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1 Record the average titre from your Candidate Results Sheet.

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

2 The concentration of  sodium hydroxide solution was 0.100 mol dm–3.

Use your answer from Question 1 to calculate the amount, in moles, of  sodium
hydroxide required to neutralise all of  the acid in 25.0 cm3 of  the diluted equilibrium
mixture.

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

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

3 Use your answer to Question 2 to calculate the total amount, in moles, of  H+ ions in the
whole sample of  undiluted equilibrium mixture (250 cm3 of  diluted equilibrium mixture).

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

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

4 The mixture you prepared and allowed to reach equilibrium contained 
2.00 cm3 of  1.00 mol dm–3 sulfuric acid as a catalyst.

4 (a) Calculate the amount, in moles, of  H+ ions in the sulfuric acid.  Assume that the
sulfuric acid is completely dissociated.

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

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

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

4 (b) Use your answers to Question 3 and Question 4 (a) to calculate the amount, in moles,
of  propanoic acid in the whole sample of  undiluted equilibrium mixture.

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

Section A

These questions are about the task, Determination of  an equilibrium constant.

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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5 The equation for the reaction occurring in the mixture is given below.

CH3CH2COOH(I)  +  CH3CH2OH(I) CH3CH2COOCH2CH3(I)  +  H2O(I)

5 (a) The original 7.00 cm3 sample of  propanoic acid used to prepare the equilibrium mixture
contained 0.0940 mol of  CH3CH2COOH

Use your answer to Question 4 (b), to calculate the amount, in moles, of  propanoic acid
that has reacted at equilibrium.
(If  you were unable to complete the calculation in Question 4 (b) assume that the
amount of  propanoic acid in the whole sample of  undiluted equilibrium mixture was
0.0258 mol.  This is not the correct answer.)

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

5 (b) The original 7.00 cm3 sample of  ethanol used to prepare the equilibrium mixture
contained 0.102 mol of  CH3CH2OH

Use this information and your answer to Question 5 (a) to calculate the amount, 
in moles, of  ethanol remaining at equilibrium.

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

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

5 (c) Use your answer to Question 5 (a) to deduce the amount, in moles, of
CH3CH2COOCH2CH3 and the amount, in moles, of  H2O formed at equilibrium.

CH3CH2COOCH2CH3 ........................................................................................................

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

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

H2O ....................................................................................................................................

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

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

6 Suggest the main reason why the actual amount of  water in the equilibrium mixture is
greater than that deduced in Question 5 (c).

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

............................................................................................................................................
(1 mark)
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4

7 In another experiment, at a fixed temperature, a different equilibrium mixture contained
the following amounts, in moles, of  each component.

7 (a) Write an expression for the equilibrium constant, Kc, for the reaction given in Question 5.

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

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

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

7 (b) Use the data in the table above to calculate a value for the equilibrium constant, Kc, at
this fixed temperature.
Record your answer to the appropriate precision.

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

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

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

8 If  the mixture is uncovered during the time it is left to reach equilibrium, some of  the
ester formed will evaporate.
Explain why a smaller volume of  sodium hydroxide would then be required in the
titration compared with the volume for the covered mixture.

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

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

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

CH3CH2COOH CH3CH2OH CH3CH2COOCH2CH3 H2O

0.0424 0.0525 0.0745 0.0813
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Section B

Answer all questions in the spaces provided.

9 Propanoic acid can be made from propan-1-ol by oxidation using acidified potassium
dichromate(VI).  Propanal is formed as an intermediate during this oxidation.

9 (a) State the colour of  the chromium species after the potassium dichromate(VI) has
reacted.

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

9 (b) Describe the experimental conditions and the practical method used to ensure that the
acid is obtained in a high yield.  Draw a diagram of  the assembled apparatus you
would use.

Conditions ..........................................................................................................................

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

Apparatus

(4 marks)

9 (c) Describe the different experimental conditions necessary to produce propanal in high
yield rather than propanoic acid.

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

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

PMT
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10 Propan-1-ol is a volatile, flammable liquid.
Give one safety precaution that should be used during the reaction to minimise this
hazard.

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

11 A student followed the progress of  the oxidation of  propan-1-ol to propanoic acid by
extracting the organic compounds from one sample of  reaction mixture.

11 (a) Give a chemical reagent which would enable the student to confirm the presence of
propanal in the extracted compounds.
State what you would observe when propanal reacts with this reagent.

Reagent ..............................................................................................................................

Observation .......................................................................................................................

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

11 (b) Give a chemical reagent that would enable the student to confirm the presence of
propanoic acid in the extracted compounds.
State what you would observe when propanoic acid reacts with this reagent.

Reagent ..............................................................................................................................

Observation .......................................................................................................................

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

12 Predict which one of  the compounds, propan-1-ol, propanal and propanoic acid will
have the highest boiling point.  Explain your answer.

Prediction ...........................................................................................................................

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

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

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

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

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

END  OF  QUESTIONS
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