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Answer all the questions.

1 Domestic waste is disposed of by recycling, landfill and incineration.

 (a) The landfill is divided into a number of compartments which are filled in turn. The diagram 
shows a compartment from a modern landfill system.

landfill gas

waste
soil layers

polythene membrane

compacted clay

  (i) When each compartment is full, it is capped by a high density polythene membrane 
covered with compacted clay.

   Suggest three reasons for this.

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

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

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

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

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

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

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

 ....................................................................................................................................  [3]
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  (ii) The landfill gas is a mixture of gases.

   Name two gases present in landfill gas. Explain why each gas needs to be piped away.

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

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

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

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

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

 ....................................................................................................................................  [4]

 (b) Flue gases from incinerators contain compounds such as sulphur dioxide, SO2, and nitrogen 
monoxide, NO. These must be removed before the flue gas is released to the atmosphere.

  (i) State two reasons, apart from the greenhouse effect, why sulphur dioxide should not be 
released into the atmosphere.

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

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

 ....................................................................................................................................  [2]

  (ii) The sulphur dioxide is removed by reacting it with sodium hydroxide solution in the 
presence of oxygen, forming sodium sulphate, Na2SO4.

   Write an equation for this reaction.

 ....................................................................................................................................  [1]

  (iii) Nitrogen monoxide is removed by heating with ammonia and oxygen in the presence of a 
catalyst to form nitrogen and steam.

   Complete the equation for this reaction.

    ……NO + ……NH3 + ……O2  ……N2 + ……H2O [1]

[Total: 11]
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2 (a) Hard water, Ca(HCO3)2 solution, is formed when rainwater slowly dissolves the rock in 
limestone areas. Limestone caves can be formed at the same time.

  Stalagmites and stalactites, made of calcium carbonate, are formed in limestone caves when 
temporary hard water drips slowly from the roof and evaporates.

Ca(HCO3)2(aq)  CaCO3(s) + H2O(g) + CO2(g)

  (i) Use the equilibrium above to explain the formation of the solid calcium carbonate in the 
caves.

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

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

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

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

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

 ....................................................................................................................................  [3]

  (ii) 100 000 dm3 of Ca(HCO3)2(aq), with a concentration of 0.096 mol dm–3 is slowly converted 
to calcium carbonate over thousands of years.

   Calculate the maximum mass, in g, of calcium carbonate that could be formed.

 maximum mass of calcium carbonate =  .....................................................  g [3]
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 (b) Aluminium ions and chlorine gas are used at various stages in the treatment of natural water 
for domestic water supplies.

  Explain the chemistry underlying the use of these two substances.

aluminium ions:  .........................................................................................................................

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

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

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

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

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

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

chlorine gas:  .............................................................................................................................

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

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

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

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

 ............................................................................................................................................  [5]

[Total: 11]
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3 This question is about ozone in the stratosphere and troposphere.

 (a) (i) The ozone concentration in the stratosphere should remain fairly constant from year to 
year. This can be explained by the ‘oxygen only’ model.

   Outline the chemical reactions involved.

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

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

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

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

 ....................................................................................................................................  [4]

  (ii) Draw a ‘dot-and-cross’ diagram for ozone, O3.

[1]

 (b) CFCs damage the ozone layer by acting as a source of chlorine free radicals.

  (i) State one disadvantage of damaging the ozone layer.

 ....................................................................................................................................  [1]

  (ii) A number of less damaging alternatives to CFCs have been developed. These alternatives 
are volatile and non-toxic.

   Suggest two other factors that should be considered when choosing these alternatives.

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

 ....................................................................................................................................  [2]
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 (c) Ozone is involved in the formation of photochemical smog in the troposphere.

  It is formed from nitrogen dioxides by the following reactions.

 NO2  NO + O

 O2 + O  O3

  (i) The first step involves homolytic fission.

   Explain the meaning of the term homolytic fission.

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

 ....................................................................................................................................  [1]

  (ii) Ozone reacts with rubber, a naturally occurring polymer. Rubber is an unsaturated 
hydrocarbon.

   State and explain the damaging effect of the ozone in photochemical smog on rubber.

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

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

 ....................................................................................................................................  [2]

  (iii) Suggest and explain one way in which the level of nitrogen oxides from motor vehicles 
can be reduced. Your answer should include an equation.

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

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

 ....................................................................................................................................  [2]

[Total: 13]
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4 In this question, one mark is available for the quality of use and organisation of scientific terms.

 Both 1:1 and 2:1 clays contain layers of aluminate and silicate sheets.

 The two types of clay have differing tendencies to absorb water. They also differ in their abilities to 
undergo ion exchange reactions with aqueous cations in the soil water.

 Explain these differing properties of 1:1 and 2:1 clays in terms of the differences in their structures. 
You may find it helpful to use diagrams in your answer.

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

 ...................................................................................................................................................  [9]

Quality of Written Communication [1]

[Total: 10]

END OF QUESTION PAPER
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