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2. Continuity Equation:

+

1. Fick�s First Law:

(Fick�s Second Law)

Diffusion equation



Weiss Fig.3.14 (modified)



Importance of Scale

Freeman

Question: How long does it take (t1/2) for ~1/2 the solute 
to move at least the distance x1/2?

Gaussian function with zero mean and 
standard deviation: 

For small solutes 
(e.g. K+ at body temperature)
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Dynamics of Membrane Diffusion

- Numerical solution to eqns.

- Arbitrary initial condition (top)

- Fast dynamics (middle)

- Steady-state set up (middle)

- Eventually, the two compartments 
change (bottom)



Effect of changing parameters on flux: What is being changed?
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Empirical means to estimate cell diffusion?

Flow cytometer



Diffusion of ethylene glycol through Chara membrane (Collander)
(see Weiss eqns. 3.56, 3.58, 3.60)

�Collander Plot�
(see Weiss sec.3.8.4)

- strong correlation between solute permeability 
and solute ether:water partition coefficient

- supports Overton�s rules & dissolve-diffuse 
mechanism

- relates in molecular weight (i.e., there is a 
strong �physical� aspect to line of thought) 

à Raises question as to what solvent best 
resembles partitioning in actual membranes



à These figures represent the key empirical observations leading up to the deduction of 
what constitutes the cell membrane
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Exercise

Two adjoining cells have closely apposed membranes. The concentrations of uncharged 
solutes n are c1n and c2n inside cells 1 and 2, respectively, and con in the intercellular space. 
The membrane permeabilities for this solute are P1 and P2 for the membranes of cell 1 and 
2, respectively. Find the net permeability, P , between the inside of cell 1 and the inside of 
cell 2 in terms of P1 and P2, where

and φn is the steady-state flux of n in mol/(cm2·s) across both membranes.



On a drizzly day toward the end of the week, Luce walked them in the woods, making 
water the topic of her ramble. It's what makes life so rampant around here, she said... 
All the moons from spring to early fall, everything plumps with water. Think jungle, 
and then go a degree onward in the direction of a deep green world so wet you could 
wring it out like a dishrag if you could get a good grip on either end of it. Giant 
hemlocks and sycamores and tulip trees. Rhododendrons. Moss and ferns. Understory 
too thick to see more than twenty feet into the woods, until killing frosts reveal the 
bones of the place. A steamy greenhouse of plants and creatures. Flip any rock or 
dead log, and myriad beings go crawling down individual vectors toward the darkness 
they crave. Sit in a yellow sunbeam, and the damp air around you thickens with 
myriad beings dancing up into the daylight they love. Life likes the wet and rewards it. 
Archaic forms incompatible with the modern world persist here. Hellbenders, deep in 
the creek beds. Panthers, high on the ridges. Even dead blighted chestnuts resurrect 
themselves out of the black forest floor, refusing to accept the terms of their 
extinction. Hope incarnate. All, Luce explained, due to moisture. 

- Charles Frazier
(Nightwoods)















à Notion of a semi-permeable membrane




