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Oxidation, reduction and half equations

During electrolysis, positively charged hydrogen ions migrate to the cathode
and gain electrons. KEY INFORMATION

2H +2¢ - H, Oxidation Is electron Lo:

As the ions gain electrons the reactions are reductions. Reduction Is electron Gain:
OILRIG

Negatively charged ions migrate to the anode and lose electrons.
As these reactions lose electrons they are oxidations.

‘The hydroxide ions migrate to the anode but the half equation is not as simple as that for H™ (where only two
electrons were involved). This time four electrons are needed.
40H -4~ — 0,+2H,0
(ormore correctly  40H™  — O,+2H,0+4¢")

So for other aqueous solutions the electrode reactions are also the same, for example, in the electrolysis of
NaOH(aq) or H,SO,(aq) they are:

At the cathode: Atthe anode:

oH +2¢" - H, 40H - 4e”— 2H,0+ 0,
In the electrolysis of NaOH., H, is made and not Na, as Na is much higher up in the reactivity series so H, is
discharged in preference.

However, the electrode reactions in the electrolysis of CuSO,(aq) with carbon electrodes are:
At the cathode: At the anode:
Cu** +2¢" > Cu 40H —4e” —2H,0+0,

as copper is less reactive than hydrogen and preferentially discharged.
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Electrolysis of aqueous solutions

KEY WORDS
Learning objectives: electrode reaction
» explain the electrolysis of copper sulfate using inert electrodes half equation
preferential discharge

o predict the products of the electrolysis of aqueous solutions

o represent reactions at electrodes by half equations.

‘We have already looked at the electrolysis of binary electrolytes in aqueous solution. We have seen that when
‘more than one ion migrates towards an electrode, that it is the most reactive that stays in solution and the least
reactive that is discharged. The discharge of the least reactive ion is called preferential discharge.
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Preferential discharge of ions

The preferential discharge is based on the reactivity serics.

DID YOU KNOW?
The relatively least reactive ions are preferentially discharged as elements. h

There is a list of 'ease of
discharge' for negative ions

as well as positive ions. This
is

SO,> NO;” CI' Br I OH™

At the cathode At the anode

H+ is discharged in preference to Zn®" OH is discharged in preference to
AP Mg Ca> Na“and K~ Nor
Cu” and Ag” are discharged in preference

to H' (as Cu*" and Ag” are less reactive O :::nf: u;";:;“h"'g"d o
than H) pre

H" produces hydrogen gas OH" produces oxygen gas
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The electrolysis of copper sulfate

The electrolysis of copper(I) sulfate using inert carbon electrodes follows the rules of preferential discharge. Copper is
less reactive than hydrogen. What we see is that this electrolyte is a blue solution. As the electrolysis happens the blue
colour of the solution fades.

We sce the cathode being coated with copper and bubbles at the anode.
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Figure 4.48 Which ions are discharged in the electrolysis of copper sulfate solution, CuSO,,,. with inert
electrodes?

The copper ions (+) from the solution migrate to the cathode (~) and can be seen to deposit. Let's look at the four ions
involved, Cu?*, H", SO,*" and OH™ .
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Hydrogen ions stay in the Sulfate ions stay in the electrolyte as

electrolyte. Copper jons are hydroxide ions are more easily discharged.
discharged in preference and  Hydroxide ions discharge in preference and
‘make copper metal. form oxygen gas.

So, if CuSO solution is electrolysed with carbon electrodes, copper is formed at the cathode and oxygen is formed at
the anode.




