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SECTION A

Answer ALL parts of this question in the spaces provided.

1. The following procedure can be used to prepare ethyl ethanoate (boiling temperature 
77°C).

 • Mix 20 cm3 of ethanol (an excess) and 12.6 g of ethanoic acid in a pear-shaped flask.
 • Slowly add 8 cm3 of concentrated sulphuric acid, with cooling and mixing.
 • Heat the mixture under reflux for 15 minutes.
 • Allow the apparatus to cool and then re-arrange it for distillation.
 • Collect everything that distils up to 80°C.
 • Purify the distillate.

 (a) Write the equation for the reaction between ethanol and ethanoic acid.

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

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

 (b) What is the purpose of the concentrated sulphuric acid in this reaction?

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

   .......................................................................................................................................
(1)
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 (c) Draw a diagram to show how you should set up the apparatus to distil the mixture.

(3)
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 (d) 10.6 g of pure ethyl ethanoate was collected.

  Calculate the percentage yield of ethyl ethanoate obtained in this experiment.

(3)

 (e) Ethyl ethanoate can also be prepared from ethanol and ethanoyl chloride.

  (i) Write the equation for this reaction.

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

  (ii) Explain why the yield obtained by this method is significantly higher than that 
from ethanoic acid.

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

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

    ................................................................................................................................
 (1)
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 (f) The solid ester phenyl benzoate can be prepared from phenol and benzoyl chloride.   
It is purified by recrystallisation.

  (i) Explain what makes a solvent suitable for use in this recrystallisation.

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

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

  (ii) Explain why the mixture is filtered after dissolving the phenyl benzoate in the 
minimum amount of hot solvent.

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

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

  (iii) Explain why the mixture is filtered after cooling.

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

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

  (iv) Explain why the residue is washed with a small amount of cold solvent.

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

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

  (v) State how you would check that the sample after recrystallisation was pure.

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

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

TOTAL FOR SECTION A: 16 MARKS

Q1

(Total 16 marks)
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SECTION B
Answer any TWO questions from this section in the spaces provided.

If you answer Question 2 put a cross in this box    .

2. (a) Describe the structure of solid sodium chloride.

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

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

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

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

(2)

 (b) Explain, in terms of the bonding in solid sodium chloride and in the solution, why 
sodium chloride is soluble in water.

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

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

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

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

   .......................................................................................................................................
(2)
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 (c) Draw a labelled Hess’s Law cycle for the dissolving of sodium chloride in water.

  Use it and the data below to calculate the enthalpy of solution of sodium chloride.

Lattice enthalpy of NaCl –771 kJ mol–1

Hydration enthalpy of Na+ –406 kJ mol–1

Hydration enthalpy of Cl– –364 kJ mol–1

(3)

QUESTION 2 CONTINUES ON THE NEXT PAGE
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 (d) Bromine is produced during the electrolysis of sodium bromide solution.

  Identify the other two products of this electrolysis and write the half-equation for the 
reaction occurring at the anode.

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

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

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

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

 (e) (i) Write the mechanism for the addition of bromine to ethene.

(3)
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  (ii) When ethene reacts with a mixture of bromine and sodium chloride, 
1,2-dibromoethane and 1-bromo-2-chloroethane are formed but no 
1,2-dichloroethane.

   Explain why some 1-bromo-2-chloroethane is formed but no
1,2-dichloroethane.

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

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

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

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

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

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

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

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

    ................................................................................................................................
(4) Q2

(Total 17 marks)
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If you answer Question 3 put a cross in this box    .

3. (a) The table below shows the results of a kinetic investigation into the alkaline hydrolysis 
of 2-chloro-2-methylpropane, (CH3)3CCl.

Experiment [(CH3)3CCl]
/mol dm–3

[OH–]
/mol dm–3

Relative Initial 
Rate

A 0.2 0.1 1.0

B 0.3 0.1 1.5

C 0.1 0.2 0.5

  (i) Deduce the orders of reaction with respect to each of OH– and 
2-chloro-2-methylpropane, showing your working.

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

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

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

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

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

  (ii) Use the orders that you have deduced in (i) to give the mechanism for the reaction 
of 2-chloro-2-methylpropane with aqueous hydroxide ions.

(3)
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 (b) Citronellal is the insect repellent found in a citronella candle.

  (i) Identify the chiral carbon atom with an asterisk (*) on the diagram above.
(1)

  (ii) Describe simple test tube experiments that would enable you to identify the two 
functional groups in citronellal.

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

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

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

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

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

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

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

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

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

    ................................................................................................................................
(4)

QUESTION 3 CONTINUES ON THE NEXT PAGE
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  (iii) Draw the formulae of the major organic products formed when citronellal reacts 
with

   sodium tetrahydridoborate(III), NaBH4, in aqueous ethanol

   hydrogen bromide

(2)
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  (iv) Give the equation for the complete combustion of citronellal, C10H18O.

   Calculate the maximum volume, measured at room temperature and pressure, 
of carbon dioxide that could be formed by the complete combustion of 1.0 g of 
citronellal. 

   [Molar mass of citronellal = 154 g mol–1 and the molar volume of gas at room 
temperature and pressure = 24 dm3 mol–1]

(4) Q3

(Total 17 marks)
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                        If you answer Question 4 put a cross in this box     .

4. (a) The melting temperatures of three non-metallic elements in Period 3 are given 
below.

Element silicon white phosphorus chlorine

Melting temperature/°C 1410 44 –99

  Explain, in terms of the structures and bonding of the elements, the differences 
between these values.

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

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

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

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

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

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

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

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

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

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

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

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

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

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

   .......................................................................................................................................
(5)
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 (b) In the solid state, phosphorus pentachloride contains the ions PCl4
+ and PCl6

–.

  Suggest the shapes of these ions and justify the shape of ONE of the ions.

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

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

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

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

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

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

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

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

 (c) Name a specific organic compound that has a functional group which reacts with 
phosphorus pentachloride and write the equation for the reaction.

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

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

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

QUESTION 4 CONTINUES ON THE NEXT PAGE
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 (d) Phosphorus pentachloride dissociates as shown in the reversible reaction

PCl5(g)  PCl3(g) + Cl2(g)

  At 420 K and a pressure of 4.0 atm, phosphorus pentachloride was 67% dissociated.

  Calculate Kp at this temperature and state its units.

(5)
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 (e) Phosphorus pentachloride reacts with water to produce phosphoric(V) acid, H3PO4.

  The titration curve when 0.100 mol dm–3 of sodium hydroxide is added to 25.0 cm3 of 
0.100 mol dm–3 of phosphoric(V) acid is shown below.

  (i) Write the equation for the reaction that has occurred when 50.0 cm3 of 
sodium hydroxide solution has been added.

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

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

  (ii) Mark a point on the curve with a cross ( ) where a buffer solution would be 
present.

(1)

TOTAL FOR SECTION B: 34 MARKS

TOTAL FOR PAPER: 50 MARKS

END

Q4

(Total 17 marks)
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