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Answer all the questions.
Cobalt forms a number of complex ions. One such complex ion is [CoClz(en)2]Jr where en is
ethane-1,2-diamine, H,N-CH,—CH,—NH,,

(@) What is the oxidation number of cobalt in [CoClQ(en)z]“‘?

(b) Ethane-1,2-diamine is a bidentate ligand.

What is meant by the term bidentate ligand?

(c) The [CoClz(en)Z]"' complex ion shows two different types of stereocisomerism.

Name the different types of stereoisomerism and draw diagrams to show the structure of
these isomers.

name of first type of stereoiSOmMeErisM ...,

structure of stereoisomers
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name of second type of StEere0iSOMErISIM ......cc..eeiiiiiiiie e

structure of stereoisomers

[6]
(d) The ultraviolet-visible spectrum of one of the isomers of [CoClz(en)Z]"' is shown below.
A
violet red
absorbance
| | | | | |
200 300 400 500 600 700
wavelength/nm
What colour is this isomer? Explain your reasoning.
............................................................................................................................................. [2]

[Total: 11]
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2 Stainless steel is an alloy typically containing iron and chromium.

(a) Explain how the presence of chromium helps to prevent the rusting of iron.

(b) Inits compounds chromium mainly exists in two oxidation states, +3 and +6.

State the colour of an aqueous solution of chromium with an oxidation state of +3.

(c) In the Cr,0,2 ion, chromium has an oxidation state of +6. The Cr,0,2~ ion takes part in the
following equilibrium

U

(ii)
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Cr,0.2 + 20H- = 2CrO,2 + H,0
oYz 4 2

What colour change occurs during the reaction from left to right?

On addition of an acid the equilibrium position moves from right to left.

Explain this observation.
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(d) You are provided with the following redox systems.

U

(ii)

(iii)
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Cr,0,2~ + 14H* + e~ — 2Cr*t + 7TH,O E°

+1.33V

+1.23V

MnO, + 4H* + 26 = Mn2* + 2H,0 E°

Construct an equation for the oxidation of Mn?* by Cr2072‘ in acid conditions.

Explain why there may not be a reaction when acidified Cr,0,%7(aq) is added to
Mn2t(aq).

[Total: 10]
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The standard electrode potential, E°, of $,04>~ + 2e~ = 250,2" is +2.01V.

(a) Define the term standard electrode potential.

(b) The standard electrode potential of S,042~ + 26~ == 25S0,2~ may be measured using the
following apparatus.

salt bridge

N e

~ 4
. J 7/ J
82082_/ 8042_

(i) What could be used for:

(ii) The voltmeter is replaced by a lamp.

On the diagram, show the direction of electron flow when the cell is used to light the
lamp. (1]
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(iii) Construct an equation to show the reaction taking place when the cell is used to light a
lamp.

(c) The solution of S,04>°°/S0O,2™ has a concentration of 1.00moldm™ with respect to S,04%"
and SO,

Calculate the masses needed to make up exactly 100cm? of this solution, starting with solid
Na,S,04 and Na,SO,,.

mass of Na,S,0g = .o g; mass of Na,SO, = ...cccviiiiiiii, g [3]

(d) A student made up the solution of S,0427/S0,2~ at 1.00moldm™ with respect to S,04%~ but
0.100 moldm™3 with respect to SO,

Suggest the effect this would have on the value of E°. Explain your answer.

[Total: 13]
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4 In this question, one mark is available for the quality of spelling, punctuation and grammar.
Discuss the chemistry of vanadium and its compounds by considering the following:
- the oxidation states, colours and formulae of its aqueous ions

«  redox behaviour, with one example of a vanadium ion being reduced by zinc and another
with a vanadium ion being oxidised by acidified MnO,~ ions

MnO,~ + 8Ht + 56~ = Mn?* + 4H,0
Zn?t + 20 = Zn
-  catalytic properties

Your answer should contain balanced chemical equations.
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Quality of Written Communication [1]

[Total: 11]
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