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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 The relative atomic mass of an element is always

  A the mass of an atom of the element relative to 1/12 the mass of a 
carbon-12 atom.

  B the mass of an atom of the  element relative to the mass of a hydrogen atom.

  C the weighted mean mass of an atom of the element relative to the mass of a 
hydrogen atom.

  D the weighted mean mass of an atom of the element relative to 1/12 the mass of 
a carbon-12 atom.

(Total for Question 1 = 1 mark)

2 The value of the Avogadro constant is equal to the number of

  A grams of carbon in one mole of carbon.

  B atoms in one mole of oxygen gas.

  C atoms in one mole of helium gas.

  D ions in one mole of sodium chloride.

(Total for Question 2 = 1 mark)

3 The alkane with the same empirical formula as butane is

  A ethane.

  B propane. 

  C 2-methylpropane.

  D 2,2-dimethylpropane.

(Total for Question 3 = 1 mark)
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*P56108A0324*

4 The percentage by mass of hydrogen in heptane, C7H16 , is

  A 84.0

  B 69.6

  C 19.0

  D 16.0

(Total for Question 4 = 1 mark)

5 What is the total number of alkenes and cycloalkanes with the molecular formula C4H8 ?

  A 3

  B 4

  C 5

  D 6

(Total for Question 5 = 1 mark)

6 How many electrons are in 10.1 g of neon?

 [Avogadro constant = 6.0 × 1023 mol−1]

  A 6.0 × 1024

  B 3.0 × 1024

  C 6.0 × 1023

  D 3.0 × 1023

(Total for Question 6 = 1 mark)

7 Bioethanol can be made by the fermentation of glucose.

C6H12O6  2C2H5OH + 2CO2

 The atom economy by mass for the production of ethanol in this reaction is

  A 67%.

  B 51%.

  C 50%.

  D 40%.

(Total for Question 7 = 1 mark)
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*P56108A0424*

8 A typical adult human has 5.0 dm3 of blood, which contains a total of 35 cm3 of 
white blood cells.

 What is the concentration of white blood cells, in parts per million, by volume?

  A 142.9

  B 7000

  C 7 000 000 

  D 142 900 000

(Total for Question 8 = 1 mark)

9 What type of reaction occurs when dilute sulfuric acid reacts with aqueous barium chloride?

  A Displacement 

  B Neutralisation

  C Oxidation

  D Precipitation

(Total for Question 9 = 1 mark)

10 When 10 cm3 of 1.0 mol dm−3 hydrochloric acid is added to 5.0 cm3 of 
0.50 mol dm−3 sodium hydroxide in a polystyrene cup, the temperature rises by 2.3 °C.

HCl(aq) + NaOH(aq)  NaCl(aq) + H2O(l)

 The temperature rise when 10 cm3 of 1.0 mol dm−3 hydrochloric acid is added to 
20 cm3 of 0.50 mol dm−3 sodium hydroxide is

  A 18.4 °C.

  B  9.2 °C. 

  C  4.6 °C.

  D  2.3 °C.

(Total for Question 10 = 1 mark)
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*P56108A0524*

11 Which equation represents the second ionisation energy of magnesium? 

  A Mg(s)  Mg2+(s) + 2e−

  B Mg(g)  Mg2+(g) + 2e−

  C Mg+(s)  Mg2+(s) + e−

  D Mg+(g)  Mg2+(g) + e−

(Total for Question 11 = 1 mark)

12 From aluminium to silicon, the first ionisation energy increases by about 200 kJ mol−1. 

 From silicon to phosphorus, the first ionisation energy

  A increases by about 200 kJ mol−1.

  B does not change.

  C decreases by about 200 kJ mol−1.

  D increases by about 400 kJ mol−1.

(Total for Question 12 = 1 mark)

13 The melting temperatures, in kelvin, of nine successive elements in the Periodic Table are given. 

 The numbers are not the atomic numbers of the elements.

Element 1 2 3 4 5 6 7 8 9

Tm / K 25 371 922 933 1683 863 386 172 84

 Which numbered element is in Group 2 of the Periodic Table?

  A 2

  B 3

  C 4

  D 5

(Total for Question 13 = 1 mark)

PMT
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*P56108A0624*

14 Which is correct for the elements going down Group 1?

Melting temperature First ionisation energy

A decreases decreases

B decreases increases

C increases decreases

D increases increases

(Total for Question 14 = 1 mark)

15 Two microscope slides covered in damp filter paper are connected to wires by 
crocodile clips.

+ −

 A crystal of copper(II) sulfate is placed in the centre of the left-hand slide and a crystal 
of potassium manganate(VII) is placed in the centre of the right-hand slide.

 A DC electrical supply is connected to make the left-hand side positive as shown.

 The directions in which the blue colour and the purple colour move are

Blue colour Purple colour

A left right

B left left

C right left

D right right

(Total for Question 15 = 1 mark)

16 Which molecule has the same total number of electrons as a molecule of carbon dioxide?

  A N2O

  B NO2

  C COS

  D CS2

(Total for Question 16 = 1 mark)
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*P56108A0724*

17 Which species move when a potential difference is applied to a solid metal?

  A Positive ions only

  B Electrons only

  C Positive and negative ions

  D Positive ions and electrons

(Total for Question 17 = 1 mark)

18 The numbers of sigma ( ) and pi ( ) bonds in ethene are

sigma ( ) pi ( )

A four two

B four one

C five two

D five one

(Total for Question 18 = 1 mark)

19 Crude oil is separated by fractional distillation in a fractionating column. 

 The fractions obtained have different boiling temperature ranges and mean molar masses. 

 How does the boiling temperature range and the mean molar mass of the fractions 
change, moving down the fractionating column?

Boiling temperature Mean molar mass

A increases increases

B decreases increases

C increases decreases

D decreases decreases

(Total for Question 19 = 1 mark)

PMT



8

 
D

O
 N

O
T

 W
R

IT
E

 IN
 T

H
IS

 A
R

E
A

 
D

O
 N

O
T

 W
R

IT
E

 IN
 T

H
IS

 A
R

E
A

 
D

O
 N

O
T

 W
R

IT
E

 IN
 T

H
IS

 A
R

E
A

*P56108A0824*

20 What is the systematic name for the chlorofluorocarbon compound shown?

Cl
Cl

F

  A E-1,2-dichloro-2-fluoroethene

  B Z-1,2-dichloro-2-fluoroethene 

  C E-1,2-dichloro-1-fluoroethene

  D Z-1,2-dichloro-1-fluoroethene

(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 This question is about mass spectrometry, and the elements gold and copper.

 A diagram of a mass spectrometer is shown.

+

detector

to vacuum pump

electron source

Y

X

G

F

E

 (a) (i) Identify the three parts of the mass spectrometer, E, F and G. 
(3)

E . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

F . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

G . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

   *(ii) Suggest how the ions travelling along paths X and Y differ in mass or charge 
from the ions reaching the detector.

(2)

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

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

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

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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 (b) Copper has two stable isotopes with mass numbers of 63 and 65.

  (i) For each isotope of copper, complete the table to show the number of 
protons, neutrons and electrons present in Cu+ ions. 

(2)

Mass number Number  
of protons

Number  
of neutrons

Number  
of electrons

63

65

  (ii) State the meaning of the term isotopes, quoting information from the table.
(1)

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

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

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

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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*P56108A01224*

 (c) Gold and copper are used to make alloys. 

  The composition of gold-copper alloys may be found using mass spectrometry.

  The mass number and percentage abundance of each isotope in an alloy are 
given in the table.

Mass number Percentage 
abundance

63 36

65 15

197 49

  (i) Calculate the relative atomic mass of copper to one decimal place using the 
data for the two copper isotopes only.

   You must show your working.
(3)

  (ii) Calculate the percentage by mass of copper and of gold in this alloy. 
Give your answer to two significant figures.

(2)

PMT
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*P56108A01324*

  (iii) The purity of gold by mass is often expressed in carats, where pure gold is 24 carat.

   Calculate the purity of this gold alloy in carats.

   Give your answer to two significant figures.
(1)

(Total for Question 21 = 14 marks)
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22 This question is about some reactions of acids.

 (a) Copper(II) oxide reacts with sulfuric acid to form copper(II) sulfate.

  (i) State what you would see on adding a small amount of copper(II) oxide to 
excess dilute sulfuric acid, and warming the mixture.

(2)

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

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

  (ii) Write the ionic equation, including state symbols, for this reaction. 
(2)

 (b) Magnesium reacts with hydrochloric acid to form magnesium chloride and 
hydrogen gas.

Mg(s) + 2HCl(aq)  MgCl2(aq) + H2(g)

  Calculate the volume of hydrogen formed at room temperature and pressure (r.t.p.) 
when excess magnesium reacts with 25.0 cm3 of 0.500 mol dm−3 hydrochloric acid.

  [Molar volume of a gas at r.t.p. is 24.0 dm3 mol−1]
(3)
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*P56108A01524*

 (c) Write the ionic equation for the reaction in solution of any strong acid with any 
strong alkali. 

  State symbols are not required. 
(1)

(Total for Question 22 = 8 marks)
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*P56108A01624*

23 This question is about the lattice energy of lithium sulfide, Li2S.

 (a) Complete the electronic configuration for the element sulfur.
(1)

  1s2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

 (b) Draw a dot-and-cross diagram for lithium sulfide.
  Show outer shell electrons only. 

(2)

 (c) An energy cycle used to determine the experimental lattice energy, U, of 
lithium sulfide is shown.

2Li+(g)  +  S2−(g)

2Li(g) S(g)

W Y

V X

U

Z

2Li(s) S(s)

Li2S(s)

  (i) Complete the list by identifying the enthalpy or energy changes represented 
by W, X, Y and Z.

   Include any appropriate multiples.
(4)

   V 2 × enthalpy change of atomisation of Li

   W . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

   X . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

   Y . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

   Z . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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*P56108A01724*

  (ii) Complete the equation for the lattice energy, U, in terms of V, W, X, Y, and Z.
(1)

   U = 

 (d) Lattice energies can be obtained experimentally from the Born-Haber cycle or 
from theoretical calculation.

   *(i) The theoretical lattice energies of four compounds are shown.

Compound Lattice energy / kJ mol−1

LiF −1031

LiCl  −845

Li2O −2799

Li2S −2376

   Explain, using the data, the factors that affect the magnitude of the lattice energy 
of these compounds.

(3)
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*P56108A01824*

   *(ii) The value of the experimental lattice energy of lithium sulfide is −2499 kJ mol−1.  
Whereas the theoretical value is –2376 kJ mol−1.

   Explain the difference between the experimental and theoretical values for 
the lattice energy of lithium sulfide. 

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

  (iii) Draw a diagram to show the shapes of the electron clouds around the lithium 
and sulfide ions.

(1)

Li+         S2−

(Total for Question 23 = 15 marks)
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*P56108A01924*

24 This question is about butane, C4H10 , and but-2-ene, C4H8.

 (a) (i) Write equations for the complete combustion of butane and but-2-ene in oxygen.  
State symbols are not required.

(2)

  Butane equation

  But-2-ene equation

  (ii) 0.1 mol of butane is burned in 0.8 mol (an excess) of oxygen gas.

   0.1 mol of but-2-ene is also burned in 0.8 mol (an excess) of oxygen gas.

   Calculate the final total number of moles of gas at the end of these reactions 
at room temperature.

(2)

   Moles of gas from butane .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

   Moles of gas from but-2-ene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

PMT
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*P56108A02024*

 (b) Butane and but-2-ene react differently with bromine. 

  (i) Give the condition needed for the reaction of bromine with butane.
(1)

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

  (ii) Give the initiation step for the reaction of bromine with butane.  
   Show the movement of electrons with curly half-arrows.

(2)

  (iii) Give two propagation steps for the reaction of bromine with butane to form C4H9Br.

   Curly half arrows are not required.
(2)

  (iv) Give one termination step for the reaction of bromine with butane, forming 
an organic compound.

   Curly half arrows are not required.
(1)

PMT
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*P56108A02124*

  (v) Give the mechanism for the reaction of bromine with but-2-ene. 

   Include curly arrows, and relevant dipoles and lone pairs.
(4)

 (c) But-2-ene reacts with hydrogen bromide.  Give the skeletal formula for the product.
(1)

 (d) But-2-ene reacts with acidified potassium manganate(VII).

  Give the structural formula and name of the product.
(2)

Name  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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*P56108A02224*

 (e) But-2-ene can be polymerised. 

  Write the balanced equation, using displayed formulae, for the polymerisation of 
but-2-ene.

(2)

PMT
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*P56108A02324*

 (f ) (i) Use the data to calculate the enthalpy change of formation,  
Hf , of but-2-ene.

Quantity Energy/ kJ mol−1

Hat,298[½H2(g)] +218

Hat,298[C(s, graphite)] +717

E(C C) +347

E(C C) +612

E(C H) +413

(3)

4C(s) + 4H2(g)  C4H8(g)

  (ii) Suggest why your answer to (f )(i) is unlikely to be exactly in agreement with 
the value in a data book.

(1)

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

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

(Total for Question 24 = 23 marks)

TOTAL FOR SECTION B = 60 MARKS 

TOTAL FOR PAPER = 80 MARKS
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