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Achievement Criteria
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with Merit with Excellence

Overall Level of Performance

For Assessor’s use only

Describe oxidation–reduction
reactions.

Apply oxidation–reduction
principles.

Interpret information from
oxidation–reduction
processes.
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You are advised to spend 40 minutes answering the questions in this booklet.

QUESTION ONE: Redox Reactions in the Laboratory

When acidified potassium permanganate solution is added to freshly prepared iron(II) nitrate
solution, a reaction occurs. The unbalanced equation is shown below:

MnO4
–   +   Fe2+    æÆ   Fe3+   +   Mn2+

(a) Is the MnO4
– ion oxidised or reduced? Use oxidation numbers to justify your answer.

(b) Identify the oxidant and reductant in the reaction above.

Oxidant:

Reductant:

(c) Write balanced equations for the oxidation and reduction half reactions.

Oxidation:

Reduction:

(d) Combine the half equations in (c) to give the balanced equation for this oxidation–reduction
reaction.
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(e) Clearly describe what would be observed when this reaction is carried out, linking the
observations to the species involved in the reaction.

(f) Complete the table below for EACH combination of species.

Species to Does a If a reaction occurs, If a reaction occurs,
be mixed reaction describe what would write a balanced

occur? be observed. equation for the reaction.
(yes or no)

(i) Cl2(aq) + Br –(aq)

(ii) Cl–(aq) + I2(aq)
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QUESTION TWO: Oxidation of Wine

Wines often contain a small amount of sulfur dioxide that is added as a preservative. If too little is
added, the wine is oxidised to vinegar. If too much is added, it affects the taste of the wine.

The sulfur dioxide content of wine can be determined using a reaction with iodine, I2, to produce
sulfate and iodide ions.

(a) What is the oxidation number of sulfur in EACH of the following?

(i) SO2

(ii) SO4
2–

(b) Write ion–electron half equations for the oxidation and reduction reactions occurring between
SO2 and I2.

(c) Combine the half equations in (b) above to form a balanced equation.

(d) The alcohol content of the wine can be determined by a reaction with acidified potassium
dichromate.

What colour change would be observed if excess wine is added to acidified potassium
dichromate solution? Link the colour change observed to the species responsible for the
observed colour. (Neither the alcohol nor its oxidation product is coloured.)
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QUESTION THREE: Electrolysis of Aluminium Oxide

Aluminium is produced by the electrolysis of aluminium oxide that has been extracted from bauxite
ore. A typical electrolysis cell is shown in the diagram below. The oxygen gas produced reacts with
the carbon (graphite) electrodes, so that the electrodes have to be replaced from time to time.

[For copyright reasons, this resource cannot be reproduced here.
See below.]

Adapted from Chemistry, Ann and Patrick Fullick, Heinemann, 1994.

(a) On the diagram above:

(i) clearly label the anode and the cathode

(ii) show the direction of movement of ions in the electrolyte.

(b) Write balanced half equations for the reactions occurring at:

(i) the positive electrode

(ii) the negative electrode.

(c) Write an equation for the reaction that occurs between the oxygen gas and the carbon
electrode, and hence explain why the electrode must be replaced from time to time.

Equation:

Explanation:
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QUESTION FOUR: Chlorine

Sodium hypochlorite, NaOCl, reacts with hydrochloric acid to give sodium chloride, NaCl, and
chlorine gas, Cl2. It is the reaction between the Cl– and OCl– ions that produces the chlorine gas.

(a) What are the oxidation states of the chlorine in EACH of the following species?

(i) OCl–

(ii) Cl–

(iii) Cl2

(b) Write balanced ion–electron half equations for the formation of chlorine, Cl2, from:

(i) chloride ion (Cl–)

(ii) hypochlorite ion (OCl–)

(c) Identify the reaction in part (b) above that is an oxidation reaction, and give reasons for your
answer.

(d) If warmed, or left to stand, a solution of sodium hypochlorite decomposes as follows:

2NaOCl   æÆ   2NaCl   +   O2

Clearly identify the element that is being oxidised and the one being reduced.
Justify your decision.
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(e) A bottle of bleach contains sodium hypochlorite. The following information is written on the
bottle’s label:

‘This bleach decays into common salt and water after it has killed germs.
Do not use with lavatory cleaners containing acid.’

Discuss the validity of the claims made on this label.
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Clearly number the question.
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Extra paper for continuation of answers if required.
Clearly number the question.


