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1 Butyl ethanoate is a colourless liquid at room temperature 
and pressure. 
It can be prepared by reacting ethanoic acid with butan-1-ol 
in the presence of concentrated sulfuric acid. 

 Some information on the two organic reactants is given in 
the table below: 

Ethanoic acid Butan-1-ol

Melting point /°C 16 –90

Boiling point /°C 118 118

Density of liquid /g cm–3 1.05 0.81

Solubility in water soluble soluble

 (a) The following method may be used to prepare 
butyl ethanoate:

  Mix 15 cm3 of ethanoic acid with 30 cm3 of 
butan-1-ol in a round-bottomed flask. Add 
concentrated sulfuric acid slowly with swirling. 
Ensuring no loss of reactants or products, heat the 
mixture for approximately 30 minutes and then allow 
the mixture to cool. Pour the contents of the 
round-bottomed flask into a reagent bottle 
containing cold water. Stopper the bottle, shake the 
contents and allow to settle.
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  (i) Explain why the concentrated sulfuric acid is added 
slowly with swirling.     [2 marks]

  (ii) Explain why the ethanoic acid for this preparation 
should not be stored in a fridge at 4°C.     [1 mark]

  (iii) Name the technique used to ensure no loss of 
reactants or products when heating the mixture. 

   [1 mark]

  (iv) Suggest what should be added to the 
round-bottomed flask to promote smooth boiling.     
[1 mark]
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  (v) After allowing to settle, two layers form in the 
reagent bottle. Giving practical details, describe how 
the upper organic layer could be separated into a 
clean, dry beaker.     [3 marks]

 (b) The organic layer is the crude product. To remove any 
remaining traces of acid, it is shaken with 
sodium carbonate solution. The upper organic layer is 
then separated from the aqueous layer. The organic 
product is then dried. 

  (i) What would indicate that all remaining traces of acid 
have been removed from the crude product?

   [1 mark]
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  (ii) Describe how the organic product is dried.     
   [5 marks]

  (iii) State how you would remove any remaining 
organic impurities.     [1 mark]

  (iv) State the effect of the presence of impurities on the 
boiling point of an organic liquid.     [1 mark]
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 (c) (i) Write an equation for the reaction to produce 
butyl ethanoate.     [2 marks]

  (ii) Calculate the number of moles of ethanoic acid 
added in this preparation.     [2 marks]

   Answer 

  (iii) Calculate the number of moles of butan-1-ol added 
in this preparation.     [2 marks]

   Answer 
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  (iv) Explain, using your answers to (c)(i), (ii) and (iii), 
why ethanoic acid is the limiting reactant.     

   [2 marks]

  (v) 12.2 g of butyl ethanoate were obtained. Calculate 
the percentage yield, giving your answer to the 
nearest whole number.     [3 marks]

   Answer % 
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2 Transition metal ions form coloured complexes.

 (a) A few spatula measures of a cobalt(II) compound were 
dissolved in approximately 50 cm3 of deionised water 
and a series of tests were carried out on portions of the 
resulting pink solution.

  A few drops of aqueous ammonia were added to a 
portion of the solution and a blue precipitate formed. 
On addition of excess aqueous ammonia, the blue 
precipitate disappeared and a yellow solution formed. 
The yellow solution was shaken, allowed to stand and 
observed over a period of several minutes. 

  A few drops of silver nitrate solution were added to a 
separate portion of the pink solution. A white precipitate 
formed.

  (i) Write an ionic equation for the formation of the 
blue precipitate.     [1 mark]

  (ii) Give the formula of the complex present in the 
yellow solution.     [1 mark]

  (iii) What will be observed when the yellow solution is 
allowed to stand?     [1 mark]
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  (iv) Name the cobalt(II) compound.     [1 mark]

 (b) A few cm3 of concentrated hydrochloric acid were added 
to a portion of the original pink solution from (a) in a 
boiling tube. A ligand replacement reaction occurred and 
the colour of the solution changed to blue. When water 
was added to the boiling tube, the solution changed 
back to pink. 

  (i) Based on these observations, what can you deduce 
about the reaction?     [1 mark]

  (ii) Write an ionic equation for the reaction which 
occurred when the concentrated hydrochloric acid 
was added.     [2 marks]
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  (iii) State the change in co-ordination number and 
the change in shape of the complexes in the 
ligand replacement reaction when concentrated 
hydrochloric acid was added.     [2 marks]

   Change in co-ordination number:

   Change in shape:

 (c) Nickel(II) ions form a variety of complexes with 
different ligands. 

  (i) State the colour change observed when an excess 
of aqueous ammonia is added to an aqueous 
solution of nickel(II) sulfate.     [1 mark]

  (ii) When excess 1,2-diaminoethane is added to an 
aqueous solution of nickel(II) sulfate, a ligand 
replacement reaction occurs and a purple complex 
forms. Write the formula of the purple complex. 

   [1 mark]
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  (iii) Addition of a solution containing the edta4– ligand 
to the purple solution formed in (c)(ii) results in a 
purple to blue colour change. Write an ionic equation 
for the reaction which occurs.     [2 marks]
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3 A student investigated the chemistry of ethanamide and 
ethylamine by carrying out the following procedures. 

 (a) Dissolve 0.5 g of ethanamide in 3 cm3 of deionised 
water. Add drops of the resulting solution onto both red 
and blue litmus paper. 

  (i) On carrying out this procedure, it was found that the 
aqueous solution of ethanamide had no effect on red 
or blue litmus paper. What can be concluded about 
the aqueous solution?     [1 mark]

  (ii) What would you expect to observe if a solution of 
ethylamine was used in place of ethanamide with 
red and blue litmus paper?     [1 mark]

   red litmus paper:
   blue litmus paper: 

 (b) To 1 cm3 of a solution of ethylamine, add a spatula 
measure of sodium nitrite and 1 cm3 of 
hydrochloric acid.

  On carrying out this procedure, bubbles of gas were 
formed. Identify the gas and name the organic product.
[2 marks]



14247.02 MV18 13 [Turn over

 (c) Add half a spatula measure of ethanamide to about 
5 cm3 of dilute sodium hydroxide in a boiling tube. 
Warm the boiling tube gently.

  On carrying out this procedure, a gas with a 
characteristic smell was produced. Identify the gas and 
name the other product.     [2 marks]

 (d) Add a spatula measure of ethanamide to about 5 cm3 
of dilute hydrochloric acid in a boiling tube. Boil the 
contents of the boiling tube.

  Name the two products of this reaction.     [2 marks]
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4 Iodide ions in aqueous solution can be oxidised to iodine 
using a solution containing peroxodisulfate ions (S2O2–

8 ).

 S2O2–
8  + 2I– → 2SO2–

4  + I2

 (a) At room temperature, the reaction is relatively slow. 
It is much faster in the presence of iron(II) ions.

  (i) Based on the equation above, suggest why the 
reaction is relatively slow.     [1 mark]

  (ii) Suggest the role played by the iron(II) ions in 
this reaction.     [1 mark]
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 (b) When a colourless solution of potassium peroxodisulfate 
is added to a colourless solution of potassium iodide, a 
slow and gradual colour change 
is observed. 

  (i) State the colour change observed.     [1 mark]

  (ii) In the presence of a small amount of sodium 
thiosulfate, the colour change in (b)(i) is delayed. 
Explain, using an ionic equation, why the presence 
of a small amount of sodium thiosulfate delays the 
colour change.     [2 marks]

  (iii) In the presence of a small amount of sodium 
thiosulfate and starch, a different, more immediate, 
colour change is observed. State the colour change.
[1 mark]
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 (c) 250 cm3 of a 0.02 mol dm–3 solution of sodium 
thiosulfate were prepared from hydrated sodium 
thiosulfate, Na2S2O3.5H2O.

  (i) Calculate the mass of hydrated sodium thiosulfate 
required to prepare 250 cm3 of this solution.

   [2 marks]

   Answer 

  (ii) Describe how the solution of sodium thiosulfate was 
prepared using the mass calculated in (c)(i).

   [4 marks]
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This is the end of the question paper
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