1 Sodium dichromate(VI) may be prepared from chromium(lll) sulfate using the
sequence outlined below.

NaOH NaOH
Cr,(SO,),(aq) M green precipitate A M green solution B

Heat with H,0,(aq)

Reagent X .
Na,Cr,0.(aq) yellow solution C

(@) (i) Complete the table below, giving the formula of the chromium containing

species.
Formula of chromium
Substance . . R
containing species
Cr,(SO,),(aq)

Green precipitate A

Green solution B

Yellow solution C

(ii) Complete the half equation for the reduction of hydrogen peroxide, H,O,(aq).
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(iii) Identify reagent X

(iv) Write an ionic equation for the conversion of solution C to Na,Cr,0.. State
symbols are not required.

(b) Chromium also exists in a +2 oxidation state. Use the Data booklet to determine
the feasibility of the disproportionation of chromium(lll) in aqueous solution into
chromium(ll) and dichromate(VI).

In your answer, show both half equations and the overall equation for the
proposed disproportionation. Calculate Ei” for this reaction and use this value to
predict the feasibility of this reaction.

(Total for Question = 11 marks)
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2 This question concerns the chemistry of copper. In the sequence below, A, B, C, D, E
and F all contain copper in various oxidation states.

CuSO,(aq) _»NaOH A (pale blue solid) _»heat B (black solid)
Ki(aq) NH,(aq)
copper(l) iodide C (dark blue solution)
NH.(aq) vigorous shaking
H,S0,(aq) ’
Y
D (pink solid) + E (blue solution) F (colourless solution)

(a) Identify, by name (including the oxidation state where appropriate) or formula,
the copper-containing species in the sequence.
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(b) Identify, by name or formula, the reagent that would be used to convert B into
CusO,(aq).
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(d) The reaction of copper(l) iodide to form D and E is a disproportionation.

(i) Explain the term disproportionation.

(i) Write an ionic equation for this reaction. State symbols are not required.

(iii) Use the relevant standard reduction (electrode) potentials, from the table
on page 17 of your data booklet, to calculate the Ef;l value for this reaction,
giving your answer with the appropriate sign.
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*(iv) If copper(l) iodide is treated with nitric acid, rather than sulfuric acid, a
blue solution is still formed but no pink solid. Use the standard electrode
potentials on page 15 of your data booklet to explain this. Quote any data
that you use.

(Total for Question =22 marks)
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3 The reaction scheme below summarises some of the reactions of chromium ions in
aqueous solution. Look carefully at the scheme and answer the questions that follow.

reaction 1

[Cr(H0)5]* " (aQ) ————  [CrCly] (aq)

reaction 2

few drops of reaction 3
NaOH(aq) few drops of
NH;(aq)

green precipitate

. reaction 5
reaction 4

excess NHj
excess NaOH(aq)
[Cr(OH)e]* (aq) [Cr(NH3)6]*"(aq)
reaction 6
(edta)*(aq)

[Cr(edta)] (aq)

(a) (i) Explain why the [Cr(H,O),]*" ion is coloured.

PhysicsAndMathsTutor.com



(b) 1) [Cr(H,O)s]*" ions react with water to form an acidic solution. Complete the
equation for this reaction.

[Cr(H,0)s]* (aq) + HoO() = oo e

(ii) The pH of an aqueous solution of [Cu(H,0)s]*" is higher than that of an aqueous
solution of [Cr(H,0)s]*" of the same concentration. Suggest why this is so.

(d) By considering the nature of the reactants in reaction 4, explain why the green
precipitate reacts as shown in the scheme. Suggest how you could reverse reaction 4.

(e) Write the equation for reaction 6 and use this to explain, in terms of the entropy
change, why the complex [Cr(edta)] is relatively more stable than [Cr(NH3)s]*".

Equation

(Total for Question 15 marks)
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