Redox Calculations

1. An alloy contains iron and manganese only. On warming with dilute nitric acid 2.30g of this alloy gave a solution containing iron(III) ions and manganese(II) ions. Treatment of this solution with excess sodium bismuthate(V) completely oxidised all the Mn2+ ions present to MnO4- ions. The excess bismuthate(V) ions were then completely destroyed and the solution made up to 250cm3 with distilled water and thoroughly shaken. Titration of 25.0cm3 portions of this solution required 25.0cm3 of standard 0.100 mol dm-3 iron(II) sulphate solution.

a) Write the equation for the reaction occuring during the titration.

b) Calculate the percentage of manganese present in the alloy.

2. Ethanedioate ions, found in the leaves of rhubarb are toxic. In order to assess the toxicity of a rhubarb concentrate, 25cm3 samples were titrated against a standard 0.0200 mol dm-3 KMnO4(aq) solution in acid solution at 70oC. The average titre was 19.32 cm3. Calculate the concentration of the ethanedioate ions in the rhubarb concentrate. The ionic equation for the reaction is:

2 MnO4( (aq)  + 16 H+(aq)   +   5 C2O42( (aq)                 2 Mn2+(aq)   +  10 CO2 (aq)   +  8 H2O (l)
3. Hydrogen peroxide, used as a bleach for dyeing hair and in permanent waving, is often bought as 6% solution. Accurate values for its concentration may be obtained by volumetric analysis using the reaction:

2 MnO4( (aq)  + 16 H+(aq)   +  + 5H2O2 (aq)                  2 Mn2+(aq)   +  5 O2 (aq)   +  8 H2O (l)
A solution of H2O2(aq) is diluted 40 fold and 25cm3 of this solution required 21.32cm3 of 0.0200 KMnO4(aq) for complete reaction in acid solution in acid solution. Calculate the percentage by mass of H2O2 in the original solution.

4. 0.312g of a powdered sample of iron tablets (mainly hydrated iron(II) sulphate) was dissolved in water and a little dilute sulphuric acid added. 20.1cm3 of 0.0100 mol dm-3 KMnO4(aq) was added to give a pink colour to the solution. Calculate the percentage of iron in the tablets assuming it was all present as Fe2+.

5. In order to determine the purity of potassium manganate(VII) obtained in a laboratory preparation, a sample was analysed as follows. 0.135g of the dry solid were dissolved in water and the solution made up to a volume of 250 cm3. 10.0 cm3 portions of the solution were titrated with a solution of Fe2+ ions of concentration 0.250 mol dm-3, 25.20 cm3 being required to reach an end-point.

      MnO4( (aq)  +   8 H+(aq)     +     5 Fe2+ (aq)               Mn2+(aq)   +  5 Fe3+ (aq)   +  4 H2O (l)
 (i)   During the titration, what is the change in oxidation state of manganese?

(ii)  Calculate the percentage purity of the potassium manganate(VII)

(iii)  How would the end-point of this titration be detected?

