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Electrochemistry using
Cwyclic Woltammetry

- Cyclic Voltammograms trace the transfer of
electrons during anmn oxxidation-reductiomn (redoi)
reactior.

- The reaction begins at a certain potential
(voltage). As the potential changes., it controls
the point at which the redox reaction will take
Place.

- Electrodes are placed in an electrolyte solution.
The electrolyte contains analyte that will
undergo the redox reaction.

Cycles

Im CW, the current im the cell is
measured as a function of potential.

The potential of an electrode imn
solution Is limearly cycled from a
starting potaential to the final potential

and bback to the startimg potential. ' '

This process, in turn, cycles the
redox reaction. Multiple cycles canmn
take place.

A plot of potential versus current Is
then produced.




Three-Electrode Cell

e Requires a precise control of the potential at the electrode.
e Three electrodes:

— Working electrode (WE),

— Counter electrode (CE)

— Reference electrode (RE).

e No current through RE 1deally.

e Use RE to provide precise control of potential at the WE,
and the

forcing current from WE to CE 1s MEASURED




Electrochemistry using Cyclic Voltammetry

e Cyclic Voltammograms trace the transfer of
electrons during an oxidation-reduction (redox)
reaction.

e The reaction begins at a certain potential
(voltage). As the potential changes, it controls
the point at which the redox reaction will take
place.

e Electrodes are placed in an electrolyte solution.
The electrolyte contains analyte that will undergo
redox reaction



Cycles

In CV, the current in the cell is measured as a function
of potential.

The potential of an electrode in solution is linearly
cycled from a starting potential to the final potential
and back to the starting potential.

This process, in turn, cycles the redox reaction.
Multiple cycles can take place.

A plot of potential versus current is then produced



How does C-V work?
e The system starts off with an initial potential at
which no redox can take place.
e At a critical potential during the forward scan, the
electroactive species will
begin to be reduced.
e After reversal of potential scan direction and
depletion of the oxidized species the
reverse reaction, oxidation, takes place.



Electrodes
 Commonly used reference electrodes for cyclic
voltammetry are [3]:
— Silver/Silver Chloride Electrode
— Calomel Electrode
* Ag/AgCl electrode 1s chosen for our sensor
because it 1s possible to integrate to microdevices.
* Gold electrodes are used for WE and CE.
AgCl(s) + e— —Ag(s) +Cl—(aq), E° = +0.22V
Hg2CIl2(s) + 2e— —2Hg(l) + 2Cl—(aq), E° = +0.27V



Cyclic Voltammetry

e Used for studying electrode processes.

e A triangular potential waveform is applied to the WE,
resulting in a Faradic current.

* Nernst Equation equilibrium constant
equilibrium constant
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f.e.m. standard

Faraday constant = 96485 C/Mol
(The charge of one electrodes mole)



Cyclic Voltammetry

e The resulting plot of current vs. potential is termed cyclic voltammogram.
e The current values are related to the red-ox reactions.
e Randles-Sevcik equation

Ions Concentration
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Diffusion coefficient Scan rate
To study the plot of current vs. potential is useful to

understand the red-ox reactions
Diffusion coefficient Scan rate
lons Concentration



Cwyclic WVoltammetry

The resultimng plot of current ws . potential s termmeead
Cpoliic volfarrrrmhogur-adrTr.

The current values are related o the red—ox
mneactions

Randles-Sewcik equation

Bowres. osre ey bresiioary
S [FLEHT e 10Tper T g MRS L2

e

To shudy the plot of curment ws_. potential s wseful o
understand the red-ox reactions

Cwyclic oltammetry




Impedance Spectroscopy

(Or, how a sinusoidal varying voltage 1s used
to probe multiple electrical properties of materials)



Cyclic Voltammetry

three electrode system; working, reference
and counter electrodes

Ramp the voltage between the working
and reference electrodes at a constant
rate from V, to V, and back to V,.

Measure the current between the working
and counter electrodes.

No stirring, diffusion controlled



Cathodic Potential

Cyclic Voltammetry Potential Waveform
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A Close-up view of the CV
experiment

Diffusion layer

| o dC/dx

e e e

Surface of electrode

electrode

C is the concentration of

the electrode active species
At the electrode surface

C, is the concentration
in the bulk solution.

There is no stirring in CV. So, the
thickness of the diffusion layer
increases as the experiment unfolds
(C will have further to diffuse from the
Bulk).

The shorter the diffusion layer,

the greater the current.

The faster the scan rate,

the shorter the diffusion layer
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The Working Electrode

The most important electrode in CV
is the working electrode. It can be
made from a variety of materials
including: platinum, gold, silver,
glassy carbon, nickel and palladium.

Redox of the analyte takes place here.



The Auxiliary Electrode

The auxiliary electrode is also known
as the counter electrode.

Its purpose is to conduct electricity
from the signal source into the
solution, maintaining the correct
current



The Reference Electrode

The reference electrode is usually made
from silver/silver chloride (Ag/AgCl) or
saturated calomel (SCE). This electrode’s
potential is known and constant.

The potential that is cycled is the
potential difference between the working
electrode and the reference electrode.
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More than one component?
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Fig. 9.9, Cyclic vaitammetTy in the investigation of systems of more than one
component, showing the impormoce of the inversiom potential in the identifica-

tion of the pealts on the imverse scan.



Irreversible

For irreversible processes peaks are reduced in size and widely separated. Totally
irreversible systems are characterized by a shift of the peak potential with the scan rate:

E, = E° - (RT/ain,F)[0.78 - In(k°/(D)¥/2) + In (otn,Fn/RT)¥?]

where o is the transfer coefficient and n, is the number of electrons involved in the
charge-transfer step. Thus, E, occurs at potentials higher than E®, with the overpotential
related to k° and a.

The peak current, given by:
i, = (2.99x10%)n(an,) 2 ACDY/2n />

is still proportional to the bulk concentration, but will be lower in height (depending upon
the value of o). Assuming o = 0.5, the ratio of the reversible-to-irreversible current peaks
is 1.27



Quasi-reversible

For quasi-reversible systems (with 10-1 > k® > 10~ cm/s) the
current is controlled by both the charge transfer and mass
transport. The shape of the cyclic voltammogram is a function
of the ratio k°/(mvnFD/RT)Y2. As the ratio increases, the
process approaches the reversible case. For small values of it,
the system exhibits an irreversible behavior. Overall, the
voltammograms of a quasi-reversible system are more drawn
out and exhibit a larger separation in peak potentials
compared to a reversible system.



Mechanistic complications part 1: The EC
mechanism
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The ECE mechanism
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Cottrell equation

ip = (2.69 x 10°)n¥2 A DV2C y12

where

Ip I1s the peak current (/pa anodic and ipc
cathodic)

n is the electron stoichiometry

A is the electrode area (cm?)

D is the diffusion current

C is the concentration (mol/cm?3)

v Is the scan rate (V/s)



Cottrell equation

ip =(2.69 x 10°)n*2 A DV2C, v1/2
where
ip Is proportional to C,

Ip Is proportional to scan rate
concentration gradient (dC/dx)
between surface of electrode and
bulk

Cottrell equation can be used to find the
diffusion coefficient



Applications

« Quantitative
— C is proportional to concentration of analyte
— Cottrell equation:
relates peak current to concentration

« Qualitative
— Reversibility: AEp = E;-E . = 59 mV/n, independent
of scan rate
E0 = (EpatEpe)/2
— Mechanism: i = kv for pure redox process

— Kinetics: AEp as a function of scan rate
» |pal/lac



Reaction Mechanisms and Kinetics

« EC reaction
E. A+e-—B

* One can determine k, by measuring i,./1,.
as a function of scan rate can



