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SECTION A

Answer ALL parts of this question in the spaces provided.

1. The formula of aspirin is:

It is hydrolysed in alkaline solution.  The reaction is

CH3COOC6H4COOH  +  2NaOH  → CH3COO–Na+ +  HOC6H4COO–Na+ +  H2O

The following procedure was carried out to analyse some aspirin tablets.

• 1.50 g of tablets were put into a conical flask with 25.0 cm3 of 1.00 mol dm–3

sodium hydroxide solution (an excess).
• The mixture was heated to hydrolyse the aspirin.
• After cooling, the mixture was transferred to a 250 cm3 volumetric flask and

made up to the mark with distilled water.  
• 25.0 cm3 portions of this solution were pipetted into a conical flask, a few

drops of phenolphthalein were added and the unreacted sodium hydroxide
was titrated against 0.100 mol dm–3 hydrochloric acid.  

• The mean titre was 8.80 cm3.

(a) (i) What colour change is seen at the end point of this titration?

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

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

(ii) Methyl orange cannot be used as the indicator in this titration, as the sodium salts
formed are not neutral.  Suggest the pH value of these salt solutions.

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

*N22204A0216*

O—C—CH3

— —

— —

O

O

C— O—H



Leave
blank

3

(b) (i) Calculate the initial amount (moles) of sodium hydroxide taken and the amount
(moles) in excess.  Hence, calculate the amount (moles) used to hydrolyse the
aspirin.

(5)

(ii) Calculate the percentage, by mass, of aspirin in these tablets.
[The molar mass of aspirin is 180 g mol–1]

(3)
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(c) Apart from the benzene ring, there are two other functional groups present in aspirin.
Draw these functional groups and name them.

(2)

TOTAL FOR SECTION A: 12 MARKS

Q1

(Total 12 marks)
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SECTION B
Answer TWO questions from this section in the spaces provided.

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

2. (a) An ester, D, has a molar mass of 102 g mol–1 and composition by mass: 58.8%
carbon, 9.8% hydrogen and the remainder is oxygen.

• When D is heated under reflux with aqueous sodium hydroxide, it produces two
compounds E and F.  

• E has molecular formula C3H8O.  
• E reacts when warmed with iodine in sodium hydroxide solution to give, G, a

pale yellow precipitate with an antiseptic smell.  

Use all the information above to identify D, E, F and G.  Explain your reasoning, and
include in your answer the equation for the reaction of the ester, D, with sodium
hydroxide solution.

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

.......................................................................................................................................
(9)
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(b) Suggest how a sample of benzoic acid could be formed from benzene.  Give the
reagents and conditions needed for each step.  Identify the organic product formed in
the first step.

(6)

(c) Give the full mechanism, including the generation of the electrophile, for the nitration
of benzene.

(4) Q2

(Total 19 marks)
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If you answer Question 3 put a cross in this box .

3. (a) The first step in the production of nitric acid is the catalytic oxidation of ammonia.

4NH3(g)  +  5O2(g)  4NO(g)  +  6H2O(g)    ∆H = –900 kJ mol–1

State and justify the conditions used in this reaction.

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

.......................................................................................................................................
(6)

QUESTION 3 CONTINUES ON THE NEXT PAGE
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(b) Hydrogen peroxide reacts slowly with tartrate ions, C4H4O6
2–, in a solution of

potassium tartrate.

When a few drops of pink cobalt(II) chloride solution are added to a solution
containing hydrogen peroxide and potassium tartrate solutions, the solution turns
green and there is rapid effervescence.  As the effervescence stops, the solution turns
back to pink.

These are the ionic half equations for the reduction processes.

4CO2 +  8H+ +  10e– C4H4O6
2– +  2H2O

H2O2 +  2H+ +  2e– 2H2O

(i) Write the overall ionic equation for this reaction.

(2)

(ii) Give TWO observations which support the idea that cobalt(II) ions are acting as
a catalyst and state why these ions are able to act as a catalyst.

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

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

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

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

................................................................................................................................
(3)
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(iii) Sketch a Maxwell-Boltzmann distribution of molecular energies.  Use your
sketch to explain how catalysts increase the rate of a reaction at a given
temperature.

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

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

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

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

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

................................................................................................................................
(5)

(c) Calculate the volume of a solution of hydrogen peroxide of concentration
0.500 mol dm–3 that would be needed to produce 100 cm3 of oxygen, when it is
decomposed.
[The molar volume of gas is 24 000 cm3 mol–1 under the conditions of the experiment]

2H2O2(aq)  → 2H2O(l)  +  O2(g)

(3)

Turn over

Q3

(Total 19 marks)
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If you answer Question 4 put a cross in this box .

4. Iron is produced from the ore haematite, which contains iron(III) oxide.

Some standard enthalpies of formation are given below.

(a) (i) Write the equation for the complete reduction of iron(III) oxide by carbon
monoxide. 

Calculate the enthalpy change for this reaction.

(3)

(ii) Iron(III) oxide can also be reduced by carbon

Fe2O3 +  3C  → 2Fe +  3CO      ∆H = +492 kJ mol–1

Explain whether the reduction process in (i) or (ii) is more likely to occur.

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

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

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

○—

*N22204A01016*
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Fe2O3 (s) –822
CO (g) –110

CO2 (g) –394
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(b) On heating, the following exothermic reaction occurs

3Fe(s)  +  4H2O(g)  Fe3O4(s)  +  4H2(g)

At 600 ºC, a mixture of iron and steam is allowed to reach equilibrium.  The
equilibrium partial pressures of hydrogen and steam are 1.6 atm and 1.2 atm
respectively.

(i) Write the expression for the equilibrium constant, Kp, for the reaction.  Calculate
its value and state the units.

(2)

(ii) State the effect, if any, on the value of Kp when the temperature is increased.
Justify your answer.

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

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

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

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

Turn over*N22204A01116*
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(c) When an iron nail is left in a test tube of water containing a little phenolphthalein, it
starts to react and region X becomes pink, due to the formation of OH– ions.  

Write the half-equations for the reactions taking place in regions X and Y.

Name the green precipitate that forms in region Z.

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

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

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

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

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

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

*N22204A01216*

X

Y

Z



Leave
blank

13

(d) Anhydrous iron(III) chloride is made by passing dry chlorine gas over heated iron.  It
is formed as a dark red covalent gas with formula Fe2Cl6 and has a similar structure
and reactions to aluminium chloride.

Draw a diagram to show the structure of the Fe2Cl6 molecule.  Label the types of
bonding present.

State the shape around each iron atom.

(3)

(e) Hydrated iron(III) chloride is ionic and soluble in water.

(i) Describe a test for aqueous Fe3+ ions.

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

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

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

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

(ii) Explain why an aqueous solution of hydrated iron(III) chloride is acidic.

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

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

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

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

TOTAL FOR SECTION B: 38 MARKS
TOTAL FOR PAPER: 50 MARKS

END
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