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Answer all the questions.

1 Vanadium exists in a number of different oxidation states, each with a typical colour.

 (a) Complete the following table.

ion VO2+(aq) V3+(aq)

colour blue yellow

oxidation state +3 +5

[3]

 (b) V3+(aq) ions may be reduced to V2+(aq) ions by metallic zinc.

  (i) Suggest an equation for the reaction.

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

  (ii) What is the colour of the V2+(aq) ion?

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

 (c) Vanadium and its compounds show good catalytic properties.

  Name a vanadium compound used as a catalyst and state the name of the process in which 
it is used.

  Write an equation for the reaction taking place in your named process.

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

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

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

[Total: 7]
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2 The following reactions involve the dichromate(VI) ion, Cr2O7
2–.

equation 2.1 Cr2O7
2– + 2OH–  2CrO4

2– + H2O

equation 2.2 Cr2O7
2– + 14H+ + 6Fe2+  2Cr3+ + 7H2O + 6Fe3+

 (a) (i) What colour change occurs when the equilibrium position in equation 2.1 shifts from left 
to right?

from  ...........................................................  to  ...........................................................  [1]

  (ii) What could be added to the equilibrium mixture in equation 2.1 to make the position of 
equilibrium shift from right to left?

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

  (iii) Show, using oxidation numbers, that the forward reaction in equation 2.1 is not a redox 
reaction.

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

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

 (b) The reaction in equation 2.2 may be used to determine the purity of iron wire.

    •  1.20 g of iron wire were reacted with an excess of 2 mol dm–3 sulphuric acid.

    •  The solution was transferred to a volumetric flask and the volume made up to 
250 cm3.

    •  25.0 cm3 of this solution required 23.20 cm3 of 0.0150 mol dm–3 Cr2O7
2– solution to 

completely react.

  Determine the % purity of the iron wire.

 purity of iron wire =  ....................................................  % [5]

[Total: 8]
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3 Some standard electrode potentials are shown below.

  E  / V

 1
2Br2 + e–  Br – +1.07

 Cr2O7
2– + 14H+ + 6e–  2Cr3+ + 7H2O +1.33

 1
2Cl 2 + e–  Cl – +1.36

 BrO3
– + 6H+ + 5e–  1

2Br2 + 3H2O +1.52

 (a) (i) Define the term standard electrode potential.

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

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

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

  (ii) State the conditions used to measure standard electrode potential.

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

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

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

 (b) Complete the diagram to show how the standard electrode potential for the

  1
2Cl 2 + e–  Cl – half-cell, could be measured.

H2(g)

H+

[3]
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 (c) In acid solution, colourless BrO3
– ions oxidise Br – ions to Br2.

  (i) Use the standard electrode potential data opposite to construct an equation for this 
reaction.

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

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

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

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

  (ii) Describe what you would see when BrO3
– reacts with Br –.

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

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

 (d) Acidified Cr2O7
2– ions will oxidise Br – to Br2 but will not oxidise Cl – ions to Cl 2. Explain why.

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

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

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

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

[Total: 10]
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4 (a) Titanium(IV) oxide, TiO2, is used as a pigment in paint.

  (i) What is the electron configuration of the Ti4+ ion in TiO2?

1s2 2s2  ........................................................................................................................  [1]

  (ii) What is the colour of TiO2? Explain your answer using the electron configuration in (i).

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

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

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

 (b) Monastral Blue is an example of a copper complex, in which the phthalocyanine ligand is 
complexed with a Cu2+ ion.

N N

N N

N

N NCu

N

2+

  (i) What type of bonding exists between the Cu2+ ion and the phthalocyanine ligand?

 ....................................................................................................................................  [1]
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  (ii) The Cu2+ ion has the electron configuration [Ar]3d9. Explain why this configuration leads 
to the copper complex being coloured.

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

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

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

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

 (c) It is possible to produce a visible spectrum for Monastral Blue. Sketch a diagram of the visible 
spectrum for Monastral Blue on the axes below.

400 500 600 700

wavelength / nm

absorbance

violet red

[1]

[Total: 8]
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5 In this question, one mark is available for the quality of spelling, punctuation and grammar.

 Transition metals and their ions form complexes which may show stereoisomerism.

  • What is meant by stereoisomerism?

  •  Using suitable examples, describe with the aid of diagrams the different types of 
stereoisomerism shown by complex ions.

  •  Some transition metal complexes are used in medicine. Describe and explain one such 
use.

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

 .................................................................................................................................................  [11]

Quality of Written Communication [1]

[Total: 12]

END OF QUESTION PAPER
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