Electrolysis 


2 NaCl (l)  -->  2 Na (l)  +  Cl2 (g)

This reaction as written has a negative potential.  It will not occur spontaneously.  Instead, it is the reverse process that will readily occur.  To drive a nonspontaneous redox reaction, a potential greater than the cell potential is applied from an external source.  This process is called electrolysis.



Special (and very important) consideration 

Although the principle behind electrolysis is simple (helping a reaction to occur by supplying the necessary potential), there are two reactions that require special attention: 

(possible cathode reaction) 2 H2O (l)  +  2 e-  -->  H2 (g)  + 2OH-(aq)  Eored = -0.83 V 
and 
(possible anode reaction) 2 H2O (l)  -->  4 H+(aq)  +  O2(g)  +  4 e-  Eooxid = -Eored = -1.23 V

These reactions can easily become the main reaction in an electrolysis setup when aqueous solutions are employed.  Thus, any metal that falls under the following category, 

Mn+  +  ne-  -->  M(s)   Eored <  -0.83 V

is not extractable from an aqueous solution (Examples are Al, Na and Li).  For this reason, production of Na metal is made with molten NaCl and not an aqueous solution of NaCl.  An aqueous solution of NaCl will simply produce hydrogen gas at the cathode and not Na metal. 

At the anode where oxidation occurs, it is important to keep in mind the oxidation reaction of water into oxygen gas.  This oxidation reaction has a potential of -1.23 V.  Therefore, only oxidation reactions that have potentials that are less negative than -1.23 V are possible to occur at the anode immersed in an aqueous solution.  For example, the following reaction will not occur in aqueous environment: 

2 F-(aq)  -->  F2 (g)  +  2 e-  Eooxid = -Eored = -2.87 V

Instead of fluorine gas, one will observe oxygen gas being evolved at the anode that is immersed in an aqueous solution of a fluoride salt.  An exception to this rule is chlorine.  It is still possible to produce chlorine gas at the anode from an aqueous solution although its potential is suggesting otherwise: 

2 Cl- (aq)  -->  Cl2 (g)  +  2 e-  Eooxid = -Eored = -1.36 V

In addition to water, the composition of the electrodes may also be relevant.  In most cases, inert electrodes such as Au and Pt (These metals have very negative oxidation potentials, that is, they do not get easily oxidized) are employed to prevent side reactions.

