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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 The electronic configurations of five atoms are shown.

A B C D E
 
 (a) Which electronic configuration represents each of the following descriptions?
  
  Each electronic configuration may be used once, more than once or not at all.

  (i) a sulfur atom

 .......................................................................................................................................[1]
    
  (ii) a metal atom

 .......................................................................................................................................[1]
    
  (iii) an atom with a proton number of 14

 .......................................................................................................................................[1]
    
  (iv) an atom of a noble gas with three occupied electron shells

 .......................................................................................................................................[1]
    
  (v) an atom which forms a noble gas electronic configuration when it loses two electrons

 .......................................................................................................................................[1]
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 (b) The element germanium has five naturally occurring isotopes.

  An isotope of germanium is represented by the symbol shown.

Ge32
76

 
  (i) What is the meaning of the term isotopes?

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

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

  (ii) Deduce the number of neutrons in one atom of this isotope of germanium.

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

[Total: 7]
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2 Magnesium reacts with aqueous copper(II) sulfate.

Mg(s) + CuSO4(aq)  MgSO4(aq) + Cu(s)

 (a) (i) Explain by referring to the equation, why this is a redox reaction.

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

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

  (ii) Construct the ionic equation for this reaction. 

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

 (b) Pure copper can be made by the electrolysis of aqueous copper(II) sulfate, using one pure 
copper electrode and one impure copper electrode.

  Draw a labelled diagram of this electrolysis.

[3]

 (c) What observations are made when adding aqueous ammonia to a solution containing 
copper(II) ions, slowly with mixing, until no further change occurs?

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

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

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

 (d) Blocks of magnesium are attached to underground pipes made of iron to stop them rusting.

  Explain how the magnesium stops the pipes rusting.

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

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

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

[Total: 10]
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3 The structure of fumaric acid is shown.

C H

H

H

CH

O

O C
C

O

O

  (a) How does this structure show that fumaric acid is an unsaturated compound?

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

 (b) Fumaric acid is oxidised by acidified aqueous potassium manganate(VII). 

  What colour change would you observe in the reaction mixture when excess aqueous  
fumaric acid is added to acidified aqueous potassium manganate(VII)?

 
from ............................................................... to  ..................................................................[2]

 
 (c)  Fumaric acid is neutralised by aqueous sodium hydroxide.

C2H2(COOH)2 + 2NaOH  C2H2(COONa)2 + 2H2O

   (i) Write the ionic equation for this reaction.

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

  (ii) Calculate the volume of 0.0500 mol / dm3 sodium hydroxide required to neutralise 
20.0 cm3 of 0.0200 mol / dm3 fumaric acid.

   Give your answer to three significant figures.

 volume  ..................................................  cm3 [3]

[Total: 7]
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4 The alkenes are a homologous series of unsaturated hydrocarbons.

  (a) Describe two characteristics of a homologous series.

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

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

 (b) Construct the equation for the complete combustion of butene, C4H8.

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

 (c) Draw the structure of a branched alkene with the formula C4H8. Show all of the atoms and all 
of the bonds. 

[1]

 (d) Butene reacts with hydrogen in the presence of nickel. 

  (i) Name the product formed.

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

   (ii) What is the purpose of the nickel?

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

   (iii) State one other condition needed for this reaction.

 .......................................................................................................................................[1]
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 (e) A hydrocarbon contains 85.7% carbon by mass.

   (i) Deduce the empirical formula of this hydrocarbon.

[2]

  (ii) What other piece of information is needed to deduce the molecular formula of this 
hydrocarbon?

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

[Total: 11]
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5 The Periodic Table is an arrangement of elements in groups and periods.

  (a) What are the factors that determine the position of an element in the Periodic Table?

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

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

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

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

  (b) Phosphorus is an element in Group V of the Periodic Table.

  Deduce the electronic configuration of a phosphide ion, P3–.

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

  (c) Phosphine, PH3, is a covalent compound.

  (i) Draw a ‘dot-and-cross’ diagram of phosphine.

   Only draw the outer shell electrons.

[2]

  (ii) Some properties of phosphine are listed.

   • gas at room temperature 
   • almost insoluble in water
   • reacts with hydrogen chloride
   • has no effect on litmus paper
   • decomposes to form hydrogen and phosphorus only when warmed gently

   Describe two ways in which the properties of ammonia are different from those of 
phosphine.

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

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

  (iii) Construct the equation for the thermal decomposition of phosphine.

 .......................................................................................................................................[1]
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  (iv) Describe and explain the difference in the rate of diffusion of the gases ammonia and 
phosphine at the same temperature and pressure.

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

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

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

  (v) Phosphine burns in oxygen to form phosphorus(V) oxide.

   Is phosphorus(V) oxide an acidic, basic or amphoteric oxide? Give a reason for your 
answer. 

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

 .......................................................................................................................................[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.
 
6 Some properties of Group VI elements are shown. 

element density at room 
temperature 

in g / cm3

melting point 
/ °C

boiling point
/ °C

electrical 
conductivity of 

solid 

oxygen 0.0013 −219 −183 very poor

sulfur 2.1 115 445 poor

selenium 221 685 poor 

tellurium 6.2 450 988 quite good

polonium 9.2 254 962 good

 (a) (i) Use the information in the table to suggest the density of selenium at room temperature.

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

  (ii) Use the information in the table to deduce the physical state of oxygen at −190 °C.

   Explain your answer.

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

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

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

 (b) (i) Describe the trend in the electrical conductivity of the Group VI elements.

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

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

   (ii) There is a trend in the melting points of the Group VI elements.

   Which element does not follow this trend?

   Use the data in the table to explain your answer.

element  .............................................................................................................................

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

 .......................................................................................................................................[1]
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 (c) Use the information in the table to explain how the structure and bonding in oxygen differs 
from the structure and bonding in polonium.

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

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

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

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

 (d) Sulfur dioxide is an atmospheric pollutant.

  (i) State one source of the sulfur dioxide in the atmosphere.

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

  (ii) Describe and explain how sulfur dioxide contributes to acid rain.

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

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

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

[Total: 10]
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7 Plants remove carbon dioxide from the air during photosynthesis.

 (a) (i) Complete the equation for photosynthesis.

    ...................... + ......................        C6H12O6 + ........O2 [2]

  (ii) State two conditions required for photosynthesis to happen.

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

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

  (iii) Explain how photosynthesis can provide a renewable energy source.

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

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

  (b) The structure of a simple sugar is shown.

HO OH

  Starch is made by the polymerisation of simple sugars.

  During this polymerisation, water is formed.

   (i) What type of polymerisation occurs?

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

   (ii)  Draw the partial structure of starch.

   You must show at least two repeat units.

[2]

   (iii) Name the process by which starch is converted into simple sugars.

 .......................................................................................................................................[1]
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 (c) The partial structure of poly(lactic acid) is shown.

O O OC

C C C

H

H

H H H H HH

H H

O H O OH

C C C C C

   On the diagram, draw a ring around all of the atoms in one ester linkage. [1]

[Total: 10]
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8 Bismuth is a metallic element in Group V of the Periodic Table.

 (a) Complete the diagram to show the structure and bonding in a typical metal.

  Label your diagram.

[2]

 (b) Describe three physical properties which are typical of most metals.

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

2.  ...............................................................................................................................................

3.  ...............................................................................................................................................
[2]

  (c)  Bismuth reacts with chlorine to form bismuth(III) chloride, BiCl 3.

  Construct the equation for this reaction.

 ...............................................................................................................................................[1]
 
  (d) When bismuth reacts with molten bismuth(III) chloride, an ion is formed. 

  The structure of this ion is shown.

Cl ClCl

ClCl Cl

Cl ClBi Bi

2–

  Write the formula of this ion.

 ...............................................................................................................................................[1]
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 (e) A white precipitate of BiOCl is formed when colourless BiCl 3 is added to water.

BiCl 3(aq)  +  H2O(l)    BiOCl (s)  +  2HCl (aq) 

  (i) Describe and explain what you would observe when a few drops of concentrated 
hydrochloric acid are added to this mixture. 

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

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

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

  (ii) Suggest why a change in pressure has no effect on the reaction shown.

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

 (f) Bismuth is used in alloys.

  What is the meaning of the term alloy?

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

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

[Total: 10]
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9 Sulfuric acid reacts with zinc to form zinc sulfate and hydrogen.

Zn(s)  +  H2SO4(aq)    ZnSO4(aq)  +  H2(g) 

 (a) Describe and explain, using ideas about collisions between particles, how the rate of this 
reaction changes when the concentration of sulfuric acid is increased.

  All other conditions stay the same.

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

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

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

  (b) Describe and explain, using ideas about collisions between particles, how the rate of this 
reaction changes when the temperature is decreased.

  All other conditions stay the same.

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

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

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

  (c) The reaction of zinc with sulfuric acid is exothermic.

  Complete the energy profile diagram for this reaction to show the enthalpy change.

energy

progress of reaction
[2]
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 (d) Calculate the maximum volume of hydrogen, in dm3, formed when 4.55 g of zinc reacts with 
excess sulfuric acid at room temperature and pressure. 

 volume  ..................................................  dm3 [2]

 (e) The formula of zinc phosphate is Zn3(PO4)2.

  Calculate the percentage by mass of zinc in zinc phosphate.

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

[Total: 10]
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