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Answer all the questions.

1 The most common ions of iron are Fe2+(aq) and Fe3+(aq).

 (a) Complete the electronic configuration of the Fe2+ ion.

1s2 2s2 2p6  .........................................................................................................................  [1]

 (b) (i) By reference to a suitably labelled diagram, describe how you would measure the 
electrode potential of a half-cell containing Fe2+ (aq) / Fe3+(aq).

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

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

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

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

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

  (ii) State the conditions and concentrations required to measure the standard electrode 
potential of the Fe2+(aq) / Fe3+(aq) system.

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

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

 ....................................................................................................................................  [2]
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 (c) An electrochemical cell was set up based on the following electrode reactions.

 Fe3+(aq) + e−  Fe2+(aq) E   = +0.77 V

 Cr2O7
2−(aq) + 14H+(aq) + 6e−  2Cr3+(aq) + 7H2O(l) E   = +1.33 V

  (i) Calculate the standard cell potential for the cell made from the half-cells given above.

 cell potential =  .....................................................  V [1]

  (ii) Construct the overall equation for the reaction taking place in this cell.

equation:  .....................................................................................................................  [2]

[Total: 10]
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2 A copper-containing alloy is used in making musical instruments.

 A sample of the alloy was analysed to find the percentage of copper.

  •  A solution was prepared by reacting 4.25 g of the copper alloy in dilute nitric acid to give 
250 cm3 of solution. Only the copper reacted. Cu2+(aq) ions were formed.

  •  25.0 cm3 of this solution was reacted with excess potassium iodide, KI(aq).

2Cu2+(aq) + 4I−(aq)  2CuI(s) + I2(aq)

  •  The iodine produced was titrated with 0.200 mol dm−3 sodium thiosulphate, Na2S2O3(aq).

I2(aq) + 2S2O3
2−(aq)  2I−(aq) + S4O6

2−(aq)

  •  Starch was added near the end-point to make the colour change easier to observe.

  •  The average titre was 32.60 cm3 of Na2S2O3(aq).

 (a) (i) Deduce the oxidation number of S in S2O3
2−.

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

  (ii) Calculate the amount, in moles, of S2O3
2− ions in the average titre.

 answer =  .................................................. mol [1]

  (iii) Calculate the percentage of copper present in the sample of the alloy.

   Give your answer to an appropriate number of significant figures.

 answer =  ....................................................  % [5]
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 (b) A student carried out the titration but forgot to add the starch.

  (i) What colour change would the student see at the end-point without starch?

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

  (ii) Why is the colour change at the end-point easier to see if starch is used?

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

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

 (c) Name a common alloy of copper and give one use for this alloy.

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

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

[Total: 10]
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3 In this question, one mark is available for the quality of spelling, punctuation and grammar.

 Stereoisomerism is very common in transition metal complexes.

 (a) Some complexes are used in the treatment of cancer.

  (i) Name a transition metal complex used in the treatment of cancer.

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

  (ii) Describe how this complex helps in the treatment of cancer.

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

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

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

 (b) What is meant by the term stereoisomerism?

  Describe, using suitable examples, the types of stereoisomerism found in transition metal 
complexes.

  Diagrams of the isomers should show shapes and bond angles.

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

 ............................................................................................................................................  [8]

Quality of Written Communication [1]

[Total: 12]
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4 This question is about some complex ions of several transition metals.

 (a) The transition metal rhodium forms the complex ion [RhCl (NH3)5]2+.

  State the coordination number and the oxidation number of rhodium in [RhCl (NH3)5]2+.

coordination number  ..........................................................................................................  [1]

oxidation number  ...............................................................................................................  [1]

 (b) A student dissolved some cobalt(II) chloride crystals in water.

  A pink solution was formed.

  She then added concentrated hydrochloric acid to this solution.

  A blue solution was formed.

  (i) Give the formula of the complex ion in each solution.

complex ion in the pink solution  .................................................................................  [1]

complex ion in the blue solution  .................................................................................  [1]

  (ii) Write a balanced equation to illustrate the equilibrium that exists between these two 
complex ions in solution.

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

  (iii) The student added an excess of aqueous silver nitrate, AgNO3(aq), to the blue solution. 
A white precipitate formed and the solution turned pink.

   Suggest an explanation for these observations.

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

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

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

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

 ....................................................................................................................................  [2]
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 (c) The absorption spectrum for a complex is shown below.

400 500 600

wavelength / nm

absorbance

violet red

  Suggest the colour of this complex.

  Explain your answer.

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

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

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

 (d) Titanium(IV) oxide, TiO2, is white, but titanium(III) chloride, TiCl 3, is coloured.

  (i) Suggest why TiO2 is white, whereas TiCl 3 is coloured.

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

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

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

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

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

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

  (ii) State one use of titanium(IV) oxide.

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

[Total: 13]

END OF QUESTION PAPER
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