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Section A

These questions are about the task, an investigation of the water of crystallisation in washing soda.
You should use your Task Sheet and your Candidate Results Sheet to answer these questions.

Answer all questions in the spaces provided.

1 Record the average titre from your Candidate Results Sheet.

2 The concentration of the hydrochloric acid used in the titration was 0.100 mol dm™=.

Use your result from Question 1 to determine the amount, in moles, of hydrochloric
acid in the average titre.

3 The equation for the reaction in the titration is
Na,CO3z + 2HCl —— 2NaCl + H,0 + CO,

Use this equation and your answer to Question 2 to calculate the amount, in moles,
of sodium carbonate used in each titration.

(1 mark)
4 Use your answer to Question 3 to calculate the concentration, in mol dm3, of
sodium carbonate in solution Y.
Give your answer to the appropriate precision. Show your working.
(3 marks)
Turn over »
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5 Solution Y was made by dissolving 71.50 g of a sample of hydrated sodium carbonate
in deionised water and making up to 5.00 dm? of solution.

5 (a) Use your answer to Question 4 to calculate the relative formula mass (M,) of this
hydrated sodium carbonate.
Show your working.
(If you were unable to complete the calculation in Question 4, you may assume that

the concentration of the sodium carbonate solution was 0.0487 moldm™3. This is not
the correct value.)

(2 marks)
5 (b) The formula of the hydrated sodium carbonate can be represented as Na,CO3.xH,0
5 (b) (i) Use your value of M, from Question 5 (a) to calculate a value for x
Give your answer to one decimal place.
(1 mark)

5 (b) (ii) The M, of Na,C0O3.10H,0 is 286.0
The maximum percentage error in the experiment that can be due to the apparatus is
+1.0%. If the only error is apparatus error, calculate the minimum value of the
M, of Na,CO3.10H,0 that could be obtained from an experiment.

Use this minimum value of the M, to calculate a minimum experimental value for x
Give your answer to one decimal place.

MINIMUM VAIUE OF My oo

(2 marks)
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5 (¢) A similar titration was carried out with a different sample of pure washing soda that

had been stored for some time. A student obtained a value of 8.6 for the value of x.
The container from which the hydrated sodium carbonate was taken was labelled
Na,C0O3.10H,0

Assume that the student carried out the titration and the calculation accurately. State
one reason why the number of moles of water of crystallisation is less than 10.

6 Another student carried out the Task and obtained a set of concordant results even
though the procedure was not followed correctly. The student observed an immediate
red colour when the indicator was added in step 3 of the procedure. At the end of the
titration the correct orange solution was formed.

6 (a) Give one possible reason for these observations.
(1 mark)
6 (b) State how the results from this student’s experiment could be used to calculate the
relative formula mass of the hydrated sodium carbonate.
(1 mark)
7 Dilute solutions of sodium carbonate and hydrochloric acid are both classified as

irritants. State the essential safety precaution to be taken when using these irritants.

Turn over p»
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Section B

Answer all questions in the spaces provided.

There is another experimental method for determining the number of water molecules in the
formula of hydrated sodium carbonate. This method involves heating a sample to a temperature
higher than 300°C and recording the change in mass of the sample. The equation for the reaction
taking place is

8 (a)

8 (b)

8 (c)

8 (d)

Na,CO3.10H,0(s) —> Na,CO4(s) + 10H,0(g)

A group of six students carried out this experiment. They each weighed out a sample

of hydrated sodium carbonate. They then heated their sample to a temperature higher
than 300°C in a crucible for ten minutes and recorded the final mass after the crucible

had cooled. Their results are summarised in the table.

Student 1 2 3 4 5 6
Initial mass/g 2.43 1.65 3.58 1.09 2.82 1.95
Final mass/g 0.90 0.61 1.53 0.40 1.15 0.72

Plot the values of Initial mass (y-axis) against Final mass on the grid opposite.

A graph of these results should include an additional point.
Draw a circle on the grid around the additional point that you should include. (4 marks)

Draw a best-fit straight line for these results that includes your additional point. (1 mark)

Identify each student whose experiment gave an anomalous result.

All the students carried out the experiment exactly according to this method.
Explain why a student that you identified in Question 8 (c) obtained an anomalous
result.

(2 marks)
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Turn over for the next question

Turn over p
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9 Sodium carbonate is manufactured by the Solvay Process.

The separate stages involved in this process are shown in this diagram.

Raw material l NaCl

Product
—
CaCI2

Reactor 2
Co, Reaction in NH3
aqueous solution
Raw
material Reac'tor 1 Co, NH.CI Reac.tor 3
—— > Reaction at Reaction in
CaCOs3 1000°C agueous solution
NaHCO3
cao Reactor 4 CaO
Reaction at
300°C
Product Na,COj3
9 (a) In Reactor 1, calcium carbonate is decomposed into calcium oxide and carbon dioxide.

Despite no significant leakage of carbon dioxide from this decomposition, this part of
the process results in an increase in carbon dioxide in the atmosphere.

State why this increase in carbon dioxide occurs.

9 (b)

Write an equation for this reaction.

In Reactor 2, sodium chloride solution, carbon dioxide and ammonia react to form
sodium hydrogencarbonate and ammonium chloride.

Do not write
outside the
box
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9 (c) Use information from the diagram to deduce an equation for the reaction taking place
in Reactor 3.
(1 mark)
9 (d) An equation for the overall reaction in the Solvay Process is

2NaCl(aq) + CaCO;3(s) —— Na,COs3(s) + CaCly(aq)

9 (d) (i) Calculate the percentage atom economy of this reaction to produce sodium carbonate.
Show your working.

(2 marks)

9 (d) (ii) State what could be done to improve the percentage atom economy of the Solvay

Process.

(1 mark)

9 (e) Use information from the diagram to suggest why ammonia is not regarded as a raw

material in the Solvay Process.

(1 mark)

15
END OF QUESTIONS
Turn over »
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