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Introduction

One phase contains electrons Other phase contains ions

e- ------------> +

Fundamental  act  in electrochemistry

“Passage of Current Caused by Chemical Changes”

Broad Field:  sensors, electro-analysis, electro-synthesis,
electrodeposition, corrosion, and
dye-sensitized solar cell (DSC), fuel cell, and battery. 

Electrochemistry is the Study of Phenomena at the Electrode/Electrolyte Interfaces.
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Introduction

Electrode reactions such as (1), (2), and (3)
can only happen at the interface.

2H+ + 2e H (1)2H+ + 2e H2 (1)                     

Cu2+ + 2e Cu                                        (2) _______ _____ 
FeCp2 FeCp2

+ + e                                (3)

Electrode reactions tend to make the

Reactant
Product

Electrode reactions tend to make the
composition in the nearby solution
different from that further away.

There is a tendency for the system to transport
reactants from remote points and the depleted
zone widens as the reaction proceeds (Fig.1(b)).

Faulkner, Journal of Chem., Education, 1983

Just as the reactants is depleted near the interface,
the product accumulates nearby as shown in Fig.
1(c)
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St d d t ti l id ti / d ti ibl

Potential is an Expression of Electron Energy.

The energy required to add or subtract an electron
from the electrode can also be expressed in this

Standard potential: oxidation/reduction possible. 

from the electrode can also be expressed in this
potential.

Any electrode process is characterized by its ownreduced
standard potential E0

.

On the positive side of E0
, the oxidized form of the

redox couple is stable whereas the reduced form isredox couple is stable, whereas the reduced form is
stable on the potential more negative than E0

.

In the zone ~100 mV wide centered on E0
, statistical

Fe/Pt = 0.27 oxidized

equilibrium of electrons on the electrode and species
in the solution permits mixtures of oxidized and
reduced forms with appreciable amounts (transition
zone)zone).

Faulkner, Journal of Chem., Education, 1983

Potential is an expression of electron energy.

Faulkner, Journal of Chem., Education, 1983
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Work Function (not real)

A h ft S lid St t Ph iAshcroft, Solid State Physics

__
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Double Layer – Work Function

Ashcroft
Solid State Physics
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Work Function

C Kittel Solid State Physics 8th editionC. Kittel, Solid State Physics, 8th edition
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Electron Transfer at Interface

Magnitude of the potential controls the direction
and rate of charge transfer.

As a potential is moved negative, the species that
will be reduced first (assuming all are rapid) is the
oxidant (acceptor) in the couple with the least

a species A in solution

negative E0.

A J B d El t h i l M th d 2nd ditiA. J. Bard, Electrochemical Methods, 2nd edition

____________________ ___________________ 
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Standard Electrode Potential

NHE (= SHE)
Normal Hydrogen Electrode
- Neglect any orientational dependence
- 298 K
- Acid solution with

A. J. Bard, Electrochemical Methods, 2nd edition

an activity of H+ = 1 mol/liter  (pH 0)

eV~
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Current is an Expression of Rate.

Suppose ferrocene is being oxidized.

Usually we focus attention on a single 
electrode called the working electrode 

FeCp2 FeCp2
+ + e (3)

Each molecule that is oxidized gives up electrons to

_______ 

g p
the working electrode.

The electron will pass through the external circuit,
d b k i t th l ti t d l t d

Fe/Pt = 0.27
and back into the solution at a second electrode
called the counter electrode.

Electrons at either electrode can flow into or out of _______ _______ 
the electrode by way of external circuit which can be

oxidizing or reducing current
(anodic or cathodic)Th fl f l t i di tl ti l t th t

______________
_________ 

(anodic or cathodic).The flow of electrons is directly proportional to the rate 
of reaction there.  So,  the current is an expression of rate.

Faulkner, Journal of  Chem., Education, 1983
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Standard Hydrogen Electrode  NHE

Reference Electrode

Potentials actually mean the voltage differences
between a working electrode and a reference electrode.

Standard Hydrogen Electrode = NHE

The reference electrode is arranged
so that it does not pass current,
and is in equilibrium.

The reference electrode is constructed so that it
i b h f f d l

Fe/Pt = 0.27
contains both forms of redox couple
(e.g., H+/H2, Hg/Hg2SO4, or Ag/AgCl)
at fixed composition.

Electron energies in the metallic part of the electrode
are fixed at a value near the E0.1. Platinized platinum electrode.

2. Hydrogen gas.

(image from Wikipedia)

y g g
3. Acid solution with an activity of H+ = 1 mol/liter.
4. Hydroseal for prevention of oxygen interference.
5. Reservoir via which the second half-element of

th l i ll h ld b tt h dthe galvanic cell should be attached.
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Adrian W. Bott’s Group, Current Separations 14:2 (1995)
Bioanalytical Systems West LafayetteReference Electrode

Vycor® porous glass
- modest leak rate
- possible contamination of solution
- ionic conducting pathway
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Counter Electrode >> Working Electrode

e e e e

RE RE
measured measured

A+

B-

ee A+

B-

ee
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

RE: Reference electrode

Working electrode Counter electrodeWorking electrode Counter electrode

RE: Reference electrode

- Surface area:
Working electrode  <<  Counter electrode

- For different  potential at working electrode,
approximately the same potential at counter electrode.
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Counter Electrode ~ Working Electrode

e e e e

RE RE
measured measured

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

A+

B-

ee A+

B-

ee

Working electrode Counter electrode Working electrode Counter electrode

RE: Reference electrode RE: Reference electrode

- Surface area:
Working electrode ~ Counter electrode

- For different  potential at working electrode,
different  potential at counter electrode
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Electrochemical Cells and Reactions

Fe/Pt = 0.27

A potential difference between two electrodes 
represents a tendency for the reaction to occur.

A. J. Bard, Electrochemical Methods, 2nd edition
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Electrochemical Cells and Reactions

The potential that develops in a cell is a measure of the tendency for a reaction to proceed 
toward equilibrium.

Standard oxidation/reduction reactions: 

All relative to the H2/H+ reaction, 298 K,   
unit activities for all species and pH 0unit activities for all species, and pH 0.

A. J. Bard, Electrochemical Methods, 2nd edition
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Double Layer

l l i

A. J. Bard, Electrochemical Methods, 2nd edition

q metal = -q solution charge neutrality!

compact layer = inner and outer Helmholtz planes
(electrostatic forces are very strong!)(electrostatic forces are very strong!)

diffuse layer = gradient of charge accumulation
(thermal agitation)(thermal agitation)

σ metal = q metal/area (μC/cm2)

Th h t l i fi d t th f i- The excess charge on a metal is confined to the near surface region.
- However, the balancing charge on the solution side of the interface extends

out into the solution with some thickness (ionic zones in solution).
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Double Layer

The CRC Handbook of Solid State Electrochemistry
H. J. M. Bouwmeester,  p. 27

Charge distribution

P t ti l di t ib tiPotential distribution

Metal Diffuse layer

Double layerDouble layer
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Helmholtz Layer and Diffuse Layer

A J Bard Electrochemical Methods 2nd editionA. J. Bard, Electrochemical Methods, 2 edition
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Potential Profile Across the Double-Layer

A J B d El t h i l M th d 2nd ditiA. J. Bard, Electrochemical Methods, 2nd edition
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1  Charges from inner Helmholtz layer is attributed 1. Charges from inner Helmholtz layer is attributed 
to specifically adsorbed anions (σinner).

2. Solvated ions are distributed in diffuse layer
Å(~100 Å), because of thermal agitation in the

solution (σdiffuse).

3  The total charge density from the metal surface 3. The total charge density from the metal surface 
and specifically adsorbed anions in inner layer is 
equal to the charge from solvated ions in diffuse 
layer.

σ
metal

+ σ
inner

=  - σ
diffuse

Bard, A. J., and Faulkner, L. R. 
Electrochemical Methods

Inner Helmholtz Layer 
Diffuse Layer (~100 Å)

① Inner Helmholtz Plane① Electrochemical Methods
Wiiey, New York. 1980, Chap. 1

① Inner Helmholtz Plane

② Outer Helmholtz Plane

①

②
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Charge Profile in the Vicinity of Interface

( )

Inner Helmholtz Layer Diffuse Layer (~100 Å)

-
σ (x)

→ x

+
x-

· There are electron clouds spilt over 
the surface  and this indicates a curvature  the surface, and this indicates a curvature  
in the voltage profile near the metal surface.

 Ch  fil   th  l ti  id  h  · Charge profile on the solution side shows 
negative charges near the surface but 
diffuses away within inner layer.    

OHPIHP

M
E
T
A
L OHPIHP
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Voltage Profile in the Vicinity of Interface

Ф ( )

Inner Helmholtz Layer Diffuse Layer (~100 Å)

Ф (x)

→ xx

OHPIHP OHPIHP
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+
Schematics of Double Layer in Solution

- +

Negatively 
Charged 

Metal

+ +
Metal - +

+

Bard, A. J. and Faulkner, L. R. 
Electrochemical Methods
Wiiey, New York. 1980, Chap. 1.

+
Hamann, C. H., Electrochemistry
Wiley-VCH, 1998, Chap. 3.

σ (x)

Ф (x)
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____________ __________

AbsorptionAbsorption
PL

CV
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Band Structure Determined by Cyclic Voltammetry for CdSe Nanocrystals

Valence band
maximumu

Conduction band
minimumminimum

________ _________

Thomas Nann’s Group, Journal of Chemical Physics (2003)
Freiburg Materials Research Center (Germany)

Electrochemistry Yejun http://bp.snu.ac.kr          26



Experiment and Variables in Electrochemical Cell

1.Mass transfer of reactant/product 
to and away from the electrodeto and away from the electrode     
interface.

2.Electron transfer at the interface.

3.Preceeding or follow-up chemical 
reactions.

4.Surface processes 
(adsorption/desorption)

Working Electrode (Indicator Electrode)Working Electrode (Indicator Electrode)

A. J. Bard, Electrochemical Methods, 2nd edition
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M d f M T t

A. J. Bard, Electrochemical Methods, 2nd editionMass Transport

Modes of Mass Transport:

Migration
– movement of ions by an electric fieldy

Diffusion
– by a concentration gradient

Convection
– by stirring or hydrodynamic transport
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The Scope of Electrochemistry

1. Investigation of chemical phenomena associated withg p
a charge-transfer reaction.

2.   To assure electro-neutrality,
two (or more) half reactions take place in opposite directionstwo (or more) half reactions take place in opposite directions 
(oxidation and reduction).

3. If the change of total Gibbs free energy is negative,
the corresponding electrical energy gets releasedthe corresponding electrical energy gets released.
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