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Transition metal compounds commonly undergo ligand substitution reactions.

(@) What is meant by the term ligand substitution?

Answer all the questions.

(b) The following equilibrium is readily established.

[Co(H,0)¢?* + 4CI~ = [CoCl,]*~ + 6H,0

In the boxes below, draw the 3-D shape of each complex ion.

[Co(H,0),]*

[CoCl,]?-
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(c) Cobalt also forms complex ions with an oxidation state of +3. The following standard electrode
potentials refer to cobalt(III) complexes.

[Co(H,0)g]** + e~ = [Co(H,0)s]?* E® = +1.82V
[Co(NH,)I*+ + e~ = [Co(NH,)g]?* E® =+0.11V
(i) Which of the four complexes above is the strongest reducing agent?

Explain your answer.

...................................................................................................................................... [3]
(ii) Suggest why the cobalt(III) oxidation state is more stable in ammonia than in water.
...................................................................................................................................... [11]
(d) Vanadium has several oxidation states in its aqueous ions.
Complete the table below.
VO,*(aq) VO?*(aq) V¥ (aq) V2*(aq)
oxidation state
) +3 +2
of vanadium
colour yellow green
[4]

[Total: 12]
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A sample of impure copper was analysed to find its percentage by mass of copper.

A solution was prepared by dissolving a sample of 8.95g of the impure metal in dilute nitric acid to
give 250cm3 of solution. The impurities did not dissolve and were filtered from the solution.

The copper was all converted into Cu?*.
An excess of potassium iodide, KI(aq), was added to 25.0 cm? of this solution. lodine formed:
2Cu?*(aq) + 4I7(aq) —> 2Cul(s) + I,(aq)
The iodine produced was titrated with 0.500 moldm~3 sodium thiosulphate.
I(ag) + 25,0,%(aq) —> 2I7(ag) + S,042(aq)
Starch was added near the end-point to make the colour change easier to observe.
The average titre obtained was 23.50 cm?3 of the thiosulphate solution.

(@) (i) State the oxidation number of sulphur in 82032‘.

(ii) Calculate the amount, in moles, of 82032‘ ions in the average titre.

ANSWEL = ..ottt e e mol [1]

(iii) Calculate the percentage, by mass, of copper present in the sample of the impure
coppetr.

Give your answer to three significant figures.

ANSWEL = ..oiiiiiieeceeeiies e e e e eeeeeeee e e e e e e e eeeenns % [5]
© OCR 2010
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(b) Copper can form compounds that are coloured. When a transition metal ion forms a complex,
splitting of the d-orbitals takes place. In an isolated Cu?* ion, all five orbitals have the same
energy. However when the octahedral complex ion [Cu(H20)6]2+ is formed, the d-orbitals split
into different energy levels.

(i) Complete the following diagram to show the splitting of the d-orbitals in the [Cu(H20)6]2+
complex ion.

energy | {1y [T T4 1]

Cu?* [Cu(H,0)e?*
[2]

(ii) Complete the diagrams below to show the shape of one lower energy orbital and the
shape of one higher energy orbital.

y A y A
v v
oz oz
I' » I' »
X X
lower energy higher energy
d-orbital d-orbital
[2]
(c) Name an alloy of copper and give a use for your chosen alloy.

.............................................................................................................................................. [11]
[Total: 12]
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3 (a) The standard electrode potentials for two redox systems are shown below.
Bry(aq) + 2e” = 2Br7(aq) E® =+1.09V
Co%*(aq) + 2e~ = Co(s) E® =-0.28V

(i) Draw a labelled diagram of the standard cell formed using half-cells based on the two
redox systems above.

[5]

(ii) Calculate the standard cell potential, E®, for this cell.

...................................................................................................................................... [1]
(iii) Write an equation for the overall cell reaction.

...................................................................................................................................... [1]
(iv) Identify the redox system in which reduction occurs. Explain your answer.

120 [0 ) Q1721 (=] o ISP

1234 F= T = 1T o PSP

...................................................................................................................................... [2]
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An environmental chemist investigated the chloride ion concentration in a sample of water.
She decided to convert the chloride ions into chlorine.

The standard electrode potentials of three redox systems are given below.
MnO, (ag) + 8H*(aq) + 56~ = Mn?*(aq) + 4H,0()) E® = +1.52V
Cly(g) + 267 = 2Cl(aq) E®° =+1.36V
Cr,0,%7(aq) + 14H*(aq) + 6e~ = 2Cr3*(aq) + 7H,0()) E® =+1.33V

Suggest with reasons, whether acidified manganate(VII) and/or acidified dichromate(VI)
would be suitable to convert chloride ions into chlorine.

U1 2= o] SR (== Vo 1= 0 (= SRR

1515 150

[Total: 11]
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In this question, one mark is available for the quality of spelling, punctuation and grammar.
This question relates to the chemistry of chromium.

4.0009 of hydrated chromium(III) chloride, CrClL;,.xH,O, is reacted to remove all of its water of
crystallisation.

After removal of the water of crystallisation, the residue weighed 2.380g.

An aqueous solution of CrCl;.xH,O contains the complex ion [Cr(H,0),CL]* which shows
stereoisomerism.

When an aqueous solution of chromium(III) chloride is reacted with aqueous sodium hydroxide,
followed by hydrogen peroxide, a solution containing chromate(VI) ions is formed.

e  Calculate the value of xin the formula CrCl;.xH,0.
*  Using 3-D diagrams, describe the sterecisomerism in [Cr(H,0),CL]*.
e Outline how chromate(VI) ions can be converted into dichromate(VI) ions. Using a balanced

equation, show the equilibrium that exists between chromate(VI) and dichromate(VI) ions in
aqueous solution. State clearly any observations associated with this equilibrium.

© OCR 2010



Quality of Written Communication [1]

[Total: 10]
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