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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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1 Aqueous silver ions, Ag+(aq), react slowly with aqueous iron(II) ions, Fe2+(aq). An equilibrium is 

established.

Ag+(aq)  +  Fe2+(aq)    Ag(s)  +  Fe3+(aq)

 The concentration of Ag+(aq) at equilibrium can be determined by titration with a standard solution 

of aqueous potassium thiocyanate, KSCN(aq).

 During the titration, the remaining Ag+(aq) ions react with SCN–(aq) ions to form a precipitate of 

AgSCN(s).

Ag+(aq)  +  SCN–(aq)    AgSCN(s)

 When all Ag+(aq) ions have been removed from solution, excess SCN–(aq) ions react with Fe3+(aq) 

to form a complex ion, FeSCN2+(aq), which has a red colour.

Fe3+(aq)  +  SCN–(aq)    FeSCN2+(aq)

 The appearance of the red colour indicates the end-point.

 A student carries out an experiment to determine the equilibrium constant, Kc.

Kc = 
[Fe3+(aq)]eqm

[Fe2+(aq)]eqm [Ag+(aq)]eqm

 The student makes 250.0 cm3 of 0.0200 mol dm–3 KSCN(aq) to use in the titration.

 (a) Calculate the mass of solid potassium thiocyanate, KSCN(s), needed to make 250.0 cm3 of 

0.0200 mol dm–3 KSCN(aq).

 mass of KSCN(s) =  ....................................................... g [1]
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 (b) Describe how the student should make 250.0 cm3 of 0.0200 mol dm–3 KSCN(aq) starting from 

the mass of KSCN(s) calculated in (a) 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]

 (c) The student uses the following method to determine Kc.

  step 1  Add 25.0 cm3 of 0.100 mol dm–3 aqueous silver nitrate, AgNO3(aq), into a dry conical 

flask. Label this flask A.

  step 2  Add 25.0 cm3 of 0.100 mol dm–3 aqueous iron(II) sulfate, FeSO4(aq), into flask A.

  step 3  Seal flask A, using a bung.

  step 4  Allow flask A to stand for twelve hours.

  step 5  Transfer 10.0 cm3 of the mixture from flask A into another conical flask, flask B, 

without disturbing the precipitate in flask A.

  step 6  Titrate the sample in flask B with 0.0200 mol dm–3 aqueous potassium thiocyanate, 

KSCN(aq).

  step 7  Repeat steps 5 and 6 until concordant values are obtained.

  (i) Suggest why flask A is sealed with a bung in step 3.

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

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

  (ii) Suggest why flask A is left to stand for twelve hours in step 4.

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

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

  (iii) Identify the precipitate in flask A in step 5.

 .....................................................................................................................................  [1]
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 (d) The student’s results are shown in Table 1.1

 Table 1.1

rough 

titration
titration 1 titration 2 titration 3

final burette 

reading / cm3 22.50 21.75 31.65 32.20

initial burette 

reading / cm3 0.00 0.00 9.75 10.20

titre / cm3 22.50 21.75 21.90 22.00

  (i) State if concordant titres have been achieved.

   Explain your answer.

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

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

  (ii) Calculate the percentage error in the titre volume in titration 2.

   Show your working.

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

  (iii) The student repeats the experiment using KSCN(aq) at a higher concentration. The 

student obtains smaller titres.

   Suggest one reason why a larger titre is better than a smaller titre.

 .....................................................................................................................................  [1]
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 (e) Another student calculates a mean titre of 21.85 cm3. Use this value to complete the following 

calculation.

  (i) Calculate [Ag+(aq)] in the equilibrium mixture in flask A.

 [Ag+(aq)]eqm =  ..........................................  mol dm–3 [1]

  (ii) Calculate [Fe3+(aq)] in the equilibrium mixture in flask A.

 [Fe3+(aq)]eqm =  ..........................................  mol dm–3 [1]

  (iii) The formula for the equilibrium constant, Kc, is shown.

Kc = 
[Fe3+(aq)]eqm

[Fe2+(aq)]eqm [Ag+(aq)]eqm

   Determine the value of Kc.

   Give the units of Kc.

 Kc =  ...............................................................

 units  ...............................................................

 [2]
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 (f) Several other students perform the same experiment at different temperatures. The Kc values 

that they obtain are used to produce the graph in Fig. 1.1.

280
2.5

2.7

2.9

Kc
/ units not shown

3.1

3.3

2.6

2.8

3.0

3.2

3.4

3.5

300 320 340 360

temperature / K

380

 Fig. 1.1

  (i) One student suggests that Kc is directly proportional to temperature.

   State and explain if the results displayed in Fig. 1.1 support this suggestion.

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

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

  (ii) Another student suggests that the data represented in the graph in Fig. 1.1 is reliable.

   Explain how the graph supports this suggestion.

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

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

 .....................................................................................................................................  [1]
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  (iii) Use the data displayed in Fig. 1.1 to state if the forward reaction is exothermic or 

endothermic.

Ag+(aq)  +  Fe2+(aq)    Ag(s)  +  Fe3+(aq)

   Explain your answer.

forward reaction ................................................................

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

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

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

 [1]

[Total: 17]
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2 A student carries out an experiment to determine the concentration of aqueous sulfate ions, 

SO4
2–(aq), in a sample of lake water.

 (a) The student uses the following method.

  step 1  Transfer 25.00 cm3 of the lake water sample to a beaker and record its conductivity 

as shown in Fig. 2.1.

  step 2  Add 5.00 cm3 of 0.100 mol dm–3 aqueous barium hydroxide, Ba(OH)2(aq), to the 

beaker.

  step 3  Stir the mixture and record the conductivity of the contents of the beaker as shown in 

Fig. 2.1.

  step 4  Repeat steps 2 and 3 until a total of 40.00 cm3 of 0.100 mol dm–3 Ba(OH)2(aq) has 

been added to the beaker.

0.0

conductivity meter

 Fig. 2.1

  (i) Suggest a suitable piece of apparatus to transfer 25.00 cm3 of the lake water sample to 

the beaker in step 1.

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

  (ii) 0.100 mol dm–3 Ba(OH)2(aq) is an irritant to skin and eyes. Other than wearing safety 

goggles, state one safety precaution that the student should take when conducting this 

experiment.

 .....................................................................................................................................  [1]
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 (b) The student’s results are given in Table 2.1.

  A correction can be applied to the conductivity values to take into account dilution of the 

solution as its volume increases using the following equation.

corrected conductivity = measured conductivity × 
(total volume in beaker)

25.00

 Table 2.1

reading 

number

volume of

0.100 mol dm–3 

Ba(OH)2(aq) 

added to 

beaker / cm3

total volume in 

beaker / cm3

measured 

conductivity

/ µµS cm–1

corrected 

conductivity

/ µµS cm–1

1 0.00 25.00 37 000 37 000

2 5.00 23 000 27 600

3 10.00 12 000 16 800

4 15.00 2 300 3 680

5 20.00 5 000

6 25.00 12 000

7 30.00 18 000

8 35.00 21 000

9 40.00 24 500

  (i) Complete Table 2.1. [2]

  (ii) Identify the independent variable in this experiment.

 .....................................................................................................................................  [1]
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 (c) Plot a graph on the grid in Fig. 2.2 to show the relationship between corrected conductivity 

and volume of 0.100 mol dm–3 Ba(OH)2 added to beaker.

  Use a cross (×) to plot each data point.

  Draw a line of best fit using readings 1 to 4 and another line of best fit using readings 5 to 9. 

Extend the lines so that they intersect.

0
0 10 20 305 15 25 35 40

10 000

20 000

30 000

40 000

50 000

60 000

70 000

corrected

conductivity

/ μS cm–1

volume of 0.100 mol dm–3 Ba(OH)2(aq) added to beaker / cm3

 Fig. 2.2

 [2]
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 (d) The point on the graph where the two lines intersect indicates the volume of 0.100 mol dm–3 

Ba(OH)2(aq) required to react exactly with the SO4
2–(aq) present in 25.00 cm3 of lake water 

being tested.

  (i) Use the graph in Fig. 2.2 to determine the volume of 0.100 mol dm–3 Ba(OH)2(aq) 

required to react exactly with SO4
2–(aq) in the lake water sample.

 volume required =  ..................................................  cm3 [1]

  (ii) The equation for the reaction taking place in the beaker is shown.

Ba2+(aq)  +  SO4
2–(aq)    BaSO4(s)

   Use your answer in (d)(i) to calculate the concentration of SO4
2–(aq) in the lake water 

sample.

 concentration of SO4
2–(aq) =  ..........................................  mol dm–3 [1]

* 0000800000012 *
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 (e) The concentration of SO4
2–(aq) in a sample of water can also be determined by measuring 

the mass of precipitate produced when excess Ba(OH)2(aq) is added to the sample.

  The student suggests the following method.

  step 1  Place 25.0 cm3 of the water sample in a conical flask.

  step 2  Add excess 0.100 mol dm–3 Ba(OH)2(aq) to the flask.

  step 3  Filter the contents of the flask.

  step 4  Dry the residue in a warm oven.

  step 5  Measure the mass of residue.

  (i) Draw a labelled diagram to describe the arrangement of apparatus that would be needed 

to complete step 3.

 [1]

  (ii) Suggest a step that the student should add between steps 3 and 4 to improve this 

method.

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

  (iii) Describe what the student can do to ensure that the residue weighed in step 5 is 

completely dry.

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

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

  (iv) The mass of residue is used to calculate the concentration of SO4
2–(aq).

   Suggest the effect, if any, on the concentration of SO4
2–(aq) that is calculated if the 

residue is not completely dried in step 4.

   Explain your answer.

effect on concentration of SO4
2–(aq) calculated ................................................................

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

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

 [1]

[Total: 13]
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 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)

* 0000800000015 *
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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]
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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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1 A student uses a technique called the Winkler method to determine the mass of oxygen dissolved 

in a sample of water from a lake.

 Two solutions, X and Y, are prepared.

 Solution X is 2.30 mol dm–3 aqueous manganese(II) sulfate, MnSO4(aq).

 Solution Y is alkaline aqueous potassium iodide, KI(aq).

 (a) Calculate the mass of solid hydrated manganese(II) sulfate, MnSO4•H2O(s), needed to make 

100.0 cm3 of solution X.

  Give your answer to two decimal places.

 mass of MnSO4•H2O(s) =  ......................................................  g [1]

 (b) The student is given a small beaker containing the mass of MnSO4•H2O(s) calculated in (a). 

Describe how the student should prepare exactly 100.0 cm3 of solution X.

  Include the names and capacities of each piece of key apparatus used.

  Write your answer using a series of numbered steps.

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

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

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

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

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

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

 .............................................................................................................................................  [3]
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 (c) Solution Y is prepared as follows.

  step 1 Place 100 cm3 of distilled water in a 250 cm3 beaker.

  step 2 Add about 8 g of solid sodium hydroxide, NaOH(s), and stir to dissolve.

  step 3 Cool the solution to room temperature using an ice‑bath.

  step 4 Repeat steps 2 and 3 until a total of 32 g of NaOH(s) has been dissolved.

  step 5  Dissolve about 14 g of potassium iodide, KI(s), into the solution formed in step 4.

  (i) Solution Y is corrosive.

   Other than wearing safety goggles, state one safety precaution that the student should 

take when preparing solution Y.

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

  (ii) Suggest why the solution is cooled in step 3.

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

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

 .....................................................................................................................................  [1]
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 (d) The student uses the following procedure to determine the mass of oxygen dissolved in a 

sample of water from the lake.

  step 1 Collect a 250 cm3 sample of lake water in a bottle.

  step 2 Add 1 cm3 of solution X and 1 cm3 of solution Y to the bottle.

  step 3 Immediately stopper the bottle, ensuring as little air as possible is trapped.

  step 4 Shake the bottle to mix its contents.

      A brown precipitate, manganese(III) hydroxide, Mn(OH)3(s), is formed.

  step 5 Add 1.5 cm3 of concentrated sulfuric acid to the contents of the bottle.

      The precipitate dissolves, and iodine is formed.

  step 6 Dilute this solution to exactly 500.0 cm3 using distilled water to form solution Z.

  step 7  Transfer 25.0 cm3 of solution Z into a conical flask, and titrate with 

1.00 × 10–3 mol dm–3 aqueous sodium thiosulfate, Na2S2O3(aq). Add 1 cm3 of 

starch solution near to the end‑point.

  step 8 Repeat step 7 as many times as necessary.

  (i) Suggest why it is important to avoid trapping air inside the bottle in step 3.

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

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

  (ii) Identify the piece of apparatus that the student should use to transfer the 25.0 cm3 of 

solution Z in step 7.

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

  (iii) Suggest why starch solution is added in step 7.

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

* 0000800000004 *

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



5

9701/54/O/N/25© UCLES 2025 [Turn over

 (e) The student records the results shown in Table 1.1.

Table 1.1

rough

titration
titration 1 titration 2 titration 3

final burette reading / cm3 13.60 12.75 26.20 14.50

initial burette reading  / cm3  0.00  0.05 13.15  1.35

titre / cm3 13.60

  (i) Complete Table 1.1 and calculate the mean titre.

 mean titre =  ..................................................  cm3 [2]

  (ii) Explain why the student does not need to carry out any further titrations.

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

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

  (iii) Calculate the percentage error in the measurement of the titre for titration 3.

   Show your working.

 percentage error =  ..................................................... % [1]
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 (f) The following equations show the reactions that take place during the procedure in (d).

  steps 2, 3 and 4

  4Mn2+(aq)  +  8OH–(aq)  +  O2(aq)  +  2H2O(l)    4Mn(OH)3(s)

  step 5

  2Mn(OH)3(s)  +  2I–(aq)  +  6H+(aq)    I2(aq)  +  6H2O(l)  +  2Mn2+(aq)

  step 7

  I2(aq)  +  2S2O3
2–(aq)    2I–(aq)  +  S4O6

2–(aq)

  (i) Calculate the amount, in mol, of iodine, I2(aq), in 25.0 cm3 of solution Z.

 amount of I2(aq) =  ................................................... mol [1]

  (ii) Use your answer to (f)(i) and the equations given to calculate the amount, in mol, of 

dissolved oxygen, O2(aq), in 500.0 cm3 of solution Z.

 amount of O2(aq) in 500.0 cm3 of solution Z =  ................................................... mol [1]

  (iii) Dissolved oxygen content, mg dm–3, is the mass of oxygen dissolved in water.

   Use your answer to (f)(ii) to calculate the dissolved oxygen content in the lake water 

collected in step 1.

   [If you were unable to obtain an answer to (f)(ii), then use amount of O2(aq) in 500.0 cm3 

of solution Z = 7.12 × 10–5 mol. This is not the correct answer.]

 dissolved oxygen content =  ...........................................  mg dm–3 [1]

[Total: 16]
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2 A student uses the following method to investigate the kinetics of the reaction between iodine and 

tin to produce tin(IV) iodide, SnI4.

 step 1 Rinse a block of tin with distilled water and then rinse it with propanone.

 step 2  Place 50 cm3 of a 0.400 mol dm–3 solution of iodine dissolved in methylbenzene in a 

100 cm3 beaker.

 step 3  Suspend the block of tin from a three decimal place balance as shown in Fig. 2.1. Start a 

timer.

 step 4 Record the balance reading every 100 seconds.

block of tin

wire

iodine dissolved

in methylbenzene

balance

4.979

Fig. 2.1

 (a) (i) Suggest why the student rinses the block of tin with propanone after rinsing it with 

distilled water in step 1.

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

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

  (ii) Suggest why water is not used as the solvent for iodine.

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

 .....................................................................................................................................  [1]
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  (iii) Suggest why a three decimal place balance is more suitable than a two decimal place 

balance for this experiment.

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

  (iv) Suggest a control experiment that could be used to verify that the loss in mass of tin is 

caused by reaction with iodine and not any other factor.

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

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

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

  Complete Table 2.1.

Table 2.1

time / s balance reading / g
total mass of tin 

reacted / g

0 4.979 0.000

100 4.910

200 4.859

300 4.761

400 4.688

500 4.620

 [1]

 (c) (i) Use the results from Table 2.1 to plot a graph on the grid in Fig. 2.2 to show the 

relationship between total mass of tin reacted and time.

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

* 0000800000008 *
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total mass

of tin

reacted / g

time / s

0 100 200 300 400 500
0.00

0.05

0.10

0.15

0.20

0.25

0.30

0.35

0.40

Fig. 2.2

 [2]

  (ii) Circle the point on the graph in Fig. 2.2 that you consider to be most anomalous.

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

procedure.

   Assume all measurements of mass are accurate.

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

 .....................................................................................................................................  [1]
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 (d) Use your graph in Fig. 2.2 to determine the gradient of the 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]

 (e) Another student makes various concentrations of solutions of iodine dissolved in 

methylbenzene by dilution of the 0.400 mol dm–3 I2 solution.

  The student repeats the experiment at a different temperature using these solutions.

Table 2.2

volume of 

0.400 mol dm–3

I2 solution 

used / cm3

volume of 

methylbenzene 

used / cm3

[I2]

/ mol dm–3

relative

rate of

reaction

100.0 0.0 0.400 4.76 

0.300 3.57 

0.200 2.35 

0.100 1.15 

  (i) Complete Table 2.2 by adding the volumes of solutions that are mixed to make 100.0 cm3 

of a solution of iodine dissolved in methylbenzene for each required concentration.

 [1]

  (ii) Identify the independent variable in this experiment.

 .....................................................................................................................................  [1]
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  (iii) The student concludes that the rate equation for the reaction between iodine and tin is 

as follows.

   rate = k [I2]2

   State whether the results support the student’s conclusion.

   Explain your answer using values from Table 2.2.

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

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

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

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

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

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

[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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