
Cap 12  Electrochemistry

This chapter is introductive to chapter 13, where the application of the following concepts
will  be  applied  to  the  study  of  prevalence  diagrams.  Let  us  start  with  the  electrode

potential, E0 

The standard electrode potential E0 (also  called  redox potential)of  a  semireaction ,
usually written in the reduction direction like 

Zn2+
(aq)  +  2 e-  =  Zn(s)  

corresponds to the standard electrode potential  (in volt)  of  an electrochemical  cell
where this semireaction is coupled with a standard hydrogen electrode.
The standard state corresponds to pure solids, unit standard concentrations, 25°C ,
1.00 atm. pressure for gases.
On  standard  hydrogen  electrode  (or  simply SHE)  ,  according  to  the  various
semireactions  coupled,  both  oxidation  of  molecular  H2 to  solvated  protons  or  the
reduction  of  solvated  protons  to  molecular  hydrogen  gas  may  happen.  To  this
electrode  a  reference  potential  of  0.000  is  always  assigned,  irrespectively  of  the
reaction.

 
If the semireaction electrode has a negative standard potential (e.g. -0.763 volt for zinc
electrode) the hydrogen electrode is positively charged and there a reduction reaction
occurs :

2 H+
(aq)  +  2 e-  = H2(g)

On the zinc electrode necessarily an oxidation reaction occurs, 

Zn(s)  =  Zn2+
(aq)  +  2 e- 

even if for convention the semireaction of zinc is usually written as a reduction.
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Fig.1

On the contrary, if the semireaction electrode has a positive standard potential, like

Cu2+
(aq)  +  2 e- = Cu(s)              E0 = +0,337 volt

when it is coupled with the hydrogen electrode, this becomes negatively charged and a
reduction reaction takes place

H2(g)  =  2 H+
(aq)  +  2 e-

 
When all  species in a cell  reaction are in their  standard states (pure solids,  unit
standard concentrations, 25°C , 1,00 atm) the measured electromotive force (emf) of
the cell (usually measured in volts) corresponds to the standard potential of the cell,

E0 (this is exactly true if we could measure the potential with zero intensity, but with
modern voltmeters this is (nearly) the case).
Electrode potential is sometime called redox potential. It is usually referred to SHE,
standard hydrogen electrode.   A list of standard redox potential (25°C, p = 1 atm,
concentrations = 1) for most common semi-reactions, always written as reductions
(electrons on the left) is known as Electrochemical Series. Here is a small subset of
the whole list of potentials, a full reference can be found elsewhere.

Energetics of a galvanic cell 

 
A  galvanic  cell  is  easily  constructed by  joining  two semi-elements  by  an external
electric wiring and a salt bridge.
Electrons flow in the conductor,  whilst  ionic neutrality  is assured by proper ionic
movement  in the salt  bridge.  This  can be also  substituted by another  mean that
allows ions to flow, like a porous glass membrane, in the figure below.
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                                                       Fig.2

In the example above the two semi-reactions and the corresponding electrodes 

(1)    Cu2+
(aq)  +  2 e-  = Cu(s)              E0 = +0.337 volt

(2)    Zn2+
(aq)  +  2 e-  =  Zn(s)              E0 = -0.763 volt

are  coupled  together.  Due  to  the  fact  that  electrons  are  transferred  only  (neither
created nor destroyed) they are emitted from anode (-) and collected through the wire
by  the  catode  (+).  It  follows  that  reaction  occurs  in  opposite  ways  on  the  two

electrodes, so that they can be added together, like the respective E0 :
 

(anode)        Cu2+
(aq)  +  2 e-  = Cu(s)              E0 = +0.337 volt

(catode)      Zn(s)  =  Zn2+
(aq)  +  2 e-              E0 = +0.763 volt

(overall)     Cu2+
(aq)  + Zn(s)  = Cu(s) + Zn2+

(aq)    E0 = +1.100 volt

 

A galvanic cell produces spontaneously an e.m.f (electromotive force, or difference of
potential, in the above example 1.100 volt in standard conditions) . The system is very
efficient, so that nearly the chemical energy is transormed in electricity. If efficiency is
100%, we know from themodynamcis that the electrical work produced by the cell

(E0·n·F)  equals  the  free  energy  variations  (for  the  sign  convention  the  sign  has
changed):

 

   
 

We know from thermodynamics as well that  ΔG0 = - R·T·ln(Keq)  so that finally we
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obtain :

(1)   
where :
n is the number of transferred electron in reaction (as written)

 
EH refers  to  potential  as  measured  relative  to SHE (standard  hydrogen  electrode
(taken as zero). In the following this will be written Eh for simplicity

 
Keq is the product of all  oxidized concentrations divided by the product of reduced
ones. (at equilibrium). 

 
In the copper/zinc battery above, we can write:

 

(2) (3)
 

Equation (2) uses activities. The activities of solid substances are exactly 1 so that
they can disappear. Equation (3) uses concentrations.
If  we  are  at  25°C  the  different  constant  before  log  in  eq(1)  can  be  merged,  thus
obtaining:

 

(4
 

Eq (4) is  valid  for  both semi-reaction and a  complete  redox system,  we shall  use

mainly for half-reactions (with free e- on the left side).
 

Example 1 : calculate the Keq for the copper/zinc galvanic cell: 

We have from eq.(1)  Keq = exp(E0·n·F/RT) = 10^(E0·n/0.0592) = 10^(2.200/0.0592) =

1.45·1037

 

When [Zn++]/[Cu++] = 1.45·1037 (nearly all copper has disappeared from solution) we
have reached themodynamic equilibrium, the cell e.m.f is 0.000 volt exactly !

The Nernst equation

If we have reached the thermodynamical equilibrium, the galvanic cell is no more able
to give off a potential difference.ΔG = 0 ; E = 0
What happens if we aren't at equilibrium ? Basically a e.m.f. raises at the electrodes.

Let's start again from the basic relationship of thermodynamics ΔG0 = - R·T·ln(Keq)   
which becomes at non-equilibrium  

ΔG = ΔG0 + R·T·ln(Q)    
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where Q is  the  product  of  all  oxidized  concentrations  divided  by  the  product  of
reduced ones. (at non-equilibrium). Therefore :

Eeff = -ΔG /nF = (-ΔG0 - R·T·ln(Q))/nF  

so that we can write (see eq.(4) for comparison) :

  (5) 
Eq (5), is the famous Nernst equation,  where :

 
Q = Πi {right side}/ Πi {left side}
 

The  symbol Πi represent  the  product  of  the  activities(or  concentrations)  of  all
substances, each raised by its stoichiometric coefficient.
Nernst equation is valid for complete redox system as well as for half-reactions (with

free e- on the left side). In this case 
 
Q = Πi {reduced side}/ Πi {oxidized side}
 

Example 2 (see fig.2, copper/zinc cell)

Cu2+
(aq)  + Zn(s)  = Cu(s) + Zn2+

(aq)    E0 = +1.100 volt

 
(6)  Eeff          = 1.100 - 0.0592/2 ·  log ({Zn++}/{Cu++} )    (Nernst equation for the
whole cell) 
(7)  Ecathode = +0.337 -  0.0592/2 ·  log{Cu++}                     (Nernst  equation for the
cathode)
(8)  Eanode    = -0.763 - 0.0592/2 · log{Zn++}                      (Nernst equation for the
anode)
It  can  be  easily  shown  that  eq(7)  -  eq(8)  yields  eq(9),  so
that      Eeff =  Ecathode  -  Eanode  

 
Example 3  Let us calculate  Eh of the following half-reaction :

NO3
-
(aq)  +  4 H+

(aq)  +  3 e-  =  NO(g)  +  2 H2O   

 
From the Nernst eq we have :

if nitrogen pressure is unitary and we substitute concentrations for activities :
 

Eh = Eh0 + 0.0148 · log( [NO3
-] [H+]4 ) = 0.92 + 0.0148 · log( [NO3

-] [H+]4 ) volt
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