graph to determine the volume of gas which would have been produced by 0.10g of X.

Volume of gas ..............................................................................................................................

3 State the ideal gas equation.

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

4 Use your answers to part (2) and part (3) to calculate the Mr of X (R = 8.31 J K–1 mol–1).

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

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

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

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

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

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

5 Assume the maximum errors for the apparatus used in this experiment were

balance ± 0.01 g

gas syringe ± 1 cm3

Estimate the maximum percentage error in using each piece of apparatus, and hence
calculate the overall apparatus error.  Use a mass of 0.10 g and the volume from part (2) to
calculate these errors.

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

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

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

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

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

6
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Evaluation Full marks can only be scored if you show all your working.

1 Consider the graph and comment on the accuracy of the results obtained by the student.  Is
your line of best fit good enough for you to use with confidence?  Identify any anomalous
results.

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

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

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

2 The correct value for the relative molecular mass of X is 72.0.  Calculate the difference
between the student’s value and this correct value.  Express this difference as a percentage of
the correct value.

(If you could not complete the calculation in part (4) of the Analysis section, you should
assume that the student’s value is 78.5.  This is not the correct value.)

Difference ...................................................................................................................................

Percentage ..................................................................................................................................

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

3 Apart from loss of liquid during transfer to the gas syringe, identify one other source of error
in this experiment.  Suggest one improvement to minimise this other source of error.

Source of error ...........................................................................................................................

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

Improvement ...............................................................................................................................

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

4 Would a loss of liquid during transfer to the gas syringe result in a lower value for the Mr of
liquid X?  Explain your answer.

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

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

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

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

Turn over �
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Exercise 3 The relative molecular mass, Mr, of a Group I metal carbonate

Skill assessed Planning (8 marks)

Introduction

A Group I metal carbonate, M2CO3, (relative formula mass, Mr, between 100 and 150) reacts with
hydrochloric acid as shown in the equation below.

M2CO3 +  2HCl → 2MCl  +  H2O  +  CO2

The Mr can be calculated by using the results from a titration in which standard hydrochloric acid
is added from a burette to 25.0 cm3 portions of a solution of the carbonate.  Methyl orange is a
suitable indicator for this titration; it is red in acid and yellow in alkali.

You are provided with a solid sample of the Group I metal carbonate and a 0.100 mol dm–3

solution of hydrochloric acid.

Questions

Use the information above to answer the following questions in the space provided.

1 Suggest a suitable concentration for the Group I metal carbonate solution to be used.
Explain your reasons for choosing this concentration.

2 State the volume of the standard solution of the metal carbonate you would prepare.
Calculate the mass of the Group I metal carbonate you would need to weigh out to prepare
this solution.

3 Describe in detail how you would prepare your standard solution.
You do not need to describe the titration itself.

4 State how much indicator should be used and describe the colour change at the end-point.

5 Show how you would use the titration results to calculate the Mr of the Group I metal
carbonate.

6 State one potential hazard and the relevant safety precautions you would take.

END  OF QUESTIONS

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

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

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

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