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Objective

Metal redox evidence, complete tests and complex preparation. All questions and marking
guidance are original.

1 Key knowledge and worked examples

A coloured ion can change by redox, proton transfer or ligand exchange. Check
oxidation numbers and conditions before choosing an equation. Zinc reduces acidic
vanadium species through V(V), V(IV), V(III), V(II). Hydrogen peroxide oxidises
chromium(III) to chromate in alkaline conditions; acid then gives dichromate.

B Worked method

If VO?T/V3+ has reduction potential 40.34 V and Zn**/Zn —0.76 V, zinc reduction
of V(IV) to V(III) gives E°cell = 0.34 — (—0.76) = +1.10 V. The vanadium half-
equation is VO?T + 2H* + e~ — V3T + H,0. It is a one-electron reduction even
though oxygen and hydrogen also need balancing.

2 Practice

2.1 Complete the observations for initial hydroxide precipitates of Cr3+, Mn2?*, Fe?*
Fe?*, Co?*, Ni?*, Cu?T and Zn?*, using fresh room-temperature samples. 8

2.2 Write precipitation equations with OH~ for Mn?* and Ni?*, and a net equation with

NH; for Fe?™. (3]

2.3 Write the equation for Cr(OH)3 dissolving in OH~ to [Cr(OH)s]3~. Explain what
amphoteric means. 2]



3 Exam-style questions

3.1 Given VO2*/V3+ E° = +0.34 V and Zn?* /Zn E° = —0.76 V, write the full zinc/vanadium
reaction in acid and calculate its standard voltage. [4]

3.2 Chromium(III) hydroxide is oxidised by HyOs in alkaline solution. Balance 2Cr(OH)s
+ 3H,05 + OH™ — 2CrO,42~ + H,0. State what acidifying the chromate then changes.
Explain two stages of catalytic-converter action. 5]

3.3 A complex synthesis has limiting metal amount 0.0100 mol, product ratio 1:1 and
product M = 250 g mol~!. Dry crystals weigh 1.75 g. Find percentage yield. Explain
one low-yield cause and one cause of misleadingly high mass. [4]

3.4 A supplied reduction potential for Cr3/Cr?* is —0.41 V; Zn?** /Zn is —0.76 V. Test
zinc reduction of Cr®+ and give the overall equation. State the expected Cr?* colour and
a reason to exclude air. [4]

3.5 Write the excess-ammonia dissolution equations for Ni(OH), to [Ni(NH;z)s]?* and
Zn(OH), to [Zn(NHjz)4)?>". Explain why their different ligand counts must be retained. 3]

3.6 Supplied reduction potentials at the same specified alkaline conditions are HoOo/20H™
= +0.88 V and CrO,2~/Cr(OH); = —0.13 V. Predict whether peroxide oxidation of
Cr(III) to Cr(VI) is thermodynamically favoured. Explain which half-reaction reverses
and one limitation of the prediction. 3
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