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1 Deduce a possible identity for X.  Explain your deduction.

Identity for X ......................................................................................................................

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

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

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

2 State how the sample labelled X could be tested to show whether it is contaminated
with hydrogen iodide used in the manufacturing process.

Test ....................................................................................................................................

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

3 Small amounts of  the esters methyl ethanoate and methyl methanoate are also formed
in this manufacturing process.  Identify the two substances in the reaction mixture that
would react to form methyl methanoate.  Write an equation for this reaction to form
methyl methanoate.

Substances ........................................................................................................................

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

Section A

These questions are about the task, the investigation of  an organic compound.

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

Answer all questions in the spaces provided.
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4 Infrared spectroscopy can be used to distinguish between esters, alcohols and
carboxylic acids.

Use Table 1 on the Data Sheet, where appropriate, to answer the following questions.

4 (a) Identify an absorption that would enable you to distinguish between methyl ethanoate
and ethanoic acid.

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

4 (b) Identify an absorption that would enable you to distinguish between methanol and
ethanoic acid.

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

4 (c) State how infrared spectroscopy can be used to show that an unknown ester is
definitely methyl ethanoate.

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

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

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

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

Turn over for the next question
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Introduction

Ethanoic acid is manufactured in industry from methanol and carbon monoxide in a multi-step
process involving hydrogen iodide.  Ethanoic acid is obtained from the reaction mixture by
fractional distillation.  Methanoic acid is a useful by-product of  this process.

The Ka value of  an organic acid can be determined by using the pH curve obtained when the acid
is titrated against sodium hydroxide.  The pH of  the solution formed when exactly half  of  the acid
has been neutralised is equal to the pKa value of  the acid.  The Ka value of  the acid can be used
to confirm its identity.

A chemist used a pH curve to determine the pKa value of  acid Y, formed during the manufacture
of  ethanoic acid.  The chemist transferred 25.0 cm3 of  a solution of  acid Y into a beaker using a
pipette, and measured the pH of  the acid solution using a pH meter which could be read to one
decimal place.  A solution of  sodium hydroxide of  concentration 0.100 mol dm–3 was added from a
burette in small portions.  The pH of  the mixture was recorded after each addition of  the sodium
hydroxide solution.  The chemist’s results are given in the table below.

5 Use the results given in the table above to plot a graph of  pH (y-axis) against volume
of  sodium hydroxide solution added.  Use the points to draw the pH curve, ignoring any
anomalous results. (6 marks)

6 Use your graph from Question 5 to determine the

6 (a) volume of  sodium hydroxide solution at the end-point of  the titration ....................... cm3

6 (b) volume of  sodium hydroxide solution needed to neutralise half  the acid ................. cm3

6 (c) pH of  the half-neutralised mixture.  Give your answer to one decimal place. ...................
(3 marks)

4

Section B

Answer all questions in the spaces provided.

Volume of  sodium
hydroxide solution

added / cm3
pH

0.0 3.0

2.0 3.4

4.0 3.5

8.0 3.7

12.0 4.3

16.0 4.1

20.0 4.3

22.0 4.7

Volume of  sodium
hydroxide solution

added / cm3
pH

23.5 5.1

24.0 5.5

24.5 11.8

25.0 12.1

26.0 12.3

27.0 12.4

28.0 12.5

30.0 12.5

PMT
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7 Use the pH of  the half-neutralised mixture from Question 6 (c) to calculate the value of
the acid dissociation constant, Ka, of  the acid Y.  Show your working.

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

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

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

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

8 The table below shows the Ka values for some organic acids.

Use your answer from Question 7 to identify acid Y from this table.

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

9 For the pipette and the burette, the maximum total errors are shown below.  These
errors take into account multiple measurements.

pipette ± 0.05 cm3

burette ± 0.15 cm3

Estimate the percentage error in using each of  these pieces of  apparatus.  You should
use your answer to Question 6 (a) to estimate the percentage error in using the burette.

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

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

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

6

Acid Ka / mol dm–3

Methanoic acid 1.6 x 10–4

Ethanoic acid 1.7 x 10–5

Iodoethanoic acid 6.8 x 10–4

Propanoic acid 1.3 x 10–5

PMT
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10 Calculate the difference between the Ka value from Question 7 and the Ka value of  the
acid you identified as the acid Y in the table in Question 8.

Express this difference as a percentage of  the value given in the table in Question 8.
(If  you could not complete the calculation in Question 7, you should assume that the Ka
value determined from the graph is 1.9 x 10–4 mol dm–3.  This is not the correct value.)

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

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

11 Other than by using a different pH meter, state one way in which the accuracy of  the
pH readings could be improved.

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

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

12 State why there was little change in the pH value of  the mixture when between 8 cm3

and 20 cm3 of  alkali were added.

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

13 Methanoic acid is used to remove the oxide coating from magnesium before the metal
is used to make alloys.

13 (a) Write an equation for the reaction of  methanoic acid and magnesium oxide to form
magnesium methanoate and water.

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

13 (b) Suggest one reason why methanoic acid is used in preference to the cheaper sulfuric
acid.

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

............................................................................................................................................
(1 mark)
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14 Methanoic acid can also be formed by the reaction of  hydrogen and carbon dioxide.
The equation for this reaction is shown below.

H2 + CO2 HCOOH

14 (a) The combustion of  methanoic acid has been suggested as a possible source of  clean
energy in the future.  Suggest why this use of  methanoic acid as a fuel can be
considered to be carbon neutral.

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

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

14 (b) Methanoic acid has also been suggested as a starting material in the manufacture of
polymers.  State one advantage, other than cost, of  using methanoic acid rather than a
starting material obtained from crude oil.

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

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

END  OF  QUESTIONS

8
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