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    Section A

    Answer all the questions in this section in the spaces provided.

    The total mark for this section is 45.

A1 Choose from the following list of elements to answer the questions below.

calcium

chlorine

hydrogen

iodine

nickel

sodium

vanadium

zinc

 Each element can be used once, more than once, or not at all.

 Which element

 (a) forms an oxide which is amphoteric,

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

 (b) is a catalyst in the hydrogenation of alkenes,

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

 (c) oxidises aqueous bromide ions to bromine,

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

 (d) is used in water purification to kill bacteria,

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

 (e) is formed at the cathode when a dilute aqueous solution of sodium chloride is 
electrolysed,

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

 (f) can be used in the sacrificial protection of iron?

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

  [Total: 6]
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A2 Pure oxygen for industrial use is obtained from the air.

 (a) (i) State the percentage by volume of oxygen in clean air.

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

  (ii) Explain how fractional distillation is used to obtain oxygen from the air.

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

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

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

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

 (b) When acetylene, C2H2, burns in oxygen it produces a very hot flame.
  State one industrial use for this oxyacetylene flame.

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

 (c) Acetylene has a triple covalent bond between its carbon atoms.
  Draw a ‘dot-and-cross’ diagram for acetylene.
  You need only show the outer electrons.

  [1]
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 (d) Oxygen reacts with magnesium to form magnesium oxide.
  Draw diagrams to show the complete electronic structure and charges of both ions 

present in magnesium oxide.

  [2]

 (e) Oxygen, O2, in the atmosphere can react to form ozone, O3.

  (i) Write an equation for this reaction.

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

  (ii) In the upper atmosphere there is a layer of ozone surrounding the Earth.
   Explain the importance of this layer in terms of human health.

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

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

  [Total: 9]
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A3 The alkanes are an homologous series of saturated hydrocarbons with the general formula 
CnH2n+2.

 (a) What do you understand by the term hydrocarbon?

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

 (b) Write the molecular formula for the alkane containing seven carbon atoms.

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

 (c) Two different structural formulae can be written for the alkane having the molecular 
formula C4H10.

H

C CH C

H

H

H

H

H

butane

C

H

H

H CH C

H

H

C

H

H

methylpropane

C

H H

H

H

H

  What term is given to compounds with the same molecular formula but different structural 
formulae?

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

 (d) A student ignites a mixture of 15 cm3 of propane and 100 cm3 of oxygen. The oxygen is 
in excess. All measurements of volume are taken at room temperature and pressure.

C3H8(g)   +   5O2(g)      3CO2(g)   +   4H2O(l)

  Calculate

the volume of carbon dioxide formed, 

 .............................................................................................................................. cm3 [1]

the volume of unreacted oxygen remaining.

 ...............................................................................................................................cm3 [1]

 (e) Explain why the incomplete combustion of an alkane in an enclosed space is 
hazardous.

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

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

  [Total: 7]
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A4 Coal is largely carbon.

 (a) Carbon burns in excess air to form carbon dioxide.

C(s)    +    O2(g)        CO2(g)     ΔH = –393.5 kJ / mol

  (i) Draw an energy profile diagram for this reaction on the axes below.
   On your diagram label

the reactants and products •
the enthalpy change for the reaction •
the activation energy •

reaction pathway

enthalpy

  [3]

  (ii) Give a test for carbon dioxide.

test  ...........................................................................................................................

observation  ..........................................................................................................  [2]
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 (b) Coal contains a small amount of sulfur.

  (i) Explain how the burning of coal results in the formation of acid rain.

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

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

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

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

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

  (ii) State one effect of acid rain.

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

 (c) Oxides of nitrogen also contribute to acid rain. They can be formed naturally in the 
atmosphere from nitrogen and oxygen.

  (i) What condition is needed to allow nitrogen and oxygen to combine in the 
atmosphere?

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

  (ii) Nitric acid in the atmosphere can chemically erode buildings made from carbonate 
rocks.

   Write an equation for the reaction of nitric acid, HNO3, with calcium carbonate, 
CaCO3.

  [2]

  [Total: 12]
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A5 Bromine is a halogen. It has two naturally-occurring isotopes.

 (a) Define the term isotopes.

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

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

 (b) One isotope of bromine has the symbol 81
35Br.

  State the number of protons, neutrons and electrons in this isotope of bromine.

protons  ............................

neutrons  ..........................

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

 (c) Bromine is a liquid at room temperature.

  (i) Draw a diagram to show the arrangement of the molecules in liquid bromine.

   Show a bromine molecule as .

  [2]

  (ii) A small amount of liquid bromine was placed in the bottom of a sealed flask. After 
thirty minutes the brown colour of the bromine had spread throughout the flask.

start after 30 minutes

air

liquid bromine

   Use the kinetic particle theory to explain these observations.

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

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

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

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

 .............................................................................................................................  [3]
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 (d) Bromine forms a variety of compounds with other halogens.

  (i) Bromine reacts with fluorine to form bromine(I) fluoride, BrF.
   Write an equation for this reaction.

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

  (ii) Another compound of bromine and fluorine is bromine(V) fluoride, BrF5.
   Calculate the percentage of bromine by mass in bromine(V) fluoride.

  [2]

  [Total: 11]
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    Section B

    Answer three questions from this section in the spaces provided.

    The total mark for this section is 30.

B6 Ammonia is made by the Haber process.

 (a) (i) Write an equation for the formation of ammonia in the Haber process.

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

  (ii) State the essential conditions for the Haber process.

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

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

 (b) Ammonia is used to make fertilisers.
  Explain why farmers use fertilisers.

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

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

 (c) Many fertilisers are ammonium salts.
  Explain why adding calcium hydroxide to the soil can cause the loss of nitrogen from the 

ammonium salts added as fertilisers.

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

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

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

 (d) Fertilisers such as ammonium nitrate and ammonium phosphate are solids.
  They can get into lakes and cause excessive growth of algae.

  (i) Explain how these fertilisers get into lakes.

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

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

  (ii) What name is given to the enrichment of lakes with nitrates and phosphates which 
leads to the death of plant and animal life in the lakes?

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

  [Total: 10]
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B7 Sulfuric acid is a strong acid. Ethanoic acid is a weak acid.

 (a) What do you understand by the terms strong acid and weak acid?

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

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

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

 (b) Compare and explain the difference in the electrical conductivity between a strong and 
a weak acid.

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

 (c) A dilute solution of sulfuric acid contains hydrogen ions, hydroxide ions and sulfate ions.
  When this solution is electrolysed, hydrogen gas is formed at the cathode and oxygen 

gas is formed at the anode.

  (i) Explain why hydrogen is formed at the cathode.

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

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

  (ii) Write the ionic equation for the reaction at the anode.

 .............................................................................................................................  [2]
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 (d) Magnesium reacts with dilute sulfuric acid.

Mg(s)    +    H2SO4(aq)        MgSO4(aq)    +    H2(g)

  (i) Describe how you can follow the progress of this reaction.
   What measurements can you use to calculate the speed of the reaction?

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

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

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

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

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

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

  (ii) A student reacts 3.0 g of magnesium with 2.5 mol / dm3 sulfuric acid.
   Calculate the minimum volume of sulfuric acid that reacts with all the magnesium.

  [2]

  [Total: 10]
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B8 The table gives some information about the first five members of the carboxylic acid 
homologous series.

carboxylic acid formula boiling point / °C

methanoic acid HCO2H 101

ethanoic acid CH3CO2H 118

propanoic acid C2H5CO2H 141

butanoic acid 166

pentanoic acid C4H9CO2H

 (a) (i) Estimate the boiling point of pentanoic acid.

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

  (ii) Draw the structure of butanoic acid.
   Show all atoms and bonds.

  [1]

  (iii) Ethanoic acid reacts with sodium.
   Write an equation for this reaction.

 .............................................................................................................................  [1]
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 (b) Carboxylic acids react with alcohols to form esters.

  (i) Name the ester formed when ethanoic acid reacts with ethanol.

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

  (ii) The diagram shows the repeat unit of poly(ethenyl ethanoate)

H

CH3CO

C C

O

nHH

   Draw the structure of the monomer used to make poly(ethenyl ethanoate).

  [1]
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 (c) Carboxylic acid X contains 55.8% carbon, 7.0% hydrogen and 37.2% oxygen.

  (i) Calculate the empirical formula of X. 

  [2]

  (ii) A molecule of carboxylic acid X contains four carbon atoms. What is its molecular 
formula?

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

  (iii) Carboxylic acid X is an unsaturated compound.
   Give a test for an unsaturated compound.

test  ...........................................................................................................................

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

  [Total: 10]
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B9 Barium is a reactive metal in Group II of the Periodic Table.
 Barium reacts with water in a similar way to sodium. The products of the reaction are aqueous 

barium hydroxide and a colourless gas.

 (a) (i) Write an equation, including state symbols, for this reaction.

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

  (ii) Aqueous barium hydroxide is neutralised by hydrochloric acid.
   Write the simplest ionic equation for this reaction.

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

 (b) Explain why barium metal conducts electricity.

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

 (c) Barium oxide reacts with aluminium.

3BaO    +    2Al        3Ba    +    Al2O3

  Explain how this equation shows that aluminium is a reducing agent.

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

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

 (d) Barium sulfate is an insoluble compound.
  Describe how a pure dry sample of barium sulfate is prepared from aqueous barium 

nitrate.

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

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

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

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

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

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

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

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

  [Total:10]
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