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Definition of Electrochemistry

Electrochemical Reactions: Reactions involve the 

charge transfer (usually electron) across an interface 

between two phases (e.g., a solid and an adjacent 

solution).
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Gibbs Free Energy (G)

1. Chemical Gibbs free 

energy (G)

2. Electrochemical Gibbs free 

energy (Ĝ)

1) Ĝ = G  +  nFE
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Potential – Energy Relationship

1. High energy ~ Low potential

Potential Energy
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Electrochemical Systems (or Cells)

1. Electrolytic Cell 
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Electrochemical Systems (or Cells)

2. Potential drop of a electrolytic cell
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Two or three electrode measuring system
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Two and three electrode Cells

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

-Fundamentals and Applications”
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Electrochemical Cells

1. Galvanic cell

2. Electrolytic cell
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Reference Electrodes

1. Stability

1) Temperature coefficients

2) Effect of current
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Reference Electrodes

1. i-E curves

1) Ideally-polarized 

electrode

2) Ideally-nonpolarized 

electrode

3) General electrodes
i Reduction 

current

Oxidation current

E(-)

(+)

Eeq
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Reference Electrodes

Ideally-non-polarized electrode

i

Eeq

i Reduction current

(+)

E(-)

R=0
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Reference electrodes

General i-E curves

i

Reduction current

Eeq

E(-)(+)

Oxidation current
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Reference electrodes

1. Standard Hydrogen Electrode (SHE)

1) E = 0. V

2. Saturated Calomel Electrode (SCE)

1) E = 0.242 V

3. Saturated Ag/ACl

1) E = 0.197 V

4. Hg/HgO (NaOH, 1M)

1) E = 0.926 V

5. Hydroquinoe/Quinoe



Saturated Calomel electrode (SCE)

Hg2Cl2(s)   +   2e   =  2Hg(l)   +  2Cl
- 
(Saturated KCl) Eref  =  0.244 V  

 

Temperature coefficient: dEref/dT  =  0.67 mV K
-1

 

 

 

Hg2Cl2(s)   +   2e   =  2Hg(l)   +  2Cl
- 
(0.1M KCl)  Eref  =  0.336 V 



Other Alternative Reference Electrodes

 

AgCl(s)  +  e   =   Ag(s)   +   Cl
-
(aq)         Eref  =  0.199 V 

 

 

 

HgO  +  H2O  +  2e   =   Hg  +  2OH
-
       Eref  =  0.926 V  



Thermodynamic Equations

1. Nernst equation

O  + ne   +  R

1) Eeq =E0 + (RT/nF)ln(Co,eq/CR,eq)
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Electrochemical potential

1. Chemical potential

1) i
 = i

0 +   RT ln ai

2. Electrochemical potential

1) ûi
 = ûi

0 +   RT ln ai +  ZiFi



Electrochemical Potentials
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Equilibrium potential

ia

ic

ia

ic

i =0

ia

ic

E1

E2

Eeq

Cathodic

Reduction
2H

2+
 +2e

-
H2

H2 2H
2+

 +2e
-

i = ia + ic

H2 2H
2+

 +2e
-

2

3

1

Anodic oxidation

Equilibrium



Standard electrode potentials



Electrochemical Potentials
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Potential vs. Energy

Energy Potential
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Open Circuit Potential
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Reduction Potential

1. Potential
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Types of cell (G=-nFEcell)

1. Galvanic cell (G<0; Ecell>0)

1) Batteries

2) Fuel cells

3) Corrosion

4) Others

2. Electrolytic cell (G>0 ; Ecell<0)

1) Electro-synthesis

2) Electro-deposition

3) Electro-coating

4) Electro-etching

5) Others
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G=-nFEcell

31



Potential Drop in Electrolytic cell
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Anode (+) Cathode (-)
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Potential Drop in Galvanic cell
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Anode (-) Cathode (+)
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Voltage vs.Capacity for positive and negative-electrode materials
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Interfacial Phenomena

J.B. Goodenough and Y. Kim, Chem. Mater. (2009)



Lithium-rich high-capacity cathode
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• Li-rich compounds 
• High capacity >250 mAh/g
• Unconventional charging mechanism 
• High 1st Irreversible capacity
• Voltage-fading and hysteresis  
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Charging-Behaviors



38

 The layered oxides are classified depending on:

• The site occupied by the alkali ion (Prismatic or Octahedral)

• The number MO2 slabs / hexagonal cell

A
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MO2 layer

Nae

Naf

A

B

B

A

C

A

B

C

MO2 layer

Na
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 There is also P3 phases (sodium ion in a prismatic environment, with 3 MO6

slabs/cell), O’3 phases (the prime sign stands for a distortion occurring in the 

cell), …

Delmas et al., Solid State Ionics,3/4, 165(1981)

The Nomenclature of Layered Sodium Metal Oxides

Layered Sodium Metal Oxides



Potential Curve vs. Structural Evolution 
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Crystal Structure of Olivine LiFePO4



Structure Evolution of Si anode upon cycling
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Carbon-MCMB



layer plane

  spacing (     = 0.3354 nm)C
2

0.
142

  n
m0.246

  nm
outline of

 unit cell

A

B

A 

layer A

layer B

zig-zag

 face

arm-chair face

basal plane surface

p
ri

s
m

a
ti
c
 s

u
rf

a
c
e

graphene layers

Graphitic Carbon: SEI Formation 

in the 1st Cycle Leads to Irreversible Capacity
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SEI formation process and SEI properties depend on: 

graphite material: (i) surface area, (ii) surface morphology, (iii) surface heterogeneities 

(basal plane and prismatic surfaces, surface groups), and (iv) graphite crystallinity 

(solvent co-intercalation) and electrolyte composition.



Working Principle of Li/Na-ion Battery
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S. Komaba et al., Advanced Functional Materials, 21 (2011) 3859-3867.



Sodium Ion Batteries
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• The two single phase domain is 

found in x = 2/3 and 1/2
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Recap!
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