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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 compound has the greatest covalent character?

 A MgBr2

 B MgF2

 C NaBr

 D NaF

(Total for Question 1 = 1 mark)

2 Which has the smallest ionic radius?

 A F−

 B Mg2+

 C Na+

 D O2−

(Total for Question 2 = 1 mark)

3 The first seven ionisation energies, in kJ mol−1, of an element are shown.

1010, 1900, 2910, 4960, 6270, 21 300, 25 400

 In which group of the Periodic Table is this element located?

 A Group 3

 B Group 4

 C Group 5

 D Group 6

(Total for Question 3 = 1 mark)

Use this space for any rough working. Anything you write in this space will gain no credit.
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4 What is the electronic configuration of an oxygen atom in its ground state?

 A 

 B 

 C 

 D 

1s 2s 2px 2py 2pz 3s

↑↓ ↑↓ ↑↓ ↑↓

↑↓ ↑↓ ↑↑   ↑   ↑

↑↓ ↑↓     ↑   ↑   ↑   ↑

↑↓ ↑↓ ↑↓   ↑   ↑

(Total for Question 4 = 1 mark)

5 Which property shows a general decrease across the Periodic Table 
from sodium to chlorine?

 A atomic radius

 B electronegativity

 C first ionisation energy

 D melting temperature

(Total for Question 5 = 1 mark)

6 The first ionisation energy of sulfur is lower than that of phosphorus.

 Which is the best explanation for this?

 A the atomic radius of sulfur is greater than that of phosphorus

 B the electronegativity of sulfur is greater than that of phosphorus

 C the repulsion between the outer electrons of sulfur is greater than that 
of phosphorus

 D the shielding by the inner shell electrons of sulfur is greater than that 
of phosphorus

(Total for Question 6 = 1 mark)

Use this space for any rough working. Anything you write in this space will gain no credit.
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7 1 kg of seawater contains 64 mg of bromide ions.

 [Ar of Br = 80  Avogadro constant, L = 6.0 × 1023 mol−1]

 (a) What is the concentration of bromide ions in parts per million (ppm) by mass?
(1)

 A 0.80

 B 64

 C 800

 D 64 000

 (b) How many bromide ions are in 500 g of the sample?
(1)

 A 2.4 × 1020

 B 4.8 × 1020

 C 1.9 × 1022

 D 3.8 × 1022

(Total for Question 7 = 2 marks)

8 0.15 mol of aluminium is added to 120 cm3 of 1.50 mol dm–3 hydrochloric acid.

2Al(s)  +  6H+(aq)  →  2Al3+ (aq)  +  3H2(g)

 The amount of unused reactant is

 A 0.06 mol aluminium

 B 0.09 mol aluminium

 C 0.03 mol hydrochloric acid

 D 0.13 mol hydrochloric acid

(Total for Question 8 = 1 mark)

Use this space for any rough working. Anything you write in this space will gain no credit.
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9 An organic compound contains 24.2 % carbon, 4.00 % hydrogen and  
71.8 % chlorine by mass.

 [Ar values:   H = 1.0  C = 12.0  Cl = 35.5]

 What is the empirical formula of the compound?

 A CHCl

 B CH2Cl

 C C2H4Cl2

 D C4H4Cl4

(Total for Question 9 = 1 mark)

10 Which solution contains the smallest number of ions?

 A 500 cm3 of 0.06 mol dm−3 Ca(NO3)2(aq)

 B 500 cm3 of 0.09 mol dm−3 KI(aq)

 C 250 cm3 of 0.12 mol dm−3 BaCl2(aq)

 D 250 cm3 of 0.09 mol dm−3 (NH4)2SO4(aq)

(Total for Question 10 = 1 mark)

11 A piece of filter paper is soaked in water and attached to a microscope slide.

 A few crystals of green copper(II) chromate(VI) are placed in the centre of the 
filter paper.

 The filter paper is connected to a DC supply of 20 V.

 What colours are observed on the paper after a few minutes?

positive 
electrode

negative 
electrode

 A                         blue                                                                yellow

 B                        green                                                                blue

 C                        yellow                                                               green

 D                        yellow                                                                blue

(Total for Question 11 = 1 mark)

https://britishstudentroom.com/
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12 The melting temperature of beryllium is greater than that of barium.

 What is the best explanation for this statement?

 A beryllium ions are smaller than barium ions

 B beryllium atoms have fewer outer shell electrons than barium atoms

 C beryllium ions have a smaller charge density than barium ions

 D beryllium atoms have a higher electronegativity than barium atoms

(Total for Question 12 = 1 mark)

13 Which molecule has the largest bond angle?

 A BF3

 B CF4

 C H2O

 D NH3

(Total for Question 13 = 1 mark)

14 Which molecule is polar?

 A CO2

 B SF6

 C SO2

 D SiCl4

(Total for Question 14 = 1 mark)

15 The reaction of methane with chlorine is a free radical substitution.

 Which termination step does not occur?

 A CH3•   +   CH3•  →  C2H6

 B CH3• + Cl• →  CH3Cl

 C CH3• + H• →  CH4

 D Cl• + Cl• →  Cl2

(Total for Question 15 = 1 mark)

https://britishstudentroom.com/
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16 The repeat unit of a polymer is shown.

C C

CH3

CH3 CH3

H

 Which is the name of the monomer that forms this polymer?

 A 1,1,2-trimethylethene

 B 1,1-dimethylpropene

 C 2-methylbut-2-ene

 D 3-methylbut-2-ene

(Total for Question 16 = 1 mark)

17 What is the IUPAC name for the compound shown?

Br

 A E-1-bromo-2-methylbut-1-ene

 B Z-1-bromo-2-methylbut-1-ene

 C E-1-bromo-2-ethyl-2-methylethene

 D Z-1-bromo-2-ethylpropene

(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 The skeletal formula of cyclohexa-1,4-diene is shown.

 (a) The total number of σ (sigma) bonds in this molecule is
(1)

 A 4

 B 6

 C 12

 D 14

 (b) 1.60 g of cyclohexa-1,4-diene is reduced to cyclohexane by reacting it with 
hydrogen gas.

  [The molar volume of a gas is 24.0 dm3 mol−1 at room temperature and pressure 
(r.t.p.)

  Mr of cyclohexa-1,4-diene = 80]

  What is the minimum volume, in dm3, of hydrogen needed at r.t.p.?
(1)

 A 0.0400

 B 0.480

 C 0.960

 D 1.92

(Total for Question 18 = 2 marks)

TOTAL FOR SECTION A = 20 MARKS

https://britishstudentroom.com/
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SECTION B

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

19 This question is about mass spectrometry and the shapes of molecules.

 (a) In a mass spectrometer vaporised atoms are ionised, and the ions formed are 
accelerated, deflected and detected.

  (i) State how atoms are ionised in the mass spectrometer.
(1)

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

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

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

  (ii) State how the ions formed are accelerated.
(1)

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

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

  (iii) Explain why isotopes of an element have the same chemical reactions but 
their ions are deflected differently in a mass spectrometer.

(2)

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

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

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

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

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

 (b) Data from mass spectra may be used to determine the relative atomic masses 
of elements.

  (i) State what is meant by relative atomic mass.
(2)

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

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

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

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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  (ii) A sample of chlorine contains 75.53 % of 35Cl and 24.47 % of 37Cl.

   Calculate the relative atomic mass of this sample of chlorine, giving your 
answer to four significant figures.

(2)

 (c) The mass spectrum of phosphorus trichloride, PCl3 , is shown.

  Phosphorus has only one isotope, 31P.

0 40 80 120 160

100

80

60

40

20

0

m / z

Relative 
abundance

  (i) There are three peaks in the region of m / z = 101−105.

   Complete the table to show the ions responsible for these peaks.
(2)

m / z Formula of ion Relative peak height

101 9

103 6

105 1

https://britishstudentroom.com/
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  (ii) Show that the relative peak heights given in the table are consistent with the 
isotopic ratio of 35Cl to 37Cl being 3 : 1.

(2)
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 (d) (i) Draw a dot-and-cross diagram of a PCl3 molecule. 
Show outer electrons only.

(2)

  (ii) Explain the shape of a PCl3 molecule.
(3)
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(Total for Question 19 = 17 marks)
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20 (a) Barium chloride, BaCl2 , can be prepared by the reaction of barium carbonate with 
hydrochloric acid.

BaCO3(s)  +  2HCl(aq)  →  BaCl2(aq)  +  CO2(g)  +  H2O(l)

  (i) Write the ionic equation for this reaction.  
State symbols are not required.

(1)

  (ii) Calculate the atom economy by mass for this preparation of barium chloride.

   [Ar values:   H = 1.0 C = 12.0 O = 16.0 Cl = 35.5 Ba = 137.3]
(2)

https://britishstudentroom.com/
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  (iii) Barium chloride has a melting temperature of 962 °C.  
Caesium chloride has a melting temperature of 646 °C.

   Explain, by considering the ions involved, the difference between the 
melting temperatures of these Period 6 chlorides.

(4)
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  (iv) Covalent and ionic bonding are the extremes of a continuum of bonding type.

   Explain the difference in bonding between barium chloride and 
beryllium chloride, using the electronegativity values shown.

Element Electronegativity

Ba 0.9

Be 1.5

Cl 3.0

(2)
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 (b) Barium chloride reacts with Group 1 sulfates, M2SO4 .

M2SO4(aq)  +  BaCl2(aq)  →  BaSO4(s)  +  2MCl(aq)

  A solution is made by dissolving 7.98 g of a Group 1 sulfate in deionised water.

  Excess aqueous barium chloride is added to this solution and the precipitate is 
filtered, dried and weighed.

  The mass of the barium sulfate precipitate is 10.72 g.

  Identify the Group 1 element.

  [Ar values:   Ba = 137.3  S = 32.1  O = 16.0]
(4)

(Total for Question 20 = 13 marks)
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21 Graphite electrodes are used in the extraction of aluminium by the electrolysis of 
aluminium oxide, Al2O3 , dissolved in a solvent (molten cryolite) at a temperature 
of 950 °C.

 (a) Explain how the structure and bonding in graphite make it suitable for 
this application.  
Refer to the diagram in your answer.

graphite

(3)
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 (b) The half-equations for the electrolysis reactions are shown.

  Negative electrode  2Al3+  +  6e–  →  2Al

  Positive electrode  3O2–  →  1½O2  +  6e–

  The oxygen produced reacts with the graphite electrode.

C(s)  +  O2(g)  →  CO2(g)

  (i) Calculate the maximum volume, in dm3, of CO2 , measured at r.t.p. which could 
be produced when 1.00 kg aluminium is extracted using this process.

   [The molar volume of a gas is 24.0 dm3 mol–1 at r.t.p.]
(4)
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  (ii) Every year in the United Kingdom, about 7.2 billion aluminium cans 
are recycled.

   Suggest three ways this recycling reduces energy consumption.
(3)
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(Total for Question 21 = 10 marks)
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22 Crude oil is mainly a mixture of saturated hydrocarbons that can be separated by 
fractional distillation. 
The diagram shows, in a simplified form, the products of fractional distillation.

vaporised 
crude oil

bitumen

fuel oil

diesel

kerosene

gasoline

refinery gases

 (a) (i) State what is meant by a saturated hydrocarbon.
(2)
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  (ii) Describe how the fractions in crude oil are separated during 
fractional distillation.

(2)
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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 (b) Butane, C4H10 , is found in the refinery gases fraction of crude oil.  
It is used as a propellant in pharmaceutical inhalers.  
An inhaler that provides a total of 120 doses contains 1.55 g of butane.

  Calculate the volume, in cm3, of propellant used for each dose 
at 25 °C and 100 kPa.

  Use the ideal gas equation and give your answer to an appropriate number of 
significant figures.

  [pV = nRT  R = 8.31 J K–1 mol–1]
(5)
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 (c) Octane, C8H18 , is found in the gasoline fraction of crude oil.

  (i) Write an equation for the complete combustion of octane.  
Include state symbols.

(2)

  (ii) Give two reasons why alternative fuels, such as bioethanol, are being 
developed to replace those produced from crude oil. 

(2)

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

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

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

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

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

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

  (iii) Straight-chain alkanes, such as octane, are converted into branched-chain 
alkanes to improve the performance of petrol in car engines.

   Name this conversion process.
(1)

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

  (iv) Give an equation using skeletal formulae for the conversion of octane into 
2,5-dimethylhexane. 
State symbols are not required.

(1)
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 (d) In steam cracking, a mixture of hydrocarbons and steam is heated to 850 °C for a 
very short time in the absence of oxygen.

  (i) Give a reason why oxygen should be excluded during steam cracking.
(1)

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

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

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

  (ii) Ethene is the major product.

   State one use of ethene.
(1)

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

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

 (e) Ethene reacts with hydrogen bromide to form bromoethane.

  Draw the mechanism for this reaction. 
Include curly arrows, and relevant lone pairs and dipoles.

(3)

C C

H H

H H

Br

H

(Total for Question 22 = 20 marks)

TOTAL FOR SECTION B = 60 MARKS 
TOTAL FOR PAPER = 80 MARKS
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BLANK PAGE
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