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Voltammetry

 Voltammetry – measurement of current as a 

function of applied potential using working 

electrode.

 

 Historically – 1st voltammetry was 

polarography developed by Heyrovsky in 

1921.
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Voltammetry

Excitation signal

 A variable potential excitation signal is 

applied to an electrochemical cell.

 The excitation signal has a distinctive 

waveform, from linear to triangular.
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Voltammetry

Waveform can be a step:

 Chronoamperometry – current as a function of 

time with respect to applied potential

 Chronocoulometry – charge as a function of time 

with respect to applied potential

 Differential Pulse Voltammetry - small pulses 

added to a linear ramp to measure current 

changes
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Voltammetry

Waveform can be a sweep:

 Linear Sweep Voltammetry – current as a 

function of time and applied potential

 Cyclic Voltammetry – current as a function of 

applied potential in two directions

 Anodic Stripping Voltammetry – current as a 

function of applied potential after deposition.
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Voltammetry

Instrumentation

 Potentiostat is an instrument capable of applying a 

controlled potential to a working electrode and 

measuring the resulting current from a redox 

reaction.

 Connected to a cell with 3 electrodes in a solution.
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Voltammetry

Instrumentation

 Electrochemical cell consist of three electrodes 

immersed in a  solution of supporting electrolyte.

 Working electrode – potential varies linearly with 

time, usually very small

 Reference electrode – potential is constant with 

time – SCE or Ag/AgCl common

 Counter (auxiliary) electrode – conducts current 

from source through solution – Pt wire common
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Voltammetry

Working Electrodes

 Come in a variety of shapes, compositions, and 

sizes.

 Working electrodes have a potential window.

 This window determines the range of potentials 

the working electrode can be used.

 The window is limited on the positive side by the 

oxidation of water to O2(g) and on the negative 

side by the reduction of water to H2(g).

Chem 4631



Chem 4631



Chem 4631



Voltammetry

Working Electrodes
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Voltammetry

Working Electrodes

Working electrode material:

Metals: Ag, Au, Pt, Ni, SS, etc…

Carbon

Mercury
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Voltammetry

Working Electrodes

Carbon

More complex than the metal electrodes.

The sp2 carbon varies in conductivity, stability, 

hardness and porosity.
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Voltammetry

Carbon

Common carbon electrodes:

Polycrystalline graphite electrodes

 Carbon paste electrodes (CPE)

  Control porosity of graphite material by filling 
pores with inert liquid carbon paste is graphite 
mixed with Nujol (heavy hydrocarbon) or 
hexadecane.

  Paste is then packed into shallow well.

  CPE’s are easily modifies (i.e., steric acids, 
zeolites, complexing agents).
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Voltammetry

Carbon

Common carbon electrodes:

Polycrystalline graphite electrodes

 Glassy Carbon

  High MW carbanaceous polymer 

(polyacylonitrile, phenol/formaldehyde 

resin). Polymer is heated to 400-800oC 

then heated under pressure at 1000-

 3000oC. Hard and highly disordered.
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Voltammetry

Carbon

Common carbon electrodes:

Polycrystalline graphite electrodes

 Carbon Fibers

  Made from polyacylontirile (PAN) 

drawn into filaments during curing.
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Voltammetry

Working Electrodes
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Voltammetry

Working Electrodes

 Modified Electrodes

• Irreversible adsorption

• Covalent bonding

• Coatings (i.e. polymers)

• Enzymes

• Self-assembled monolayers
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Voltammetry

Voltammograms

 When a linear-scan voltammogram is taken 

in a moving solution, the experiment is 

called hydrodynamic voltammetry. The 

resulting curve is a voltammetric wave with 

a sigmoidal shape. Working electrode can 

also be rotated.

Polarography

 Voltammetry using a dropping Hg 

electrode.
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Voltammetry

Voltammograms
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Voltammetry

Concentration Profiles

For the following equation

A + ne- → P   Eo = -0.260 V

Eappl = Eo
A – 0.0592/n log cp

o/cA
o – Eref

Eappl – potential between WE and Ref

cp
o and cA

o – molar concentration of P and A 

at the electrode surface.
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Voltammetry

Profiles in Unstirred Solution
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Voltammetry

Profiles in Unstirred Solution
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Voltammetry

Cyclic Voltammetry

 In CV, current response in unstirred 

solution is excited by triangular waveform. 

 Potential varies linearly, scan direction is 

reversed.

 

 CV important for studying mechanism and 

kinetics (rates).
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Voltammetry

Cyclic Voltammetry
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Voltammetry
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Voltammetry

Cyclic Voltammetry

 You control the potential (energy of electrons at 

the working electrode surface), and measure the 

current. 

• A current peak in a CV indicates electron transfer is 

happening

• Oxidation happens at more positive potentials, reduction 

happens at more negative potentials
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Voltammetry

Cyclic Voltammetry

• Oxidation happens at more positive potentials, reduction 

happens at more negative potentials

Chem 4631

Oxidation

Reduction



Voltammetry

Cyclic Voltammetry

 Applied potential vs the reference electrode. 

 Note that there is nothing special about 0.0 V, because it’s 

all relative to the reference. 

 More positive potentials are more oxidizing, but that does 

not necessarily mean they are greater than 0 V. 
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Voltammetry

Cyclic Voltammetry

 The shape of the CV is determined only by 

thermodynamics (Eo and the Nernst equation).
Nernst equation: E = Eo – (0.059/n)ln([reduced species]/[oxidized species])

Chem 4631

Oxidation

Reduction

E1/2 = potential that is halfway in 

between oxidation and reduction 

peaks



Voltammetry

Cyclic Voltammetry

 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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Voltammetry

Chem 4631

UMEs

Application

Carbon-fiber electrodes for detection of catecholamine and 

indoleamine neurotransmitters and metabolites.



Voltammetry
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Assignment

• Read Chapter 22

• HW12 Chapter 22: 1, 5, 7, 9, and 11

• HW12 Due Today

• Read Chapter 23

• HW13 Chapter 23: 2, 4, 7, 8, and 11

• HW13 Chapter 23 Due 3-27

• Read Chapter 25

• HW14 Chapter 25: 1-8 and 10

• HW14 Chapter 25 Due 3-27





Electroanalytical Chemistry
Electrochemical Example
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Electroanalytical Chemistry
Electrochemical 

Cell
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Electroanalytical Chemistry
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Electroanalytical Chemistry

The oxidation peak, at ~ 0.9 V is preceded by a chemical reaction as follows: 

2Ce(III)-L  <--->  2Ce3+  +  2L  <--->  2Ce3+  +  3H2O  ---->  Ce2O3  +  6H+ (1)

Since the formation constant for the cerium-ligand complex in eq 1 is relatively 

small, then free metal ions in solution are available at the higher pH to form 

Ce2O3, this species can oxidize to CeO2 at voltages above ~ 0.8 V vs. SHE.

  

Ce2O3  +  H2O  ---->  2CeO2  +  2H+  +  2e-   (2)

The thermodynamic voltage calculated for the reaction in eq. 2 is:

E = 1.559 - 0.0591pH = 0.85 V vs. SHE or 0.61 V vs. SCE.
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Electroanalytical Chemistry

Chem 4631
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Electroanalytical Chemistry

On the reverse scan of the CV, a reduction peak positive of the anodic 

peak is seen in the CV.  The CeO2 produced at the electrode during the 

anodic scan (eq. 2) also produces hydrogen ions, which lowers the local 

pH at the electrode surface.  A chemical reaction can then form 

Ce(OH)2
++ ions at the immediate vicinity of the electrode, which can 

then be reduced to Ce2O3.

CeO2  +  2H+  ---->  Ce(OH)2
++     (3)

2Ce(OH)2
++  +  2e-  ---->  Ce2O3  +  H2O  +  2H+   (4)

The thermodynamic potential for eq. 4 can be calculated as 1.13 V vs. 

SHE or 0.89 V SCE. 
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Electroanalytical Chemistry
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Electroanalytical Chemistry

The calculated thermodynamic potentials are 0.28 V apart.

  The V between the two peaks in the CV is ~ 0.25 V, which 

corresponds to the calculated thermodynamic potential 

difference for the equations above.  

Experimentally, two powder products, Ce2O3 and CeO2, form 

in this solution.  (X-ray Diffraction).
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Electroanalytical Chemistry
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Voltammetry

Profiles in Stirred Solution
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Voltammetry

Profiles in Stirred Solution
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Voltammetry

Carbon Microstructure

Single-crystal graphite is inherently anisotropic.
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Voltammetry

Carbon Microstructure

Electrochemical properties for the two planes 

vary greatly.
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Voltammetry

Carbon

Common carbon electrodes:

1) HOPG-highly ordered pyrolytic graphite

 Made by pyrolysis of light hydrocarbons at ~ 

800oC then treated at high temperature and 

pressure annealed at 3000oC.

 HOPG has weak interplanar bonding so can be 

renewed with adhesive tape.
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Voltammetry

Carbon

Common carbon electrodes:

2) Polycrystalline graphite electrodes

 c. Graphite Composite Electrodes

  Mix graphite powder with suitable filler 

that hardens.
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Voltammetry

Carbon

Common carbon electrodes:

1) Polycrystalline graphite electrodes

 b. Spectroscopic Graphite Electrodes

  Rods with low metal impurity used in 

emission spectroscopy. Can immerse in 

molten wax (ceresin or paraffin) then 

place in a vacuum, polish end of rod.
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