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• Diffusion – Movement of a species as a result of a 
concentration gradient

• Migration – Movement of a charged body under an electric 
field

• Convection – Movement of a species due to bulk fluid flow 
from natural (thermal or density gradients) or forced 
convection (stirring or pumping)
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• Diffusion and migration arise from a gradient in 
electrochemical potential:
• 𝐽௝ 𝑥 = −𝐾

డఓഥೕ

డ௫
(1-D)     

• 𝐽௝ = −𝐾∇𝜇̅௝ (3-D)

• Convection arises from local imbalances of mechanical 
forces within the solution (e.g., stirring, density gradients)
• 𝐽௝ 𝑥 = −𝐾

డఓഥೕ

డ௫
+ 𝐶௝υ(𝑥) (1-D)

• 𝐽௝ = −𝐾∇𝜇̅௝ + 𝐶௝v                 (3-D)

Recall: 
𝜇̅௝

ఈ = 𝜇௝
଴ + 𝑅𝑇𝑙𝑛 𝑎௝

ఈ + 𝑧௝𝐹𝜙ఈ
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𝐾 =  𝐷௝𝐶௝ 𝑥 /𝑅𝑇
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𝐽௝ 𝑥 = −𝐷௝∇𝐶௝ − 𝑧௝𝐹
஽ೕ஼ೕ

ோ்
∇𝜑 𝑥 + 𝐶௝ v (3-D)

Assumed Constants: 
𝜇௝

଴, 𝑇, 𝛾௝, 𝐶௝
଴



• Species Flux  Species Current
• 𝐼௝ = ±𝑧௝𝐹𝐴𝐽௝

• 𝐽௝ 𝑥 = −𝐷௝
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C
A
T
H
O
D
E

(-)

A
N
O
D
E

(+)

0

డ஼ೕ ௫

డ௫
= +     

డఝ ௫

డ௫
= (+)

NOTE: In determining the sign on z, 
careful attention needs to paid to the 

electrochemical convention being 
used and sign of the ion being 

reduced. Here, it is assumed that a 
positive ion is being reduced, and 

IUPAC convention is used.



• Species Flux  Species Current
• 𝐼௝ = ±𝑧௝𝐹𝐴𝐽௝

• 𝐼௝ = 𝐼ௗ,௝ + 𝐼௠,௝ + 𝐼௖,௝

• 𝐼௝ = −𝑧௝𝐹𝐴𝐷௝
డ஼ೕ ௫

డ௫
− 𝑧௝

ଶ𝐹ଶ𝐴
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ோ்

డఝ ௫

డ௫

• Total Flux  Total Current
• 𝐼 = ∑ 𝐼௝ = −𝐹𝐴 ∑ 𝑧௝𝐷௝
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NOTE: A stagnant solution is 
assumed and 𝐼௖,௝ = 0



• What are the three forms of mass transport in 
electrochemical cells?

• Where do each of these forms dominate?
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DIFFUSION



• Near the electrode with supporting electrolyte (stagnant)

• 𝐼௝ = 𝐼ௗ,௝ = −𝑛௝𝐹𝐴𝐷௝
డ஼ೕ ௫

డ௫

• What is diffusivity (𝐷௝)?

• 𝐷 =  
୼௫ మ

ଶ௧
=

௖௠మ

௦

• Stokes-Einstein Equation

• 𝐷௝ =  
௞்

଺గ஗௥ೕ
≈

ଵ଴షమయ ಻

಼
ଵ଴మ௄

(ଵ଴)(ଵ଴షయ ௉௔∗௦)(ଵ଴షభబ௠)
≈ 10ିଽ ௠మ

௦

ଵ଴మ௖௠

௠
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≈ 10ିହ ௖௠మ

௦



• First Law
• 𝐽௝ 𝑥, 𝑡 = −𝐷௝

డ஼ೕ ௫,௧

డ௫
(1-D)

• 𝐽௝ 𝑥 = −𝐷௝∇𝐶௝ (3-D)

• Second Law

•
డ஼ೕ ௫,௧

డ௧
= 𝐷௝

డమ஼ೕ ௫,௧

డ௫మ (1-D)

•
డ஼ೕ

డ௧
= 𝐷௝∇ଶ𝐶௝ (3-D)
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Conversion between Fick’s Laws:

𝐴𝑐𝑐𝑢𝑚𝑢𝑙𝑎𝑡𝑖𝑜𝑛 = 𝐺𝑒𝑛𝑒𝑟𝑎𝑡𝑖𝑜𝑛 + 𝐼𝑛 − 𝑂𝑢𝑡

𝐴𝑐𝑐𝑢𝑚𝑢𝑙𝑎𝑡𝑖𝑜𝑛 + 𝑂𝑢𝑡 − 𝐼𝑛 = 𝐺𝑒𝑛𝑒𝑟𝑎𝑡𝑖𝑜𝑛

𝜕𝐶௝ 𝑥, 𝑡

𝜕𝑡
+ ∇𝐽௝ 𝑥, 𝑡 = 0

𝜕𝐶௝ 𝑥, 𝑡

𝜕𝑡
= −∇𝐽௝ 𝑥, 𝑡



BOUNDARY CONDITIONS

• Semi-Infinite
• lim

௫→ஶ
𝐶ை௫ 𝑥, 𝑡 = 𝐶ை௫

∗  

• lim
௫→ஶ

𝐶ோ௘ௗ 𝑥, 𝑡 = 𝐶ோ௘ௗ
∗

• At Electrode Surface

•
஼ೀೣ ଴,௧

஼ೃ೐೏(଴,௧)
= 𝑒

೙ಷ

ೃ೅
ாିாೀೣ/ೃ೐೏

బᇲ

• 𝐷ை௫
డమ஼ೀೣ ଴,௧

డ௫మ + 𝐷ோ௘ௗ
డమ஼ೃ೐೏ ௫,௧

డ௫మ = 0

INITIAL CONDITIONS

• Uniform Concentration
• 𝐶ை௫ 𝑥, 0 =  𝐶ை௫

∗

• 𝐶ோ௘ௗ 𝑥, 0 =  𝐶ோ௘ௗ
∗

NOTE: These initial and boundary 
conditions assume a soluble reduced 

species. Different boundary 
conditions are needed for an 

insoluble reduced species.



• The mass-transfer limited current occurs when the surface 
concentration is practically zero
• 𝐼௅ = 𝑛𝐹ℎ௢௫𝐴 𝐶௢௫ − 𝐶௢௫

∗

• 𝐼௅ = 𝑛𝐹ℎ௥௘ௗ𝐴(𝐶௥௘ௗ
∗ − 𝐶௥௘ௗ)

• 𝐼 = −𝑛𝐹𝐴𝐷ை௫
డ஼ೀೣ ௫,௧

డ௫
=  −𝑛𝐹𝐴𝐷ை௫

∆஼ೀೣ ௫,௧

∆௫
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• For two electrodes with the same area, would you expect to 
have more current from diffusion with linear diffusion or 
radial diffusion? 

• Why?
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have more current from diffusion with linear diffusion or 
radial diffusion? 

• Why?



CONVECTION



https://commons.wikimedia.org/wiki/File:Laminar_boundary_layer_scheme.svg



𝒊𝒍,𝒄 = 𝟎. 𝟔𝟐𝒏𝑭𝑨𝑫𝑶𝒙
𝟐/𝟑

𝝎𝟏/𝟐𝝂ି𝟏/𝟔𝑪𝑶𝒙
∗

𝒊𝒍,𝒄 = 𝒏𝑭𝑨𝒉𝑶𝒙𝑪𝑶𝒙
∗

↓

𝒉𝑶𝒙,𝒓𝒐𝒕𝒂𝒕𝒊𝒏𝒈ି𝒅𝒊𝒔𝒌 =
𝑫𝑶𝒙

𝜹𝑶𝒙
= 𝟎. 𝟔𝟐𝑫𝑶𝒙

𝟐/𝟑
𝝎𝟏/𝟐𝝂ି𝟏/𝟔

↓

𝜹𝑶𝒙 = 𝟏. 𝟔𝟏 𝑫𝑶𝒙
𝟏/𝟑

𝝎ି𝟏/𝟐𝝂𝟏/𝟔





ℎை௫ =
𝐷ை௫

𝛿ை௫
≈

10ିଵ଴ 𝑚ଶ

𝑠
10ିସ 𝑚

≈
1𝜇𝑚

𝑠

𝑒𝑞𝑢𝑖𝑣𝑎𝑙𝑒𝑛𝑡 𝑡𝑜 1 𝑟𝑝𝑚 𝑟𝑜𝑡𝑎𝑡𝑖𝑜𝑛
(~4 𝑐𝑚 𝐼𝐷௖௥௨௖௜௕௟௘ @ ~ 500 ℃)

Note: This is specific to soluble-soluble reactions. Natural convection can be more 
intense for soluble-insoluble reactions due to greater density gradients.



• When should you consider convection as being significant?



• When should you consider convection as being significant?



MIGRATION



• In Bulk Solution (stagnant, no convection)
• 𝐼௝ = 𝐼௠,௝= −𝑧௝

ଶ𝐹ଶ𝐴
஽ೕ஼ೕ ௫

ோ்

డఝ ௫

డ௫

• Ionic Mobility (𝑢) and Equivalent Ionic Conductivities (λ)

• 𝑢௝ = 𝐷௝
௭ೕ ி

ோ்
λ௝ = 𝐹𝑢௝

• Transference (𝑡)

• 𝑡௝ =  
ூೕ

ூ
=  

ି ௭ೕ ி஺ ೕ஼ೕ ௫
ങക ೣ

ങೣ

ିி஺
ങക ೣ

ങೣ
∑ ௭ೕ ௨ೕ஼ೕ ௫

=
௭ೕ ௨ೕ஼ೕ ௫

∑ ௭ೕ ௨ೕ஼ೕ ௫
= 

௭ೕ ஛ೕ஼ೕ ௫

∑ ௭ೕ ஛ೕ஼ೕ ௫



• Flow of 10e- per unit time
2𝐻ା + 2𝑒ି 𝐻ଶ (cathode)

𝐶𝑙ଶ + 2𝑒ି 2𝐶𝑙ି (anode)

• Equivalent Ionic 
Conductivity

• λுశ ≈ 350 cm2 Ω-1

• λ஼௟ష ≈ 75 cm2 Ω-1

• Transference

• 𝑡௝ =
௭ೕ ஛ೕ஼ೕ ௫

∑ ௭ೕ ஛ೕ஼ೕ ௫

• 𝑧ுశ = 𝑧஼௟ష , 𝐶ுశ = 𝐶஼௟ష

• 𝑡ுశ ≈ 0.8

• 𝑡஼௟ష ≈ 0.2

C
A
T
H
O
D
E

(-)

A
N
O
D
E

(+)H+

Cl-

Diffusion Layer Diffusion Layer

Power Supply

8

2

Bulk

(+)

10 e-

10 e-

H+2

2 Cl-

H+8

8 Cl-

H24
8e-

H2

2e-
2

Cl2

8e-
8

Cl2

2e-

2

+ = e-



Stoddard, BYU Dissertations (2024)



• High solubility
• SE carries almost all the migration current
• Mass transfer of electroactive species occurs almost exclusively 

by diffusion

• Electrochemically inactive at electrode surface
• No reduction or oxidations

• Examples
• LiCl, NaCl, CaCl2

• High solubility, inactive



ADVANTAGES

• Decrease ohmic resistance
• Simplification of cell and 

analysis (i.e., diffusion only)
• Reduce double layer 

thickness

DISADVANTAGES

• Impurities can interfere
• Adsorption/desorption
• Redox reaction

• Properties of medium differ 
from pure state



• When do you need to consider migration?

• If your analyte is positively charged and you’re reducing it, 
would you expect enhanced or diminished currents?



• When do you need to consider migration?

• If your analyte is positively charged and you’re reducing it, 
would you expect enhanced or diminished currents?



• 1 M NaCl and 0.015 M HCl 
with 100 e-

2𝐻ା + 2𝑒ି 𝐻ଶ (cathode)

𝐶𝑙ଶ + 2𝑒ି 2𝐶𝑙ି (anode)

• Ionic Conductivity
• λே௔శ ≈ 50 cm2 Ω-1

• λுశ ≈ 350 cm2 Ω-1

• λ஼௟ష ≈ 75 cm2 Ω-1

• Transference

• 𝑡௝ =
௭ೕ ஛ೕ஼ೕ ௫

∑ ௭ೕ ஛ೕ஼ೕ ௫

• 𝑡ுశ ≈______
• 𝑡஼௟ష ≈______
• 𝑡ே௔శ ≈______
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