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Introduction

Conduction in a cell

Charge is conducted by:

– The electrodes and leads – involves 

electrons

– The solution – involves migration of cations 

and anions

– The interface – involves oxidation and 

reduction
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Electrochemical Cell

For two electrodes in solution (a cell) – 

there is a working electrode (WE) and a 

counter electrode (CE).

These two electrodes are connected to a 

circuit which applies a potential 

difference to the cell.
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Electrochemical Cell

The applied potential, Ea is measured between the WE 

and CE and the resulting current is measured in the 

WE lead and WE is tied to ground potential.
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Electrochemical Cell

The counter electrode in the two electrode 

system serves two functions:

• completes the circuit, allowing charge to flow through 

the cell

• maintains a constant interfacial potential difference 

regardless of the current

It is better if these 2 functions are separated to 

two electrodes.

Thus we can replace the CE with an auxiliary 

electrode (AUX) and a reference electrode 

(REF)
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Electrochemical Cell

The auxiliary electrode (AUX) 

• completes the circuit, allowing charge to flow through 

the cell

The reference electrode (REF)

• maintains a constant interfacial potential difference 

regardless of the current
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Electrochemical Cell
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Electrodes

Requirements for the electrodes:

• Working

• Counter (auxiliary)

• Reference
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Electrodes

Working

• The potential is controlled with respect to the 

reference.

• The potentials at which oxidation and 

reduction occur are the standard potentials, 

Eo.
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Electrodes

Working

Working electrode material:

Metals: Ag, Au, Pt, Ni, SS, etc…

Carbon

Mercury
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Electrodes

Working

 

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).
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Electrodes

Working
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Electrodes

Working
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Electrodes
Working
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Electrodes
Working
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Occurrence of electrode materials used (cathode or anode) in a survey of 

915 synthetic electrochemical protocols published between 2000–2017.



Electrodes

Working

Come in a variety of shapes, compositions, and sizes.
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Electrodes

Working

Metal electrodes used are redox (inert) electrodes for 

studying electron transfer kinetics and mechanism.

Most common are Pt, Au, and Ag, as well as SS.

Advantages: high conductivity with low background 

currents, easily modified, ease of construction, 

polishable.

Disadvantages: can undergo corrosion or passivation.
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Electrodes

Working

Carbon electrodes have various conducting 
forms with high surface activity.
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Electrodes

Working

Carbon

More complex than the metal electrodes.

The sp2 carbon varies in conductivity, stability, 

hardness and porosity.
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Electrodes

Working

Carbon Microstructure

Single-crystal graphite is inherently anisotropic.
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Electrodes

Working

Carbon Microstructure

Electrochemical properties for the two planes 

vary greatly.

CHEM 5390



Electrodes

Working

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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Electrodes

Working

Carbon

Common carbon electrodes:
2) Polycrystalline graphite electrodes

 a. 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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Electrodes

Working

Carbon

Common carbon electrodes:

2) 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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Electrodes

Working

Carbon

Common carbon electrodes:

2) Polycrystalline graphite electrodes

 c. Graphite Composite Electrodes

  Mix graphite powder with suitable filler 

that hardens.
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Electrodes

Working

Carbon

Common carbon electrodes:

2) Polycrystalline graphite electrodes

 d. 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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Electrodes

Working

La – length of microcrystallites in the graphite lattice plane (a-axis)

Lc – thickness of microcrystallites perpendicular to the graphite planes (c-axis)
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Electrodes

Working

Carbon

CHEM 5390



Electrodes

Working

Carbon
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Electrodes

Working

Carbon

Common carbon electrodes:

2) Polycrystalline graphite electrodes

 e. Carbon Fibers

  Made from polyacylontirile (PAN) drawn 

into filaments during curing.

CHEM 5390



Electrodes

Working

Carbon Fibers
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Electrodes

Working
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Electrodes

Working

Carbon – Diamond-Liked Carbon (DLC)

Carbon - Boron Doped Diamond (BDD)
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Electrodes

Working

Mercury

  Historically, the common working 
electrode used for dropping, hanging drop, and 
static polargraphy.

  Has a very high negative overpotential for 
hydrogen evolution – used to study reduction 
processes – must be triply distilled.
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Electrodes

Counter or Auxillary

 

The auxillary electrode is made of material that 
does not produce substances by electrolysis 
that will reach the WE surface and cause 
interfering reactions.
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Electrodes

Counter

Typically inert metals such as Platinum (for acid solutions) 

or Chromel (Ni 80-60 Cr 20-40) (for base solutions).
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Electrodes

Reference

 An electrode with a known constant half-potential and 
insensitive to composition of the solution.

Ideal reference

Reversible and obeys Nernst Law

Exhibits stable potential over time

Returns to original potential in presence of small 
currents

Not sensitive to temperature changes

CHEM 5390



Electrodes

Reference

To generate the relative half -cell potentials use 

a standard. 

 i.e. Standard hydrogen reference electrode 

 (SHE or NHE).

 This is the standard reference half-cell to 

measure all other half-reactions against.
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Electrodes

Standard Hydrogen Reference Electrode

SHE is a Gas electrode, made up of:

– Metal piece - Pt coated with platinum black 

(large surface area). Pt is in aqueous acid 

solution (HCl = 1M). Solution is saturated 

with H2 (bubble) P=1atm. Metal is site of e- 

transfer only.

Half reaction for SHE is :     2H+(aq) +2e- → H2(g)
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Electrodes

Standard Hydrogen Reference Electrode

Half reaction for SHE is :     2H+(aq) +2e- → H2(g)

Shorthand:   Pt, H2(p=1.00atm) | ([H+] = 1.00M) ||  
(25C)  

   can be the anode or cathode.

This half-reaction is assigned 0.00V.

Half-wave potential are always written as reduction 
reactions. 

i.e. SHE is the anode, other is the cathode.
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Electrodes
Reference

 Calomel Electrodes (SCE)

Consist of Hg in contact with solution of calomel and KCl.

Hg | Hg2Cl2 (saturated), KCl (xM) ||

KCl usually 0.1, 1 M, and 4.6  saturated SCE

SCE used to be most commonly used reference electrode 
until ~2018.

Advantage -- easy to prepare

Disadvantage -- sensitive to temperature changes

E0
SCE = 0.244V at 250C 

Electrode reaction:   Hg2Cl2 (s) + 2e- <-->2Hg (l) + 2Cl-(aq)
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Electrodes

Reference

Calomel Electrode
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Electrodes

Reference

 Ag/AgCl Electrodes
Ag wire in solution of KCl and AgCl

Ag | AgCl (saturated), KCl (saturated) ||

AgCl (s) + e-  → Ag (s) + 2Cl-(aq) 

E0
Ag/AgCl = 0.199V at 250C
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Electrodes

References

Ag/AgCl Electrode
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Electrodes

Reference

• Ag/AgCl better for uncontrolled temperature 

(lower T coefficient)

• However, Ag reacts with more ions
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Electrodes

Reference
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Class Assignment

• Research paper Topic

• Read Chapter 1, 4, and 13

  “Electrochemical Methods” Bard

CHEM 5390




	Slide 1: Electrochemistry
	Slide 2: Introduction
	Slide 3: Introduction
	Slide 4: Electrochemical Cell
	Slide 5: Electrochemical Cell
	Slide 6: Electrochemical Cell
	Slide 7: Electrochemical Cell
	Slide 8: Electrochemical Cell
	Slide 9: Electrodes
	Slide 10: Electrodes
	Slide 11: Electrodes
	Slide 12: Electrodes
	Slide 13: Electrodes
	Slide 14: Electrodes
	Slide 15: Electrodes
	Slide 16: Electrodes
	Slide 17: Electrodes
	Slide 18: Electrodes
	Slide 19: Electrodes
	Slide 20: Electrodes
	Slide 21: Electrodes
	Slide 22: Electrodes
	Slide 23: Electrodes
	Slide 24: Electrodes
	Slide 25: Electrodes
	Slide 26: Electrodes
	Slide 27: Electrodes
	Slide 28: Electrodes
	Slide 29: Electrodes
	Slide 30: Electrodes
	Slide 31: Electrodes
	Slide 32: Electrodes
	Slide 33: Electrodes
	Slide 34: Electrodes
	Slide 35: Electrodes
	Slide 36: Electrodes
	Slide 37: Electrodes
	Slide 38: Electrodes
	Slide 39: Electrodes
	Slide 40: Electrodes
	Slide 41: Electrodes
	Slide 42: Electrodes
	Slide 43: Electrodes
	Slide 44: Electrodes
	Slide 45: Electrodes
	Slide 46: Electrodes
	Slide 47: Electrodes
	Slide 48: Class Assignment
	Slide 49

