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SECTION A

Answer ALL parts of this question in the spaces provided.

1. A sample of an alloy of gold, silver and copper, used to make jewellery, was analysed 
according to the following instructions:

 ● React a known mass of alloy with excess concentrated nitric acid.  The gold does not 
react but the copper and silver react as follows:

 2Ag + 4HNO3 → 2AgNO3 + 2NO2 + 2H2O
 Cu + 4HNO3 → Cu(NO3)2 + 2NO2 + 2H2O

 ● Dilute the solution produced and filter off the gold.

 ● React the filtrate with excess hydrochloric acid.

Ag+(aq) + Cl–(aq) → AgCl(s)

 ● Filter the precipitate of silver chloride.  Wash, dry and weigh it.

 ● To the remaining solution, add excess potassium iodide solution.  Titrate the liberated 
iodine with standard sodium thiosulphate solution.

2Cu2+ + 4I- → 2CuI  +   I2
 I2 + 2S2O3

2- → 2I- +  S4O6
2-

 Results 

Mass of alloy 1.40 g

Mass of silver chloride precipitate 0.244 g

Concentration of sodium thiosulphate solution 0.100 mol dm–3

Mean titre of sodium thiosulphate solution 38.45 cm3

 (a) Starch is used as the indicator in the iodine-thiosulphate titration.  State at what point 
in the titration the starch is added and explain why it is not added earlier.  Describe 
the colour change at the end-point.

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

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

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

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

   .......................................................................................................................................
(3)
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 (b) Use the information to calculate the percentage of silver, copper and gold in the 
alloy.

(7)

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. (a) (i) Draw a fully-labelled Hess’s Law cycle to show the enthalpy changes involved 
in dissolving a Group 2 salt, MX, in water.

(3)
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  (ii) Show how the enthalpy changes in your cycle and a knowledge of the size of 
the cations of Group 2 metals, explain the trend in the solubility of the metal 
sulphates in the table below.

Solubility
/ mol per 1000 g of water

MgSO4 3.6

CaSO4 1.1 × 10–2

SrSO4 6.2 × 10–4

BaSO4 9.2 × 10–6

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

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

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

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

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

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

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

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

QUESTION 2 CONTINUES ON THE NEXT PAGE
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 (b) Many drugs are water soluble.  Their solubility depends upon the functional groups 
present in the compound.

  Aspirin and its derivatives are made from salicylic acid.

  (i) State the intermolecular forces that exist in solid aspirin.

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

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

O

C O H

OH

Salicylic acid

O

C O H

O C CH3

O

Aspirin
(acetylsalicylic acid)

O

C O–Na+

O C CH3

O

Soluble aspirin
(sodium acetylsalicylate)

O

C O CH3

OH

Oil of wintergreen
(methyl salicylate)
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  (ii) State and explain which functional group in aspirin makes it slightly soluble in 
water.

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

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

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

  (iii) Suggest why aspirin has a low solubility in water.

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

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

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

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

  (iv) Explain why soluble aspirin is more soluble in water than aspirin.

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

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

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

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

 (c) Identify reagents that could be used under appropriate conditions to convert

  (i) salicylic acid into oil of wintergreen ......................................................................
(1)

  (ii) salicylic acid into aspirin ........................................................................................
(1)

  (iii) aspirin into soluble aspirin .....................................................................................
(1)

QUESTION 2 CONTINUES ON THE NEXT PAGE
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 (d) Soluble aspirin is used by some children and some adults.  The effectiveness of the 
drug is not altered as it is converted back into aspirin by hydrochloric acid in the 
stomach.

  Write an equation to show this reaction and explain why it occurs.
  State symbols are not required.

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

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

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

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

 (e) Some natural oils are esters.  These can be converted into bio-diesel by heating with  
methanol and a catalyst.  The product is a mixture of three esters (bio-diesel) and a 
trihydroxy compound.  In the formula below, R1, R2 and R3 represent alkyl groups.

  Complete the equation.

(2) Q2

(Total 20 marks)

CH O C R2 + 3CH3OH

CH2 O C R3

O

O

CH2 O C R1

O
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If you answer Question 3 put a cross in this box     .

3. Hydrogen cyanide, HCN, is a very weak acid.

 (a) Draw a ‘dot and cross’ diagram for  HCN.  Show only the outer shell electrons.

(1)

 (b) (i) Calculate the pH of a solution of hydrogen cyanide of concentration 
0.220 mol dm–3 at 25 °C.

   [Ka of HCN = 4.90 × 10–10 mol dm–3 at 25 °C]

(3)

  (ii) The percentage dissociation of an acid in solution is the ratio of the hydrogen ion 
concentration in the solution to that produced by 100% dissociation, expressed 
as a percentage.

   Use the concentration of hydrogen ions, [H+], calculated in (i), to calculate the 
percentage dissociation of a solution of hydrogen cyanide, HCN, of concentration 
0.220 mol dm–3 at 25 °C.  Give your answer to three significant figures.

(2)
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 (c) (i) Write the mechanism for the nucleophilic addition of hydrogen cyanide to 
ethanal, CH3CHO, in the presence of a catalyst of cyanide ions.

(3)
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  (ii) Define the term nucleophile.

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

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

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

  (iii) Identify the nucleophile in the reaction in (c)(i).  Explain why the first step of the 
reaction is very slow in the presence of hydrogen ions.

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

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

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

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

 (d) Halogenoalkanes such as chloromethane, CH3Cl, undergo reactions with potassium 
cyanide to give nitriles.

  Write the equation for the reaction between chloromethane and potassium cyanide 
and classify this reaction.  State symbols are not required.

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

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

QUESTION 3 CONTINUES ON THE NEXT PAGE
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 (e) A  polyamide can be synthesised from the monomers 1,4-diaminobutane, 
NH2(CH2)4NH2, and butandioyl dichloride, ClOC(CH2)2COCl.  Both of these can be 
synthesised from ethene, C2H4.

  Devise a reaction pathway for the conversion of ethene (as the only organic starting 
material) to the two monomers.  The reaction pathways will involve the conversion 
of ethene into a dinitrile which can then be converted to each monomer.

  You must show the structural formula of all the compounds and identify the reagents 
needed for each step.  Equations are not required.

(6) Q3

(Total 20 marks)
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If you answer Question 4 put a cross in this box     .

4. This question concerns the industrial manufacture and the properties of sulphuric acid.

 The manufacture involves the following equilibrium:

2SO2(g)  + O2(g)  2SO3(g)  ∆H = –192 kJ mol–1

 (a) State the change, if any, in the value of the equilibrium constant and hence explain 
the effect on the equilibrium yield of sulphur trioxide caused by:

  (i) increasing the temperature of the system.

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

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

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

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

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

  (ii) increasing the overall pressure on the system at constant temperature.

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

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

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

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

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

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

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

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

  (iii) the addition of a catalyst.

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

    ................................................................................................................................
(1)
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 (b) Explain, in terms of the collision theory, why increasing temperature increases the 
rate at which the equilibrium is reached.

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

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

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

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

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

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

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

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

 (c) The conditions used in the manufacture are not those that might be expected from 
application of theory to the equilibrium

2SO2(g)  + O2(g)  2SO3(g)  ∆H = –192 kJ mol–1

  The graph below shows the percentage of sulphur dioxide converted into sulphur 
trioxide at different temperatures and at a pressure of 2 atmospheres.

  The typical conditions used in the process are a temperature of about 425 °C and a 
pressure of 2 atmospheres.
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  (i) Explain why a temperature of 425 °C is used.

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

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

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

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

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

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

  (ii) Explain why a higher pressure than 2 atm is not used.

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

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

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

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

  (iii) In the manufacture, the mixture of air and sulphur dioxide gas is passed through a 
chamber containing the catalyst.  The resulting gas mixture is then cooled before 
it is passed through a second catalyst chamber.

   Explain why the cooling is necessary to help increase the yield of sulphur 
trioxide.

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

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

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

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

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

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

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

QUESTION 4 CONTINUES ON THE NEXT PAGE
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 (d) Methylbenzene, C6H5CH3, undergoes electrophilic substitution when warmed with a 
mixture of concentrated nitric and sulphuric acids to produce 2-nitromethylbenzene.

  (i) Write an equation to show the formation of the electrophile in the mixture of 
concentrated nitric and sulphuric acids.

(1)

  (ii) Explain, in terms of acid strength, the function of the sulphuric acid.

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

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

  (iii) Write the mechanism for the reaction of the electrophile with methylbenzene.

(3)



Leave 
blank

17

*H33920A01720*

  (iv) Suggest the structure of another product that might be produced in this reaction.

(1)

TOTAL FOR SECTION B: 40 MARKS

TOTAL FOR PAPER: 50 MARKS

END

Q4

(Total 20 marks)
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