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1 The concentration of aqueous chloride ions can be found by titration with aqueous silver nitrate, 

AgNO3(aq).

Ag+(aq) + Cl  –(aq)  AgCl(s)

 The indicator used is aqueous potassium chromate(VI), K2CrO4(aq).

 As AgNO3(aq) is added to aqueous chloride ions, a white precipitate of AgCl(s) is formed.

 When all the chloride ions have reacted, further addition of AgNO3(aq) leads to the formation of 

a red precipitate of silver chromate(VI), Ag2CrO4(s). The first appearance of the red precipitate 

shows the end-point of the titration.

 A student carries out an experiment to determine the number of molecules of water of crystallisation, 

x, in hydrated barium chloride, BaCl 2•xH2O(s).

 (a) The student makes 250.0 cm3 of 0.0500 mol dm–3 AgNO3(aq) to use for the titration.

  (i) Calculate the mass of solid silver nitrate, AgNO3(s), needed to make 250.0 cm3 of 

0.0500 mol dm–3 AgNO3(aq).

   Give your answer to two decimal places.

 mass of AgNO3(s) = .............................. g [1]

  (ii) Describe how the student should make 250.0 cm3 of 0.0500 mol dm–3 AgNO3(aq) starting 

from the mass of AgNO3(s) calculated in (a)(i) in a 50 cm3 beaker.

   Give the name and size of any key apparatus used.

   Write your answer using a series of numbered steps.

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

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

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

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

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

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

 .....................................................................................................................................  [3]
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 (b) The student uses the following method.

step 1 Dissolve 1.58 g of BaCl 2•xH2O(s) to form 250 cm3 of aqueous solution. Label this 

solution A.

step 2 Transfer 20.0 cm3 of solution A into a conical flask.

step 3 Add aqueous sodium sulfate, Na2SO4(aq), to the flask and swirl the mixture to 

remove barium ions from the solution.

step 4 Add 2–3 drops of K2CrO4(aq) indicator to the flask.

step 5 Titrate the contents of the flask against 0.0500 mol dm–3 AgNO3(aq).

step 6 Repeat steps 2 to 5 to collect sufficient data for analysis.

  (i) Suggest a suitable piece of apparatus for transferring 20.0 cm3 of solution A in step 2.

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

  (ii) Suggest why barium ions are removed in step 3 before performing the titration.

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

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

  (iii) Suggest why chemically resistant gloves should be worn to carry out step 4.

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

 (c) The student’s results are shown in Table 1.1.

Table 1.1

rough titration titration 1 titration 2 titration 3

burette reading 

(final) / cm3 20.10 40.55 20.75 20.90

burette reading 

(initial) / cm3 0.00 20.25 0.05 0.30

titre / cm3 20.10 20.30 20.70 20.60

  The student uses the titres from titrations 2 and 3 shown in Table 1.1 to calculate a mean titre 

value of 20.65 cm3.

  (i) Explain why only these two values are used.

 .....................................................................................................................................  [1]
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  (ii) Calculate the percentage error in the titre volume for titration 3.

   Show your working.

 percentage error = .............................. [1]

 (d) The equation for the reaction of silver nitrate with barium chloride is shown.

2AgNO3(aq) + BaCl 2(aq)  Ba(NO3)2(aq) + 2AgCl(s)

  (i) Calculate the amount, in mol, of AgNO3(aq) in the mean titre of 20.65 cm3.

 amount of AgNO3 = .............................. mol [1]

  (ii) Calculate the amount, in mol, of BaCl 2(aq) in 250 cm3 of solution A.

 amount of BaCl 2 = .............................. mol [1]

  (iii) Calculate the value of x in the formula BaCl 2•xH2O.

 x = .............................. [2]

* 0000800000005 *
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 (e) Another student uses a different experimental method to check the value of x obtained by the 

method described in (b).

  Give a brief description of another method, not involving titration, that could be used to 

determine the value of x in the formula BaCl 2•xH2O(s). Write your answer using a series of 

numbered steps.

  Your plan should include details of the following:

• the apparatus and method you would use

• the measurements you would make.

  You are provided with standard laboratory apparatus.

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

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

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

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

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

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

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

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

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

 [Total: 16]
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2 Effusion is the process in which a gas escapes through a small hole.

 A student investigates the relationship between rate of effusion and relative molar mass of a gas 

using the apparatus shown in Fig. 2.1.

gas syringe

side-arm tube

plunger

gas being tested

three-way tap

aluminium foil with small hole

Fig. 2.1

 The following method is used:

step 1 Turn the tap and remove any gas from the syringe through the side-arm tube, by pushing 

in the plunger.

step 2 Add 50 cm3 of the gas being tested to the syringe through the side-arm tube.

step 3 Remove the gas from the syringe, through the side-arm tube, by pushing in the plunger.

step 4 Add 70 cm3 of the gas being tested to the syringe through the side-arm tube.

step 5 Turn the tap to connect the syringe to the tube with the aluminium foil and small hole.

step 6 Allow the syringe plunger to fall and start a timer when the volume of gas in the syringe 

reaches 60 cm3.

step 7 Stop the timer when the volume of gas in the syringe reaches 10 cm3. Record the time 

taken.

step 8 Repeat steps 1 to 7 with different gases.

* 0000800000007 *
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 (a) Suggest why the student adds 50 cm3 of the gas being tested to the syringe in step 2 and 

then removes this gas in step 3.

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

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

 (b) The student’s results are shown in Table 2.1.

Table 2.1

gas hydrogen, H2 helium, He neon, Ne argon, Ar krypton, Kr

relative 

molar 

mass, M

2.0 4.0 20.2 39.9 83.8

M
1

time taken 

/ s
10.8 15.3 34.5 39.7 70.4

rate of 

effusion 

/ cm3 s–1

rate of effusion = 
volume of gas

time taken

  (i) Complete Table 2.1.

   Give the values for 
M
1

 to three significant figures.

   Give the values for rate of effusion to two decimal places. [2]

  (ii) Identify the dependent variable in this experiment.

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

  (iii) Identify a variable, other than temperature, that is controlled when carrying out this 

experiment.

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

* 0000800000008 *
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 (c) Plot a graph on the grid in Fig. 2.2 to show the relationship between rate of effusion and 
M
1

. 

Use a cross (×) to plot each data point. Draw a suitable line of best fit.

0.0
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

0.5

1.0

1.5

2.0

rate of

effusion

/ cm3 s–1

2.5

3.0

3.5

4.0

4.5

5.0

M
1

Fig. 2.2

 [2]

* 0000800000009 *
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 (d) Circle one point on the graph in Fig. 2.2 which you consider to be most anomalous.

  Suggest one reason for this anomaly. Assume there is no error in 
M
1

.

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

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

 (e) Graham’s law of effusion can be expressed as:

the rate of effusion of a gas is proportional to 
M
1

.

  State whether or not the student’s results support Graham’s law of effusion.

  Explain your answer, using the graph in Fig. 2.2.

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

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

 (f) Suggest how the position of the plotted points relative to the line of best fit in Fig. 2.2 is 

related to the reliability of the results.

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

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

 (g) The student then repeats this method to determine the value of M of a sample of natural gas.

  The time recorded in step 7 is 31.6 s.

  (i) Use the graph in Fig. 2.2 and the student’s result to calculate the value of M for this 

sample.

 M =  .........................................................  [2]

  (ii) Natural gas is a mixture of mainly methane, CH4, with small amounts of other gases.

   Suggest what your calculated value of the M of natural gas in (g)(i) tells you about the 

other gases in the mixture.

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

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

* 0000800000010 *
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 (h) The experiment described in (g) is repeated at a higher temperature.

  Suggest how the rate of effusion for this sample of natural gas would change, if at all.

  Explain your answer.

effect on the rate of effusion  .....................................................................................................

explanation  ...............................................................................................................................

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

 [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 = 6.02 × 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)

* 0000800000011 *
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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

DFD


