
Reaction coordinate for ligand substitution 

Activation energy 



Labile and inert electronic configurations 



The trans effect 
•  Final ligand ranking a result of both pi and sigma effects 

CN- ~ CO ~ C2H4 > PH3 ~SH2 > NO2
- > I- > Cl- > NH3 ~ py > OH- > H2O 

Large trans effect Small trans effect 

Ligand ranking for trans effect 

Strong pi acceptor à strong sigma donor à neither strong sigma  
              donor or pi acceptor 





OXIDATION-REDUCTION 
REACTIONS 
CH 431 
MFT Ch 12 
Review material from CH302 



Oxidation-reduction reactions 
•  In addition to ligand substitution, metal complexes can 

undergo oxidation-reduction reactions 

•  These involve electron transfer one metal complex to 
another 

• Example: 



Terminology 
• Redox: refers to oxidation/reduction chemistry 

• Reduction: gain of electrons 
• Oxidation: loss of electrons 
  Pneumonic:  OIL RIG (oxidation is loss, reduction is gain) 
 

• Oxidizing agent: a substance that oxidizes a substrate by 
being reduced 

• Reducing agent: a substance that reduces a substrate by 
being oxidized 

https://ch302.cm.utexas.edu/echem/index.php#redox/intro-redox.html 
 



Reduction potential 
• A reduction potential is a measure of the tendency of a 

species to be reduced, reported in volts 

 
• More positive reduction potentials indicate greater 

tendency to be reduced 

• Standard reduction potentials are measured vs. the 
standard hydrogen electrode (SHE) 

An+ + e-  à  A(n-1)+ E° = ___  V 

2H+ + 2e-  à  2H2 E° = 0.00 V 



https://ch302.cm.utexas.edu/echem/index.php#echem-cells/std-red-potentials.html 
 



Measuring redox potentials 
•  Cyclic voltammetry (CV) is a 

method that can be used to 
measure redox potentials 

•  CV monitors electron flow (current) 
to and from a complex, electron 
flow increases around a complex’s 
redox potential  

•  You will use (have used) this 
technique to characterize the 
ferrocene you make in lab. 
Ferrocene is a commonly used 
standard for CV 

E° 

oxidation 

reduction 



Factors that contribute to the reduction 
potential of a metal complex 
1.  HSAB theory: softer ligands will shift potential more in 

favor of softer oxidation state, harder ligands will shift 
potential more in favor of harder oxidation state 

CN- soft ligand, NH3 hard 
Cu+ soft metal ion, Cu2+ borderline metal ion 



Factors that contribute to the reduction 
potential of a metal complex 
2.  LFSE: species that has highest LFSE will be favored 
 
 
 
 
 
Δo    H2O < NH3 < CN-   (spectrochemical series) 
 
Co3+ complexes are low spin d6 (LFSE: -12/5 Δo) 
 

Δo for CN- complex is very large. Thus, even though the soft CN- ligand 
forms more stable complexes with the softer Co2+, the Co3+ complex is 
favored (remember, reduction will add an electron to the eg orbital set, 
which will be the most destabilized in the CN- complex) 



Factors that contribute to the reduction 
potential of a metal complex 
3.  Coordination geometry: The geometry and coordination 

number that a ligand set imposes can modulate the 
redox potential of a metal complex 

Cu(II): prefers square planar 
geometry 
 
Cu(I): prefers tetrahedral 
geometry 
 
Bulky R groups favor more 
tetrahedral configuration, E° 
is the least negative (most 
positive) for tBu ligand 

Geometry: 



Factors that contribute to the reduction 
potential of a metal complex 
3.  Coordination geometry: The geometry and coordination 

number that a ligand set imposes can modulate the 
redox potential of a metal complex 

Comparing a 5-coordinate vs. a 4-coordinate Cu2+ complex, which 
complex would you expect to have the higher reduction potential? 
 
In this case, we can think of coordinate ligands around the metal center 
as electron density: the 5-coordinate complex has more electron 
density around the metal than the 4-coordinate complex. Which would 
be more likely to accept additional electrons? 

Coordination number: 



Electron transfer reactions 
•  Two metal complexes can react by simply transferring an 

electron from one complex to another 
•  Favorable reactions have positive net E° value 

An+ + e-  à  A(n-1)+ E° = + 1.0 V 

Bm+ + e-  à  B(m-1)+ E° = + 0.7 V 

B(m-1)+ à  Bm+  + e-  E° = - 0.7 V (oxidation potential) 

An+ + B(m-1)+ à  A(n-1)+ + Bm+  E° = + 0.3 V 

https://ch302.cm.utexas.edu/echem/index.php#echem-cells/std-cell-potentials.html 
 



Example question 
• Which of the following metallocenes is the strongest 

reducing agent? 

• Which of the above metallocene(s) could be used as a 
reducing agent for the following reaction? 

  An+ + e- à A(n-1)+  E° = -1.0 V  

Half-reaction                              E° (V) (Ferrocene 
             potential set to 0) 

Ferrocene: Fe(C5H5)2
+ + e− ⇌ Fe(C5H5)2           0   

Decamethyl ferrocene: Fe(C5Me5)2
+ + e− ⇌ Fe(C5Me5)2   −0.59   

Cobaltocene: Co(C5H5)2
+ + e− ⇌ Co(C5H5)2      −1.33   

Decamethyl cobaltocene: Co(C5Me5)2
+ e− ⇌ Co(C5Me5)2   −1.94   



Mechanisms of electron transfer:  
Outer sphere 
In outer sphere electron transfer, transfer occurs between 
two separate coordination spheres (no linking ligand) 
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Mechanisms of electron transfer:  
Inner sphere 

In inner sphere electron transfer, two molecules are connected 
by a ligand through which the electron is transferred 
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Mechanisms of electron transfer:  
Inner sphere 

Inner sphere electron transfer can sometimes be accompanied 
by exchange of bridging ligand between metal complexes 
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Take away messages 
• Reduction is gain of electrons, oxidation is loss of 

electrons 
• Reductions with more positive reduction potentials are 

more thermodynamically favored 
•  Ligand coordination environment can tune reduction 

potentials 
• Electron transfer reactions involve the reduction of one 

species and the oxidation of another 
•  Inner sphere and outer sphere mechanisms exist for 

electron transfer (know the basics from this lecture but 
you do not need to know all the material in MFT 12.8.1) 


