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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 molecule is polar?

  A BeCl2

  B CO2

  C CH4

  D H2S

(Total for Question 1 = 1 mark)

2 Which is not a disproportionation reaction?

  A 3ClO−  2Cl− + ClO3
−

  B I2 + 5O3 + H2O  2HIO3 + 5O2

  C Br2 + 2OH−  BrO− + Br− + H2O

  D I2 + H2O  HI + HIO

(Total for Question 2 = 1 mark)

3 Two layers form when the non-polar solvent cyclohexane (density 0.78 g cm−3) is 
mixed with a dilute solution of aqueous iodine (density 1.03 g cm−3) and left to stand.  
The colours of the layers are 

Lower layer Upper layer

A purple brown

B brown black

C yellow purple

D brown yellow

(Total for Question 3 = 1 mark)

paper-cut.weebly.com
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4 A solution of a metal salt produced a white precipitate with barium chloride solution   

and the mixture fizzed when dilute nitric acid was added.  The metal salt could be

  A Na2SO4

  B MgSO4

  C Na2CO3

  D AgNO3

(Total for Question 4 = 1 mark)

5 The least soluble hydroxide and least soluble sulfate of barium and magnesium are

  A Mg(OH)2 and MgSO4

  B Mg(OH)2 and BaSO4

  C Ba(OH)2 and MgSO4

  D Ba(OH)2 and BaSO4

(Total for Question 5 = 1 mark)

6 The reaction which results in effervescence is

  A calcium and water.

  B strontium and chlorine.

  C magnesium oxide and water.

  D barium hydroxide and dilute nitric acid.

(Total for Question 6 = 1 mark)

7 Hydrogen can be produced from

CO(g) + H2O(g)  CO2(g) + H2(g)    ǻH = −41 kJ mol−1

 Which will shift the equilibrium position to the right?

  A Raising the temperature

  B Increasing the pressure

  C Adding a catalyst

  D Removing the carbon dioxide

(Total for Question 7 = 1 mark)

paper-cut.weebly.com
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8 The Maxwell-Boltzmann diagram shows the distribution of molecular energies for a 
gaseous system with the activation energy labelled, both with and without a catalyst.

Number of molecules 
with a given energy

Energy, E

Ea (catalyst)

Ea

X

Y
Z

 (a) The area indicating the number of molecules with energy exceeding the 
activation energy in the presence of a catalyst is

(1)

  A X + Y + Z

  B Y + Z

  C Y

  D Z

 (b) When the temperature is increased, the peak in the Maxwell-Boltzmann diagram
(1)

  A moves to the left and the height stays the same.

  B moves to the left and the height increases.

  C moves to the right and the height stays the same.

  D moves to the right and the height decreases.

(Total for Question 8 = 2 marks)

Use this space for rough working.  Anything you write in this space will gain no credit.
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9 The molecule with the strongest London forces is  

  A CF4

  B CHF2Cl

  C CH2Cl2

  D CH3I

(Total for Question 9 = 1 mark)

10 Separate samples of lithium carbonate and magnesium carbonate were heated using 
the apparatus shown.

delivery tube

solid

heat

limewater

 (a) The limewater went cloudy for
(1)

  A both carbonates.

  B only lithium carbonate.

  C only magnesium carbonate.

  D neither carbonate.

 (b) In a test with limewater, the cloudiness is due to the formation of a precipitate of
(1)

  A calcium carbonate.

  B calcium hydrogencarbonate.

  C calcium hydroxide.

  D calcium oxide.

(Total for Question 10 = 2 marks)

paper-cut.weebly.com
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11 Anhydrous calcium nitrate decomposes on heating.

 (a) This action of heat produces a white solid and
(1)

  A only a brown gas.

  B only a gas that relights a glowing splint.

  C both a brown gas and a gas that relights a glowing splint.

  D only a colourless, inert gas.

 (b) Decomposition occurs quite easily because of the
(1)

  A polarisation of the calcium ion by the nitrate ion.

  B polarisation of the nitrate ion by the calcium ion.

  C distortion of the calcium electron cloud by the nitrate ion.

  D repulsion of the nitrate electron cloud by the calcium ion.

(Total for Question 11 = 2 marks)

12 Given the following boiling temperatures, select the likely boiling temperature for 
hydrogen fluoride, HF.

Hydrogen halide Boiling temperature / K

HCl 188

HBr 206

HI 238

  A 156 K

  B 172 K

  C 184 K

  D 293 K

(Total for Question 12 = 1 mark)

paper-cut.weebly.com
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13 The fragment with a peak of m/e = 43 is present in the mass spectrum of

  A CH3CH(CH3)CH2Br and CH3CBr(CH3)2

  B CH3CH2CH2CH2Br and CH3CHBrCH2CH3

  C CH3CH2CH2CH2Br and CH3CH(CH3)CH2Br

  D CH3CH(CH3)CH2Br and CH3CHBrCH2CH3

(Total for Question 13 = 1 mark)

14 Depending on the conditions, ethanol, CH3CH2OH, can be oxidized to  
ethanal, CH3CHO, ethanoic acid, CH3COOH or mixture of the two.

 Mass spectrometry can be used to identify the products.

 The absence of a fragment ion peak m/e = 45 indicates that

  A all the product is ethanoic acid.

  B all the product is ethanal.

  C none of the ethanol has been oxidized.

  D the product is a mixture of ethanal and ethanoic acid.

(Total for Question 14 = 1 mark)

15 Trichlorofluoromethane, CFCl3, is a greenhouse gas because it

  A absorbs infrared radiation and forms chlorine free radicals.

  B absorbs infrared radiation and re-radiates it back to Earth.

  C absorbs ultraviolet radiation and forms chlorine free radicals.

  D absorbs ultraviolet radiation and re-radiates it back to Earth.

(Total for Question 15 = 1 mark)

Use this space for rough working.  Anything you write in this space will gain no credit.
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16 A 0.990 g sample of 1,2-dichloroethane was completely hydrolysed and silver nitrate 
was then added to produce a white precipitate.  The maximum mass of precipitate 
possible is 

 [Molar masses: 1,2-dichloroethane = 99 g mol−1, silver chloride = 143.4 g mol−1]

  A 0.990 g

  B 1.434 g

  C 2.424 g

  D 2.868 g

(Total for Question 16 = 1 mark)

17 Which observations about silver chloride and silver bromide are correct?

Action of sunlight Action of dilute ammonia

A both turn grey only silver chloride dissolves

B only silver chloride turns grey both silver halides dissolve

C only silver bromide turns grey only silver chloride dissolves

D no effect on either silver halide both silver halides dissolve

(Total for Question 17 = 1 mark)

TOTAL FOR SECTION A = 20 MARKS

paper-cut.weebly.com
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SECTION B

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

18 This is a question about the structure of substances.

 (a) Predict the H N H bond angle in NH4

+
 and the H O H bond angle in H3O

+
.

(2)

NH4

+
  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

H3O
+
  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

 (b) Name the shapes of the BF3 and PH3 molecules and explain why they are different.
(4)

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

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

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

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

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

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

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

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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  *(c) Explain, with reference to the structure and bonding of each substance, why 
the electrical conductivity of graphite is 1.0 × 105 S m−1 but that of diamond is 
1.0 × 10−2 S m−1.

(4)

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

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

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

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

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

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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 (d) Explain why the Cl Cl bond length is 0.199 nm, but the I I bond length is 0.267 nm. 
(3)
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(Total for Question 18 = 13 marks)
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19 This is a question about alcohols and compounds made from them.

 (a) (i) Complete the table about some of the structural isomers with the molecular 
formula C5H12O.

(3)

Name Skeletal Formula Classification

2,2-dimethylpropan-1-ol Primary

OH

Secondary

3-methylbutan-1-ol

OH

2-methylbutan-2-ol

OH

  (ii) Identify, by name or formula, the alcohol which is the branched structural 
isomer with molecular formula C5H12O that is not in the table. 

(1)

paper-cut.weebly.com
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  (iii) Explain why 2,2-dimethylpropan-1-ol has a significantly lower boiling 
temperature than the isomer pentan-1-ol.

(2)
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  (iv) Draw a hydrogen bond between a water molecule and the pentan-1-ol 
molecule.  Clearly label the bond angle about the hydrogen involved in the 
hydrogen bond.

(2)

    

H C C C C C O
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 (b) Ethanol, C2H5OH, can be oxidized to ethanoic acid, CH3COOH.

  (i) Give the formula of a suitable oxidizing agent and the conditions required.
(2)

Oxidizing agent  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Conditions  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

  (ii) Using the symbol, [O], for the oxidizing agent, write the equation for the 
oxidation of ethanol to ethanoic acid.  State symbols are not required.

(1)

  (iii) Draw, and fully label, the apparatus that would be used to carry out the 
complete oxidation of ethanol to ethanoic acid.  Include any material that 
would be used to ensure that boiling is controlled and not violent.

(3)

paper-cut.weebly.com
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 (c) A sample of ethanol was oxidized completely.  After separation, 5.00 g of a 
mixture of ethanoic acid and water was obtained.

  The mixture was added to a 500 cm3 volumetric flask, made up to the mark with 
deionized water and shaken thoroughly.  The concentration of this diluted solution 
was determined by titration with sodium hydroxide solution, of concentration 
0.200 mol dm−3.  The following results were obtained using 25.0 cm3 pipetted 
aliquots of this diluted ethanoic acid solution.

Titration Trial 1 2 3

Final volume /cm3 14.20 19.50 34.45 49.00

Initial volume /cm3  0.00  5.00 20.00 34.45

Volume added /cm3 14.20 14.50 14.45 14.55

    Mean titre = 14.50 cm3

  (i) State what is unusual about the value of the trial titre. 

   Suggest a possible fault with the use of a pipette that could explain this value. 

   You may assume that the bottom of the meniscus was correctly aligned to the 
mark on the pipette.

(2)
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  (ii) The reaction between ethanoic acid and sodium hydroxide has a 1:1 mole ratio. 

   Calculate the concentration of the diluted ethanoic acid solution in mol dm−3.
(2)
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  (iii) Calculate the mass of ethanoic acid in 500 cm3 of the diluted solution.

(2)

 (d) Alcohols can undergo complete or incomplete combustion.

  (i) Write the equation for the complete combustion of hexan-1-ol, C6H13OH.  
State symbols are not required.

(1)

  (ii) Write the equation for the incomplete combustion of hexan-1-ol which 
produces only carbon and water.  State symbols are not required.

(1)

  (iii) Calculate the volume of oxygen, measured at room temperature and pressure, 
required for the complete combustion of one mole of hexan-1-ol.

   State the likely observation if 500 dm3 of air containing 20% of oxygen was 
present for the combustion of one mole of hexan-1-ol.

   Justify your answer.

   [Molar volume = 24.0 dm3 mol−1 at room temperature and pressure]
(3)

Volume =
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(Total for Question 19 = 25 marks)

TOTAL FOR SECTION B = 38 MARKS

paper-cut.weebly.com
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SECTION C

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

20 Fireworks are designed to explode in a controlled manner with bursts of brightly 
coloured light and loud bangs.  It is believed that fireworks originated in China, after 
the discovery of gunpowder over 1000 years ago.  Fireworks essentially consist of:

 Ɣ colour-producing compounds (often metal salts)

 Ɣ fuel

 Ɣ oxidizer

 Ɣ binders (often a type of starch)

 Ɣ fuse.

 In addition, there may be substances known as chlorine donors to strengthen the colour, 
regulators to control the rate of reaction and reducing agents to produce hot gases.

 Inside the firework are small globules, called stars, which give fireworks their colour 
when they explode, for example calcium carbonate is used to produce an orange-red 
colour.  If these stars are arranged randomly, then they will spread out in the sky on 
explosion.  However, if the stars are packed in a regular pattern, then, on explosion, a 
particular shape can be created in the sky.

 (a) Give the formulae of two metal carbonates that could be used to produce a 
bright red colour from an exploding firework.

(2)

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

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

  *(b) Explain, by reference to electronic transitions, how the metal ions produce the 
colours of the firework.

(3)
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 (c) Suggest a metal which may be used to produce a white colour in a firework and 

give the name of the compound produced.
(2)

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

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

 (d) Gunpowder is often used in fireworks.  It is a mixture of charcoal, sulfur and 
potassium nitrate.

  (i) Complete the equation for one of the chemical reactions that occurs when 
gunpowder burns.

(2)

. . . . . . . . . . . . . . . .KNO3 + . . . . . . . . . . . . . . . .S + . . . . . . . . . . . . . . . .C  . . . . . . . . . . . . . . . .K2S + . . . . . . . . . . . . . . . .N2 + . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

  (ii) Identify two different atoms that have been reduced and state the change in 
their oxidation numbers.

(3)

   Atom. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   Oxidation number change from . . . . . . . . . . . . . . . . to . . . . . . . . . . . . . . . .

   Atom. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   Oxidation number change from . . . . . . . . . . . . . . . . to . . . . . . . . . . . . . . . .
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 (e) In the 1830s, the more explosive oxidizers called chlorates were discovered.   
One of these is potassium chlorate(VII), KClO4.

  (i) Suggest how the dot-and-cross diagram for the chlorate(VII) ion may be completed. 

   Use dots (•) for the chlorine electrons, crosses (×) for the oxygen electrons and 
an asterisk(*) for the extra electron on one of the oxygen atoms.

(2)

O O

OO

Cl

−

  (ii) Environmentalists have raised concerns about the use of potassium chlorate(VII) 
so alternatives are being investigated. 

   Suggest one possible impact on the environment that potassium chlorate(VII) 
may have.

(2)
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  *(f ) Describe fully how the fuse in a firework starts the chemical reaction and why it is 

not a catalyst.
(3)
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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  *(g) Use your knowledge of reaction kinetics to suggest two factors that could affect 
the rate of reaction of the solids in a firework.  Justify your answer.

(3)
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(Total for Question 20 = 22 marks)

TOTAL FOR SECTION C = 22 MARKS

TOTAL FOR PAPER = 80 MARKS
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