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SECTION A

Answer ALL parts of this question in the spaces provided.

1. When solid lead(II) sulphate is added to a solution of sodium iodide, the following 
equilibrium is established:

PbSO4(s) + 2I– (aq) U PbI2(s) + SO 42– (aq)

 The equilibrium constant, Kc, for this reaction may be found by adding an excess of solid 
lead(II) sulphate to a known volume of a standard solution of sodium iodide.  The mixture 
is left to reach equilibrium at a constant temperature, T.

 Ice-cold water is added to freeze the position of equilibrium and the mixture is then titrated 
with standard silver nitrate solution. 

 In a typical experiment, excess lead(II) sulphate was added to 50.0 cm3 of
0.100 mol dm–3 sodium iodide solution.  The whole equilibrium mixture required 31.0 cm3 
of 0.100 mol dm–3 silver nitrate solution to react with the aqueous iodide ions.

 The expression for Kc for this reaction is

Kc
4SO

I
=

−

−

[ ]
[ ]

2

2

 (a) Why is it not necessary to know the mass of the lead(II) sulphate used in the 
experiment?

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

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

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

 (b) Give the ionic equation for the reaction between silver nitrate solution and aqueous 
iodide ions to produce a precipitate of silver iodide, AgI.

   .......................................................................................................................................
(1)
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 (c) From the data given above, calculate the equilibrium amounts of the iodide and of the 
sulphate ions in solution.  Hence calculate the equilibrium concentration of these ions, 
and the value of Kc for the reaction at temperature T, including the units, if any.

(8)

TOTAL FOR SECTION A: 10 MARKS

Q1

(Total 10 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. This question concerns the reactions of some compounds of nitrogen.

 (a) The ammonium ion reacts with water and behaves as an acid.

NH4
+(aq) + H2O(l) U NH3(aq) + H3O+(aq)

  (i) Identify the TWO conjugate acid-base pairs in the spaces provided.

                   acid 1 ...................................                 base 1 ...................................

                   acid 2 ...................................                 base 2 ...................................
(1)

  (ii) Write the expression for the acid dissociation constant, Ka, of the ammonium 
ion.

(1)

  (iii) A solution of ammonium chloride has a pH of 5.00 at 25°C.
   Ka for the ammonium ion is 5.62 × 10–10 mol dm–3 at 25°C.

   Calculate the concentration of this solution.  State any assumptions you have 
made.

(4)
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  (iv) Use the following table and your answer from part (iii) to suggest a suitable 
indicator for the titration of ammonia solution with hydrochloric acid.  Justify 
your answer.

Indicator pKIn

  thymol blue 1.7

  methyl red 5.1

  phenolphthalein 9.3

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

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

 (b) Hydrogen cyanide is a weak acid in aqueous solution.

  Write an equation to show why aqueous solutions of cyanide ions are alkaline.

   .......................................................................................................................................
(1)
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 (c) Hydrogen cyanide reacts with propanal as follows:

CH3CH2CHO  +  HCN  →  CH3CH2CH(OH)CN

  Propanal is reacted with a solution of potassium cyanide, KCN, containing a little 
dilute sulphuric acid. 

  (i)  What type of reaction is this?

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

  (ii) Give the mechanism for the reaction.

(3)

  (iii) It is important that the pH is neither too acidic nor too alkaline if a good yield of 
the product is to be obtained.  Explain why this is so.

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

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

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

    ................................................................................................................................
(2)
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 (d) In an investigation of the kinetics of the nucleophilic substitution reaction between
1-chloropropane and potassium cyanide in aqueous ethanolic solution, the reaction 
was found to be first order with respect to 1-chloropropane and first order with respect 
to cyanide ions.

  (i) Give the rate equation for the reaction.

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

  (ii) Write a mechanism for the reaction that is consistent with this rate equation.

(3)

 (e) Suggest why reactions using cyanide ions are particularly useful in synthetic organic 
chemistry.

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

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

   .......................................................................................................................................
(1) Q2

(Total 20 marks)
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If you answer Question 3 put a cross in this box    .

3. Ammonia can be oxidised with oxygen in two ways.

  Reaction I:  4NH3(g)  +  5O2(g)  →  4NO(g)  +  6H 2O(g),

  Reaction II: 4NH3(g)  +  3O2(g)  →  2N2(g)  +  6H 2O(g)

 The first reaction is used in the conversion of ammonia to nitric acid.

 (a) Define the term enthalpy of formation.

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

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

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

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

 (b) The following enthalpies of formation are needed for this question.

ΔHf /kJ mol–1

NH3(g) – 46.1

NO(g) + 90.2

H2O(g) – 242

  (i) Calculate the enthalpy change for Reaction I.

(2)

  (ii) Calculate the enthalpy change for Reaction II.

(1)
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 (c) Whenever ammonia is oxidised, the two reactions occur at the same time: they are 
competing reactions. 

  (i) Suggest, with a reason, which reaction you would expect to be more likely 
thermodynamically.

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

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

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

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

  (ii) Explain how the use of a catalyst can favour Reaction I over Reaction II.

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

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

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

 (d) In the nitration of benzene, a mixture of concentrated nitric and sulphuric acids is used 
at a temperature not exceeding 55 °C.

  (i) What is the reason for using sulphuric as well as nitric acid?  Support your answer 
with an equation.

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

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

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

  (ii) On the basis of your answer to (d)(i), which of nitric and sulphuric acid is the 
stronger acid?  Give a reason.

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

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

    ................................................................................................................................
(1)
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  (iii) Give the mechanism for the nitration of benzene.

(3)

  (iv) If the temperature of the reaction mixture rises much above 55 °C, other 
compounds are formed in addition to nitrobenzene.  

   Suggest the structural formulae of ONE of these compounds.

(1)

  (v) Explain, in terms of structure and energetics, why benzene usually reacts via 
substitution rather than addition.

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

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

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

    ................................................................................................................................
(3) 
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 (e) Give the reagents needed to convert 4-nitromethylbenzene into 4-nitrobenzoic acid.

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

   .......................................................................................................................................
(2) Q3

(Total 20 marks)

CH3

NO2 NO2

COOH
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If you answer Question 4 put a cross in this box    .

4. (a) Give the electronic configuration of:

  Cu  :  [Ar] .......................................................................................................................

  Cu+:  [Ar] .......................................................................................................................
(1)

 (b) (i) Explain why Cu+ ions are colourless.

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

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

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

  (ii) Copper(I) ions disproportionate in aqueous solution.  Give the equation for the 
reaction and use the standard electrode potentials given below to explain why the 
reaction occurs.

                                                   E ○/V

Cu2+(aq) +  e –  U  Cu+(aq)      + 0.15

Cu+(aq)  +  e –  U  Cu(s)          + 0.52

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

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

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

  (iii) Explain why your answer to (ii) does not rule out the existence of Cu+(aq) under 
standard conditions.

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

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

    ................................................................................................................................
(1)
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 (c) (i) When a small amount of dilute ammonia solution is added to a solution of 
copper(II) sulphate, a turquoise blue precipitate, F, is formed.

   F has the composition Cu 49.4%, S 12.5%, O 37.4%, H 0.78% by mass.  Calculate 
its empirical formula.

(2)

  (ii) When F is dissolved in dilute hydrochloric acid, the resulting blue solution gives 
a white precipitate with barium chloride solution.

   Suggest a formula for F, given that all the hydrogen is present in hydroxide 
ions.

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

  (iii) When excess concentrated ammonia is added to F, a deep blue solution is formed.  
Give the formula of the ion responsible for this colour.

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

  (iv) What type of reaction is occurring in (iii)?

    ................................................................................................................................
(1)
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 (d) Copper metal can be used as a catalyst.  When propan-1-ol vapour is passed over 
heated copper, the following reaction occurs:

CH3CH2CH2OH  →  CH3CH2CHO  +  H2

  (i) Outline how, by the use of 2,4-dinitrophenylhydrazine and suitable tables of 
data, you could show that the product is propanal.

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

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

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

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

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

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

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

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

  (ii) When propan-1-ol is oxidised with a solution of potassium dichromate(VI) in 
dilute sulphuric acid care must be taken to avoid further oxidation of the aldehyde 
product.  How is this achieved?

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

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

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

  (iii) What is the further oxidation product of the aldehyde?

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

  (iv) Suggest why the oxidation of the alcohol by passing it over heated copper does 
not lead to further oxidation of the aldehyde.

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

    ................................................................................................................................
(1)
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  (v) There are a few places on the surface of the metal where catalysis can occur. 
These are called ‘active sites’.

   Suggest why this leads to the rate of reaction being independent of the gas 
pressure unless this pressure is extremely low.

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

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

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

TOTAL FOR SECTION B: 40 MARKS

TOTAL FOR PAPER: 50 MARKS

END

Q4

(Total 20 marks)
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