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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	 What is the total number of atoms in 8.8 g of carbon dioxide?

	 [Mr value: CO2 = 44      Avogadro constant, L = 6.02 × 1023 mol–1]

	 A	 1.2 × 1023

	 B	 3.6 × 1023

	 C	 1.2 × 1024

	 D	 3.6 × 1024

(Total for Question 1 = 1 mark)

2	 How many moles of ions are there in 40 cm3 of a solution of 
0.050 mol dm–3 magnesium nitrate, Mg(NO3)2?

	 A	 0.0020 mol

	 B	 0.0040 mol

	 C	 0.0060 mol

	 D	 0.0080 mol

(Total for Question 2 = 1 mark)

3	 A water molecule, containing the isotopes of hydrogen and oxygen, hydrogen‑1 and 
oxygen‑16, has a mass of 2.9908 × 10–23 g.

	 What is the mass of an atomic mass unit (amu) measured in grams?

	 [Ar values: oxygen‑16 = 15.995 amu      hydrogen‑1 = 1.0080 amu]

	 A	 6.0185 × 1023

	 B	 6.0221 × 1023

	 C	 1.6605 × 10–24

	 D	 1.6616 × 10–24

(Total for Question 3 = 1 mark)
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4	 NxO4 is an oxide of nitrogen. 
The percentage by mass of oxygen in this oxide is 69.57%.

	 What is the relative molecular mass of this oxide?

	 A	 78

	 B	 92

	 C	 106

	 D	 109

(Total for Question 4 = 1 mark)

5	 Four different solutions contain chloride ions. 
Three of the solutions contain the same number of moles of chloride ions.

	 Which solution contains a different number?

	 A	 15.0 cm3 of 0.80 mol dm–3 hydrochloric acid

	 B	 10.0 cm3 of 0.40 mol dm–3 iron(III) chloride solution

	 C	 10.0 cm3 of 0.90 mol dm–3 magnesium chloride solution

	 D	 20.0 cm3 of 0.60 mol dm–3 sodium chloride solution

(Total for Question 5 = 1 mark)

6	 A solution contains 95 ppm of a solute.

	 What mass of the solute is dissolved in 1 kg of this solution?

	 A	 95 g

	 B	 0.95 g

	 C	 0.095 g

	 D	 0.000095 g

(Total for Question 6 = 1 mark)

7	 A sample of hydrated magnesium sulfate contains 43% by mass of water.

	 What is the formula of this magnesium sulfate?

	 A	 MgSO4•9H2O

	 B	 MgSO4•5H2O

	 C	 MgSO4•2.5H2O

	 D	 MgSO4•1.25H2O

(Total for Question 7 = 1 mark)
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8	 Ethanoic acid can be produced by the oxidation of butane.

2C4H10   +   5O2   →   4CH3COOH   +   2H2O

	 The atom economy, by mass, for the production of ethanoic acid is

	 A	 13%

	 B	 67%

	 C	 77%

	 D	 87%

(Total for Question 8 = 1 mark)

9	 The first four ionisation energies of the elements gallium (Ga), indium (In), 
germanium (Ge) and tin (Sn) are shown.

	 Which values are the first four ionisation energies of gallium?

	 A	 557   1821   2705   5200

	 B	 579   1979   2963   6200

	 C	 709   1412   2943   3930

	 D	 762   1537   3302   4411

(Total for Question 9 = 1 mark)

10	 Sulfur has a higher melting temperature than white phosphorus, P4.

	 Which is a possible reason for this?

	 A	 �sulfur molecules have a greater permanent dipole than 
phosphorus molecules

	 B	 sulfur has stronger covalent bonds than phosphorus

	 C	 �sulfur has a giant covalent structure and phosphorus has a simple 
molecular structure

	 D	 sulfur molecules have more electrons than phosphorus molecules

(Total for Question 10 = 1 mark)

Use this space for any rough working. Anything you write in this space will gain no credit.
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11	 Which species are arranged in order of increasing radius?

	 A	 K+   <   Ar   <   Cl–   <   Br–

	 B	 Cl–   <   Ar   <   K+   <   Br–

	 C	 Br–   <   Cl–   <   Ar   <   K+

	 D	 Cl–   <   Br–   <   Ar   <   K+

(Total for Question 11 = 1 mark)

12	 Which cation would be the most polarising?

		  Radius	 Charge

	 A	 small	 large

	 B	 small	 small

	 C	 large	 small

	 D	 large	 large

(Total for Question 12 = 1 mark)

13	 In the gas phase, PCl5 exists as molecules. They are trigonal bipyramidal.

P Cl

Cl

Cl
Cl

Cl
equatorial

equatorial

axial

axial

	 Each chlorine atom can be replaced one at a time by a fluorine atom. 
The two axial chlorine atoms are replaced before the three equatorial atoms.

	 Which of the resulting molecules does not have a permanent dipole?

	 A	 PCl4F

	 B	 PCl3F2

	 C	 PCl2F3

	 D	 PClF4

(Total for Question 13 = 1 mark)
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14	 Which hazard warning symbol would be found on a bottle of hexane?

	 A	

	 B	

	 C	

	 D	

(Total for Question 14 = 1 mark)

15	 What is the IUPAC name for the hydrocarbon shown?

	 A	 2‑ethyl‑3‑methylnonane

	 B	 3,4‑dimethyldecane

	 C	 8‑ethyl‑7‑methylnonane

	 D	 7,8‑dimethyldecane

(Total for Question 15 = 1 mark)
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16	 Which statement about the cracking of crude oil is true?

	 The cracking of crude oil

	 A	 separates the mixture into pure compounds

	 B	 separates the mixture into fractions

	 C	 separates saturated from unsaturated compounds

	 D	 decreases the average number of carbon atoms per molecule

(Total for Question 16 = 1 mark)

17	 Bromine and bromine water can be used to test for a carbon‑carbon double bond. 
When bromine water reacts with 2‑methylbut‑2‑ene, there is one major 
organic product.

	 Which is the skeletal formula of the major product?

	 A	
OH

Br

	 B	

OH
Br

	 C	

OH

Br

	 D	 HO

Br

(Total for Question 17 = 1 mark)
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18	 Which of these formulae are correct for the compound 1,4‑diethylcyclohexene?

C10H18 C5H9

(i) 
skeletal formula

(ii) 
molecular formula

(iii) 
empirical formula

	 A	 none of the three

	 B	 (i) only

	 C	 (ii) and (iii) only

	 D	 (i), (ii) and (iii)

(Total for Question 18 = 1 mark)

19	 β-Farnesene is an alarm pheromone released by aphids.

	 How many π bonds and how many σ bonds are present in this molecule?

	 A	 4π and 31σ

	 B	 4π and 38σ

	 C	 8π and 28σ

	 D	 8π and 34σ

(Total for Question 19 = 1 mark)

Use this space for any rough working. Anything you write in this space will gain no credit.
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20	 Which structure is a Z‑isomer?

	 A	  

Cl H

	 B	  

Cl

HO

	 C	  

Cl Cl

Br

	 D	  
Cl

(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	 Chloroethene and 1‑chloropropene are the first two members of a 
homologous series. 1‑Chloropropene exists as two geometric isomers.

	 (a)	 (i)	 Draw the displayed formulae of chloroethene and one geometric isomer 
of 1‑chloropropene.

(2)

chloroethene 1‑chloropropene

		  (ii)	 Explain why chloroethene and 1‑chloropropene are members of a 
homologous series.

(2)

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

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

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

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

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

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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		  (iii)	 Explain why 1‑chloropropene exists as two geometric isomers, but 
chloroethene does not.

(3)

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

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

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

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

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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	 (b)	 Chloroethene and 1‑chloropropene are both monomers.

		  (i)	 Draw the structure of poly(1‑chloropropene).
(2)
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  

		  (ii)	 The polymer of chloroethene, known as PVC, is used to make water pipes and 
gutters, which were previously made of metal.

			   Suggest two advantages of using PVC instead of metal in water pipes and 
gutters, other than cost.
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(Total for Question 21 = 11 marks)
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  

22	 The diagram shows the arrangement of electrons in the energy levels of 
a sodium atom.

n = ∞

n = 5

n = 4

n = 3

n = 2

n = 1

� �
�

↽
� �

	 (a)	 Give the reason why the two electrons in the n = 1 energy level are represented 
by arrows pointing in opposite directions.

(1)
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	 (b)	 Explain whether or not all of the electrons in the n = 2 energy level have the 
same energy.

(2)
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	 (c)	 Name the shape of the orbital occupied by the electron in the n = 3 energy level.
(1)

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

(Total for Question 22 = 4 marks)

PMT
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  

23	 Samples of germanium consist of five isotopes, four of which are stable. 
The fifth isotope, germanium‑76, is radioactive but with a very long half‑life.

	 This means that the isotopic composition is almost constant. 
The table shows data for four of the isotopes.

Atom 70Ge 73Ge 74Ge 76Ge

Mass number 70 73 74 76

Abundance / % 20.5 7.8 36.5 7.8

	 (a)	 (i)	 Calculate the mass number of the fifth isotope of germanium. 
The relative atomic mass of germanium is 72.6.

			   You must show your working.
(3)

		  (ii)	 Give the main reason why the answer in (a)(i) should not be quoted to more 
than 2 significant figures.

(1)
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	 (b)	 The radioactive decay of germanium‑76 forms stable atoms of selenium‑76.

		  Compare and contrast the atomic structure of an atom of germanium‑76 with an 
atom of selenium‑76.

(4)
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(Total for Question 23 = 8 marks)
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24	 A sample of a volatile liquid X was vaporised. 
At 473 K and 110 000 Pa, 3.50 g of X occupies 1.79 dm3.

	 (a)	 (i)	 Calculate the number of moles of X in the sample.

			   [R = 8.31 J mol–1 K–1]

			   Use pV = nRT
(4)

		  (ii)	 Deduce the relative molecular mass of X.
(1)

		  (iii)	 Compound X contains 85.7 % carbon and 14.3 % hydrogen by mass. 

			   Calculate the empirical formula of X.
(2)

		  (iv)	Deduce the molecular formula of X.
(1)
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	 (b)	 A few drops of a purple solution of acidified potassium manganate(VII) were 
added to a sample of liquid X and shaken. 
The solution remained purple.

		  State what can be deduced about the structure of X from this experiment.
(1)

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

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

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

	 (c)	 Identify, by name or formula, two possible structural isomers of X using your 
answers to (a)(iv) and (b).

(2)

(Total for Question 24 = 11 marks)
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25	 Chlorine reacts with both alkanes and alkenes.

	 (a)	 Three steps in the mechanism for the reaction of chlorine with butane to form 
1‑chlorobutane are shown.

		  Step 1  	� Cl2   →   2Cl•

		  Step 2  � Cl•   +   CH3CH2CH2CH3   →   CH3CH2CH2CH2•   +   HCl

		  Step 3  �CH3CH2CH2CH2•   +   Cl2   →   CH3CH2CH2CH2Cl   +   Cl•

		  (i)	 Name the mechanism and type of this reaction.
(1)

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

		  (ii)	 Give the essential condition for Step 1 to occur.
(1)

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

		  (iii)	 Name the type of step illustrated by Step 3.
(1)

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

		  (iv)	 A different type of step, other than the ones shown, also occurs in 
the reaction.

			   Describe this type of step, including two possible examples which might 
occur in this reaction.

(4)

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

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

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

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

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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	 (b)	 Chlorine is not a polar molecule but can react with alkenes through an 
electrophilic addition reaction.

		  (i)	 State what is meant by the term polar molecule and why chlorine is not polar.
(2)
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		  (ii)	 Explain why chlorine reacts with alkenes even though it is not 
a polar molecule.

(2)
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(Total for Question 25 = 11 marks)

PMT
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  

26	 Sulfur hexafluoride, SF6 , is used in the electric power industry as an insulating gas. 
It can be used in this way as it is very unreactive.

	 Fluorine reacts with sulfur to form SF6. 
Impurities of S2F10 and SF4 also form and must be removed because they are 
too reactive.

	 (a)	 Give the name of the compound S2F10.
(1)

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

	 (b)	 Molecules of S2F10 consist of two SF5 units linked by a S S bond.

		  Complete the dot‑and‑cross diagram of S2F10 , showing the outer shell electrons. 
Use dots () for the sulfur electrons and crosses (×)  for the fluorine electrons.

(2)

S

F
F

F

F F

S

F
F

F

FF

	 (c)	 Draw a dot‑and‑cross diagram of SF4, showing all the outer shell electrons. 
Use dots () for the sulfur electrons and crosses (×) for the fluorine electrons.

(2)

PMT
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	 (d)	 Complete the table showing clearly the shapes of the other two molecules and 
the F S F bond angles.

(4)

Molecule Diagram F S F bond angle

SF6 S

F

F

FF
F

F
90º

S2F10

SF4

	 (e)	 Justify the shape around the sulfur atom in both SF6 and SF4.
(3)
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  

	 (f )	 SF4 and S2F10 are reactive, but SF6 is unreactive.

		  Suggest reasons for this by considering the shape and bonding in each molecule.
(3)
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(Total for Question 26 = 15 marks)

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