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Equations governing the electrochemical system (and mechanical subsystem): 
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[I.] Non-equilibrium/Non-steady transport across neutral membrane/tissue (§1.6 – 2.3) 
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• Kpart = 1 (neglect sterics) 
 
Keywords: 
• Coupled Diffusion 

Due to unequal diffusivities of electrolyte species 
 D+ ≠ D-
 Leads to self-induced electric field “Eself” 
• Charge Relaxation 

Electroneutrality for length scales of L >> 1/κ 
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Combine (1) + (2) + (3) for ,c c+ −  (coupled diffusion) 
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 where the last term is negligible. 
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Steady-state “Diffusion Potential” (not Nernst potential) 
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which leads to “Eself” due to difference in diffusivities 
 
 
[II.] Donnan Equilibrium for Charged Membrane 
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(Boltzmann distribution of ionic species) 
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 and electroneutrality: 
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Donnan potential: 
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[III.] Non-Equilibrium transport across charged tissue 
 

 
Types of problems: 
 Steady or non-steady 
 
To find ( ),c x t  
• use (1), (2), (3), (4) 
• use Donnan equilibrium only at boundaries 

Use of Donnan equilibrium at boundaries are  
   valid since formation charge equilibrium occurs     
   much quicker than the electrodiffusion process. 
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Please, look at problem 2.7.1 for a thorough understanding of electrodiffusion and non-
equilibrium transport across a charged tissue.  


