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Answer ALL the questions. 

Write your answers in the spaces provided.

1 A series of tests was carried out on a pale green inorganic compound A which 
contained two cations and one anion.

 (a) Dilute sodium hydroxide solution was added drop by drop to 5 cm3 of an 
aqueous solution of A until there was no further reaction.

  A green precipitate was formed which was filtered off and, after some time, 
turned into a brown solid.

  (i) Give the formula of the cation in A shown by this test.
(1)

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

  (ii) Give the formula of the green precipitate.
(1)

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

  (iii) Identify, by name or formula, the brown solid.
(1)

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

  (iv) State the type of reaction that occurred when the green precipitate 
turned brown.

(1)

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

  (v) Give the reason why dilute sodium hydroxide is added drop by drop when 
testing for cations.

(1)

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

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

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

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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 (b) The filtrate was heated gently and an alkaline gas was given off. 

  (i) Describe a test and its positive result to show that the gas was alkaline.
(2)

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

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

  (ii) Describe a further chemical test and its result to confirm that the gas 
was ammonia.

(2)

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

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

 (c) A 1 cm3 sample of an aqueous solution of A was acidified with dilute 
hydrochloric acid and a few drops of barium chloride solution were added.

  A white precipitate was formed which identified the anion in A as the sulfate ion.

  (i) State the reason for the addition of dilute hydrochloric acid.
(1)

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

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

  (ii) Bottles of solid barium chloride have the hazard label:

   Give a precaution, other than wearing lab coats and goggles, that would 
reduce the risk in preparing a solution of barium chloride.  Justify your choice.

(1)

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

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

 (d) Suggest a formula for A.  Do not include water of crystallisation.
(1)

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

 (Total for Question 1 = 12 marks)
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Answer ALL the questions. 

Write your answers in the spaces provided.

1 A series of tests was carried out on a pale green inorganic compound A which 
contained two cations and one anion.

 (a) Dilute sodium hydroxide solution was added drop by drop to 5 cm3 of an 
aqueous solution of A until there was no further reaction.

  A green precipitate was formed which was filtered off and, after some time, 
turned into a brown solid.

  (i) Give the formula of the cation in A shown by this test.
(1)

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

  (ii) Give the formula of the green precipitate.
(1)

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

  (iii) Identify, by name or formula, the brown solid.
(1)

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

  (iv) State the type of reaction that occurred when the green precipitate 
turned brown.

(1)

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

  (v) Give the reason why dilute sodium hydroxide is added drop by drop when 
testing for cations.

(1)

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

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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 (b) The filtrate was heated gently and an alkaline gas was given off. 

  (i) Describe a test and its positive result to show that the gas was alkaline.
(2)
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  (ii) Describe a further chemical test and its result to confirm that the gas 
was ammonia.

(2)
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 (c) A 1 cm3 sample of an aqueous solution of A was acidified with dilute 
hydrochloric acid and a few drops of barium chloride solution were added.

  A white precipitate was formed which identified the anion in A as the sulfate ion.

  (i) State the reason for the addition of dilute hydrochloric acid.
(1)

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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  (ii) Bottles of solid barium chloride have the hazard label:

   Give a precaution, other than wearing lab coats and goggles, that would 
reduce the risk in preparing a solution of barium chloride.  Justify your choice.

(1)

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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 (d) Suggest a formula for A.  Do not include water of crystallisation.
(1)

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

 (Total for Question 1 = 12 marks)

209Pearson Edexcel International Advanced Subsidiary/Advanced Level in Chemistry 
Sample Assessment Materials – Issue 1 – September 2017 © Pearson Education Limited 2017
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2 A student was asked to investigate two liquids, labelled X and Y.  One liquid was 
butanal and the other was butanone.

H

O
H3C CH2 CH2 C

butanal

O

H3C CH2 C CH3

butanone

 (a) Describe a test, including the expected observation, which would be positive for 
both liquids.

(2)
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 (b) Describe two chemical tests, including the expected observations, which each 
give a positive result with butanal and no reaction with butanone.

(4)
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 (c) State what is observed when an alkaline solution of iodine is added to butanone 
and the mixture warmed.

(1)
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 (d) The high resolution proton nuclear magnetic resonance (NMR) spectrum of X is shown. 

11 10 9 8 7 6 5 4 3 2 1 0

*

Chemical shift, į / ppm

Intensity

  (i) Deduce the identity of substance X.  Refer only to the peak with the asterisk(*) 
which is a singlet with a relative peak area of three.

(3)
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  (ii) The proton NMR spectrum has a small peak with a chemical shift, 
į = 0 parts per million (ppm) which does not result from substance X.

   Explain the presence of this small peak, identifying the compound responsible.
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 (Total for Question 2 = 12 marks)
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2 A student was asked to investigate two liquids, labelled X and Y.  One liquid was 
butanal and the other was butanone.

H

O
H3C CH2 CH2 C

butanal

O

H3C CH2 C CH3

butanone

 (a) Describe a test, including the expected observation, which would be positive for 
both liquids.

(2)
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 (b) Describe two chemical tests, including the expected observations, which each 
give a positive result with butanal and no reaction with butanone.

(4)
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 (c) State what is observed when an alkaline solution of iodine is added to butanone 
and the mixture warmed.

(1)
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 (d) The high resolution proton nuclear magnetic resonance (NMR) spectrum of X is shown. 

11 10 9 8 7 6 5 4 3 2 1 0

*

Chemical shift, į / ppm

Intensity

  (i) Deduce the identity of substance X.  Refer only to the peak with the asterisk(*) 
which is a singlet with a relative peak area of three.

(3)
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  (ii) The proton NMR spectrum has a small peak with a chemical shift, 
į = 0 parts per million (ppm) which does not result from substance X.

   Explain the presence of this small peak, identifying the compound responsible.
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 (Total for Question 2 = 12 marks)
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3 This question is about the preparation of a complex salt of cobalt(III).

 The overall equation for the formation of this complex salt is:

2HNO3 + 2Co(NO3)2.6H2O + H2O2 + 10NH3 → 2Co(NH3)5(H2O)(NO3)3 + 12H2O.

 Procedure

 Step 1  Add 3.6 g of hydrated cobalt(II) nitrate, Co(NO3)2.6H2O, to 2.5 g of 
ammonium nitrate, NH4NO3, in a large beaker.

 Step 2  Add just enough hot water to dissolve the two salts. 

 Step 3  Keeping the beaker warm on a hot plate, add 40 cm3 of aqueous ammonia.

 Step 4  Over a period of about 30 minutes, add a total volume of 25 cm3 of 
3.0% (3.0 g per 100 cm3) hydrogen peroxide to the mixture.  Allow the 
mixture to cool.

 Step 5  Carefully add 40 cm3 of concentrated nitric acid to the mixture and leave 
to stand for a further 10 minutes.

 Step 6  To precipitate the complex salt, add cold ethanol to the mixture and filter 
the solid formed under reduced pressure. 

 Step 7  Recrystallise the complex salt.

 (a) (i) The hydrogen peroxide is used to oxidise cobalt(II) to cobalt(III).  The reduction 
half-equation is:

H2O2 + 2H+ + 2e− → 2H2O.

   Deduce the ionic equation for the reaction of hydrogen peroxide with 
cobalt(II) ions.

   State symbols are not required.
(1)
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  (ii) Show by calculation that there is sufficient hydrogen peroxide to oxidise all of 
the cobalt(II) ions.

(4)

  (iii) In Step 4, when an excess of hydrogen peroxide is added, bubbles are seen.  
The gas relights a glowing splint.

   Identify the gas and write an equation for the formation of this gas.
(2)
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 (b) State the purpose of ethanol in Step 6 and why it is cold.
(2)
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3 This question is about the preparation of a complex salt of cobalt(III).

 The overall equation for the formation of this complex salt is:

2HNO3 + 2Co(NO3)2.6H2O + H2O2 + 10NH3 → 2Co(NH3)5(H2O)(NO3)3 + 12H2O.

 Procedure

 Step 1  Add 3.6 g of hydrated cobalt(II) nitrate, Co(NO3)2.6H2O, to 2.5 g of 
ammonium nitrate, NH4NO3, in a large beaker.

 Step 2  Add just enough hot water to dissolve the two salts. 

 Step 3  Keeping the beaker warm on a hot plate, add 40 cm3 of aqueous ammonia.

 Step 4  Over a period of about 30 minutes, add a total volume of 25 cm3 of 
3.0% (3.0 g per 100 cm3) hydrogen peroxide to the mixture.  Allow the 
mixture to cool.

 Step 5  Carefully add 40 cm3 of concentrated nitric acid to the mixture and leave 
to stand for a further 10 minutes.

 Step 6  To precipitate the complex salt, add cold ethanol to the mixture and filter 
the solid formed under reduced pressure. 

 Step 7  Recrystallise the complex salt.

 (a) (i) The hydrogen peroxide is used to oxidise cobalt(II) to cobalt(III).  The reduction 
half-equation is:

H2O2 + 2H+ + 2e− → 2H2O.

   Deduce the ionic equation for the reaction of hydrogen peroxide with 
cobalt(II) ions.

   State symbols are not required.
(1)
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  (ii) Show by calculation that there is sufficient hydrogen peroxide to oxidise all of 
the cobalt(II) ions.

(4)

  (iii) In Step 4, when an excess of hydrogen peroxide is added, bubbles are seen.  
The gas relights a glowing splint.

   Identify the gas and write an equation for the formation of this gas.
(2)
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 (b) State the purpose of ethanol in Step 6 and why it is cold.
(2)
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 (c) Draw a labelled diagram of the apparatus used for filtration under reduced 
pressure in Step 6.

(3)

 (d) This complex salt can be recrystallised using ethanol as the solvent.

  (i) State why the salt is dissolved in the minimum volume of hot ethanol.
(1)
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  (ii) The hot solution is filtered.  Name the type of impurities removed in 
this filtration.

(1)
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  (iii) The solution is cooled and then filtered.  Name the type of impurities removed 
in this filtration.

(1)
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  (iv) Describe the final stage required to obtain pure crystals of the complex salt.
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 (e) (i) One student found the yield of their complex salt to be 110%.

   Suggest a possible reason for this.
(1)
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  (ii) A second student found the yield of their complex salt to be 80%.

   On reweighing their salt after 24 hours, their yield had decreased to 75%.  
Suggest a possible reason for this.

(1)
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 (c) Draw a labelled diagram of the apparatus used for filtration under reduced 
pressure in Step 6.

(3)

 (d) This complex salt can be recrystallised using ethanol as the solvent.

  (i) State why the salt is dissolved in the minimum volume of hot ethanol.
(1)
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  (ii) The hot solution is filtered.  Name the type of impurities removed in 
this filtration.

(1)
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  (iii) The solution is cooled and then filtered.  Name the type of impurities removed 
in this filtration.

(1)
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  (iv) Describe the final stage required to obtain pure crystals of the complex salt.
(2)
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 (e) (i) One student found the yield of their complex salt to be 110%.

   Suggest a possible reason for this.
(1)
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  (ii) A second student found the yield of their complex salt to be 80%.

   On reweighing their salt after 24 hours, their yield had decreased to 75%.  
Suggest a possible reason for this.

(1)
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4 A class of students was given an outline method for an experiment to determine the 
acid dissociation constant, Ka, of propanoic acid.

 Step 1  Pipette 25.0 cm3 of 0.1 mol dm−3 propanoic acid into a conical flask.

 Step 2  Add 3 or 4 drops of phenolphthalein indicator to the solution in the 
conical flask.

 Step 3  Fill a burette with sodium hydroxide solution.

 Step 4  Add the sodium hydroxide solution from the burette to the conical flask 
until a pale pink colour remains after swirling.

 Step 5  Use a pipette to transfer a further 25.0 cm3 of the propanoic acid to the 
solution in the conical flask.

 Step 6  Use a pH meter to measure the pH of this mixture.

 The temperature of all solutions were maintained at 25 °C.

 (a) State and justify why, before carrying out Step 1, the pipette should be rinsed 
with propanoic acid after rinsing with deionised water.

(1)
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 (b) State and justify the effect, if any, on the value of Ka calculated if, in Step 3, there is 
an air bubble in the tip of the burette.

(1)
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 (c) At the end of Step 4, one student had a deep pink coloured solution in their 
conical flask.

  Give a reason for the presence of this colour.
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 (d) The measurement uncertainty of the pipette is ±0.06 cm3. 

  Calculate the percentage uncertainty when 25.0 cm3 is added from the pipette.
(1)

 (e) Describe how the pH meter should be calibrated before Step 6.
(1)

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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 (f ) One student obtained a value of pH = 4.9 in Step 6.

  Calculate Ka, including units, giving your answer to an appropriate number of 
significant figures.

(2)

(Total for Question 4 = 7 marks)

TOTAL FOR PAPER = 50 MARKS
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4 A class of students was given an outline method for an experiment to determine the 
acid dissociation constant, Ka, of propanoic acid.

 Step 1  Pipette 25.0 cm3 of 0.1 mol dm−3 propanoic acid into a conical flask.

 Step 2  Add 3 or 4 drops of phenolphthalein indicator to the solution in the 
conical flask.

 Step 3  Fill a burette with sodium hydroxide solution.

 Step 4  Add the sodium hydroxide solution from the burette to the conical flask 
until a pale pink colour remains after swirling.

 Step 5  Use a pipette to transfer a further 25.0 cm3 of the propanoic acid to the 
solution in the conical flask.

 Step 6  Use a pH meter to measure the pH of this mixture.

 The temperature of all solutions were maintained at 25 °C.

 (a) State and justify why, before carrying out Step 1, the pipette should be rinsed 
with propanoic acid after rinsing with deionised water.

(1)
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 (b) State and justify the effect, if any, on the value of Ka calculated if, in Step 3, there is 
an air bubble in the tip of the burette.

(1)
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 (c) At the end of Step 4, one student had a deep pink coloured solution in their 
conical flask.

  Give a reason for the presence of this colour.
(1)
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 (d) The measurement uncertainty of the pipette is ±0.06 cm3. 

  Calculate the percentage uncertainty when 25.0 cm3 is added from the pipette.
(1)

 (e) Describe how the pH meter should be calibrated before Step 6.
(1)
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 (f ) One student obtained a value of pH = 4.9 in Step 6.

  Calculate Ka, including units, giving your answer to an appropriate number of 
significant figures.

(2)

(Total for Question 4 = 7 marks)

TOTAL FOR PAPER = 50 MARKS
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