Ferroxyl Indicator to demonstrate Rusting of Iron Nails

Steel rusts because it reacts with oxygen and water.  Ferroxyl indicator is a mixture of Phenolphthalein in a sodium chloride solution and potassium hexacyanoferrate(III). It produces a blue colour with Fe3+ ions and a pink colour with hydroxide ions. 

The nail alone rusts with greater blue coloration at the heart of the nail due to deformation when the nail was manufactured. 

The nail with zinc wrapped around it rusts less compared to the nail alone because an electrochemical cell is set up in which zinc is the oxidaton site and iron is the reduction site at which the oxygen is reduced to hydroxide ions which accounts for the pink coloration.  Zinc ions formed react with the hydroxide ions to form insoluble Zinc hydroxide.

The nail with copper wrapped around it rusts more rapidly.  An electrochemical cell is set up with iron which is the oxidation site and the resulting production of iron ions turns the ferroxyl indicator blue. The copper is the reduction site and the resulting dissolved oxygen forms hydroxide ions which form the pink coloration of the indicator.
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Questions to ask whilst demonstrating or whilst students undertake the practical:

1. Which nail rusts the most, which the least?

2. How can the pattern observed be explained in terms of the reactivities of the metals wrapped around the nail.

3. Why is there only a pink coloration when zinc is wrapped around the nail?  

4. Why is the iron with zinc wrapped around it not oxidized?

5. Why is the iron with copper wrapped around it oxidized more?
6. Can you write half equations to show what is taking place when the nail alone is in ferroxyl indicator?

7. Why has the iron in the centre of the nail alone oxidized to a greater extent in the middle?
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