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Potential Sweep Methods
The number of electrons that cross an interface is related 

stoichiometrically to the chemical reaction (amount of 

reactant and product).

The number of electrons is measured in terms of total charge, 

Q.

Charge is in units of coulombs (C), 

 1 C = 6.24 x 1018 electrons
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Potential Sweep Methods

Faraday’s Law

 Passage of 96,485.4 C equals consumption of 1 mole of 
reactant or production of 1 mole of product in a one 
electron reaction.

Current, i, = rate of flow of coulombs (or e-’s), where 1 
ampere (A) = 1 C/sec.
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Potential Sweep Methods

A plot of the current as a function of the potential, one obtains 
a current-potential (i vs. E) curve.

Interpretation of i vs. E curves makes up the bulk of 
electrochemical research.

Two techniques: linear sweep voltammetry (LSV) and cyclic 
voltammetry (CV) are effective techniques for mechanistic 
probing of redox systems.
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Potential Sweep Methods

For an Electrochemical cell:

• Disconnecting the counter electrode and using an 
internal high resistance (high impendence circuit), 
there is no current flow between the WE and Ref. 

• The potential measured under these conditions is 
called the open-circuit potential (OCP) (zero-current 
potential or rest potential). 

• This OCP is a measure of the interfacial energy 
between the electrode interface and solution.

• Sometimes OCP can be calculated from 
thermodynamic data and is a measure of the 
equilibrium or thermodynamic potential. 
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There is a half-reaction for the Ag/AgBr electrode.

 AgBr + e- → Ag + Br- Eo = 0.0713 V vs NHE 

but no half-reaction for the Pt electrode.
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Potential Sweep Methods

If a power supply is connected to the cell and 

scanned in the negative or positive 

direction, then an i-V curve is generated.
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e-’s flow from electrode to 

protons in solution.

2H+ + 2e- → H2

Near the thermodynamic 

potential of –0.0711 V.
e-’s flow from 

solution to electrode.

Br2 + 2e- → 2Br-



Potential Sweep Methods
Since the electrode (Ag/AgBr) potential remains constant all 

potential change is due to reactions at the Pt/solution 

interface.

So OCP lies somewhere between the background limits.
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Potential Sweep Methods
If the Pt is replaced with a different WE, i.e., Hg, the cell is:

  Hg/H+, Br- (1M)/AgBr/Ag

The i-V curve changes (shifts):
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Hydrogen evolution

Hg2Br2 + 2e- → 2 Hg + 2 Br-



Potential Sweep Methods
Hydrogen evolution does not occur near the 

thermodynamic potential as before but is far 

negative.

Thermodynamics here are not changed since it is the 

same half reaction, but the rate is lower.

So an increase electron energy (more negative 

potential) is needed to make the reaction occur. 

This additional needed potential is called the 

overpotential.

Rate constant for a heterogeneous electron-transfer 

reaction is a function of applied potential
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Potential Sweep Methods
If we take the same cell and add Cd2+, 

 Hg/H+,Br (1M), Cd2+ (10-3 M)/AgBr/Ag

There is an additional curve at ~-0.4V for reduction 

of Cd(Hg) amalgam.
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Potential Sweep Methods

 Typical potential sweep experiments vary 

the potential linearly with time. 

 The sweep rate, , ranges from 10 mV/s to 

1000 V/s for conventional electrodes to 

106 V/s for UMEs.

 Experiment is performed in an unstirred 

solution. 
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In linear sweep voltammetry (LSV) a fixed potential range is 

employed much like potential step measurements. 

However in LSV the voltage is scanned from a lower 

limit to an upper limit as shown below. 

The current is recorded as a function of potential.
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Potential Sweep Methods

Begin at OCP and scan either positive or negative to find the 

redox couple. 

Scan past the formal potential of the redox couple until the 

[O] is effectively zero at the electrode surface.

Past this point the system is under diffusion control 

(essentially chronoamperometric conditions apply and 

current drops with a t-1/2 dependence.

This gives a peak-like profile.
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Potential Sweep Methods

Cyclic voltammetry (CV) is a reversal technique and 

very popular for initial studies of new 

electrochemical systems. 

For the experiment, start at potential, Ei, where no 

electrolysis occurs and scan through potential 

where species in solution is either oxidized or 

reduced.

Then reverse the experiment.
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For the experiment, the parameters are:

• the initial potential, Ei

• the initial sweep direction

• the sweep rate, 

• the maximum potential, Emax

• the minimum potential, Emin

• the final potential, Ef



Potential Sweep Methods

Two important parameters for the experiment are the peak 

potential, Ep, and the peak current, ip. 

The peak current in a reversible system is defined by the 

Randles-Sevcik equation.

  ip = (2.69x105) n3/2 A D1/2 Co 1/2 (at 25oC)

where ip is peak current (A)

 n - # of e-’s transferred

 A – electrode area (cm2)

 D – diffusion coefficient (cm2/s)

 Co – concentration of species in the bulk (mol/cm3)

  – scan rate (V/s)
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Nernstian Systems
For a planar electrode at 25oC,

ip = (2.69 x 105) n3/2 A DO
1/2 C* 1/2 (Randles-Sevcik 

     equation)

A – cm2

DO – cm2/s

CO* - mol/cm3

 – V/s

ip – Amps

ip  1/2

Plot of ip versus 1/2 gives a straight line for reversible 
systems
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Nernstian Systems
ipa/ipc = 1

Eo' = (Epa + Epc)/2

Ep = Eo' – 0.029/n

Ep = Epa – Epc = 0.058/n
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Nernstian Systems
Peak current increases with scan rate, but potential where peak 

occurs does not change. 
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Nernstian Systems
The figure below shows a series of linear sweep 

voltammograms recorded at different scan rates for 

an electrolyte solution containing only Fe3+ 
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Other Systems

If the electron transfer processes were 'slow' (relative to the 

voltage scan rate), the reactions are referred to as quasi-

reversible or irreversible electron transfer reactions. 
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Potential Sweep Methods

Irreversible System

 ip = (2.99 x 105) n(na)
1/2 A DO

1/2 C* 1/2

Where  is the transfer coefficient and na is the # of e-’s in the rate-

determining step.

In this case the peak potential is no longer independent of scan rate.

Ep = Eo' + RT/(naF) [-0.78 + ln (ko/DO
1/2) – ½ ln ((naF)/(RT)  )]
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Potential Sweep Methods

Irreversible System

 is the transfer coefficient and is a kinetic term from the Butler-

Volmer model. 

 typically lies between 0 and unity,

i.e. the transition state lies intermediate in its electrical behavior 

between the reactants and products.
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Irreversible System 
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Potential Sweep Methods
Evaluating the CV curve over a wide scan rate range can 

help elucidate the kinetics:

1) Ep

 Reversible: Ep = Epa – Epc = 0.058/n and is 

independent of scan rate.

 Quasi- or irreversible:

 Ep is dependent on scan rate.
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Background current 

Peak current is measured after subtraction of 

background current.

Current obtained on a solution containing all 

ingredients except the electroactive species 

of interest.
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Background current 

Made up of:

• residual current (oxidation or reduction of 

electroactive components) (i.e. dissolved oxygen)

• charging current (non-faradaic current required to 

charge the electrode to a given potential)

 ic = C dE/dt = A Cdl 

 Cdl – capacitance of the double layer

 ic   and ip  1/2 – so ic increases more rapidly 

   with .
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Potential Sweep Methods

Nernstian Systems
For the cyclic voltammetry (CV) experiment, the linear 

scan is switched directions at a certain time, t =  

(switching potential, E).

So the potential is given at any time by:

 (0 < t < )  E = Ei – t

 (t > )   E = Ei – 2t + t
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Nernstian Systems

Switching potential affects the shape of the overall appearance of 

the curve.
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Nernstian Systems
 p varies slightly with E
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Nernstian Systems
If the Diffusion coefficients of the reactants and 

products are vastly different, then there will be a 

peak shift for one of the peaks.

Typically Dox = Dred and chronoamperometry can be 

used to measure the values.
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Nernstian Systems
pH effects

For a redox potential, with equal diffusion coefficients, there can 

be uptake or loss of protons.

Ox + mH+ + ne- → Red

E = Eo – RT/nF ln[Red]/([Ox][H+]m

Eo
eff = Eo – 2.303 mRT/nF pH
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Nernstian Systems
Scheme of Squares (Jacq)

 Developed using the reduction of quinones

 Assume that electron transfer is the rate limiting step 

and all protonations are at equilibrium.
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Nernstian Systems
Scheme of Squares (Jacq)

The reduction route is dependent on the pKa associated with the 

intermediates, the pH of the environment next to the 

electrode, and the formal potentials.

Horizontal movement represents electron transfer and vertical 

movement represents proton transfer.
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Nernstian Systems
Scheme of Squares (Jacq)

Example anthraquinone-2-sulfonate (AQMS)

Q + H+ → QH+

QH+ + e- → QH·

QH· + H+ → QH ·+

QH ·+ + e- → QH2
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Applications

CHEM 5390



Applications

CHEM 5390



Applications

CHEM 5390



Applications

CHEM 5390



Applications

CHEM 5390



Applications

CHEM 5390



Potential Sweep Methods

Electrochemical Responses for Adsorbed 

Monolayers

Equation for adsorbed species is more 

complicated with the introduction of 

additional parameter. Sometimes must 

consider diffusing components as well as 

adsorbed species.
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O(t) and R(t) – are the amounts of O and R 

adsorbed at time, t in mol/cm2.

 i = exp(-Gi
o/RT)

Gi
o – standard free energy of adsorption.

CHEM 5390



Potential Sweep Methods

CV – only adsorbed O and R – Electroactive – Nernstian

 ip = (n2F2/4RT) AO*

 Ep = Eo' – (RT/nF) ln bO/bR = Eao'

 bO = OO,s  bR = RR,s

 O,s and R,s – saturated coverage of  monolayer 
amount

 ip  
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For an ideal curve, Epa = Epc

 Ep,1/2 = 3.53 (RT/nF) = 90.6/n mV (25oC)
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For an ideal curve, Epa = Epc
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Potential Sweep Methods

Location of Ep with respect to Eo' depends on 

relative strength of adsorption of O and R.

If bO = bR, Ep = Eo'

If O is more strongly adsorbed (bO > bR) or R 

more strongly adsorbed (bR > bO) the wave 

is shifted.
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The shape of the curve is also dependent on any lateral 

interactions between O and R (O-O, R-R, O-R) in the 

film.
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The theoretical treatment is very ideal and 

often experimental curves deviate with 

severe asymmetry and distortion.

Factors such as inhomogeneity of the film, 

finite mass, charge transport through the 

film and structural and resistive changes in 

the film during oxidation and reduction 

complicate the theory. 
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CV – Only Adsorbed O Electroactive – Irreversible

Adsorbed O is reduced in a totally irreversible one-
step electron reaction.

 ip = (F2AO*)/(2.718RT)

 Ep = Eo' + RT/F ln(RT/F  ko/)

ip  , but wave is shifted negative from reversible 
value and is distorted from symmetrical shape.
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CV – Both dissolved and adsorbed species Electroactive

 Product (R) strongly Adsorbed and (O) Dissolved

 O → 0 R → large

 Initial conditions: CO = CO*, CR = 0, R* = 0

A “prewave” appears which represents the reduction of 
dissolved O to form a layer of adsorbed R.

The “prewave” is followed by the wave for reduction of 
dissolved O to dissolved R.

The “prewave” occurs at potentials more positive than the 
diffusion-controlled wave, since the free energy of 
adsorption of R makes reduction of O to adsorbed R 
easier than to R in solution.
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(ip)ads   while (ip)diff  1/2
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CV – Both dissolved and adsorbed species Electroactive

 Reactant (O) strongly Adsorbed and (R) Dissolved

R → 0 O → large

A “postwave” appears for the reduction of adsorbed 

O, following the diffusion-controlled peak for 

reduction of O to R in solution.
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Class Assignment

• Research paper Topic

• Read Chapters 4, 6, 13, and 15 

“Electrochemical Methods” Bard

• Memorize Nernst-Plank equation, Cottrell 

equation, and Randles-Sevcik equation.
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