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SECTION A

Answer ALL the questions in this section.  You should aim to spend no more than 20 minutes on 

this section.  For each question, select one answer from A to D and put a cross in the box .   

If you change your mind, put a line through the box  and then mark your new answer with  

a cross .

1 Which is the shortest covalent bond?

  A H–H

  B H–N

  C H–S

  D H–Br

(Total for Question 1 = 1 mark)

2 Which compound contains a bond with the greatest polarity?

  A Ammonia, NH3

  B Hydrogen fluoride, HF

  C Methane, CH4

  D Water, H2O

(Total for Question 2 = 1 mark)

3 Which compound has polar bonds but non-polar molecules?

  A Carbon monoxide, CO

  B Hydrogen sulfide, H2S

  C Phosphorus(III) chloride, PCl3

  D Tetrafluoromethane, CF4

(Total for Question 3 = 1 mark)

4 Cyclohexane is a non-polar liquid.  Therefore

  A sodium chloride is very soluble in cyclohexane.

  B cyclohexane conducts electricity.

  C a jet of cyclohexane is deflected by a charged rod.

  D cyclohexane forms two layers when mixed with water.

(Total for Question 4 = 1 mark)
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5 In which reaction is calcium oxidised?

  A Ca + 2HCl  CaCl2 + H2

  B CaO + 2K  Ca + K2O

  C CaO + H2O  Ca(OH)2

  D CaCO3  CaO + CO2

(Total for Question 5 = 1 mark)

6 Consider the following ionic half-equations

Al  Al3+ + 3e–

2H+ + 2e– H2

 When these ionic half-equations are combined, the full ionic equation is

  A Al + 2H+ Al3+ + H2

  B Al + 2H+ + 2e– Al3+ + H2 + 3e–

  C Al + 6H+  Al3+ + 3H2

  D 2Al + 6H+  2Al3+ + 3H2

(Total for Question 6 = 1 mark)

7 The metal salt which gives a red colour in a flame test is

  A barium nitrate.

  B lithium chloride.

  C potassium nitrate.

  D sodium chloride.

(Total for Question 7 = 1 mark)

Use this space for any rough working.  Anything you write in this space will gain no credit.
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8 What is the trend in the thermal stability of the carbonates and nitrates as Group 2 is 
descended?

Carbonates Nitrates

A decreases decreases

B decreases increases

C increases decreases

D increases increases

(Total for Question 8 = 1 mark)

9 Which pair of compounds has the more soluble hydroxide and the more soluble sulfate?

  A Mg(OH)2 and MgSO4

  B Mg(OH)2 and SrSO4

  C Sr(OH)2 and MgSO4

  D Sr(OH)2 and SrSO4

(Total for Question 9 = 1 mark)

10 The table shows the measurement uncertainty of each reading for some laboratory 
apparatus.

Laboratory apparatus Measurement uncertainty 
of each reading / cm3

burette ±0.05

measuring cylinder, 25 cm3  ±0.5

pipette, 25 cm3 ±0.06

volumetric flask, 25 cm3  ±0.1

 The item of laboratory apparatus that would measure a volume of 25 cm3 with the 
lowest percentage uncertainty is the

  A burette.

  B measuring cylinder, 25 cm3.

  C pipette, 25 cm3.

  D volumetric flask, 25 cm3.

(Total for Question 10 = 1 mark)
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11 On adding chlorine water to aqueous sodium bromide, the resulting solution is

  A colourless.

  B pale yellow-green.

  C red-brown.

  D purple.

(Total for Question 11 = 1 mark)

12 A solid silver halide was tested as follows:

Test Result

action of sunlight solid turned grey

addition of dilute ammonia solid did not dissolve

addition of concentrated ammonia solid dissolved

 The silver halide is

  A AgF

  B AgCl

  C AgBr

  D AgI

(Total for Question 12 = 1 mark)

Use this space for any rough working.  Anything you write in this space will gain no credit.
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13 This question is about the Maxwell-Boltzmann energy distribution.

 The diagram for an increase in temperature from T1 to T2 is

Fraction of 
particles 
with a 
specific 
energy

T1
T2

Energy

A

Fraction of 
particles 
with a 
specific 
energy

T1

T2

Energy

B

Fraction of 
particles 
with a 
specific 
energy

T1

T2

Energy

C

Fraction of 
particles 
with a 
specific 
energy

T1

T2

Energy

D

(Total for Question 13 = 1 mark)

Use this space for any rough working.  Anything you write in this space will gain no credit.
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14 The rate of the reaction between calcium carbonate and acid increases when

  A the particle size of the calcium carbonate decreases.

  B 1 mol dm–3 nitric acid is used instead of 1 mol dm–3 hydrochloric acid.

  C 0.5 mol dm–3 sulfuric acid is used instead of 1 mol dm–3 hydrochloric acid.

  D the pressure is increased.

(Total for Question 14 = 1 mark)

15 The most significant factor determining the trend in the rate of hydrolysis of 
halogenobutanes is

  A the electronegativity of the halogen.

  B the magnitude of the halogen ionisation energy.

  C the oxidising ability of the halogen.

  D the carbon-halogen bond strength.

(Total for Question 15 = 1 mark)

16 The action of ultraviolet radiation on an oxygen molecule high in the atmosphere results in

  A no change because O2 has no dipole.

  B only increased bond vibration.

  C the production of two oxygen atoms.

  D the formation of an oxide ion.

(Total for Question 16 = 1 mark)

17 The mass spectrum of propanal can be clearly distinguished from the mass spectrum 
of propanone.  Only the propanal spectrum has a large peak due to the

  A C3H6O+, molecular ion, m/e = 58

  B C3H5O+ fragment, m/e = 57

  C C2H5
+ fragment, m/e = 29

  D CH3
+ fragment, m/e = 15

(Total for Question 17 = 1 mark)

Use this space for any rough working.  Anything you write in this space will gain no credit.
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18 A sample of butan-2-ol was oxidised by heating under reflux with an oxidising agent 
and then the product was separated for infrared analysis.  Apart from the peaks due 
to the C–C and C–H bonds, which peaks would be present in the IR spectrum of the 
oxidation product?

  A A peak due to C=O only.

  B A peak due to O–H only.

  C Peaks due to C=O and O–H.

  D Peaks due to C–O, C=O and O–H.

(Total for Question 18 = 1 mark)

19 Which greenhouse gas is produced only as a result of anthropogenic activity?

  A carbon dioxide

  B dichlorodifluoromethane

  C methane

  D water vapour

(Total for Question 19 = 1 mark)

20 The first ionisation energy of strontium is less endothermic than that of calcium.

 The best explanation for this is that strontium has

  A more protons.

  B more protons and neutrons.

  C 18 and not 8 electrons in its outer shell.

  D more inner electron shells.

(Total for Question 20 = 1 mark)

TOTAL FOR SECTION A = 20 MARKS
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SECTION B

Answer ALL the questions.  Write your answers in the spaces provided.

21 Tablets of potassium iodate(V), KIO3, may be used to protect against the build-up 
of radioactive iodine in the body.  The use of potassium iodate(V) is preferred to 
potassium iodide because, in hot and humid conditions, the potassium iodate(V) can 
be stored for much longer.

 A very old sample of potassium iodate(V) tablets, which originally contained 85 mg of 
KIO3 per tablet, was analysed using the following procedure.

 A tablet was crushed, dissolved in deionised water and the solution and washings 
added to a conical flask.  Then potassium iodide, KI, and hydrochloric acid, 
both in excess, were added to the conical flask.  This mixture was titrated with 
0.0600 mol dm–3 sodium thiosulfate solution.

 This procedure was repeated and the following burette readings were obtained.

Titration  1  2  3

Final volume / cm3  19.90 39.70 39.85

Initial volume / cm3  0.00 19.90 20.00

Volume added / cm3 19.90 19.80 19.85

Mean titre / cm3  19.85

 (a) State why it was not essential to carry out the third titration.
(1)

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

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

 (b) Starch was added to the titration mixture in order to make the end-point easier 
to observe.

  (i) State the colour change observed at the end-point with starch.
(1)

  From .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  to . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

  (ii) Identify the substance in the titration mixture that reacts with starch.
(1)

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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 (c) The equations for the reactions involved are

IO3
–(aq) + 5I–(aq) + 6H+(aq)  3I2(aq)   + 3H2O(l)

 2S2O3
2–(aq) +  I2(aq) S4O6

2–(aq) + 2I–(aq)

  (i) Calculate the number of moles of sodium thiosulfate that reacted.
(1)

  (ii) Calculate the number of moles of iodine that reacted with the thiosulfate.
(1)

  (iii) Calculate the mass in milligrams of potassium iodate(V) in each tablet.  
Give your answer to three significant figures.

(3)
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  (iv) In a radiation emergency, the recommended adult dose is 170 mg of KIO3 
every 24 hours.

   Using your result to (c)(iii), suggest whether or not the old tablets of 
potassium iodate(V) are suitable for use.  Justify your answer.

(2)

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

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

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

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

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

  (v) The experiment was repeated with a different batch of tablets.  The conical flask 
contained 2.15 × 10–4 mol of potassium iodate(V).

   Calculate the minimum volume of 0.100 mol dm–3 hydrochloric acid that 
should be added to ensure that all of the potassium iodate(V) is converted to 
iodine and hence suggest an appropriate volume to use.

(3)
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 (d) Potassium iodate(V) can be produced from iodine and potassium hydroxide.

  (i) Give the oxidation numbers of iodine in the iodine-containing species in the 
following equation.  Hence classify the reaction.

(2)

6KOH +   3I2      5KI   +   KIO3   + 3H2O
 Oxidation
 Number . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . .

Type of reaction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

  (ii) State the conditions necessary for this reaction to occur.
(1)

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

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

(Total for Question 21 = 16 marks)
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22 This is a question about alcohols.

 (a) There are two alcohol structural isomers with the molecular formula, C3H8O.

  Give the skeletal formula of these isomers, their systematic names and the 
classification of the type of alcohol in each case.

(3)

Skeletal formula Name Classification

 (b) Ethanol can be oxidised by acidified sodium dichromate(VI) to ethanal and then 
to ethanoic acid.  The apparatus may be set up in two ways.

Reflux apparatus Distillation apparatus

water out

pear-shaped 
flask

open top

Liebig 
condenser

water in

anti-bumping 
granules

HEAT

thermometer

round 
bottomed 
flask

HEAT

distillate

Liebig 
condenser

anti-bumping 
granules
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  (i) Complete the ionic half-equation for the reduction of the dichromate(VI) ions 
to chromium(III) ions.  State symbols are not required.

(2)

Cr2O7
2– + . . . . . . . . . . . . . . . . . . . .  H+ + . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  + . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

  (ii) Describe how the reflux apparatus ensures that any ethanal initially produced 
is further oxidised to ethanoic acid.

(1)

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

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

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

  (iii) The distillation apparatus effectively separates ethanal from ethanol because 
of the large difference in boiling temperatures, which is a result of the 
hydrogen bonding between the molecules in ethanol.

Compound Boiling temperature / C

Ethanol, CH3CH2OH 79

Ethanal, CH3CHO 21

   Draw a hydrogen bond between two ethanol molecules.  Clearly indicate any 
relevant dipoles and lone pairs of electrons.  Label the bond angle about the 
hydrogen involved in the hydrogen bond and give its value.

(3)
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  (iv) Explain why hydrogen bonds do not form between ethanal molecules.
(1)

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

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

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

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

 (c) Alcohols can be converted into halogenoalkanes.

  (i) Write the equation for the reaction between methanol, CH3OH, and 
phosphorus(V) chloride, PCl5.

(1)

  (ii) State the experimental observation from this reaction.
(1)

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

  *(iii) Chloroethane can be made from a mixture of ethanol, potassium chloride 
and concentrated sulfuric acid.  Explain why chloroethane can be made 
in this way, but iodoethane cannot be made from a similar mixture using 
potassium iodide instead of potassium chloride.

   You may use equations to support your explanation.
(3)

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

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

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

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

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

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

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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 (d) Alcohols can be produced from the reaction of halogenoalkanes with 
aqueous alkali.

  (i) Draw the mechanism for this reaction with 1-bromopropane.  Show the lone pair 
involved in the mechanism and any relevant dipoles and curly arrows.

(3)

  (ii) The reaction of 1-bromopropane with concentrated alcoholic alkali forms a 
different organic product.  Name the type of reaction and give the displayed 
formula of the product.

(2)

Name of reaction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Displayed formula of product
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 (e) How would you test for the OH group in 2-methylpropan-2-ol without using 
phosphorus(V) chloride?

  Name the reagent and state the observation for a positive test.
(2)

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

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

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

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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SECTION C

Answer ALL the questions.  Write your answers in the spaces provided.

23 Boron nitride, BN, is a compound first made commercially in the 1940s from 
boric acid and ammonia, in an atmosphere of nitrogen.

 It forms structures analogous to graphite and diamond because it is isoelectronic 
with these corresponding carbon structures.  Boron nitride has also been used to 
form nanotube structures in a similar way to carbon.

 Just as synthetic diamonds are produced from graphite by using high temperatures 
and high pressures, the diamond-like cubic boron nitride can also be made from 
heating the graphite-like hexagonal boron nitride under high pressure.

 Boron nitride forms ceramic materials with very high thermal and chemical stability and, 
a wide range of uses.  For example, they are stable in air up to 1000 C, which is an 
advantage over similar graphite materials.  The hexagonal form of boron nitride is a very 
effective lubricant and is also used in cosmetics.  However, it is an electrical insulator, in 
contrast to graphite, which is a good electrical conductor.

 (a) (i) Write the equation for the formation of boron nitride from boric acid, H3BO3, 
and ammonia.

   State symbols are not required.
(1)

  (ii) Suggest why this reaction is carried out in an atmosphere of nitrogen.
(1)
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 (b) The structure of the cubic boron nitride corresponds to the diamond structure.  
The boron and nitrogen atoms alternate throughout the structure.

  (i) In the left hand box, the diagram shows a section of the diamond structure, 
where each black circle represents a carbon atom.

   In the right hand box label all the nitrogen and boron atoms in the diagram of 
cubic boron nitride.

(1)

Diamond Cubic boron nitride

  (ii) State the bond angle and shape around the carbon atoms in diamond and 
fully justify your answer.

(4)

Bond angle . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .       Shape .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Justification . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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 (c) The equilibrium between graphite and diamond is

C(graphite)  C(diamond)      H = +1.9 kJ mol–1

  The density of graphite is 2.27 g cm–3 and the density of diamond is 3.51 g cm–3.

  *(i) Suggest why a very high temperature and high pressure are needed to 
convert graphite to diamond.

(4)
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  (ii) The use of a catalyst in the conversion of graphite to diamond has been 
reported.  Describe how the addition of a catalyst can lower the temperature 
required for a reaction.

(3)
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 (d) Diamond and graphite are stable in air up to approximately 800 C.  Identify one 
of the products if diamond or graphite is heated in air above this temperature.

(1)
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 (e) The structure of hexagonal boron nitride corresponds to that of graphite.

  (i) The simplified diagram in the left hand box shows the bonding in hexagonal 
boron nitride.

   In the right hand box, complete the dot and cross diagram showing only the 
electrons around the nitrogen atom which is labelled with an asterisk (*).

   Use (×) for the nitrogen electrons and (•) for the boron electrons.
(1)

B

N

N

B

B

N

N

B

B

N*

B

N

BB

  *(ii) Describe how each carbon atom is bonded in the graphite structure and 
hence explain why graphite is a good conductor of electricity.  Suggest why 
hexagonal boron nitride is an electrical insulator.

(3)
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  (iii) Graphite and the hexagonal boron nitride are both used as lubricants because 
of the weak intermolecular forces between the layers of hexagonal rings.  
Identify these intermolecular forces and describe how they arise.
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