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SECTION A

Answer ALL parts of this question in the spaces provided.

 1. (a) A batch of impure copper was analysed as follows: a sample of 0.800 g of the 
impure copper was heated with 50.0 cm3 of acidified 0.150 mol dm–3 potassium 
dichromate(VI) solution, K2Cr2O7(aq).  It was found that 0.00342 mol of potassium 
dichromate(VI) was left unreacted after the reaction was complete.

  (i) Write the half-equation for the reduction of Cr2O7
2– to Cr3+ under acidic 

conditions, and the half-equation for the oxidation of Cu to Cu2+.

   Combine these two half-equations to produce the redox equation for the oxidation 
of copper by dichromate(VI) ions under acidic conditions.

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

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

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

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

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

  (ii) Calculate the percentage of copper in this sample.  Give your answer to three 
significant figures.

(5)
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  (iii) After the reaction the solution was neutralised and a few drops of
sodium hydroxide solution were added.  A precipitate formed which consisted of 
two different substances.

   Give the formulae of these substances.

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

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

  (iv) Excess sodium hydroxide was then added and the solution became coloured due 
to the formation of a soluble complex ion.

   Give the formula and the colour of this ion.

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

 (b) Describe how an impure sample of solid copper(II) sulphate could be purified by 
recrystallisation.

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

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

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

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

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

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

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

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

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

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

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

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

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

TOTAL FOR SECTION A: 16 MARKS

Q1

(Total 16 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 following reaction scheme, which shows the synthesis of 
compound B and some subsequent reactions.

 (a) A structural isomer of B is also obtained in Step 1.  Suggest a possible structure for 
this isomer.

(1)

 (b) (i) Give the number of peaks you would expect in the low resolution proton n.m.r. 
spectrum of B and the relative areas of these peaks.

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

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

OCH3 → H3CC OCH3
Step 1

A B

O

H3CC OCH3 →  H2C=C OCH3
Step 4

HH

Br E D

H3CC OCH3

C

OH

H

Step 2


→

Step 3


→
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  (ii) The mass spectrum of B (molar mass 150 g mol–1), has a major peak at m/e 135.  
Identify the structure of a species responsible for this peak.

(1)

 (c) (i) C contains an alcohol group.

   Give the reagent(s) required to carry out Step 2, classify the type of reaction 
occurring and state the type of alcohol produced.

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

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

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

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

  (ii) C exists as a mixture of two optical isomers.  Why can C exist as two optical 
isomers?

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

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

 (d) (i) Give the reagent(s) required for Step 3.  Name the type of reaction occurring.

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

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

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

  (ii) Explain why D does not exhibit geometrical isomerism.

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

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

    ................................................................................................................................
(1)
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 (e) The reagent for Step 4, to produce E, is hydrogen bromide, HBr.

  Draw the mechanism for this reaction.

(3)
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 (f) Explain, in terms of all the intermolecular forces present, why C,
CH3CH(OH)C6H4OCH3, has a higher boiling temperature than A, C6H5OCH3.

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

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

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

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

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

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

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

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

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

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

   .......................................................................................................................................
(3) Q2

(Total 17 marks)
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                          If you answer Question 3 put a cross in this box      .

3. (a) The following equation shows the production of nitrogen monoxide, NO, which is the 
first step in the manufacture of nitric acid, HNO3.

4NH3(g) + 5O2(g)  4NO(g) + 6H2O(g)

  (i) Use the data below to calculate the enthalpy change for this reaction.  Include a 
sign and units in your answer.

Substance Enthalpy of formation
/ kJ mol–1

NH3(g)  –46.2

NO(g)  +90.4

H2O(g) –242

(2)
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  (ii) The manufacturer needs to convert as much ammonia into nitrogen monoxide as 
possible, in the shortest time.

   Describe and explain the effects of temperature and the use of a catalyst on the 
rate and yield of this reaction.

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

    ................................................................................................................................
(6)
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 (b) In a laboratory experiment to determine the molar enthalpy of neutralisation, 25.0 cm3 
of nitric acid and 25.0 cm3 of sodium hydroxide, each of concentration 1.00 mol dm–3, 
and each at a temperature of 21.0 °C, were mixed together in a beaker.  The final 
temperature of the mixture was 27.5 °C, and the following reaction occurred:

NaOH(aq) + HNO3(aq) → NaNO3(aq) + H2O(l)

  Calculate the molar enthalpy of neutralisation from the above data.
  [You may assume that all solutions have a density of 1.00 g cm–3 and a specific heat 

capacity of  4.18 J °C–1 g–1].

(3)
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Q3

(Total 17 marks)

 (c) (i) Describe chemical tests to show that a solution does not contain ammonium ions 
but does contain nitrate ions.  Give the results of these tests.

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

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

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

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

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

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

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

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

  (ii) Explain why the thermal stability of the nitrates of Group 1 increases as the 
atomic number of the Group 1 element increases.

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

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

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

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

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

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

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

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

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

    ................................................................................................................................
(3)
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 If you answer Question 4 put a cross in this box    .

4. (a) (i) Draw a dot and cross diagram of a molecule of hydrogen fluoride, HF, showing 
outer electrons only.

(1)

  (ii) Explain the hydrogen bonding in hydrogen fluoride.

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

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

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

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

    ................................................................................................................................
(3)
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 (b) (i) Hydrogen fluoride forms the weak acid hydrofluoric acid, HF(aq), when dissolved 
in water.

   Write an equation to show the partial dissociation of hydrofluoric acid in water 
and write the expression for the acid dissociation constant, Ka, for this reaction.

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

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

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

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

  (ii) When sodium hydroxide solution is added to hydrofluoric acid, the following 
reaction occurs:

HF + OH– → F– + H2O

   A 10.0 cm3 portion of 0.120 mol dm–3 sodium hydroxide solution was added to 
25.0 cm3 of 0.100 mol dm–3 hydrofluoric acid.

   Calculate the concentrations of HF and of F– in the resulting mixture, and hence 
the pH of this mixture.

   [The value of Ka for HF is 5.62 × 10–4 mol dm–3]

(6)
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  (iii) The mixture formed in (b)(ii) is a buffer solution.

   Explain why a solution of hydrofluoric acid on its own is not a buffer solution.

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

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

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

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

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

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

 (c) Fluorine reacts with boron to form boron trifluoride, BF3.

  (i) Draw the shape of a boron trifluoride molecule.

(1)

  (ii) Boron trifluoride reacts with ammonia to form the molecule H3N→BF3.

   State and explain the change in the FBF bond angle when this compound is 
formed.

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

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

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

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

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

TOTAL FOR SECTION B: 34 MARKS

TOTAL FOR PAPER: 50 MARKS

END

Q4

(Total 17 marks)
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