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We may write:

m
J(x) = —ﬂTC&n(x)iM = flux of speciesk at point x in the membrane

Ny dX
m
= ATC(x)— RT — 2 ()
Ny G dx
m
= —AfkeT dch(x)

Invoke the steady state approximation and assume that there is no accumulation of solute
at each boundary. Then J.'(x) = constant for every point x in the membrane, and if A}

dC¢'(x)
X

is independent of X, must be constant across the membrane as well for each

Species.

We shall of course assume that the concentrations all remained outside the membrane so

that
Ci(x=0) and G (x+Ax) are C, and C, +AC,

on the right and left boundaries, respectively.
Define the partition coefficient such that

G = kPCy

where kP

partition coefficient for kth species

equilibrium distribution coefficient

Then at the two membrane boundaries

C'(x=0)
CJ(X+AX)

kIECk(X = O)
kPC (x +AX) = KPC (x = 0)+ kPAC,
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Substituting into the flux equation:

dG(x
J(X) = —AgkgT ch( )

ACY
= —AgkgT—%
kKe =
CY(x = AX)— C'(x = 0)
AX

—AkgT

AG,
=AMk T kP 2k
k"B k

= _ATkgT kf:lsACk

= —p'AC

where p,

permeability coefficient of speciesk

I%// T *
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Water Transport Across Membranes

(This has been an active field in biophysics for many years!)
Y ou have to worry about a difference in the hydrostatic pressure across the membrane, in

addition to the activity difference, i.e.,

AP i additionto A
AX AX

membrane

!

\

P +AP

C, +AC, Ch, A= solute which reduces

activity of solvent

N

«— AX —»

Figure 2-4

Start with the Magic Formula

J" = water flux across the membrane
1 dul
= e As
Ny dx

As before, assume the driving force is constant across each imaginary boundary within
the membrane.

Then
Myy _ My —
Jsm:_;trsncéni,us (X=AX)—ps (x=0)
N S
Now
ud(x=0) = ug(x=0) = uJ(P)+RTInxs and

uM(x = AX) ud(P+AP) +RT Inx,

Hs(X= AX)
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Therefore
ul(x=AX)—ul(x=0) = u’(P+ AP)—ul(P)+ RTInX - RT Inx,
g
S AP+ RTAI
[&P) + nX,

= V.AP-RTV.AC,, V. = average molar volume
of solvent

Therefore

Amcm—— (v AP - RTV AC,)

= ATk IC, i V. (AP-RTAC,)
NpS

= -ATk?P Nié (AP-RTAC,) as CV =1 for dilute solutions
A

Note at equilibrium J" = 0 sothat AP = RTAC, = 7 as expected.

Electrodiffusion (Diffusion of lons Across Membranes)

1 du'(%)
Ny dX

where F(x) =™+ RTING(X) + zF @™ (X)

J09 = -G~

Now
di (x)  RT dC” CoF do™(x)
dx C" dx dx
Assume a steady state with:

(1) linear concentration gradient
(2) constant potential gradient

over the region of the membrane (Ax).
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Then
m
M — kfﬁ — klfA_Ck and
dx dx AX
do™(x) _AD
dx  AX
S0 that

00— _ﬂmcm(kRT (PAG , ZF A@J
C™ R Ax TN, AX

m_p
Ak keT( zF =
e CkAcD)

AkekeT

= " and C, = center of membrane

where
for each ionic species.

Consider Two Types of Membranes

(1) If a membrane is permeable to only one ionic species, say k, then without any

external electrical connection, no electric current can flow (hence no flux in this
case). Thus, J, =0 and wecan solvefor A®.

rp==RT | AG | or more exactly
%F [ G |
_—RTIn& = @ — @y (Gibbs-Donnan potential)
zF Gy

(2) If, onthe other hand, a membrane is permeable to a variety of ions present, each with
its own permeability coefficient, then the condition of no net electric current flow
givesthefollowing

n

>z =0, foralions
k=1

In this case, ionic fluxes are possible,
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n n
or —szP{“ACk—iszzP&“EkAcD =0
k=1

k=1 RT =
n
RT 2. %P AC
or A@0=-— ¥l (steady State potential)
F 2pm~
> 4 PICy
k=1

This is the approximate Goldman equation.

Biological Membranes

For biological membranes, the ionic permeability of many ions is small, so a few ions
dominate. Therefore, you need to sum over the principal ions whose permeabilities and
conductances across the membrane are significant .

Resting Nerve

Only the permeability of K+ is significant, so A@ = Gibbs-Donnan potential applied to

K+.
Cook Kk, Kl »Kl

@@

(-) A@ = 80-100 mV

Figure 2-5

Excited Nerve

The permeabilities of K+ and Nat are significant. During impulse transmission, changes
occur in the membrane so that the conductances of both K+ and Na* are important. A
transient point is reached where the Nat permeability coefficient or conductance is much
greater than that for K+.



