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Chapter 8   

Reduction and oxidation

Redox reactions and oxidation states

Reduction potentials and Gibbs energy

Nernst equation

Disproportionation

Potential diagrams

Frost-Ebsworth diagrams

Ellingham diagrams

Oxidation refers to gaining oxygen, losing hydrogen or losing one of more 
electrons.

Reduction refers to losing oxygen, gaining hydrogen or gaining one or more 
electrons.

2Mg  + O2 → 2MgO;  (overall)

Mg → Mg2+ + 2e- (oxidation)

O2 + 4e-  2O2- (reduction)

Redox is the abbreviation for reduction-oxidation
Given the following reaction, write the oxidation and reduction half-reactions.

Sn2+(aq) + 2Fe3+(aq)  Sn4+(aq) + 2Fe2+(aq)

Oxidation:
Reduction: 

Electrolytic cell – passage of electrical current initiates a redox reaction.  
Galvanic (Voltaic) Cell – a spontaneous redox reaction occurs and generates 

an electrical current.
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Example: In acidic solution, write a balanced overall reaction 
between permanganate ions and oxalate ions that form 
divalent manganese ions and carbon dioxide.

Daniell cell

In the left-hand cell, Cu2 ions 
are reduced to copper metal, 
and in the right-hand cell, zinc 
metal is oxidized to Zn2 ions. 

Zns  Zn2aq   Cu2(aq)  Cu(s).

RT

G
K

o
lno

cell
o zFEG  1V = 1J/C

R = 8.314 J K-1 mol-1F = 96,485 C mol-1
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Example: In a Daniell cell Zns  Zn2aq   Cu2(aq)  Cu(s), 
the standard cell potential at 25 °C is 1.10 V. Calculate the 
corresponding values of ΔGo and K. 

Selected standard reduction potentials (at 298 K); further data are listed in Appendix 
11. The concentration of each substance in aqueous solution is 1 mol dm3 and the 
pressure of a gaseous component is 1 bar (105 Pa). 
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Standard Hydrogen Electrode

By definition, the reduction potential for hydrogen is 0 V:
2 H+ (aq, 1M) + 2 e−  H2 (g, 1 bar)

E0
cell = [E0

reduction process] - [E0
oxidation process]

E0
cell = E0

red(cathode) - E0
red(anode)

Nernst equation
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where R = molar gas constant = 8.314 J K-1 mol-1

T = temperature in K

F = Faraday constant = 96,485 C mol-1

z = number of electrons transferred
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Metal ions can be stabilized with respect to reduction by 
the formation of a precipitate or coordination complex.

Ag+(aq) + e- ⇌ Ag(s)   Eo = +0.80 V,  Go = -nFEo = -77.2 kJ per mol Ag.

•As the concentration of Ag+ is lowered, the reduction potential becomes less positive (G 
is less negative), and the reduction of Ag+ to Ag becomes less easy (Ag+ is stabilized)

Compare to the reduction of free Ag(I) versus Ag(I) in the form of AgCl,  

Set up a thermochemical cycle that combines the equilibria:

AgCl(s) + e- ⇌ Ag(s) + Cl-(aq)     

Ag+(aq) + Cl-(aq) + e-

solGo(AgCl,s)
for process: AgCl(s) ⇌ Ag+ + Cl-(aq)

Go(Ag+/Ag)
for process: Ag+ + e- ⇌ Ag(s)

Apply Hess’s Law:  rGo = solGo(AgCl,s) + Go (Ag+/Ag) 

solGo(AgCl,s):  AgCl has a Ksp = 1.77x10-10  (use G = -RT ln K)

AgCl(s) ⇌ Ag+(aq) + Cl-(aq)    Go =  +55.6 kJ per mol AgCl

solGo(Ag+,Ag):  has Eo = 0.80 V (use G = -zFEo)
Ag+ + e- ⇌ Ag(s)  Go =  -77.2 kJ per mol Ag

rGo = 55.6 kJ/mol + (-77.2 kJ/mol) = -21.6 kJ/mol V22.0
C/mol 485,96*1

kJ/mol 6.21
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Disproportionation

2Cu+(aq) ⇌ Cu2+(aq) +  Cu(s)
Using thermodynamic concepts, show that disproportionation of Cu+ is favored. 
Determine the value of K for the reaction above.

Cu2+(aq) + e- ⇌ Cu+(aq)  Eo = +0.15V
Cu2+(aq) + 2e- ⇌ Cu(s)  Eo = +0.34V
Cu+(aq) + e- ⇌ Cu(s)  Eo = +0.52V
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Potential Diagrams – Latimer Diagrams
•The standard reduction potential for the reduction half-reaction involving the two species joined by the 
arrow is shown above the arrow. 
•Latimer diagrams show the redox information about a series of species in a very condensed form. 
•From these diagrams you can predict the redox behavior of a given species. 
•The more positive the standard reduction potential, the more readily the species on the left is reduced to 
the species on the right side of the arrow. 
•Highly positive standard reduction potentials indicate the species on the left is a good oxidizing agent. 
•Negative standard reduction potentials indicate that the species to the right behaves as a reducing agent. 

Use the Latimer potential diagram to calculate the value of Eo for the 
reduction of Fe3+(aq) to elemental iron.

Eo = ?
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Frost-Ebsworth Diagrams
Graphical method of summarizing redox 
relationships for species containing a given 
element in different oxidation states.
Each point represents a chemical species, 
one can consider the relationship between 
any pair of points (not just neighboring).

The diagram provides information about the 
relative thermodynamic stability
•The lowest point is the most stable at pH = 0.
•A move downwards is a thermodynamically 
favored process 

Any state on a convex point is 
thermodynamically unstable with respect to 
disproportionation.
Any state on a concave point is 
thermodynamically stable with respect to 
disproportionation.

What conclusions can be made from this plot?
What can we say about the relative 
stabilities of the different oxidation states of 
phosphorus in aqueous media at pH 0?



8

The half-reaction for the reduction of Mz ions to M, or H to    H2, can be considered in terms of 
three contributing steps for which thermodynamic data may be determined independently.

Ellingham Diagram

Determine the proper reducing 
agent and conditions considering 
the Ellingham diagram
• as the temperature increases, 

each metal oxide becomes less 
thermodynamically stable (less 
negative ΔfGo)

• CO becomes more 
thermodynamically stable at 
higher temperatures (more 
negative ΔfGo)

• The relative stabilities of the 
oxides at any given 
temperature can be seen 
directly from an Ellingham 
diagram.


