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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.

1 Choose from the following compounds to answer the questions.

AgCl

Ba(NO3)2

KI

KMnO4

K2SO3

Mg(NO3)2

Na2CO3

Na3N
NH4Cl

ZnSO4

 Each compound may be used once, more than once or not at all.

 State which compound:

 (a) is purple in colour

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

 (b) reacts with aqueous sodium sulfate to form a white precipitate

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

 (c) reacts with aqueous chlorine to give a brown solution

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

 (d) is prepared using a precipitation reaction

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

 (e) contains an anion with a charge of –3

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

 (f) is used to test for a reducing agent.

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

 [Total: 6]
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2 The table shows some information about elements in Group VI.

element electronic 
configuration

melting point  
/ °C

density in  
g / cm3

oxygen 2, 6 –218 0.0013

sulfur  113 2.1

selenium 2, 8, 18, 6  217 4.8

tellurium 2, 8, 18, 18, 6  450 6.3

polonium 2, 8, 18, 32, 18, 6  254

 (a) State the electronic configuration for sulfur.

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

 (b) Predict the density of polonium.

  ...............................................  g / cm3 [1]

 (c) Sulfur has a boiling point of 445 °C.

  Predict the physical state of sulfur at 200 °C.

  Explain your answer.

physical state  ............................................................................................................................

explanation  ...............................................................................................................................

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

 (d) Oxygen exists as a diatomic molecule, O2.

  (i) Draw the dot-and-cross diagram for a molecule of oxygen.

   Show only the outer shell electrons.

 [1]

  (ii) Explain, in terms of structure and bonding, why oxygen has a low melting point.

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

 .....................................................................................................................................  [1]
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 (e) Selenium, Se, is a non-metal.

  (i) Deduce the formula of selenium(IV) oxide.

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

  (ii) A small sample of selenium(IV) oxide is dissolved in water.

   Two drops of universal indicator are added to this aqueous solution.

   Predict the colour of the universal indicator in this solution.

   Explain your answer.

colour  ................................................................................................................................

explanation  ........................................................................................................................

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

 (f) Calculate the volume, in dm3, of 30.2 g of oxygen at room temperature and pressure.

  Give your answer to two significant figures.

 volume  ..................................................  dm3 [3]

 [Total: 10]
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3 The diagram shows some reactions of butanoic acid.

heat with
ethanol

liquid D and organic liquid E

gas A and salt B

Mg

salt B, gas C and liquid D

MgCO3

H

CH

H

H

C

H

H

C

H

C

O H

O

 (a) A, B, C and D are different substances.

  Identify by name A, B, C and D.

A  ...............................................................................................................................................

B  ...............................................................................................................................................

C  ...............................................................................................................................................

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

 (b) Name and draw the structure of E.

name  .........................................................................................................................................

  structure

 [2]

 (c) Butanoic acid is a weak acid.

  State what is meant by the term weak in weak acid.

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

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

 [Total: 7]
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4 The table shows information about some particles.

particle
number of

protons neutrons electrons

79
35Br 35 44 35

79
35Br – 35 44

40
20Ca 20 20 20

40
20Ca2+ 20 20 18

 (a) State the nucleon number for 79
35Br.

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

 (b) State the number of electrons in 79
35Br –.

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

 (c) 40
20Ca is the full symbol for one isotope of calcium.

  Write the full symbol for one other isotope of calcium.

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

 (d) Describe how a calcium ion, Ca2+, is formed from a calcium atom, Ca.

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

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

 (e) Calcium bromide is an ionic compound.

  Calcium bromide conducts electricity when molten but not when solid.

  (i) Explain why calcium bromide conducts electricity when molten but not when solid.

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

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

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

  (ii) Predict two other physical properties of calcium bromide.

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

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

 [Total: 8]
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5 Ethanol is manufactured by the reaction between ethene and steam.

 The conditions used are 300 °C, a high pressure and a phosphoric acid catalyst.

 (a) The reaction between ethene and steam is reversible.

  The forward reaction is exothermic.

C2H4(g)  +  H2O(g)    C2H5OH(g)

  An equilibrium mixture is formed when the reversible reaction happens in a closed system.

  (i) Predict what happens to the amount of ethanol in the equilibrium mixture if the 
temperature is decreased and the pressure remains constant.

   Explain your answer.

prediction  ...........................................................................................................................

explanation  ........................................................................................................................

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

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

  (ii) Predict what happens to the amount of ethanol in the equilibrium mixture if the pressure 
is decreased and the temperature remains constant.

   Explain your answer.

prediction  ...........................................................................................................................

explanation  ........................................................................................................................

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

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

 (b) Describe the manufacture of aqueous ethanol by the fermentation of glucose.

  Include the equation and the essential conditions needed for this fermentation.

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

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

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

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

 [Total: 7]
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6 A sample of an alloy containing aluminium and copper is added to hot dilute sulfuric acid.

 Only the aluminium reacts with the dilute sulfuric acid. The products of the reaction are hydrogen 
and aqueous aluminium sulfate.

 (a) Construct the ionic equation, with state symbols, for the reaction of aluminium with dilute 
sulfuric acid.

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

 (b) Describe a chemical test for aluminium ions.

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

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

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

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

 (c) The aqueous aluminium sulfate formed is crystallised to make hydrated aluminium sulfate, 
Al 2(SO4)3•xH2O.

  The relative formula mass of hydrated aluminium sulfate is 666.

  Calculate the value of x in the formula Al 2(SO4)3•xH2O.

 x =  .........................................................  [2]

 (d) State what is meant by the term alloy.

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

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

 [Total: 7]
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Section B

Answer three questions from this section in the spaces provided.

The total mark for this section is 30.

7 Carbon dioxide and sulfur dioxide are pollutants formed at power stations that burn fossil fuels 
such as coal.

 (a) State one environmental problem caused by producing carbon dioxide as an atmospheric 
pollutant.

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

 (b) State one environmental problem caused by producing sulfur dioxide as an atmospheric 
pollutant.

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

 (c) Sulfur dioxide produced at power stations can be removed by a process called flue gas 
desulfurisation.

  In flue gas desulfurisation, sulfur dioxide reacts with calcium carbonate.

CaCO3(s)  +  SO2(g)    CaSO3(s)  +  CO2(g)

  The reaction needs to be fast to remove as much sulfur dioxide as possible.

  (i) Explain, using ideas about particles, why the calcium carbonate needs to be a powder 
instead of a single solid lump.

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

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

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

  (ii) Explain, using ideas about particles, why decreasing the temperature decreases the rate 
of the reaction between calcium carbonate and sulfur dioxide.

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

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

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

 .....................................................................................................................................  [2]
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 (d) Sulfur dioxide reacts with oxygen as shown.

2SO2  +  O2    2SO3

  (i) Explain why sulfur dioxide is oxidised in this reaction.

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

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

  (ii) Explain, using ideas about bond breaking and bond forming, why the reaction is 
exothermic.

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

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

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

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

  (iii) Explain why the addition of a catalyst increases the rate of this reaction.

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

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

 [Total: 10]
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8 Zinc is a metal.

 (a) Coating iron with zinc prevents iron from rusting.

  Explain how a coating of zinc prevents iron from rusting when the coating is scratched.

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

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

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

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

 (b) Zinc has metallic bonding.

  (i) Describe, with the aid of a labelled diagram, the metallic bonding in solid zinc.

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

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

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

  (ii) Explain why zinc is a good conductor of electricity.

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

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

 (c) One of the stages in the extraction of zinc involves electrolysis.

  At the cathode, zinc ions, Zn2+, are changed into zinc atoms.

  At the anode, hydroxide ions, OH–, are changed into oxygen molecules and water molecules.

  Write the ionic equations for the reactions at the cathode and at the anode.

cathode  .....................................................................................................................................

anode  ........................................................................................................................................
 [2]
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 (d) A sample of 2.34 g of zinc is reacted with 50.0 cm3 of 2.00 mol / dm3 hydrochloric acid.

Zn(s)  +  2HCl (aq)    ZnCl 2(aq)  +  H2(g)

  Show by calculation that the hydrochloric acid is in excess in this reaction.

 [3]

 [Total: 10]
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9 Alkanes are a homologous series of saturated hydrocarbons.

 (a) Draw the structures of two different alkanes with the molecular formula C4H10.

  Show all of the atoms and all of the bonds in each structure.

 [2]

 (b) State, using the general formula of alkanes, the molecular formula of an alkane which has 
only 12 carbon atoms in its molecule.

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

 (c) Many alkanes are separated from petroleum (crude oil) by fractional distillation.

  Describe the fractional distillation of petroleum (crude oil).

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

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

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

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

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

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

 .............................................................................................................................................  [3]
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 (d) Butane, C4H10, reacts with chlorine to give several products.

  (i) State the condition needed for this substitution reaction.

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

  (ii) One of these products contains 37.8% carbon by mass, 6.30% hydrogen by mass and 
55.9% chlorine by mass.

   Calculate the empirical formula of the product.

   Deduce the molecular formula of the product.

 empirical formula  ...............................................................

 molecular formula  ...............................................................
 [3]

 [Total: 10]
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10 Nitric acid, HNO3, is used to make fertilisers.

 (a) Nitric acid is manufactured from ammonia.

  In the first step, ammonia reacts with oxygen.

  Balance this equation.

  ............ NH3  +  ............ O2    ............ NO  +  ............ H2O [1]

 (b) Nitric acid is used to make the soluble salt potassium nitrate, KNO3.

  (i) Name the alkali that reacts with dilute nitric acid to make potassium nitrate.

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

  (ii) Describe the experimental procedure used to make colourless aqueous potassium 
nitrate from the alkali and dilute nitric acid.

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

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

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

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

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

  (iii) Calculate the percentage by mass of nitrogen in potassium nitrate.

 percentage =  .........................................................  [2]
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 (c) Fertilisers leach into rivers and cause water pollution problems.

  (i) Name one other pollutant found in river water.

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

  (ii) State three processes used in the purification of river water to produce drinking water.

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

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

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

 [Total: 10]
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