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1 The neutralisation of an acid by a base is exothermic.

 In this experiment the following solutions are available.

       2 mol dm–3 sulfuric acid, H2SO4
       3 mol dm–3 sodium hydroxide, NaOH

 The equation for the reaction is:

2NaOH(aq)  +  H2SO4(aq)    Na2SO4(aq)  +  2H2O(l)

 (a) 2 mol dm–3 H2SO4 is gradually added to a fixed volume of 3 mol dm–3 NaOH in a 150 cm3 
plastic cup, while stirring continuously. The temperature of the solution, measured with a 
thermometer, increases until the alkali is just neutralised. On further addition of the cold 
acid the temperature of the solution slowly falls.

  Select an appropriate volume, x cm3, of 3 mol dm–3 NaOH to use in the experiment.

  ..................................... cm3

  Calculate the volume of 2 mol dm–3 H2SO4 that will just neutralise x cm3 of 3 mol dm–3 
NaOH.

  Sketch the graph you would expect to obtain as the acid is added.
  Label the neutralisation point.

volume of acid added / cm30

temperature
of the
solution / °C

 [3]
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 (b) This experiment can be used to determine the enthalpy change of neutralisation for the 
reaction. To ensure reliable results the experiment should be repeated a number of times.

  When sulfuric acid is added to the fixed volume of aqueous sodium hydroxide in this 
experiment

  (i) the independent variable is .....................................................................................  ,

  (ii) the dependent variable is ........................................................................................  ,

  (iii) the other variables that need to be controlled are .....................................................

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

 (c) In carrying out the experiment, what apparatus would you use to accurately measure 
the independent variable?

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

 (d) Explain how you would use this apparatus to control the independent variable.

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

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

 (e) Identify and assess

  (i) a risk associated with the plastic cup used in this experiment,

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

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

  (ii) a risk associated with the 3 mol dm–3 NaOH.

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

 ..................................................................................................................................
 [1]
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 (f) Describe how the risks in (e) can be kept to a minimum for

  (i) the plastic cup,

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

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

  (ii) the 3 mol dm–3 NaOH.

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

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

 (g) In the space below draw a table to show column headings for all of the measurements 
you would make during the experiment.

  Include in the table one or more columns for any calculated values needed to determine 
the enthalpy change of neutralisation.

 [2]
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 (h) Show how you would calculate the total heat energy produced in the plastic cup up to  
the point when the sulfuric acid has just neutralised the sodium hydroxide.

  You may use ΔT  to represent the temperature change.

  [4.3 J of heat energy raise the temperature of 1 cm3 of any solution by 1 °C.]

 [1]

 (i) The enthalpy change of neutralisation is the energy change associated with the reaction 
shown by the following equation.

NaOH(aq)  +  1
2  H2SO4(aq)    1

2  Na2SO4(aq)  +  H2O(l)

  Show how you would convert the energy change expressed in (h) into a value, in 
kJ mol–1, for the enthalpy change of neutralisation, ΔHneutralisation.

  Show clearly the sign and the expression for the enthalpy change.

ΔHneutralisation = ..........  ..................................... kJ mol–1 [2]
sign expression

 [Total: 15]
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2 A student reads in a text-book about ideal and non-ideal mixtures of liquids.

When two different liquids are mixed, bonds between molecules in each of the different 
liquids are broken and new bonds are formed between the different molecules in the 
mixture. 

In an ideal mixture the energy used to break bonds between molecules in the different 
liquids is approximately the same as the energy released when new bonds are formed 
between molecules in the mixture.

In a non-ideal mixture the energy used to break bonds in the different liquids is not 
the same as that released in bond formation.

The breaking of bonds is an endothermic process.
The formation of bonds is an exothermic process.

 In order to test this information, the student investigates a number of mixtures of

 (i) propan-1-ol, CH3CH2CH2OH, and propan-2-ol, CH3CHOHCH3,
 (ii) ethanol, CH3CH2OH, and cyclohexane, C6H12.

 The boiling point of each pure liquid and each mixture is measured. The thermometer used 
has graduations at 0.2 °C.

 The results for the experiment with propan-1-ol and propan-2-ol, which was carried out four 
times, are shown on the next page.
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volume / cm3 temperature of boiling mixture

/ °C
%

(by volume) of 
propan-1-ol in 

mixture

mean boiling 
temperature

/ °Cpropan-1-ol propan-2-ol 1 2 3 4

0 20.00 82.1 82.6 82.7 82.2

4.00 16.00 85.3 85.4 85.5 85.4

8.00 12.00 88.5 88.4 88.1 88.2

12.00 8.00 91.3 90.6 91.2 91.4

16.00 4.00 94.2 94.0 94.3 94.3

20.00 0 97.1 97.3 97.2 97.8

 (a) Indicate below any results that you consider to be anomalies and that should not be 
included when calculating the mean boiling temperature.

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

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

 (b) Complete the table above to show the following.

  (i) the percentage (%) by volume of propan-1-ol in each of the liquids / mixtures

  (ii) the mean boiling temperature for each of the liquids/mixtures
 [2]

 The experiment is repeated using mixtures of ethanol and cyclohexane. The results of these 
experiments are given in the table below.

volume / cm3 %
(by volume) of 

ethanol in mixture

mean boiling 
temperature

/ °Cethanol cyclohexane

0 20.00 0 81.4

2.00 18.00 10.0 66.5

6.00 14.00 30.0 65.0

10.00 10.00 50.0 65.3

14.00 6.00 70.0 65.5

18.00 2.00 90.0 68.0

20.00 0 100.0 78.5
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 (c) For both graphs below, use as much of the y-axis as possible for experimental data.
Do not start your temperature scales at 0 °C. 

  Draw a graph of mean boiling temperature ( y-axis) against the % of propan-1-ol (x-axis) 
in the mixture of propan-1-ol and propan-2-ol.

  Draw a graph of mean boiling temperature ( y-axis) against the % of ethanol (x-axis) in 
the mixture of ethanol and cyclohexane.

 [3]
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 (d) The graph you have drawn for propan-1-ol and propan-2-ol is typical of ideal mixtures of 
liquids.

  The graph you have drawn for ethanol and cyclohexane is typical of some non-ideal 
mixtures of liquids.

  From the shape of your graph explain whether the mixing of ethanol and cyclohexane is 
overall an endothermic or an exothermic process.

  The mixing of ethanol and cyclohexane is  .....................................................................  ,

  because  ...........................................................................................................................

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

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

  What type of intermolecular forces exist between the molecules of

  (i) pure ethanol,  ............................................................................................................

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

  (ii) pure cyclohexane,  ....................................................................................................

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

  (iii) ethanol and cyclohexane in the mixture?

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

 [Total: 9]
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3 A group of students perform an experiment to confirm that the formula of magnesium oxide 
is MgO. Each student is provided with a different length of magnesium ribbon which is 
coiled and heated in a crucible fitted with a lid. The magnesium reacts with oxygen to form 
magnesium oxide.

 The instructions for the experiment are as follows.

  • Weigh the empty crucible and lid.
  • Coil the length of magnesium ribbon and place it in the bottom of the crucible.
  • Reweigh the crucible and lid with the magnesium.
  • Heat the crucible with a Bunsen burner.
  • Periodically lift the crucible lid for a very short period of time. This allows air to enter 

the crucible.
  • Each time the lid is lifted, take care to minimise the loss of any white smoke which 

is some of the powder formed.
  • When the reaction appears to have stopped, remove the crucible lid and heat the 

crucible and its contents strongly for 2 minutes.
  • Cool and reweigh the crucible, lid and the contents.

 The results of the experiment are given below.

student
mass of 

crucible and lid

mass of 
crucible and lid 
+ magnesium

mass of 
crucible and lid 
+ magnesium 

oxide

mass of 
magnesium

mass of 
magnesium 

oxide

/ g / g / g / g / g

1 25.37 26.62 27.50

2 25.18 27.01 28.19 1.83 3.01

3 25.44 27.73 29.19 2.29 3.75

4 25.26 27.71 24.96 2.45

5 25.39 28.11 29.84 2.72 4.45

6 25.04 27.89 28.54 2.85 3.50

7 25.13 28.08 29.93

 (a) Complete the table above for student 1, student 4 and student 7.

  Plot the data for student 1 and for student 7 on the graph on the next page.
[1]
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 (b) If the formula of magnesium oxide is MgO, the straight line indicates the mass of 
magnesium oxide formed from a given mass of magnesium.

0.00
0.00

1.00

2.00

3.00

4.00

5.00

1.00 2.00 3.00

mass of
magnesium

oxide / g

mass of magnesium / g

×

×

×

×

  Choose a mass of Mg and use the straight line to determine the corresponding mass of 
MgO formed.

  .............................. g of magnesium form .............................. g of magnesium oxide. [1]
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 (c) Show by calculation that the masses of magnesium and magnesium oxide selected in 
(b) correspond to a formula of MgO.

  [Ar: O,16.0;  Mg, 24.3]

 [1]

 (d) The point plotted for student 6 shows a large deviation from the straight line.
  Refer to the instructions for the experiment and suggest a possible explanation for this 

anomalous result.

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

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

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

 (e) The result for student 4 could not be plotted on the graph. Suggest an error in carrying 
out the experiment that could have led to this result.

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

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

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

 (f) Student 1 added a few drops of water to the cooled residue in the crucible.
  The residue and water reacted to produce ammonia gas, NH3.
  Explain why this observation reduces confidence in this experiment as a method for 

determining the formula of magnesium oxide.

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

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

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

 [Total: 6]
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1 At any temperature, equilibrium can be established between a liquid X and the vapour given 
off by that liquid.

    X (l)        X (g)

 As the temperature of the system is raised, so the pressure exerted by the vapour increases. 
When the vapour pressure becomes equal to the surrounding (ambient) air pressure, the 
liquid boils.

 When the liquid contains a dissolved solid (solute), the vapour pressure above the liquid is 
reduced.

You are to plan an experiment to investigate how the boiling point of an aqueous solution 
of potassium chloride depends on the concentration of the solution.

 (a) (i) By considering how the vapour pressure changes as the concentration of the 
aqueous potassium chloride increases, predict and explain how the boiling point of 
the solution will be affected by the concentration of the solution.

Predict how the boiling point will change  ..................................................................

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

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

Explanation  ..............................................................................................................

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

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

  (ii) Display your prediction in the form of a sketch graph, labelling clearly the point 
representing the boiling point of pure water and its value.

concentration of the potassium chloride

boiling point

0

[3]
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 (b) In the experiment you are about to plan, identify the following.

  (i) the independent variable  ..........................................................................................

  (ii) the dependent variable  .............................................................................................
[2]

 (c) Draw a diagram of the apparatus you would use in the experiment. Your apparatus 
should use only standard items found in a school or college laboratory and should show 
clearly

  (i) how the solution will be heated and over-heating of the solution prevented,

  (ii) how the thermometer will be positioned. Remember you are investigating an 
equilibrium.

  Label each piece of apparatus used, indicating its size or capacity and the temperature 
range that the thermometer should cover.

[3]
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 (d) When investigating how the boiling point of a solution changes with concentration, it is 
convenient to represent the concentrations of the solute as a molality. 

The molality of a solution is defined as the number of moles of a solute 
dissolved in one kilogram of water e.g. a one molal solution has one mole of 
solute dissolved in one kilogram of water.

  In addition to the standard apparatus present in a laboratory you are provided with the 
following materials.

     100 g of distilled/deionised water (you should take particular note of this limited 
supply of water)

    solid potassium chloride, KCl

  Give a step-by-step description of how you would

  (i) prepare a series of solutions of potassium chloride that can be used in the apparatus 
you have shown in (c) to give sufficient data to plot a graph as in (a)(ii),

  (ii) show how you would calculate the molality of one of these solutions. 
   [Ar:  K, 39.1;  Cl, 35.5]

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

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

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

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

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

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

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

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

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

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

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

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

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

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

 ..............................................................................................................................[3]
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 (e) State a hazard that must be considered when planning the experiment.

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

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

 (f) State a limiting factor that must be taken into account when increasing the concentration 
of the aqueous potassium chloride.

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

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

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

 (g) Draw up a table with appropriate headings to show the data you would record when 
carrying out your experiments and the values you would calculate in order to construct 
a graph to support or reject your prediction in (a). The headings should include the 
appropriate units.

[2]

[Total: 15]
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6

2 When aqueous sodium hydroxide, NaOH, is added to aqueous copper(II) sulfate, CuSO4,
a precipitate of copper(II) hydroxide, Cu(OH)2, is produced.

 The stoichiometric equation for this reaction is

 CuSO4 (aq)  +  2NaOH (aq)    Cu(OH)2 (s)  +  Na2SO4 (aq)

 An experiment was carried out to investigate this stoichiometry.
 •  A weighed sample of copper(II) sulfate-5-water, CuSO4.5H2O, was completely dissolved 

in distilled water.
 • An excess of aqueous sodium hydroxide was added.
 • The resultant precipitate was filtered off.
 • The precipitate was washed thoroughly and completely dried.
 • The mass of the precipitate was recorded.

 (a) Calculate the relative formular mass, Mr, of each of the following.
  [Ar:  Cu, 63.5;  S, 32.1;  O, 16.0;  H, 1.0]

CuSO4.5H2O Cu(OH)2

Mr Mr

[1]

 (b) The results of the experiment are recorded below.

A B C D E
mass of

CuSO4.5H2O
/ g

mass of
Cu(OH)2

/ g

  2.50   0.78

  6.24   1.95

  9.99   3.12

14.98   4.20

19.97   6.24

24.96   7.80

29.95   9.36

34.94 11.81

42.43 13.26

  Process the results in the table to calculate the number of moles of CuSO4.5H2O used 
and the number of moles of Cu(OH)2 produced, to enable you to plot a graph to show 
the relative number of moles of the CuSO4.5H2O and Cu(OH)2.

  Record these values to three decimal places in the additional columns of the table.
You may use some or all of the columns.

  Label the columns you use.
  For each column you use, include units where appropriate and an expression to show 

how your values are calculated.
  You may use the column headings A to E in your expressions. [2]

 (c) Why was it not necessary to know the concentration of the aqueous sodium hydroxide?

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

 ......................................................................................................................................[1]
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 (d) Present the data calculated in (b) in graphical form. Draw the line of best fit.

[3]
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 (e) Circle on the graph any point(s) you consider to be anomalous.
  For any point circled on the graph suggest an error in the conduct of the experiment that 

might have led to an anomalous result.

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

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

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

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

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

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

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

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

 (f) Determine the slope of the graph. Mark clearly on the graph any construction lines and 
show clearly in your calculation how the intercepts were used in the calculation of the 
slope.

[3]
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 (g) State whether the result in (f) confirms or not the stoichiometry of the equation for the 
reaction between aqueous copper(II) sulfate and aqueous sodium hydroxide.

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

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

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

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

  Comment on your conclusion.

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

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

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

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

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

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

[Total: 15]
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1 At any temperature, equilibrium can be established between a liquid X and the vapour given 
off by that liquid.

    X (l)        X (g)

 As the temperature of the system is raised, so the pressure exerted by the vapour increases. 
When the vapour pressure becomes equal to the surrounding (ambient) air pressure, the 
liquid boils.

 When the liquid contains a dissolved solid (solute), the vapour pressure above the liquid is 
reduced.

You are to plan an experiment to investigate how the boiling point of an aqueous solution 
of potassium chloride depends on the concentration of the solution.

 (a) (i) By considering how the vapour pressure changes as the concentration of the 
aqueous potassium chloride increases, predict and explain how the boiling point of 
the solution will be affected by the concentration of the solution.

Predict how the boiling point will change  ..................................................................

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

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

Explanation  ..............................................................................................................

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

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

  (ii) Display your prediction in the form of a sketch graph, labelling clearly the point 
representing the boiling point of pure water and its value.

concentration of the potassium chloride

boiling point

0

[3]
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 (b) In the experiment you are about to plan, identify the following.

  (i) the independent variable  ..........................................................................................

  (ii) the dependent variable  .............................................................................................
[2]

 (c) Draw a diagram of the apparatus you would use in the experiment. Your apparatus 
should use only standard items found in a school or college laboratory and should show 
clearly

  (i) how the solution will be heated and over-heating of the solution prevented,

  (ii) how the thermometer will be positioned. Remember you are investigating an 
equilibrium.

  Label each piece of apparatus used, indicating its size or capacity and the temperature 
range that the thermometer should cover.

[3]
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 (d) When investigating how the boiling point of a solution changes with concentration, it is 
convenient to represent the concentrations of the solute as a molality. 

The molality of a solution is defined as the number of moles of a solute 
dissolved in one kilogram of water e.g. a one molal solution has one mole of 
solute dissolved in one kilogram of water.

  In addition to the standard apparatus present in a laboratory you are provided with the 
following materials.

     100 g of distilled/deionised water (you should take particular note of this limited 
supply of water)

    solid potassium chloride, KCl

  Give a step-by-step description of how you would

  (i) prepare a series of solutions of potassium chloride that can be used in the apparatus 
you have shown in (c) to give sufficient data to plot a graph as in (a)(ii),

  (ii) show how you would calculate the molality of one of these solutions. 
   [Ar:  K, 39.1;  Cl, 35.5]

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

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

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

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

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

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

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

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

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

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

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

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

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

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

 ..............................................................................................................................[3]
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 (e) State a hazard that must be considered when planning the experiment.

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

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

 (f) State a limiting factor that must be taken into account when increasing the concentration 
of the aqueous potassium chloride.

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

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

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

 (g) Draw up a table with appropriate headings to show the data you would record when 
carrying out your experiments and the values you would calculate in order to construct 
a graph to support or reject your prediction in (a). The headings should include the 
appropriate units.

[2]

[Total: 15]
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2 When aqueous sodium hydroxide, NaOH, is added to aqueous copper(II) sulfate, CuSO4,
a precipitate of copper(II) hydroxide, Cu(OH)2, is produced.

 The stoichiometric equation for this reaction is

 CuSO4 (aq)  +  2NaOH (aq)    Cu(OH)2 (s)  +  Na2SO4 (aq)

 An experiment was carried out to investigate this stoichiometry.
 •  A weighed sample of copper(II) sulfate-5-water, CuSO4.5H2O, was completely dissolved 

in distilled water.
 • An excess of aqueous sodium hydroxide was added.
 • The resultant precipitate was filtered off.
 • The precipitate was washed thoroughly and completely dried.
 • The mass of the precipitate was recorded.

 (a) Calculate the relative formular mass, Mr, of each of the following.
  [Ar:  Cu, 63.5;  S, 32.1;  O, 16.0;  H, 1.0]

CuSO4.5H2O Cu(OH)2

Mr Mr

[1]

 (b) The results of the experiment are recorded below.

A B C D E
mass of

CuSO4.5H2O
/ g

mass of
Cu(OH)2

/ g

  2.50   0.78

  6.24   1.95

  9.99   3.12

14.98   4.20

19.97   6.24

24.96   7.80

29.95   9.36

34.94 11.81

42.43 13.26

  Process the results in the table to calculate the number of moles of CuSO4.5H2O used 
and the number of moles of Cu(OH)2 produced, to enable you to plot a graph to show 
the relative number of moles of the CuSO4.5H2O and Cu(OH)2.

  Record these values to three decimal places in the additional columns of the table.
You may use some or all of the columns.

  Label the columns you use.
  For each column you use, include units where appropriate and an expression to show 

how your values are calculated.
  You may use the column headings A to E in your expressions. [2]

 (c) Why was it not necessary to know the concentration of the aqueous sodium hydroxide?

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

 ......................................................................................................................................[1]
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 (d) Present the data calculated in (b) in graphical form. Draw the line of best fit.

[3]
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 (e) Circle on the graph any point(s) you consider to be anomalous.
  For any point circled on the graph suggest an error in the conduct of the experiment that 

might have led to an anomalous result.

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

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

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

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

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

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

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

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

 (f) Determine the slope of the graph. Mark clearly on the graph any construction lines and 
show clearly in your calculation how the intercepts were used in the calculation of the 
slope.

[3]



9

9701/53/M/J/10© UCLES 2010

For
Examiner’s

Use

 (g) State whether the result in (f) confirms or not the stoichiometry of the equation for the 
reaction between aqueous copper(II) sulfate and aqueous sodium hydroxide.

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

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

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

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

  Comment on your conclusion.

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

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

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

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

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

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

[Total: 15]
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