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Basic Principles in Electrochemistry
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Electrochemistry

Interrelation of electrical and chemical effects ! 

Electronic 
Field

Electric 
current

Chemical
Field

Electric/ Ionic current and 
Chemical Reaction
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Electrochemical Reactions

Electrochemical Reduction Electrochemical Oxidation

Cu2+ + 2e-
→ Cu0 Fe2+

→ Fe3+ + e-

Cathode Anode
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Two Systems of Electrochemistry

→ Electric current

Chemical Reaction

https://chem.libretexts.org/

→ Chemical Reaction

Electric current
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Two-electrode and three-electrode cells
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Reference Electrodes



H2O

½ O2+H2

237kJ/mol
E0=-1.23V

7

Overpotential for Water Splitting
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H2O + 2h+ 
→ ½  O2 +2H+2H+ + 2e-

→ H2

H2O → H2 + ½  O2  ΔG0 = 237 kJ/mol (ΔE0= -1.23V)

Eappl = E0
cell+ c + a

Potential for Electrolysis of Water 



1. Onset Potential & Overpotential

2. Tafel slope 

 

 

i
a

E
c

eq

i
c

E
0

cell

E
a

eq

1.23 E V) vs. NHE0.0

Overpotential for Electrolysis of Water 
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η: overpotential

I: the observed current, I0: the exchange current 

b: Tafel slope, a measure of the potential increase required to increase the resulting current 1 order of magnitude 

“Tafel” : Swiss chemist Julius Tafel (1862-1918)
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Tafel plot



Butler-Volmer eqn: inet = i0[e-αnFη/RT-e(1-α)nFη/RT]

b

if  < (118/n) mV, i = i0nF/RT(-)      (∵ex ≈ 1+x)
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if  ≪0, inet ≈ ic = i0e-αnFη/RT 
→ log |inet| = log i0 - αnFη/2.303RT 

if  ≫0, inet ≈ ia = i0e-(1-α)nFη/RT 
→ log |inet| = log i0 – (1-α)nFη/2.303RT 

b= 2.303RT/ αnFη or 2.303RT/ (1-α)nFη

Tafel plot



I0: The exchange current . For Pt, log i0 (A/cm2)] ≈ -3

b: Tafel slope, a measure of the potential increase required to increase 
the resulting current 1 order of magnitude  For Pt, b ≈ 30 mV/decade
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Tafel plot



Tafel slope

• Tafel slope
• It is an inherent property of the catalyst determined by the rate-limiting step for HER. 
• It is also related to the adsorbed hydrogen coverage (θH) on the surface of the 

electrode.

• Hydrogen Evolution Reaction in acidic solution
(1) H3O+ + e-

→ Hads + H2O (b= 2.3 RT/ (aF) ≈ 120 mV)
(2) Hads + H3O+ + e-

→ H2 +H2O (b= 2.3RT/ [(1+a)F] ≈ 40 mV)
(3) Hads + Hads → H2 (b= 2.3RT/ (2F) ≈ 30 mV)

(1) Discharge step (Volmer reaction)
(2) Electrochemical desorption step (Heyrovsky reaction)
(3) Recombination step of adsorbed hydrogen (Tafel reaction)

R: ideal gas constant, 
T: absolute temperature, 

a: symmetry coefficient (a ≈0.5)
F: Faraday constant

• Rate determining step is, 
• Heyrovsky reaction: θH ≈ 0~1 → b= 40~118 mV/dec
• Tafel reaction: θH ≈ 1 → b= 30 mV/dec



Tafel Slope and Hydrogen Evolution Reaction 
Mechanism

Sci. Rep., 5:13801 (2015)
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CdlRct

etrue
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Wk

Ctr

Ru : uncompensated resistance 

etrue (vs. ref) = | e1+e2+e3 | - | iRu |

iR Compensation
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ALS , http://www.als-japan.com/1042.html

• Advantage of RDE application
(1) Stable, laminar flow over a wide range of 

operating conditions
(2) Well established current, potential, and 

fluid-flow characteristics
(3) Uniform limiting current density
(4) Commercial availability of devices

Rotating Disk Electrode (RDE)
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Electrical 

contact

Laminar Flow

Ji(x)= -Di
𝑑𝐶

𝑖
(𝑥)

𝑑𝑥
+Ciu(x)

u(x) ∝ w3/2x2

if x small, u(x)≈0

if x small, u(x)≈0 : Diffusion > Convection

if x large, : Diffusion < Convection

Diffusion 
unstirred

Convection
stirred

x

d =  1.61Di
1/3u1/6/w1/2

d

Nernst 
Diffusion 

Layer

Nernst Diffusion Layer

w: angular velocity
u: kinematic viscosity ~ 0.01 cm2/s for aqueous sol`n

Mass Transfer in RDE
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Non-faradaic processes and the nature 

of the electrode-solution interface
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Electric Double Layer
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Double-Layer Capacitance and Charging 

Current in Electrochemical Measurements
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Response of Current, Voltage at Double Layer 

of Electrochemical Cell
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Faradaic Processes and Factors Affecting 

Rates of Electrode Reaction



Rct

Cdl

e
V

Rct : Charge transfer resistance 
Cdl : Electric double-layer capacitance

Equivalent Circuit

 

Non-faradaic current :
Charging curr. & etc., 

Faradaic current: 
Current used for O + ne → R  reaction

- +
- +

- +

Rct

Cdl

LUMOe

Electron energy

(+)

(-)

Definition of Rct & Cdl

Faradaic & non-Faradaic Current 

Thermodynamics & Kinetics for Electrolysis
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Factors Effecting Electrode Reaction Rate and 

Current
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Electrochemical Cells and Cell Resistance
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Introduction to Mass-Transfer-Controlled

Reactions
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Steady-State Mass Transfer
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Steady-State Mass Transfer (continued)
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Transient Response
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Pourbaix Diagram
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Pourbaix Diagram on Materials Project



Thank you


