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VOLT-AM-METRY:_is an electrochemical technique where information about an analyte is
obtained by measuring current (I) as a function of applied potential (E)
in these techniques only a micro molar or smaller amount of sample (analyte) is used

Instrumentation — Three electrodes are
submerged in electrolyte solution containing a
given analyte

Working electrode: conductor whose potential
is varied with time. At this electrode, reduction or
oxidation of the investigate analyte takes place

Reference electrode: potential remains constant
(Ag/AgCl electrode or calomel)

Counter electrode Metal wire or other conductor
that completes circuit, Oposite reaction of that at
the working electrode takes place at the counter
electrode

Supporting electrolyte: excess of nonreactive
electrolyte (alkali metal) to conduct current
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What is THE ELECTRICAL POTENTIAL?

Electrical potential (or electrical potential difference) is simply the MEASURE OF
the ENERGY of ELECTRONS flowing between two systems that are close to
eachother

By changing the electrode potential, we actually affect the energy of ELECTRONS from
the outher surface of a given electrode vs their environment
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Potential Signals and resulting voltammograms
of different voltammetric techniques

Excitation signals Bl L

In voltammetry, the voltage of the working electrode is varied systematically while the
current response is measured. Several different voltage-time functions, called excitation
signals, can be applied to the electrode.
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Voltammetry a successor of polarography-first reported in 1922 by Czech
chemist Jaroslav Heyrovsky (polarography). Later given Nobel Prize for
method in 1959.

In every technique there must be an
Excitation Source: it is the electode potential set by outer source to the working electrode)
Applied potential is a function of concentration of Reduced and Oxidized Species at
electrode based on Nernst Equation:
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Voltammetric analysis-What Happens in Electrochemical Cell when
potential is applied?
® Analyte selectivity is provided by the on the working electrode.

¢+ Electroactive species in the sample solution are drawn towards the working electrode
where a half-cell redox reaction takes place.

+ Another corresponding half-cell redox reaction will also take place at the counter
electrode to complete the electron flow.

¢+ The resultant current flowing through the electrochemical cell reflects the activity (i.e.
~ concentration) of the electroactive species involved
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Ph2+ + 26- —> Ph -1.0V vs SCE Concentration gradient created
between the surrounding of the
electrode and the bulk solution
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Current is measure of rate at which species can be brought to electrode surface

MASS TRANSPORT towards working Electrode surface happens when applied potential Changes
the concentration of a given analyte in the vicinity of the working electrode surface
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Three transport mechanisms:

(i) migration — movement of ions through solution by electrostatic attraction to
charged electrode

(i) convection — mechanical motion of the solution as a result of stirring or flow
(ii) diffusion — motion of a species caused by a concentration gradient



What Happens at the electrode surface and in the analyte concentration
(present in the electrolyte solution) When potential is applied to the working electrode?
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Cyclic voltammogram
of a reversible redox reactic
of simple diffusional
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Working Electrode is Pt & Reference electrode is SCE

6 MM K;Fe(CN)g & 1 M KNO3/ A. Initial negative current due to oxidation of H,O to give O,

E

b % No current between A & B (+0.7 to +0.4V) no reducible or
20 \ oxidizable species present in this potential range

\\ B. At 0.4V, current begins because of the following
fpe A\\ / reduction at the cathode:

O
'\\ Fe(CN)> +e ->  Fe(CN)*
\

\ B.-D. Rapid increase in current as the surface concentration
\\ of Fe(CN)® decreases
\ ' D. Cathodic peak potential (E,;) and peak current (i,.)

D.-F. Current decays rapidly as the diffusion layer is extended
further from electrode surface

Cathodic

Current, uA
o
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F. Scan direction switched (-0.15V), potential still negative
enough to cause reduction of Fe(CN)g*>

Anodic
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0 F.-J. Eventually reduction of Fe(CN)3> no longer occurs and

anodic current results from the reoxidation of Fe(CN)g*

J. Anodic peak potential (E,) and peak current (iy,)

K. Anodic current decreases as the accumulated Fe(CN)g* is
used up at the anodic reaction



Curment Jf uf

What is important to recognize from the features of
Cyclic voltammograms?

Simple redox reactions
Planar electrode
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Current, uA Cathodic

Anodic

Important Quantitative Information

Wi @ i

AEp = (Epa — Epc) = 0.0592/n,
where n = number of electrons in reaction

pa

10

E° = midpoint of E, = E

& iy =2.686x10°n32AcDY2v/2

- A: electrode area

- C: concentration

- V: scan rate

- D: diffusion coefficient
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Thus,
- can calculate standard potential for half-reaction
- number of electrons involved in half-reaction
- diffusion coefficients
- if reaction is reversible
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1. FEATURES of CYCLIC DIFFUSIONAL VOLTAMMOGRAMS
OF SOME MOST COMMON REDOX MECHANISMS
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CYCLIC VOLTAMMETRY
\ Applications

E O + c E E = redox step and C = chemical step
e EC
(il R Pro dllCtS - Redox step followed by chemical step

O+n o R+A—>Z

- R reacts chemically to produce Z
- Z is electroinactive
- Reverse peak is smaller since R is chemically removed
1pa/1pe <1

CYCLIC VOLTAMMETRY

Applications
E = redox step and C = chemical step
CE

- Slow chemical reaction precedes the electron transfer step
Z - 0 +ne &R

Chan |S m i,a/1,c > 1 (approaches 1 as scan rate decreases)

Increasing
Concentration

of Y

0.2

i, is affected by the chemical step
i, is not proportional to v!2

CYCLIC VOLTAMMETRY

' regenerative mechanism

Applications

E = redox step and C = chemical step

EC
- Catalytic regeneration of O during a chemical step
O+n < R+A <O

- Peak ratio is unity

Example

- Oxidation of dopamine in the presence of ascorbic acid



CYCLIC VOLTAMMETRY OF SURFACE REDOX REACTIONS

-NO DIFFUSIONI!!

-The ANALYTE STAYS FIRMLY ADSORBED ON ELECTRODE SURFACE

during all applied potentials!!!
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FUTURE PERSPECTIVES of Voltammetry

PROTEIN-FILM VOLTAMMETRY-
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Protein-film voltammetry-Getting insights into Enzymes Redox Chemistry with
Simple Experiments!!!
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VOLTAMMETRY AT NANOPARTICLES-FUTURE SENSORS

-we must design nano-conductive materials that will allow larger
Potential window and determination of various lipophilic analytes
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2.) Current generated at electrode by this process is proportional to concentration at
surface, which in turn is equal to the bulk concentration
For a planar electrode:

measured current (i) = NFAD,( ﬁ)
&
where:
n = number of electrons in %2 cell reaction
F = Faraday’s constant
A = electrode area (cm?)
D = diffusion coefficient (cm?2/s) of A (oxidant)

5CA
5 = slope of curve between Cy;o, pu @Nd Cyox s

Quiescent Stirred solution
solution

Nernst
I diffusion—>-<———— Convection ————>
layer

Ca

5CA

Concentration A, mM

~102 to 107 cm
7
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Thickness of Diffusion Layer (d):

i= NFAD, (c
o

ox, bulk — Cox,s)

- largest slope (highest current) will occur if:

Eappl << E®° (Cox,s Q@ O)

then NFAD,,
S (Cox, buik — 0)

where: ) nFAD,,

SO:
| = KCoy puik

therefore:
current is proportional to bulk concentration

- also, as solution is stirred, d decreases and i increases



