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1 Record the average titre from your Candidate Results Sheet for Task 1.  Give your 
answer to the appropriate precision.

............................................................................................................................................
(1 mark)

2 The concentration of  the sodium hydroxide solution was 0.100 mol dm–3.
Use your answer from Question 1 to calculate the concentration, in mol dm–3, of  the
diluted hydrochloric acid used in Task 1.

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

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

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

............................................................................................................................................
(2 marks)

3 Use your results from Task 2 to plot a graph of  temperature against time on the grid
opposite.  Draw a line of  best fit for the points before the fourth minute.
Draw a line of  best fit for the points after the fourth minute.
Extrapolate both lines to the fourth minute.                                    (4 marks)

4 (a) Use your graph and the initial temperature of  the hydrochloric acid that you have
recorded on your Candidate Results Sheet for Task 2 to determine an accurate value
for the average temperature of  the reagents at the fourth minute (before mixing).

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

............................................................................................................................................
(1 mark)

4 (b) Use your graph to determine an accurate value for the temperature of  the reaction
mixture at the fourth minute (after mixing).

............................................................................................................................................
(1 mark)

Section A

These questions are about the tasks, the investigation of  a hand-warmer.

Use your Task Sheets 1 and 2, including your own Candidate Results Sheets, to answer them.

Answer all questions in the spaces provided.
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4 (c) Use your answers to parts (a) and (b) to determine an accurate value for the
temperature rise at the fourth minute.  Give your answer to the appropriate precision.

............................................................................................................................................
(1 mark)

Temperature
/ °C

Time / minutes
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5 Use your answer from Question 4 (c) to calculate the heat energy given out during your
experiment.  Assume that the reaction mixture has a density of  1.00 g cm–3 and a
specific heat capacity of  4.18 J K–1 g–1.
Assume that all of  the heat energy given out is used to heat the reaction mixture.
Show your working.

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

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

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

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

............................................................................................................................................
(3 marks)

6 In your experiment 25.0 cm3 of  1.00 mol dm–3 hydrochloric acid were neutralised by
25.0 cm3 of  1.00 mol dm–3 sodium hydroxide solution.
Use your answer to Question 5 to calculate a value, in kJ mol–1, for the enthalpy
change of  neutralisation of  hydrochloric acid by sodium hydroxide.
(If  you could not complete the calculation in Question 5 assume that the heat energy
given out was 1560 J.  This is not the correct answer.)
Show your working.

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

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

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

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

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

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

............................................................................................................................................
(3 marks)
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Section B

Answer all questions in the spaces provided.

Introduction

Another student carried out Tasks 1 and 2 and calculated that the value for the enthalpy change of
neutralisation was −51.2 kJ mol–1.

The design of  a possible hand-warmer using hydrochloric acid and sodium hydroxide was
discussed.  It was proposed that 500 cm3 of  hydrochloric acid should be used in a flexible, sealed
plastic container with a breakable tube of  solid sodium hydroxide also in the container.  On
breaking the tube, the sodium hydroxide would be released, react with the acid and produce heat.
A 40 °C temperature rise was thought to be suitable.

7 Calculate the heat energy, in J, required to raise the temperature of  the reaction
mixture by 40 °C.  Assume that the reaction mixture has a density of  1.00 g cm–3 and a
specific heat capacity of  4.18 J K–1 g–1.
Assume that all of  the heat energy given out is used to heat the reaction mixture. 

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

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

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

............................................................................................................................................
(2 marks)

8 Use your answer from Question 7 and the value for the enthalpy change of
neutralisation of  −51.2 kJ mol–1 to calculate the minimum amount, in moles, and hence
the minimum mass of  sodium hydroxide required in the breakable tube.
(If  you could not complete the calculation in Question 7 assume that the heat energy
required was 77 400 J.  This is not the correct answer).

Show your working.

Moles of  NaOH...................................................................................................................

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

Mass of  NaOH....................................................................................................................

............................................................................................................................................
(3 marks)
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9 Use the amount, in moles, of  sodium hydroxide from Question 8 to calculate the
minimum concentration, in mol dm–3, of  hydrochloric acid required in the 500 cm3 of
solution used in the sealed container.

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

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

............................................................................................................................................
(1 mark)

10 Suggest one possible risk to a person who uses a hand-warmer containing sodium
hydroxide and hydrochloric acid.

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

............................................................................................................................................
(1 mark)

11 A commercial hand-warmer uses powdered iron sealed in a plastic container.
A valve allows air to enter the container, and oxygen in the air reacts slowly with the
iron to form solid iron(lll) oxide.  The heat released warms the container.

11 (a) Write an equation for this reaction between iron and oxygen to form iron(lll) oxide.

............................................................................................................................................
(1 mark)

11 (b) One version of  an iron-oxygen hand-warmer advertises that it is designed to stay warm
for up to four hours.
Other than by increasing the amount of  iron in the container, state one change to the
iron in the hand-warmer that would increase this time.
Explain why this change to the iron might not be an advantage.

Change to the iron..............................................................................................................

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

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

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

............................................................................................................................................
(3 marks)
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12 Another type of  hand-warmer uses sodium thiosulfate.  Sodium thiosulfate is very
soluble in water at 80 °C but is much less soluble at room temperature.
When a hot, concentrated solution of  sodium thiosulfate is cooled it does not
immediately crystallise.  The sodium thiosulfate stays dissolved as a stable
‘super-saturated’ solution until crystallisation is triggered.
Heat energy is then released when the sodium thiosulfate crystallises.

12 (a) This type of  hand-warmer is re-usable.
Suggest one environmental advantage that a sodium thiosulfate hand-warmer has over
the other two types.

............................................................................................................................................
(1 mark)

12 (b) Describe the two steps that you would take to make the sodium thiosulfate
hand-warmer ready for re-use.

Step 1 .................................................................................................................................

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

Step 2 ................................................................................................................................

............................................................................................................................................
(2 marks)
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13 The following instructions are from an experimental procedure for the preparation of  
cyclohexene from cyclohexanol and concentrated phosphoric acid.
Read these instructions and answer the questions that follow.

1 Place 25 cm3 of  cyclohexanol into a round-bottomed flask with some porous pot to 
act as anti-bumping granules.  Add 10 cm3 of  concentrated phosphoric acid 
carefully while shaking the flask.  Cool the flask under the tap if  it gets too hot.  
Make sure the reagents are thoroughly mixed.

2 Set up an apparatus for simple distillation using this flask.

3 Warm the flask, gently at first, for about 15 minutes.  Then increase the heating so 
that cyclohexene begins to distil over.  Collect the fraction that distils below 95 °C.

13 (a) State the purpose of  the anti-bumping granules.

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

............................................................................................................................................
(1 mark)

13 (b) Name the part of  the distillation apparatus where cyclohexene vapour is changed back
into a liquid.
Draw a simple diagram of  this part of  the apparatus.

Name ..................................................................................................................................

Diagram

(2 marks)

9

Section C

These questions test your understanding of  the skills and techniques you have acquired during
your AS course.

Answer all questions in the spaces provided.

Turn over �
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14 Some alcohols can be oxidised by an acidified solution of  potassium dichromate(Vl).
Aldehydes can be oxidised by Tollens’ reagent or by Fehling’s solution.

An unknown pure liquid A contains only a single alcohol.
Outline a simple procedure to allow you to determine whether A is a primary, a
secondary or a tertiary alcohol.

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

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

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

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

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

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

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

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

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

............................................................................................................................................
(3 marks)

END OF QUESTIONS

10
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There are no questions printed on this page
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ANSWER  IN  THE  SPACES  PROVIDED
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There are no questions printed on this page
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