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Flux density

Total flux of solute i, Ji 

 

    Ji  =  dNi/dt 

 

Flux density of solute i, ji 

 

ji  =  (1/A)dNi/dt 
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Transport mechanisms

 Migration  ~     

 

      Diffusion  ~     C    

 

      Convection  ~   P 

 

Brownian motion, 

 

   G  =   H   -   TS 

 

Electrochemical potential  

 

   i  = RTlnai  +  ziF 
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Flux equations

 

 

The flux density equation, 

 

ji  =  -(CiDi/RT)i  +  Civ 

 

   =  -(CiDi/RT)(RT(lnai) + ziF)  +  Civ 

 

 

      Nernst-Planck equation, (assume ai ~ Ci) 

 

 ji    =  -(CiDi/RT)(RTlnCi + ziF)  +  Civ 

 

               =  -DiCi  -  ( ziFDiCi/RT)  +  Civ 

 

               =  -DiCi  -  ( ziuiCi/zi)  +  Civ 

 

 



General Mass Transfer Equation



Migration



Concentration profiles





Current-potential curve for a nernstian reaction involving two soluble species 

with only oxidant present initially











Effect of mass transfer



Current-potential curve for a nernstian reaction involving two soluble species 

with both forms initially present



Current-potential curve for a nernstian system where the reduced form is 

insoluble



Current-time transient for a potential step





Effect of an irreversible following homogeneous chemical 

reaction on nernstian i-E curves at a RDE
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Law of migration

Kohlrausch limiting law (in sufficiently dilute solution) 

 

  ui  =  ui
o
  -  constant ()

1/2 

 

where is  the ionic strength of solution. 

 

 = (1/2)∑zi
2
Ci 
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Onsager theory
 

Onsager theory for the constant, 

 

   Electrophoretic effect: Electrostatic drag that an anion going in one direction  

has on a cation heading in the opposite direction. 

    

   Relaxation effect: Spatial offset between a moving ion and its accompanying 

ionic atmosphere. 

 

Onsager limiting law for a binary electrolyte 

 

(ui/ui
0
)  = 1  –  [(39.4x10

-9
m

2
V

-1
s

-1
zi)/ ui

0
  -  (zizjh/(1+h

1/2
))( /1567 mol m

-3
)
1/2 

 Mobility coff.       Electrophoretic term         Relaxation term 
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Stokes’ law

Stokes’ law 

 

  zi e   =  6rivi 

 

ui  =  vi/  =  zi e/6ri 

 

rstokes  =   zi e/6 ui
0
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Grothuss or Vehicle mechanism

Hopping mechanism 

 

  Hydrogen ions  -  Hydronium ion 

    

  Hydroxide ions 
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Electrophoresis

 

Electrophoresis 

 

 ui  =  vi/  =  x/ti 

 

Electroosmosis ~ solution flow 



Separation of DNA samples
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Law of diffusion

 

Fick’s 2nd law for planar diffusion 

 

  ∂C/∂t  =  D ∂2C/∂x
2
 

 

Fick’s 2nd law for sperical diffusion 

 

∂C/∂t  =  D ∂2C/∂r
2
  +   (2D/r) ∂C/∂r  
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Diffusivity of species
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Diffusion experiments

 

Diffusion experiments 

 

  C =  (C
b
/2)erfc{x/(2(Dt)

1/2
)} 
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Nernst-Einstein law

Equilibrium

Steady state
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Nernst-Einstein law

Electroneutrality 

 

  z+C+  =  z-C- 

 

Nernst-Einstein law 

 

0 = j-
diff

  +  j-
mig

  = -D-dC-/dx  -  z-/ ziu-C-d/dx 

 

  ziD-ln (C-
r
/C-

l
)  =  -z-u-(

r
 - 

l
) 

 

a-
r
/a-

l
  = exp { (-z-u-/ ziD-)(

r
 - 

l
)} 

 

 Anion must be unifrom throughout the cell, 

 

  a-
r
/a-

l
  = exp{ (-z-F/RT)(

r
 - 

l
)}   

 

    Nernst-Einstein equation, 

 

   u-/D- =  ziF/RT 
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Balance sheet 
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Transport to a rotating disk

Angular velocity 
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Rotating disk

 

Consevation law 

 

  ∂C/∂t  =  D ∂2C/∂x
2
   - vx∂C/∂x 

 

Continuity condition 

 

  (1/r) ∂ (rvr)/ ∂r  +  ∂v/∂x  =   0 

 

  Navier-Stokes equations for x-direction 

 

[vr∂v/∂r + vx∂v/∂x]  = [1/r∂/∂r(r∂v/∂r)  +  ∂2v/∂x
2
]  –  ∂p/∂x 
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Karman equations

Dimensionless varible 

 

   x(/)
0.5 

 

Hydrodynamic layer  

 

   x  = (/)
0.5

  (` ~100 m) 
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Flux ~ Current density

Flux density at the electrode surface 

 

 ji
s
  = 0.62(/)Di

2/3
(Ci

s
 – Ci

b
)()

1/2
 

 


