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Q1.

This question explores some reactions and some uses of cobalt compounds.
(@) Ethanalis oxidised to ethanoic acid by oxygen. The equation for this reaction is
2CH;CHO + O, ———= 2CH3;COOH

This redox reaction is slow at room temperature but speeds up in the presence of cobalt
compounds.

Explain why a cobalt compound is able to act as a catalyst for this process.

Illustrate your explanation with two equations to suggest how, in the presence of water and
hydrogen ions, Co* and then Co? ions could be involved in catalysing this reaction.

(4)

(b)  In aqueous solution, the [Co(H,0)s]*" ion reacts with an excess of ethane-1,2-diamine to form
the complex ion Y.

()  Write an equation for this reaction.

Explain, in terms of the chelate effect, why the complex ion Y is formed in preference to
the [Co(H,0)s]** complex ion.
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®3)

(i) Draw a diagram that shows the shape of the complex ion Y and shows the type of bond
between the ethane-1,2-diamine molecules and the cobalt.

®3)
Compound Z is a complex that contains only cobalt, nitrogen, hydrogen and chlorine.

A solid sample of Z was prepared by reaction of 50 cm® of 0.203 mol dm™ aqueous cobalt(ll)
chloride with ammonia and an oxidising agent followed by hydrochloric acid.

When this sample of Z was reacted with an excess of silver nitrate, 4.22 g of silver chloride
were obtained.

Use this information to calculate the mole ratio of chloride ions to cobalt ions in Z.

Give the formula of the complex cobalt compound Z that you would expect to be formed in the
preparation described above.

Suggest one reason why the mole ratio of chloride ions to cobalt ions that you have calculated
is different from the expected value.
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(5)
(Total 15 marks)
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Iron(Il) ethanedioate is another insoluble solid used as a pigment in paints and glass. It occurs as a
dihydrate (FeC,0,.2H,0). One procedure used for the preparation of iron(ll) ethanedioate is outlined
below.

Procedure

A 6.95 g sample of hydrated iron(ll) sulfate (FeSO,.7H,0) was added to 100 cm?® of water in a beaker
and stirred until all of the solid dissolved. A 150 cm® volume of 0.20 mol dm™ sodium ethanedioate
solution was added to the beaker. The mixture was stirred until precipitation was complete. After
filtration, 3.31 g of the dihydrate (FeC,0,.2H,0) were collected.

(@) Write an equation for the reaction between iron(ll) sulfate and sodium ethanedioate.

(1)

(b) Calculate the amount, in moles, of FeS0,.7H,0 in 6.95 g of hydrated iron(ll) sulfate. Show
your working.

2

(c) Calculate the amount, in moles, of sodium ethanedioate in 150 cm® of 0.20 mol dm™ sodium
ethanedioate solution.

(1)

(d) Calculate the percentage yield of iron(ll) ethanedioate dihydrate (M, = 179.8) formed in this
reaction.
Give your answer to the appropriate precision. Show your working.

)

(e) Inthis experiment, no side reactions take place, the reagents are pure and the reaction goes
to completion.

Suggest one reason why the yield of iron(ll) ethanedioate dihydrate in this experiment is less
than 100%.
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(f)

@)
When dissolved in dilute sulfuric acid, the number of moles of ethanedioate ions in a pigment
can be determined by titration with acidified potassium manganate(VIl).

Explain why the titration of a sample of iron(Il) ethanedioate would require a different amount of
potassium manganate(VIl) than a titration of an equimolar amount of copper(ll) ethanedioate.

(2)
(Total 9 marks)
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