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1 Solution X is dilute hydrochloric acid of unknown concentration. A student uses titration with 

aqueous sodium carbonate, Na2CO3(aq), to determine the concentration of solution X.

 The student plans to prepare 250.0 cm3 of 0.500 mol dm–3 aqueous sodium carbonate, 

Na2CO3(aq).

 (a) (i) Calculate the mass of Na2CO3(s) needed to make 250.0 cm3 of 0.500 mol dm–3 

Na2CO3(aq), using a two decimal place balance.

 mass of Na2CO3(s) = .............................. g [1]

  (ii) Describe how the student should make 250.0 cm3 of 0.500 mol dm–3 Na2CO3(aq) starting 

from the mass of Na2CO3(s) calculated in (i) supplied in a 50 cm3 beaker.

   Give the name and size of any key apparatus to be used.

   Write your answer using a series of numbered steps.

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

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

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

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

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

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

 .....................................................................................................................................  [3]
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 (b) The student incorrectly makes up the 250.0 cm3 of Na2CO3(aq) and the concentration is not 

0.500 mol dm–3. The student calls this solution Y.

  The student uses the following method to determine both the concentration of solution X and 

the concentration of solution Y.

step 1 Transfer 25.0 cm3 of solution Y into a conical flask using a volumetric pipette. Add a 

few drops of methyl orange.

step 2 Titrate the sample in the conical flask with solution X.

step 3 Transfer a fresh 25.0 cm3 portion of solution Y into a second conical flask, but do not 

add methyl orange.

step 4 Use the burette to add the volume of solution X used in step 2 to the second conical 

flask.

step 5 Measure and record the mass of a dry evaporating basin.

step 6 Transfer the contents of the second conical flask into the evaporating basin.

step 7 Use a water bath to heat the solution in the evaporating basin until all the water is 

evaporated and only solid remains.

step 8 Measure and record the mass of the evaporating basin and solid residue.

  (i) In step 1, 25.0 cm3 of solution Y is transferred using a volumetric pipette. 

   State what the volumetric pipette should be rinsed with before carrying out step 1.

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

  (ii) Describe how the student detects the end-point of the titration in step 2.

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

  (iii) Explain why the evaporating basin is not heated directly with a Bunsen burner in step 7.

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

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

  (iv) Suggest what the student should do to ensure all of the water has evaporated from the 

residue before completing step 8.

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

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

 .....................................................................................................................................  [1]
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 (c) The student’s burette readings taken in step 2 are shown in Fig. 1.1.

1

2

3

initial

13

14

15

final

Fig. 1.1

  (i) Use Fig. 1.1 to complete Table 1.1.

Table 1.1

burette reading (final) / cm3

burette reading (initial) / cm3

volume of solution X added / cm3

 [2]

  (ii) Calculate the percentage error in the volume of solution X calculated in (i).

   Show your working.

 percentage error = .............................. [1]
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 (d) A second student repeats the experiment in (b) using solution X and 25.0 cm3 of solution Y. 

The results are shown in Table 1.2.

Table 1.2

volume of solution X added in titration / cm3 13.35

mass of dry evaporating basin / g 44.52

mass of evaporating basin and solid residue / g 45.69

  The reaction that takes place in the titration is:

2HCl (aq) + Na2CO3(aq)  2NaCl (aq) + H2O(l) + CO2(g)

  Using the results in Table 1.2, calculate the following:

• the amount, in mol, of sodium chloride

 amount of sodium chloride = .............................. mol

• the concentration of solution X and the concentration of solution Y.

 concentration of solution X = .............................. mol dm–3

 concentration of solution Y = .............................. mol dm–3

 [3]

 (e) State what happens to the value obtained for the concentration of solution Y if not all the 

water is evaporated in step 7.

  Explain your answer.

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

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

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

 [Total: 16]
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2 A group of students uses the following method to investigate the change in mass that takes place 

when metal M combines with sulfur to form a metal sulfide.

step 1 Weigh a clean crucible and lid using a balance. Record the mass.

step 2 Place a coiled length of metal wire into the crucible and weigh the crucible, lid and wire.

step 3 Cover the metal wire in the crucible with a large quantity of powdered sulfur and replace 

the lid.

step 4 Heat the crucible in a fume hood until the crucible glows red. Continue heating strongly 

until no more sulfur can be seen.

step 5  Allow the apparatus to cool and weigh the crucible, lid and residue.

heat

tripod

coiled length of metal wire

covered with sulfur
crucible

lid

Fig. 2.1

 (a)  (i) Fig. 2.1 shows how the apparatus is set up when heating the crucible in step 4.

   Identify the missing piece of apparatus used to support the crucible during heating.

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

  (ii) Suggest why the students heat their crucibles in a fume hood in step 4.

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

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

  (iii) Suggest why a large quantity of powdered sulfur is used in step 3.

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

 .....................................................................................................................................  [1]
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 (b) Five students each use a different mass of M.

  Their results are shown in Table 2.1.

  Complete Table 2.1 by inserting values for the mass of M and the mass of sulfur which reacts 

for each student.

Table 2.1

student 1 student 2 student 3 student 4 student 5

mass of crucible and lid / g 34.15 38.28 35.68 33.70 36.84

mass of crucible, lid and M / g 35.58 39.42 36.54 34.27 37.13

mass of crucible, lid and 

residue after heating / g
36.04 39.70 36.74 34.42 37.19

mass of M / g

mass of sulfur which reacts / g

 [1]

 (c) Identify the independent variable in this experiment.

 .............................................................................................................................................  [1]
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 (d) (i) Plot a graph on the grid in Fig. 2.2 to show the relationship between mass of sulfur which 

reacts and mass of M.

   Use a cross (×) to plot each data point. Draw a straight line of best fit which includes the 

origin.

0.00
0.0 0.2 0.4 0.6 0.8

mass of M / g

1.0 1.2 1.4 1.6

0.05

0.10

0.15

0.20

0.25

0.30

0.35

0.40

0.45

0.50

mass of

sulfur

which

reacts

/ g

Fig. 2.2

 [2]
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  (ii) Circle the point on the graph you consider to be most anomalous.

   Suggest one reason why this anomaly may have occurred during this experimental 

procedure.

   Assume no error was made in the measurement of any mass.

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

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

 (e) Determine the gradient of your line of best fit.

  State the coordinates of both points you used in your calculation.

  These must be selected from your line of best fit.

  Give your gradient to three significant figures.

  coordinates 1 .............................. coordinates 2 ..............................

 gradient = .............................. [2]

 (f) Use your line of best fit in Fig. 2.2 to determine if the results obtained by the students are 

reliable.

  Explain your answer.

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

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

 .............................................................................................................................................  [1]
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 (g) Another student suggests that the metal M used in the experiment is strontium, Sr, which 

forms strontium sulfide, SrS, when heated with sulfur.

  (i) Deduce the gradient of the line of best fit for the graph of mass of sulfur which reacts 

against mass of strontium for the compound SrS.

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

  (ii) Use your answer to (i) to explain if the results of the experiment support the student’s 

suggestion.

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

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

 [Total: 14]

Important values, constants and standards

molar gas constant R = 8.31 J K–1 mol–1

Faraday constant F = 9.65 × 104 C mol–1

Avogadro constant L = 6.022 × 1023 mol–1

electronic charge e = –1.60 × 10–19 C

molar volume of gas Vm = 22.4 dm3 mol–1 at s.t.p. (101 kPa and 273 K)

Vm = 24.0 dm3 mol–1 at room conditions

ionic product of water Kw = 1.00 × 10–14 mol2 dm–6 (at 298 K (25 °C))

specific heat capacity of water c = 4.18 kJ kg–1 K–1 (4.18 J g–1 K–1)
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To avoid the issue of disclosure of answer-related information to candidates, all copyright acknowledgements are reproduced online in the Cambridge 

Assessment International Education Copyright Acknowledgements Booklet. This is produced for each series of examinations and is freely available to download 

at www.cambridgeinternational.org after the live examination series.

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
.0

2

H
e

h
e
liu

m

4
.0

1
2

1
3

1
4

1
5

1
6

1
7

1
8

3
4

5
6

7
8

9
1
0

1
1

1
2

3 L
i

lit
h
iu

m

6
.9

4 B
e

b
e
ry

lli
u
m

9
.0

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
.0

1
2

M
g

m
a
g
n
e
s
iu

m

2
4
.3

1
9 K

p
o
ta

s
s
iu

m

3
9
.1

2
0

C
a

c
a
lc

iu
m

4
0
.1

3
7

R
b

ru
b
id

iu
m

8
5
.5

3
8

S
r

s
tr

o
n
ti
u
m

8
7
.6

5
5

C
s

c
a
e
s
iu

m

1
3
2
.9

5
6

B
a

b
a
ri
u
m

1
3
7
.3

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
0
.8

1
3

A
l

a
lu

m
in

iu
m

2
7
.0

3
1

G
a

g
a
lli

u
m

6
9
.7

4
9

In
in

d
iu

m

1
1
4
.8

8
1 T
l

th
a
lli

u
m

2
0
4
.4

6 C
c
a
rb

o
n

1
2
.0

1
4 S
i

s
ili

c
o
n

2
8
.1

3
2

G
e

g
e
rm

a
n
iu

m

7
2
.6

5
0

S
n

ti
n

1
1
8
.7

8
2

P
b

le
a
d

2
0
7
.2

2
2 T
i

ti
ta

n
iu

m

4
7
.9

4
0

Z
r

z
ir
c
o
n
iu

m

9
1
.2

7
2

H
f

h
a
fn

iu
m

1
7
8
.5

1
0
4

R
f

ru
th

e
rf

o
rd

iu
m

–

2
3 V

v
a
n
a
d
iu

m

5
0
.9

4
1

N
b

n
io

b
iu

m

9
2
.9

7
3

T
a

ta
n
ta

lu
m

1
8
0
.9

1
0
5

D
b

d
u
b
n
iu

m

–

2
4

C
r

c
h
ro

m
iu

m

5
2
.0

4
2

M
o

m
o
ly

b
d
e
n
u
m

9
5
.9

7
4

W
tu

n
g
s
te

n

1
8
3
.8

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
4
.9

4
3

T
c

te
c
h
n
e
ti
u
m

– 7
5

R
e

rh
e
n
iu

m

1
8
6
.2

1
0
7

B
h

b
o
h
ri
u
m

–

2
6

F
e

ir
o
n

5
5
.8

4
4

R
u

ru
th

e
n
iu

m

1
0
1
.1

7
6

O
s

o
s
m

iu
m

1
9
0
.2

1
0
8

H
s

h
a
s
s
iu

m

–

2
7

C
o

c
o
b
a
lt

5
8
.9

4
5

R
h

rh
o
d
iu

m

1
0
2
.9

7
7 Ir

ir
id

iu
m

1
9
2
.2

1
0
9

M
t

m
e
it
n
e
ri
u
m

–

2
8

N
i

n
ic

k
e
l

5
8
.7

4
6

P
d

p
a
lla

d
iu

m

1
0
6
.4

7
8

P
t

p
la

ti
n
u
m

1
9
5
.1

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
3
.5

4
7

A
g

s
ilv

e
r

1
0
7
.9

7
9

A
u

g
o
ld

1
9
7
.0

1
1
1

R
g

ro
e
n
tg

e
n
iu

m

–

3
0

Z
n

z
in

c

6
5
.4

4
8

C
d

c
a
d
m

iu
m

1
1
2
.4

8
0

H
g

m
e
rc

u
ry

2
0
0
.6

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
.0

1
5 P

p
h
o
s
p
h
o
ru

s

3
1
.0

3
3

A
s

a
rs

e
n
ic

7
4
.9

5
1

S
b

a
n
ti
m

o
n
y

1
2
1
.8

8
3 B
i

b
is

m
u
th

2
0
9
.0

8 O
o
x
y
g
e
n

1
6
.0

1
6 S

s
u
lf
u
r

3
2
.1

3
4

S
e

s
e
le

n
iu

m

7
9
.0

5
2

T
e

te
llu

ri
u
m

1
2
7
.6

8
4

P
o

p
o
lo

n
iu

m

–

9 F
fl
u
o
ri
n
e

1
9
.0

1
7

C
l

c
h
lo

ri
n
e

3
5
.5

3
5

B
r

b
ro

m
in

e

7
9
.9

5
3 I

io
d
in

e

1
2
6
.9

8
5

A
t

a
s
ta

ti
n
e

–

1
0

N
e

n
e
o
n

2
0
.2

1
8

A
r

a
rg

o
n

3
9
.9

3
6

K
r

k
ry

p
to

n

8
3
.8

5
4

X
e

x
e
n
o
n

1
3
1
.3

8
6

R
n

ra
d
o
n

–

1
1
3

N
h

n
ih

o
n
iu

m

–

1
1
5

M
c

m
o
s
c
o
v
iu

m

–

1
1
7

T
s

te
n
n
e
s
s
in

e

–

1
1
8

O
g

o
g
a
n
e
s
s
o
n

–

2
1

S
c

s
c
a
n
d
iu

m

4
5
.0

3
9 Y

y
tt
ri
u
m

8
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
8
.9

8
9

A
c

la
n
th

a
n
o
id

s

a
c
ti
n
o
id

s
a
c
ti
n
iu

m

–

5
8

C
e

c
e
ri
u
m

1
4
0
.1

9
0

T
h

th
o
ri
u
m

2
3
2
.0

5
9

P
r

p
ra

s
e
o
d
y
m

iu
m

1
4
0
.9

9
1

P
a

p
ro

ta
c
ti
n
iu

m

2
3
1
.0

6
0

N
d

n
e
o
d
y
m

iu
m

1
4
4
.2

9
2 U

u
ra

n
iu

m

2
3
8
.0

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
.4

9
4

P
u

p
lu

to
n
iu

m

–

6
3

E
u

e
u
ro

p
iu

m

1
5
2
.0

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
.3

9
6

C
m

c
u
ri
u
m

–

6
5

T
b

te
rb

iu
m

1
5
8
.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
2
.5

9
8

C
f

c
a
lif

o
rn

iu
m

–

6
7

H
o

h
o
lm

iu
m

1
6
4
.9

9
9

E
s

e
in

s
te

in
iu

m

–

6
8

E
r

e
rb

iu
m

1
6
7
.3

1
0
0

F
m

fe
rm

iu
m

–

6
9

T
m

th
u
liu

m

1
6
8
.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

1
0
2

N
o

n
o
b
e
liu

m

–

7
1

L
u

lu
te

ti
u
m

1
7
5
.0

1
0
3

L
r

la
w

re
n
c
iu

m

–

* 0000800000012 *

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
IN

PMT




