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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 polymers to answer the questions.
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 Each polymer can be used once, more than once or not at all.

 (a) Which two polymers are polyesters?

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

 (b) Which polymer is used to make both clingfilm and plastic bags?

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

 (c) Give the letter of an addition polymer. .....................

  Give the letter of a condensation polymer. .................... [1]

 (d) Give the letter of a polymer that is a saturated hydrocarbon.

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

 (e) Which polymer could be part of a protein?

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

[Total: 5]
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A2 Hydrogen fluoride, HF, has a simple molecular structure. It is soluble in water.

 (a) Suggest one other physical property of hydrogen fluoride.

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

 (b) Hydrogen fluoride dissociates in water to form dilute hydrofluoric acid.

  (i) Write an equation to show the dissociation of hydrogen fluoride.

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

  (ii) Explain why an acidic solution is formed when hydrogen fluoride dissociates in water.

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

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

 (c) Dilute hydrofluoric acid reacts with aqueous calcium hydroxide.

2HF(aq)  +  Ca(OH)2(aq)    CaF2(aq)  +  2H2O(l)

  What is the minimum volume, in cm3, of 0.150 mol / dm3 Ca(OH)2 required to react completely 
with a solution containing 0.200 g of HF?

 volume of Ca(OH)2(aq) =  ...................................................  cm3  [3]
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 (d) Magnesium reacts with fluorine to make the ionic compound magnesium fluoride.

  (i) Predict two physical properties of magnesium fluoride.

1.  .......................................................................................................................................

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

  (ii) Explain, in terms of electrons, how a magnesium atom reacts with a fluorine molecule, 
F2, to make a magnesium ion and two fluoride ions.

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

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

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

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

[Total: 10]
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A3 Esters are used as food flavourings and solvents.

 (a) Draw the structure of ethyl methanoate, showing all of the atoms and all of the bonds.

[1]

 (b) Ethyl ethanoate evaporates at room temperature.

  (i) What is meant by the term evaporation?

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

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

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

  (ii) A sample of ethyl ethanoate in a beaker is moved into a colder room.

   Explain, in terms of the kinetic particle theory, why this results in a decrease in the rate of 
evaporation.

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

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

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

 ...................................................................................................................................... [2]
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  (iii) The table shows some information about different esters.

name structure relative molecular mass (Mr)

methyl ethanoate CH3CO2CH3  74

ethyl ethanoate CH3CO2C2H5  88

propyl ethanoate CH3CO2C3H7 102

butyl ethanoate CH3CO2C4H9 116

pentyl ethanoate CH3CO2C5H11 130

   Which ester has the lowest rate of evaporation at room temperature and pressure?

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

Explain your answer.

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

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

[Total: 6]
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A4 Sulfuric acid is manufactured by the contact process.

 (a) State the conditions used in the contact process.

temperature  ..............................................................................................................................

pressure  ....................................................................................................................................

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

 (b) In the contact process, sulfur dioxide reacts with oxygen.

2SO2(g)  +  O2(g)    2SO3(g)

  Describe and explain the effect of increasing the concentration of oxygen on the rate of this 
reaction.

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

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

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

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

 (c) The catalyst used in the contact process increases the rate of the reaction.
  Describe one other advantage of using a catalyst in an industrial process.

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

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

 (d) Sulfuric acid is used to make the fertiliser potassium sulfate, K2SO4.

  Calculate the percentage by mass of potassium in this fertiliser.

[2]

[Total: 7]
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A5 The statements give some of the chemical properties of cobalt and its compounds.

• Cobalt does not react with cold water.
• Cobalt fizzes slowly with dilute hydrochloric acid.
• Cobalt does not react with aqueous zinc nitrate.
• Cobalt reacts with aqueous silver nitrate.
• Cobalt(II) oxide reacts with magnesium to form cobalt.

 (a) Use the information to help arrange the following metals in order of reactivity.

cobalt, magnesium, silver, sodium and zinc

most reactive ..........................................................................

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

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

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

least reactive .......................................................................... [2]

 (b) Construct the equation for the reaction between cobalt(II) oxide, CoO, and magnesium.

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

 (c) Predict what happens when cobalt(II) carbonate is heated strongly.

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

 (d) Cobalt has a melting point of 1495 °C.

  Explain, in terms of structure and bonding, why a metal such as cobalt has a high melting 
point. You may use a labelled diagram in your answer.

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

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

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

 (e) The symbol for one isotope of cobalt is 57
27Co.

  Another isotope of cobalt has a nucleon number of 59.

  Write its symbol.

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

[Total: 7]
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A6 River water contains dissolved minerals and gases.

 (a) Carbon dioxide is one of the gases dissolved in river water.

  Draw the ‘dot-and-cross’ diagram to show the bonding in a molecule of carbon dioxide. Only 
draw the outer-shell electrons.

[1]

 (b) River water often contains dissolved compounds such as ammonium nitrate and calcium 
phosphate.

  (i) State one source of both of these compounds.

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

  (ii) Describe and explain the environmental effect of the presence of these dissolved 
compounds in river water.

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

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

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

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

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

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

 ...................................................................................................................................... [3]
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 (c) River water is often purified for use as drinking water.

  Describe three processes involved in the purification of river water.

process 1  ..................................................................................................................................

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

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

process 2  ..................................................................................................................................

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

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

process 3  ..................................................................................................................................

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

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

 (d) Water has a low melting point and is neutral (pH = 7).

  (i) Explain why water has a low melting point.

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

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

  (ii) A pH meter can be used to confirm that water is neutral.

   Describe another way in which a student can confirm that water is neutral.

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

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

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

[Total: 10]
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Section B

Answer three questions from this section in the spaces provided.

The total mark for this section is 30.

B7 The formula of lead(II) nitrate is Pb(NO3)2.

 (a) Describe how a pure sample of lead(II) nitrate crystals can be prepared from lead(II) oxide, 
which is insoluble in water.

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

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

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

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

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

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

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

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

 (b) Aqueous potassium iodide is added to a sample of aqueous lead(II) nitrate. A precipitate of 
lead(II) iodide is formed.

  Construct the ionic equation, with state symbols, for this reaction.

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

 (c) Aqueous lead(II) nitrate is electrolysed using graphite electrodes. Bubbles of colourless gas 
are formed at both electrodes.

  (i) Identify the gas formed at each electrode.

negative electrode (cathode)  .............................................................................................

positive electrode (anode)  .................................................................................................
[2]

  (ii) Construct the equation for the reaction at the cathode.

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

 (d) On heating, lead(II) nitrate decomposes to form PbO, NO2 and O2.

  Construct the equation for this reaction.

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

[Total: 10]
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B8 Cyclohexene, C6H10, is a cycloalkene.

 Cycloalkenes react in a similar way to alkenes.

H

H

H

H H

H

CC
C C

C
C

H
H

H H

C

cyclohexene

 (a) Cyclohexene is an unsaturated hydrocarbon.

  (i) What is meant by the term unsaturated?

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

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

  (ii) What is meant by the term hydrocarbon?

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

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

 (b) Construct the equation for the complete combustion of cyclohexene.

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

 (c) Cyclohexene reacts with bromine.

  This is an addition reaction.

  (i) Write the molecular formula of the product of this reaction.

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

  (ii) What would be observed in this reaction?

 ...................................................................................................................................... [1]
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 (d) Cyclohexene can be manufactured from hexane as shown in the equation.

C6H14    C6H10  +  2H2

  Calculate the mass of cyclohexene that can be made from 258 g of hexane.
  [Mr of cyclohexene = 82]

 mass of cyclohexene =  .......................................................  g  [2]

 (e) Another cycloalkene has the following percentage composition by mass.

C, 88.2%; H, 11.8%

  (i) Use the percentage composition by mass to show that the empirical formula of this 
cycloalkene is C5H8.

[2]

  (ii) The cycloalkene has a relative molecular mass, Mr, of 68.

   Draw the structure of the cycloalkene, showing all of the atoms and all of the bonds.

[1]

[Total: 10]
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B9 Carbon monoxide reacts with hydrogen in a reversible reaction.

CO(g)  +  2H2(g)    CH3OH(g)   ΔH = −91 kJ / mol

 The reaction reaches an equilibrium if carried out in a closed container.

 (a) Explain, in terms of bond breaking and bond forming, why this reaction is exothermic.

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

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

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

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

 (b) When one mole of methanol, CH3OH, is formed, 91 kJ of energy is released.

  Calculate the amount of energy released when 160 g of methanol is formed.
  [Mr of methanol = 32]

 energy released =  ...................................................... kJ  [2]

 (c) Predict, with a reason, how the position of equilibrium of this reaction changes as the

  (i) pressure is increased at constant temperature,

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

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

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

  (ii) temperature is increased at constant pressure.

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

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

 ...................................................................................................................................... [2]
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 (d) Methanol and compound X react together to form methyl butanoate.

  (i) Name X.

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

  (ii) The reaction is normally carried out using a catalyst.

   Name a suitable catalyst for this reaction.

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

[Total: 10]
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B10 Manganese(IV) oxide, MnO2, can be used in the preparation of both chlorine and oxygen.

 Reaction 1 MnO2(s)  +  4HCl(aq)    Cl2(g)  +  2H2O(l)  +  MnCl2(aq)

 Reaction 2 2H2O2(aq)    O2(g)  +  2H2O(l)

 In reaction 2 manganese(IV) oxide acts as a catalyst.

 (a) Reaction 1 converts chloride ions into chlorine molecules.

  Explain why this is an example of oxidation.

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

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

 (b) Reaction 1 is investigated using different masses of MnO2. The results are shown in the 
table.

volume of 
HCl  
/ cm3

concentration 
of HCl (aq) 
in mol / dm3

mass of MnO2 
used 

/ g

volume of Cl2 formed at room 
temperature and pressure 

/ dm3

100 1.0 1.74 0.48

100 1.0 0.87 0.24

  Explain the difference in the volume of chlorine formed.

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

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

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

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

 (c) Reaction 2 is investigated using different masses of MnO2. The results are shown in the 
table.

volume of 
H2O2(aq) 

/ cm3

concentration of 
H2O2 

in mol / dm3

mass of 
MnO2 used 

/ g

volume of O2 formed at room 
temperature and pressure 

/ dm3

100 1.0 1.74 1.20

100 1.0 0.87

  Predict the volume of oxygen, measured at room temperature and pressure, when 0.87 g of 
MnO2 is used. Write your answer in the table. [1]
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 (d) Chlorine is bubbled through aqueous iron(II) chloride to form iron(III) chloride.

  Explain, with the aid of equations, how aqueous sodium hydroxide can be used to distinguish 
between aqueous iron(II) chloride and aqueous iron(III) chloride.

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

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

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

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

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

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

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

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

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

 (e) Describe the chemical test for chlorine.

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

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

observation  ...............................................................................................................................

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

[Total: 10]
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