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Section A

These questions are about the task, the determination of
the concentration of sulfuric(IV) acid (H,SO3) in a crater-lake solution.

You should use your Task Sheet and your Candidate Results Sheet to answer them.

Answer all questions in the spaces provided.

1 Record the average titre from your Candidate Results Sheet.

F Y=Y =T 1= I (] 1 = PP

2 The concentration of the sodium hydroxide solution used was 0.100 mol dm™3.
Calculate the amount, in moles, of NaOH in 25.0 cm? of this sodium hydroxide
solution.

3 The equation for the reaction between sulfuric(IV) acid and sodium hydroxide is shown
below.

H,SO3; + 2NaOH —— Na,SO; + 2H,0
Use your answers from Questions 1 and 2 and the equation above to calculate the

concentration, in mol dm=3, of sulfuric(lV) acid in solution A.
Give your answer to the appropriate precision.

(3 marks)
4 Solution A was a diluted sample of crater-lake solution. Solution A was prepared by
transferring 50.0 cm? of the original crater-lake solution into a 250 cm® volumetric
(graduated) flask. The flask was made up to the mark with distilled water.

Use your answer from Question 3 to calculate the concentration, in mol dm™,
of sulfuric(lV) acid in the original crater-lake solution.
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5 Use data from the Periodic Table to calculate the M, of sulfuric(IV) acid (H,SO,).
Give your answer to one decimal place.

(1 mark)
6 Use your answers from Questions 4 and 5 to calculate the concentration, in g dm‘3,
of sulfuric(lV) acid in the original crater-lake solution.
(1 mark)
7 In the preparation of solution A, a 100 cm® measuring cylinder was used to transfer

50.0 cm? of the original crater-lake solution into the 250 cm? volumetric (graduated)
flask. The maximum total errors are shown below.

Measuring cylinder +1.0cm3
Volumetric (graduated) flask +0.50 cm?®

7 (a) Estimate the maximum percentage error in using each of these pieces of apparatus.
Show your working.

MeEaSUINNG CYIINAET ....eviieii i e e e e e e e et e e e e e e e e e e e es e e eeeeeeensnns
Volumetric (graduated) flask ............ooeiiiiiii e
(2 marks)
7 (b) Give one change you could make to reduce the percentage error in the preparation of
solution A.
(1 mark)
8 When the original sample of crater-lake solution was collected it was immediately

placed in a sealed container. Suggest why this method of storage is needed in order
to determine an accurate concentration of sulfuric(IV) acid in the sample.

Turn over p
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9 Suggest one reason why the concentration of acid in the crater-lake solution may be
higher than the actual concentration of sulfuric(lV) acid in the crater-lake.

Section B starts on page 6
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Turn over for the next question
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Section B

Answer all questions in the spaces provided.

Introduction

A student investigated the acid content of a different crater-lake solution. The student used a
50.0 cm? burette to measure out different volumes of this crater-lake solution. Each volume of
crater-lake solution was titrated with a 0.100 mol dm™ sodium hydroxide solution. Each titration
was repeated. The results are shown below.

Volume of crater-lake solution/cm? 10.0 20.0 30.0 40.0 50.0
Volume of Experiment 1 5.85 17.00 20.00 26.50 32.45
sodium

hydroxide _

solution / cm?3 Experiment 2 6.15 13.00 19.90 26.50 32.55
Average titre / cm® 6.00 15.00 19.95 26.50 32.50

10 (a)

10 (b)

10 (c)

10 (d)

On the graph paper opposite, plot a graph of average titre (y-axis) against volume of
crater-lake solution. Both axes must start at zero. (3 marks)
Draw a line of best fit on the graph. (1 mark)

Use the graph to determine the titre that the student would have obtained using a
25.0 cm® sample of crater-lake solution.

Excluding any anomalous points, which average titre value would you expect to be the
least accurate value? Give one reason for your choice.

Least accurate average titre

(2 marks)
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1 Another 100 cm?® sample of crater-lake solution was reacted with an excess of
powdered limestone. The gas produced was collected in a gas syringe. The equation
for the reaction between the sulfuric(IV) acid in the crater-lake solution and the calcium
carbonate in the powdered limestone is shown below.

H2803 + CaCO3 I CaSO3 + Hzo + C02
The volume of gas collected from the reaction of the sulfuric(IV) acid in 100 cm? of
crater-lake solution with an excess of powdered limestone was 81.0 cm? at 298 K and

1.00 x 10° Pa.

11 (a) State the ideal gas equation.

(1 mark)
11 (b) Use the ideal gas equation to calculate the amount, in moles, of carbon dioxide
formed.
Show your working.
(The gas constant R = 8.31 JK™"mol™)
(3 marks)
11 (c) Use the equation for the reaction and your answer from Question 11 (b) to calculate the

minimum mass of calcium carbonate needed to neutralise the sulfuric(lV) acid
in 1.00 dm? of crater-lake solution.
Show your working.

(If you could not complete the calculation in Question 11 (b) assume that the amount of
carbon dioxide is 1.25 x 107 mol. This is not the correct value.)

(3 marks)
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11 (d) The percentage by mass of calcium carbonate in the powdered limestone was 95.0%.
Calculate the minimum mass of this powdered limestone needed to neutralise the
sulfuric(IV) acid in 1.00 dm? of this crater-lake solution.

(2 marks)
11 (e) Give one reason, other than cost, why limestone rather than solid sodium hydroxide is
often used to neutralise acidity in lakes.
(1 mark)

END OF QUESTIONS
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