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Mechanistic Studies

There are several pathways that a 

electrochemical reaction may take for an 

organic or inorganic species, where E 

represents an electron transfer and C 

represents a homogeneous chemical 

reaction.
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Potential Sweep Methods
Mechanistic studies

E represents an electron transfer at the 

electrode surface

C represents a homogeneous chemical 

reaction

EC – product produced by an electron transfer 

is involved in a chemical reaction 

afterwards.

X, Y, Z – species not electroactive in the 

mechanisms.
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Mechanistic Studies
Voltammetry and Chronopotentiometry 

ErEr Reactions

 Linear sweep and CV methods (ErEr)

 A + e → B  E1
o

 B + e → C  E2
o

 Simplest case is that both electron transfer 

reactions are fast.

 The appearance of the CV curves depend on the 

location of the standard potentials, E1
o and E2

o,

 where Eo = E2
o – E1

o.
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Mechanistic Studies

Voltammetry and Chronopotentiometry 

ErEr Reactions

 Linear sweep and CV methods (ErEr)

 When Eo >100, E2
o occurs more easily 

than the first and a single wave is observed 

that looks just like a nernstian 2-electron 

reaction (Ep = 29 mV).

 As Eo decreases  with an increasing Ep 

until the two reactions can be resolved.
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Mechanistic Studies

Voltammetry and Chronopotentiometry 

ErEq Reactions

 Linear sweep and CV methods (ErEq)

 The treatment of E reactions become more 

complex when one or both electron-transfer 

reactions are quasireversible.

 

 For the simplest case, n1 = n2 = 1 and 

 1 = 2 = 0.5.
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Mechanistic Studies
Voltammetry and Chronopotentiometry 

ErEq Reactions

 Linear sweep and CV methods (ErEq)

 The CV behavior depends on Eo, k1
o and k2

o, 

which can be represented by a dimensionless 

parameter.

 

   1 = k1
o/[D(F/RT)]1/2

 For an ErEq reaction, the 1st electron-transfer is 

fast and the 2nd is slower.
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Voltammetry and Chronopotentiometry 
ErEq Reactions

 Linear sweep and CV methods (ErEq) 
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Voltammetry and Chronopotentiometry 

ErEq Reactions

 Linear sweep and CV methods (ErEq)

 The scan rate affects the shape of the curve. 

 At smaller scan rates, there is a single wave that 

looks like ErEr. 

 As the scan rate increases, the 1st wave remains 

reversible and centered at Eo, but slower electron 

transfer shows a 2nd wave splitting away from the 

first, with splitting increasing with increasing 

scan rates.
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Mechanistic Studies

Voltammetry and Chronopotentiometry 

EqEr Reactions

 Linear sweep and CV methods (EqEr)

 The EqEr reaction has the 1st electron 

transfer as the rate-determining step.
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Mechanistic Studies

Voltammetry and Chronopotentiometry 

EqEr Reactions

 Linear sweep and CV methods (EqEr)

 The general trend is to shift Epc to more 

negative values with increasing scan rate, 

without splitting the cathodic wave. 

 The anodic wave splits at increasing scan 

rate because the oxidation of 2nd species 

occurs at more positive potentials.
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Mechanistic Studies

Voltammetry and Chronopotentiometry 

EqEq Reactions

 Linear sweep and CV methods (EqEq)

 The EqEq mechanism is much more 

difficult and requires digital simulations, 

i.e DigiSim, etc…
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Mechanistic Studies
Voltammetry and Chronopotentiometry 
ECE Reactions

 General ECE reaction scheme is:
  A + e → B  E1

o

  B → C   K = kf/kb

  C + e → D  E2
o

  B + C → A + D  kd (ECE/DISP)
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Mechanistic Studies

Voltammetry and Chronopotentiometry 

ECE Reactions

 Linear sweep and CV methods (ECE)

 If E2
o >> E1

o, species C is much easier to 

reduce than species A. 

 For a ErCiEr reaction see only a single 

wave.
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Mechanistic Studies
Voltammetry and Chronopotentiometry 
ECE Reactions

 Linear sweep and CV methods (ECE)

      Wave I is reduction of 

    A and C and occurs near 

    E1
o.

      

      Wave II is for oxidation 

    of B if chemical 

     reaction is not too rapid.

CHEM 5390



Mechanistic Studies
Voltammetry and Chronopotentiometry 
ECE Reactions

 Linear sweep and CV methods (ECE)

      Wave III represents 

     oxidation of D to C 

     when B converts rapidly 

    to C.

 

      Wave IV represents 

     reduction of C to D.
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Mechanistic Studies
Voltammetry and Chronopotentiometry 
ECE Reactions

 Linear sweep and CV methods (ECE)

      The relative sizes of 

     waves II, III, IV depend 

    on the values of kf, kb, 

    and kd.

CHEM 5390



Mechanistic Studies

Examples of Mechanism Studies

Need to answer several questions when studying mechanisms:
1. Is the redox pathway chemically reversible or are solution 

reactions coupled to the electron transfer?
2. How many electrons are involved in each of the observed 

redox processes?
3. Is each redox process kinetically or diffusion controlled?
4. What are the reaction kinetics of each of the kinetically 

controlled processes?
5. What are the intermediates in the electrode reaction?
6. Is the redox behavior affected by a change in concentration 

of the electroactive species, a component of the solvent-
electrolyte system, or the electrode material?

7. What are the products and their yields?
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Mechanistic Studies
Examples of Mechanism Studies (Inorganic Reactions)

CV Diagnostic Parameters
• Current function

  = (const)ip/CO* 1/2 = (const) A n3/2 D1/2

• Current ratio ipa/ipc

• Peak potential Ep

• Peak separation Ep = Epa-Epc

• Peak breadth Ep = Ep-Ep/2

 These five parameters are calculated from a limited number 
of points of the CV trace. 

 In contrast digital simulations fit the entire trace to calculate 
a particular mechanism. 

 The 5 parameters are a good starting point before doing full 
theoretical simulations.
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Mechanistic Studies
Examples of Mechanism Studies (Inorganic Reactions)

 Cyclic voltammetry can be used to study reactions on the 

time scale between 10 ms and 20 sec.

 

 When doing mechanism studies must also consider:

• residual currents

• ohmic losses

• mass transport variation

CHEM 5390



Mechanistic Studies

Examples of Mechanism Studies (Inorganic Reactions)

Residual currents

 Background currents are the sum of faradaic and 
nonfaradaic currents measured in solvent/electrolyte 
blanks.

 For a 1 mM solution at 0.1 V/s, charging current is 
 ~ 0.3% of ip, at increasing scan rates and decreasing 

concentrations, the charging current increases.
 Discrimination between ip and charging current is 

usually measured with a baseline extrapolation 
method.
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Examples of Mechanism Studies (Inorganic Reactions)
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Examples of Mechanism Studies (Inorganic Reactions)
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Examples of Mechanism Studies (Inorganic Reactions)

Ohmic Losses

 iR drop dependent on cell arrangement, and 

electrode and solution resistance. 

 Ohmic losses can mimic different mechanisms. 

 To test for ohmic distortions, measure a nernstian 

couple under identical conditions.
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Mechanistic Studies
Examples of Mechanism Studies (Inorganic Reactions)

EE mechanism examples

 Two step reduction of sandwich complexes, where M = Rh 

or Ir.

 

 

 When M = Rh  Eo = -0.20 V showing 2 separate curves.

 When M = Ir    Eo = +0.30 V and a single wave is observed.
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Examples of Mechanism Studies (Inorganic Reactions)

EE mechanism examples

 For many EE reactions, there is a disproportionation reaction 

that occurs since a molecule will rarely take up or release a 

large number of electrons without bond disruptions.

 2B→ A + Z  Kdisp = [A][Z]/[B]2

 This equilibrium constant can be calculated using CV.

 

 An exceptional exception is Fe(III)tris-bipyridyl complex.
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Examples of Mechanism Studies (Inorganic Reactions)

EE mechanism examples
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Examples of Mechanism Studies (Inorganic Reactions)

CE mechanism example

 Three kinetic ranges of high, moderate, and low values of kf 

can be observes for the reduction of the 17 electron complex 

CpCr(CO)3.

 

 (Eo' = -0.82 V vs Fc)
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Examples of Mechanism Studies (Inorganic Reactions)

CE mechanism example

 The CV will appear nernstian at slow scan rates.
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Examples of Mechanism Studies (Inorganic Reactions)

CE mechanism example

  can be used to estimate the value of Keq with changing . 

At increasing , the production of CpCr(CO)3 reaches a limit 

reflective of K.
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Examples of Mechanism Studies (Inorganic Reactions)

CE mechanism example
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Examples of Mechanism Studies (Inorganic Reactions)

EC mechanism example

 A convenient CV diagnostic for this mechanism is the 

current ratio, ipa/ipc.

 When kf is small, ipa/ipc is at unity.

 As kf increases, ipa/ipc decreases, since the amount of R 

diminishes for oxidation on the reverse step.
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Examples of Mechanism Studies (Inorganic Reactions)
EC mechanism example
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Examples of Mechanism Studies (Inorganic Reactions)
EC mechanism example
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Examples of Mechanism Studies (Inorganic Reactions)
EC mechanism example
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Class Assignment

• Research paper Outline

• Read Chapters 4, 5, 6, 12, 13, and 15 

“Electrochemical Methods” Bard
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