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Abstract

Since the physical interpretation of practical Kedem—Katchalgkl{) equations is not clear, we consider an
alternative, mechanistic approach to membrane transport generated by osmotic and hydraulic pressure. We study a
porous membrane with randomly distributed pore sigeslii). We postulate that reflection coefficiefitr,) of a
single pore may equal 1 or 0. From this postulate we derive @meachanisti¢ transport equations. Their advantage
is in clear physical interpretation and since we show they are equivalent to the KK equations, the interpretation of
the latter became clearer as well. Hence the equations allow clearer and more detailed interpretation of results
concerning membrane substances transport.
© 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction basis of the linear thermodynamics of irreversible
processes, and thus we shall treat them as ther-
It is convenient to describe membrane transport modynamical equations.
of non-electrolytes, generated by osmotic pressure It should be stressed that application of the
differenceAll and mechanical pressure difference classical version of the KK equations is limited to
AP, using the so-called practical equations of membrane systems with two-component solutions,
Kedem and Katchalskjl—4]. So it is no wonder  sufficiently diluted and well stirred. Moreover, the
that these equations have been broadly applied inequations are not transparent when it comes to
studies on substance permeation across artificialinterpretation. For those reasons the equations were
and biological membranes. The equations describe (since their first formulation developed and com-
four transport processes, i.e. filtration, osmosis, pleted in various ways. They were modified to
diffusion and convection. Those practical Kedem— ,5ke them suitable for membrane systems with
Katchalsky equationgkK) were derived on the \yeakiy stirred solutions[10,11,13,16,31 multi-
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in a reduced form(containing not three but two 2. Interpretational analysis of the Kedem-
transport parameterg3,4,14,17,28 Katchalsky eguation

In the present work an attempt has been made
to solve the interpretational difficulties concerning The so-called practical KK equations are most
the KK equations, and in particular those concern- often written in the form:
ing the various terms and parameters in the equa-

. . J,=LAP—L cAIl, 1
tions. For that purpose, first, an overall ~" " b7 - @
interpretational analysis of the equations has beenjs=oAlIl +(1—-0)cJ/, 2
g:gg?edm the realm of the formalism they were where J,—volume flux, j«—solute flux, AP and

ATll—pressure differencémechanical and osmot-
Next, membrane transport processes were con-jc) ;- andw—coefficients(of filtration, reflec-

sidered (generated by simultaneous presence of o, ang permeationand c —mean concentration.
the pressurea\ll and AP) based on mechanical These equations were derived on the basis of
considerations, which were started in our previous |inear irreversible thermodynamiciLl—4. They
papers[18,22,24. Such considerations were con- describe four transport processes generated by
ducted for a typical porous membrane having a simultaneous action of the pressure different®s
statistical numbewV of pores with randomly dif-  and ATI. Those processes are: filtration, osmosis,
ferentiated linear dimensioné.e. radii of their diffusion and convection.
cross-sections In the considerations it was The utility of the equations is restrictetas
assumed that a single pore has a reflection coeffi- mentioned in Section )1to membrane systems
cient equal eithet,=1 or o ,=0. with two-component solutions, sufficiently diluted
From these considerations were derived new and well stirred. Volume flux/, can be expressed
transport equations, which were called mechanistic as:
due to the character of the considerations. They ; _.—_ . —
describe, like the KK equations, volume transport NIt w )
J, and solute transpoyt. Their special advantage Wherejs andj,,—solute(s) and water(w) fluxes,
consists in total interpretational transparency— vsandv,,—molar volumes. So, in general, one can
something that the thermodynamic KK equations say that fluxJ, is the net flux of both/,s=jys
are lacking. andJ = jwlw-
In this work we were able to show that the KK~ The transport parameters occurring in E¢f)
equations and the mechanistic transport equations@nd (2) are defined by the formulae:

we derived are identical. That finding made the J

KK equations easy to interpret. So now we can Lp=[A}’JJ , 4
say that the KK equations and the mechanistic All=0

equationd(taken togetherconstitute a more clear- AP

sighted and lucid research todthan the KK U=[JJ X (5

equations alone This fact assumes an added

importance from the biophysical point of view, and

because now one can interpret deeper and with

greater clarity new results on substance transportmz( Js ] . (6)
across biological membranes. Moreover, one can Al -0

also reinterpret the results of studies performed on  These formulae express the physical sense of
the basis of the KK equations only. It should be the parameters, and also suggest methods for their
added that there are a great many of such studies,determination[1-5].

as one can see from the pap€id,12,18,25— In the light of Eq.(4), the filtration coefficient
30,32—-36 and others L, expresses the value of volume flow across the
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membrane induced by a unit pressure difference,

at AII=0. In other words, it expresses the overall
filtration properties of all pores within a given

119

should not be treated as only a coefficient of
diffusive solute permeation. It is, however, often
treated in such a way[7,10,25,30,31,36 and

membrane. So the interpretation here is quite clear. other9. So, a question arises: what processes does

In turn, the reflection coefficientr represents
(according to Eg.(5)) the ratio of mechanical
pressureAP (measured osmometrically dt=0)
to osmotic pressure differenc®Il given by the
van't Hoff's formula

AIl =RTAc

whereR andT—gas constant and temperature, and
Ac—concentration difference. This parameter may
express the full measure of membrane selectivity.
If its value is unity,

AP
=== =1
7 [AHLO !

that parameter include?

There are also problems with interpretation of
some of the terms in the KK equations. As far as
Eqg. (1) is concerned, the situation is clear. The
first term of the equation(i.e. L,AP) refers to
filtration, whereas the second.e. L o AIl)—to
the osmotic process. With reference to the second
term, one can have some doubts resulting from the
difficulties with understanding of the reflection
coefficiento.

Basic interpretational difficulties refer to the
terms of Eq.(2). Because of problems with under-
standing of the coefficiend, it is not clear what
processes are described by the first tefie.
wAIl) of the equation. Concerning the second

it means that the membrane is semipermeable. All term ((1—o)cJ,), it is thought to be a solute flux

pores of such a membrangermeable for the
solven) do not allow through the solute molecules,
reflecting them.

In the cases =0, we have to deal with perme-
able (unselectivgé membrane. It means that each

pore of such a membrane is as permeable for the’s
solvent as for the solute. In both the cases the

situation is clear from the physical point of view.

due to convection, i.e. carried by the volume flux
Jy, and this seems convincing. However, the matter
becomes complicated when E@) is transformed

to the form:

.= wAll +(l—(r)c_LpAP—(1—0')c74p0AH.

Now, there are two terms expressing oppositely
directed convection fluxes and one does not know

However, some interpretational problems appear Now to interpret them, especially when the

when the parameter is within the range & o <

membrane has pores of differentiated linear

1. It is commonly assumed that such membrane is dimensions.

simply selective; it lets the solvent pass better than

In order to remove the above-mentioned diffi-

the solute. Such understanding of the parameter culties and interpretational doubts referring to the

though correct, is too general; especially when it
refers to membranes with differentiated pore diam-

eters, and just such membranes we have it to

investigate. The problem of ‘reflecting’ solute
molecules by membrane pores cannot be solve
within the limits of KK formalism.

The last of the parameters, i.e. the reflection
coefficientw, expressegaccording to Eq(6) the
value of solute flux induced by a unit osmotic
pressure differencAll, whenJ, =0. It means that

solute flux is here generated by a simultaneous
presence of osmotic pressure difference and

mechanical pressure differend = o All. Hence
it follows that in the case of membrane with
differentiated pore diameters the coefficient

KK equations, we are going now to present the
so-called mechanistic formalism of membrane sub-
stance transport. Some preliminary information
about that formalism was given in our previous

gpapers [18,22,24. Equations of that formalism,

describing volume flow/, and solute flow, offer

a quite clear interpretation. They are also identical
with the KK equations. Owing to that fact, the KK
equations became also quite transparent.

3. Mechanistic equations of transport

3.1. Model membrane system with a generic

porous membrane

We consider the problem of membrane transport
generated by mechanical and osmotic pressure
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Fig. 1. The model membrane system with well-mixed solutios—membrane; A, B—compartment&,,—capillary; m, m—
stirrers;c,, c—concentrationspP,, P ,—mechanical pressurksFluxes are described in text.

differently from the method developed by Kedem r<r,...<r;<...<rya
and Katchalsky. Our approach, initiated in our
papers[18,22,24 is of mechanistic nature. The
starting point for the analysis is a membrane
system shown schematically in Fig. 1. Two com-
partments A and B filled with solutions, andc,
(respectively of the same solute are separated by
a generic selective porous membrane M. The
solutions are well mixed by mechanical devices
(stirrers m, m and ¢; <c,. The former compart-
ment is subject to mechanical pressire and the
latter P,, where P,<P,. In such case there is an
osmotic pressure:

For such a membrane one can select a solute
(with a molecular radiuss) for which a number
n, of the smallest poregwith radii » such that
rin<r<ry form an ideal barrier. The remaining
pores, a total ofi,=N—n, are permeable. This
fact can be described by assigning a parameter
o, to each pore. The parameter can assume only
integer values Ifor impermeable porgsor O (for
permeable ongsand as we show in what follows
this postulate is closely related to the membrane
reflection coefficient. As a justification of the
postulate, let us assume that there is a relatively
ATI =RTAc=RT(c,—c,) small numberAN of unstable poregwith radii

close tory), i.e. pores that change their solute

as well as mechanical pressut®=P —P, across  permeability properties. This could be caused e.g.
the membrane. by a transient blockage of a pore to solute by a

We assume the membrane has a numbesf passing molecule or a transient decrease in pore
pores permeable to the solvent. Typically the pores radius due to a conformational change of molecule
are modeled as being approximately cylindrical complex forming the porée.g. proteins forming a
and normal to the membrane surface. For a typical channel. However, it seems reasonable to assume
porous membrane, like cellophane, nephrophane,that at any given moment the number of pores
or collodion membranes, the pores vary randomly regaining their permeability to solute equals the
in their dimensions, i.e. the cross-section radii. number of pores becoming impermeable. Hence-
Their spatial distribution in the membrane is ran- forth, there is a clear and stable division of pores
dom as well. For biological membranes the pores into permeable(o,=0) and impermeabldo,=
(if we treat certain types of channels, e.g. water 1).
channels, as sughare typically more uniform in It follows that if a membrane as a whol@
size. The pores can be, however, ordered in acomplex ofN pore9 has all pores impermeable to
series according to their radii, from the smallest the solute, its reflection coefficient equals unity
(rMM to the larges(ri™: o =1 and the membrane is called semipermeable.



M. Kargol, A. Kargol / Biophysical Chemistry 103 (2003) 117-127

On the other hand, if all pores are permeable to

solvent as well as solute, thea=0 and the
membrane is permeabl@onselective. If only a
fractionn, (of the total ofN pore9 is impermeable,
while the remaining poreén,) allow solute flow,
the membrane reflection coefficient has a fractional
value 0< o <1. Such a membrane is called selec-
tive and is a subject of our study. We might add
that osmosis is understood as the solveméaten

transport across a semipermeable membrane driverox=

by the osmotic pressure. This definition implies

121

(10

where
Ly=Lpat+Lgp (1D

is the total membrane filtration coefficient. Intro-
ducing the following notation:

Loa _ Lpa

that in selective membranes osmosis takes placewe obtain from Eq(10):

through pores, only, for which the total reflection
coefficient is 1.

3.2. Equation for the volume flux

AP,
We begin our analysis of transport processes Gk_(AH ],FO'

taking place in a system shown in Fig. 1, with an
observation that as a result of pressutdd and
AP on the membrane M, there is a solvent volume
flux (Jya=Jwwa) in membrane pores , (for which
o,=1). In poresn, (with o,=0) there is a
solution volume flux. The fluxes are given by the
following equations:

Jva:LpaAP_L pAH- (7
Jyo=LoAP, (8)

where Ly, (or L) is the filtration coefficient of
poresn, (or n) defined as:

JvaJ
L= 32|
P2 {AP AIl=0

and

va)
Loyy=|"—" .
P [AP AlIl=0

The fluxes flow in opposite directions as indi-
cated by arrows in Fig. 1. The net result of the
two, denoted/,:

Jv=Jva+va
is called a volume flux.

€©))

B2 12
Lpa+Lp, Ly (12
AP.,=c All.
This relation holds if/,=0. Thus:
(13)

The above formula is identical with a definition
of reflection coefficiento given in the KK for-
malism(i.e. Eg.(4)), what implicates, that,=o.
Its physical interpretation is, however, different. In
our framework the parameter is a ratio of the
filtration coefficientL,, (of poresn,) to the total
membrane filtration coefficienL,, as shown by
Eq. (12). Therefore ifL,,=0, then, according to
Eqg. (12), we get 0=0. Such a membrane is
permeable(nonselective. On the other hand, if
Ly,=0, then forL,,>0 we obtainc =1 meaning
the membrane is semipermeable. For ), <L,
the reflection coefficient has a value<@r <1 and
the membrane is selective.

Parameterd,,, and L, are easy to determine
providedL, and ¢ are known. Namely, Eq(12)
yields:

Loa=0L, 14
and recalling thal.,=Lp,+ L, We get also:
Lpb= (1_ O')Lp. (15)

When AP #AP,, a volume flux is induced in
the system and by using Eq§7) and (8) we
obtain from Eq.(9):

One can easily notice in the above three equa- Jv=JvatJw=(Lpat L dAP—L ATl

tions that there is a value of pressuk@=AP,
for which J,=0. Hence from Eqs(7) and(8) we
get:

Substituting Eqs(11) and (12) we finally get:
J,=L,AP—L ATl (16)
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The equation has the same form as the KK
equation for a volume flux. However, an interpre-
tation of the coefficients is somewhat different.
In our framework it is given by Eq.12), while in
the KK formalism it is described by the Staver-
mann relation1]:
o=— LLD,

Lp
whereL, is the so-called osmotic flux coefficient.
We note that both in our approach and in the KK
formalism the coefficienL, is defined by the same
formula:

o

3.3. Equation for the solute flux

Jy

ELH; an

In this section we consider the solute flux across
a membrane. The KK equation for the solute flow
Js has a form:

js=wAIl+(1—0)cJ,.

It can also be written as:

Js=J skt kk (18)
where

Jsk=0All (19
and the term:

ji=1—=a)cd, (20)

is treated as a convective flux, i.e. the solute flux
carried in membrane pores hy,. Let us now
analyze the fluxes in the mechanistic framework.

Again, our considerations are based on a system

shown in Fig. 1. All fluxes induced either by
mechanical pressur@P or osmotic pressurdll
are shown as arrows in Fig. 1. They are denoted
by Jva Juw s Ja jxanNdJ ywp WhereJ y&=J \walS
the solvent flux permeating poras (impermeable
to the solute, J,,, denotes the volume flux flowing
in poresn, permeable to the solute as well,is
the solute flux,j.—the diffusive solute flux, and
Jjk—the convective solute flux. We use a sign
convention where fluxes directed to the rigHit,,

js jq @andj,) are positive, and the othefd, and
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Jua)—negative. One might add thd, is negative
if [Jual>1Jul. We also recall that ifAP#AP,
then there is a nonzero volume fl@x, #0) in the
system.

We begin our analysis of fluxeg andj, with a
more detailed discussion of EqSl) and(8). The
former refers to pores, (permeable to the solvent
only). It follows that if both osmoticAIl and
mechanical AP pressures are applied to the
membrane, then the total volume fluiy, generated
within these pores equals the solvent fliyg.. No
solute flow takes place in these poKgs,= 0 since
o.=1). As for Eq.(8), it is concerned with pores
ny, i.€. pores permeable to both the solvent and
the solute molecules. With the osmotidI and
mechanicalAP pressures across the membrane the
equation can be rewritten as:

va=LpbAP_Lpr All=L pIAPv

since the reflection coefficientr, of pores n,
equals 0. We note that the volume fluk, has
two-components:

Jvo=JvwptJ vsp> 0, (21)

whereJ,,, is the solven(e.g. wate) volume flux,
andJ,, is the solute volume flux. Both fluxes are
generated by simultaneous processes of filtration
(induced byAP) and diffusion(sinceAII > 0). In

its full generality the problem is rather complex
and we consider a simpler case wh&AR=0 and
AIl>0 first. In this case only the solute and
solvent diffusion in opposite directions takes place
and the analogue of Eq21) has a form:

0, (22)

where, as before[ilt, is the solvent volume flux
andJ5d —the solute volume flux. They satisfy:

' [= I 9sb] #O, (228

>0 and can be expressed

ATl _ JAIl 7AN §
va _vab+-]vsb_

whereJ3L <0 and75d)

as:
Jowb= Lyt AT, (23)
and
Joam=Lygv AL (24)

wherec,, is the mean solvent concentratidor
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is negligible as well. This justifies putting.,=
jo We emphasize that Eq29) represents a cor-

solute concentration, ang,,o; —partial molar vol- relation relation among parameters o andwq.

. . — -1
diluted solutions ¢,,= 1), c=§(c1+c2)—mean

umes of the solvent(w) and the solute(s). Let us consider now the convection flyix In
Denoting the/28 by’ s, We get: our framework this flux is generated in poreg
__ only and can be written as:
J'vso=L g v ALl B
Jk=¢J . (31)

SinceJ o=/ s s We can write:
J's0=L e AL (25) Egs.(8) and (15) yield:

Taking into account Eq(15), i.e. Ly,=(1— Jup=LpAP=(1-0)LAP,
o)L, we obtain the following expression for the pence we finally get:
solute flux generated under conditid® =0:

J'so=0 All, (26)
where

jk=(1—0)cLAP. (32)

This flux is generated by pressutkP; it is
practically not affected by the osmotic pressure
w'o=cL(1-0). (27 ATl as we argued in the preceding paragraph. In
summary: the total solute fluswhich we for now

We note thaliss=js whergqis the diffusive denotej.) generated by bothP and ATl equals:

solute flux, and thusy’',=wy is the coefficient of
diffusive solute permeation. The above equations y —; +j,

can then be written as:
Considering Eqs(28) and (32) we get:

Ja= o0 Al (28) -

where J's=0All+(1—0o)cL AP (33)

wy=cL(1— o) (29) The above expression and EQL6) constitute
o :

the mechanistic transport equations.
The last step can be justified by revisiting Egs.
(22), (229, (23) and (24). From these equations

4. Functional comparison of mechanistic equa-
we get:

tions with the thermodynamic KK equations:
Jwelw=Js' s formalism equivalence

where Jy,=Lye AL, andjg=L ,¢AIl.  Noting
that j,o=cuww, andjs,=cvs(Wherev,and v .are
velocities of solvent and the solute, respectively
we get:

In this section we compare both sets of equa-
tions, mechanistic and KK, first the volume flux
equation and then the solute flux equation. We

show their equivalence and derive a correlation
ColwVw=C UgVs (30 relation for the transport parameters appearing in

If the membrane separates diluted solutions, and the KK formalism.

this is the case we consider here, then we assume

cw=1. Moreover, in this caser,>c¢ as well. 4.1. Equations for the volume flux

Therefore, for solutes for which, does not differ

significantly fromuv,, Eq.(30) yields », << v In Comparing the mechanistic equation for the
other words in pores, the velocity »,, of solvent volume flux (i.e. Eq.(16)) with the corresponding
molecules is negligible compared to the velocity KK equation(i.e. Eq.(1)) we immediately notice
vs Of the solute molecules. We conclude that the they have identical form. Moreover, parameters
velocity of solute convection by the solvent flow L, and o have analogous definitions. Namely, in



124 M. Kargol, A. Kargol / Biophysical Chemistry 103 (2003) 117-127

both equations the filtration coefficient is defined j's=(1—o)cL AIl+(1—0)cLAP. (34

as In the KK formalism the solute flux is given by

. _[LJ Eq. (2), i.e.
* (AP Jan-o js=oAIll+(1—0)cJ,,

Similarly for the reflection coefficient—given wherew is the solute permeation coefficient and

as: J,, is the volume flux(Eq. (1)).
We want to show that both expressions are
0:[£] ] equivalent. To that end, let us assume that a
All ), _, mechanical pressure:

It comes therefore as no surprise that both AP=AP,=cAll
formalisms suggest similar experimental methods ;¢ applied to the membrane. The above equations
for measurements of both parameters. The equa- .
) . ; assume then forms:
tions are thus equivalent, even despite the fact that

the interpretation of the reflection coefficient is j's=jsm=(1—0)cL {1+0c)AII (35
somewhat different. In KK approach it is given as 4
[1-4:
L Js=Jsm= oAll, (36)
o=— LLD respectively. Herg, .=’ s=j sdenotes the value of
P

solute flux permeating in the membrane under this
whereL,, is called an osmotic flux coefficient. In  particular mechanical pressuteP=AP,=oAll.
our mechanistic formalism the same coefficient is From Eqgs.(35) and(36) it follows:

interpreted as: w=1-0)cL(1+0)

U:lﬂ =(1-0?cLy=w1l+0). (37)
Ly This is a correlation relation for parametdrs

where, let us recalll,, is the filtration coefficient ~ ¢ andw introduced in KK equations.

of poresn, (i.e. impermeable to the sol)teThat Returning now to the general case of E(34)

suggests that parametel%D and Lpa should be and(Z), We substitute relation Eq37) to EQ(Z)

treated as the same. We obtain:

We want to emphasize t_hat measurements ijs=(l—0')C_Lp(l+0')AH+(1—0‘)CIPAP
parametersl,, and ¢ are quite simple, even on — (1—0)eL oAl
biological membranes. We return to this comment 0Cckp0

in a later section dealing with measurements of = ®dAll+(1—0o)cLAP=/'s
parameterso and og. Thus, the KK equation is indeed equivalent to
the mechanistic equation and the fluxes predicted

4.2. Solute flux equation: correlation relation for by both equation are the samig=;'J). Hence the

transport parameters mechanistic equation can finally be written as:
The solute flux is described in our mechanistic Js= oAl +(1=0)cL AP, (38)

formalism by Eq.(33). Taking into account cor- Parameteroy ought to be determined from

relation relation for parametets, o and wg, i.e.  condition:

Eqg. (29): ie

wg=(1- (T)C_Lp @~ (AH JAP=0, (39

the solute flux can be written as: since forAP=0 we havejs=j4
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4.3. Measurements of transport parameters: sam-
ple results

Transport parameters, and o introduced in
KK equations, as well as in our mechanistic
equations, can be conveniently measured based o
the following equations:

().
and
AP

~laul,.

The situation is quite different for the permea-
tion coefficient  (in KK formalism) and wg
(introduced in the mechanistic formalignmThey
are defined as:

(s, .
(8.,

Let us recall that according to ER37) they are
related:

Jy

L=~
AP

p

Js
All

wWy=

AT

o=w4l+0o).

Accordingly, the coefficientwy ought to be
measured withAP=0. On the other hand, the
definition of w requires conditionJ,=0, i.e. a
situation when there is a nonzero mechanical
pressureAP=cgAIl on the membrane. In our

Chemistry 103 (2003) 117-127 125
Am
=", 41
157 sar (41)

where Am is the solute mass permeating across
the membraneg(with the active surface are§)
nduring timeAr. MassAm can be found as:

Am=Ac\V, (42

whereAc, is the change of concentration of solu-
tion on either side of the membrane occurring in
time At¢, and V—volume of that solution. From
Eq. (40) we can see that the concentration change
Ac,, and therefore fluxjs is affected by fluxes
JoL IS J g andJ,,. In other words, parameter

is determined under fairly complex conditions.

The case is somewhat clearer for coefficient
However, still if AP=0 then fluxesJ,q and Jya
affect the measured value of,. We conclude that
experimental measurements of parameterand
wgy are difficult and sometimes impossible. In such
cases of particular importance are correlation rela-
tions among transport parameters derived in this
paper, i.e. Eqs(29) and (37).

We illustrate these relations on selected mem-
branes and solutes shown in Table 1. For all of
these systems transport parametgy;soc and w =
wex Were measured using standard methods
[1,5,1Q. Parameters and w., Were measured for
J,=0. The value ofw., is a mean of several
measurements and the error reported—the average
deviation from the mean. The last two columns in
Table 1 show coefficientss and wy (computed
from Egs. (37) and (29)). The computed results
show satisfactory agreement with the experiment.
Also, values ofwy are noticeably smaller than the
correspondinge’s, as the difference in thermody-
namic and mechanistic equations for the solute

mechanistic model such mechanical pressure flux suggests.

drives a volume fluxJ,, in poresn, (permeable
to the soluté. It can be written a$18,24:

(40)

where J5F, —solvent flux driven byAP, JoL—
solvent flux driven byAIl, J,,—solute volume
flux generated diffusively, and/,,—convective
solute volume flux. In this case, in order to
determine the value of parameter we need to
find js first. The flux is measured as:

Juo=J Tt vatJ v

5. Conclusion

(1) We considered membrane transport pro-
cesses generated by osmotic and mechanical pres-
sure difference. A new model and a new
interpretation has been proposed for transport
across a typical porous membrane having a number
N of pores of varying sizes. We assumed
[18,22,24 that a single pore has a reflection
coefficient (suitably re-definetlequal 0 or 1.
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Table 1
Values of transport parametefswn results

M. Kargol, A. Kargol / Biophysical Chemistry 103 (2003) 117-127

Membrane o L,x10' Wex X 1010 c X 10 wgX 1010
Solution (m3/Ns) (mol/Ns) (mol/m?) (mol/Ns) (mol/Ns)
Nephrophane 0.025 5.0 21G3.0 400 19.9 19.5
Ethanol

Neprophane 0.065 5.0 8101.5 200 9.95 9.35
Glucose

Cellophane 0.02 2.23 6:31.3 300 6.68 6.55
Ethanol

Cellophane 0.1 2.23 2831.2 150 3.31 3.01
Glucose

Dialysis membrane 0.13 1.09 23.2 300 3.21 2.84

Glucose

(2) We derived mechanistic transport equations
which we believe have a clear physical interpre-
tation. They have the form:

J,=LAP—LoATl,
je=wAIl+(1— U)C_L,AP.

(3) We showed that the mechanistic equations
are equivalent to the KK equations, assuming:

w=01- (T)C_‘Lp(l+ o),
and
wg=(1—0)cL,

These equations show correlation relations
among the transport parametdrs o and w (for
the KK formalism and L,, o and w4 (for the
mechanistic approagh Accordingly, one of the
parameters from each set can be computed if only
the other two are known. In particular we refer
here to parameters» and wy measurements of
which are typically rather difficult.

(4) The interpretation of transport equations
obtained in this work is entirely clear, contrary to
the KK equations. We show, however, that the
mechanistic equations are equivalent to the KK
equations. Henceforth the latter gained in clarity
of their interpretation. We also found correlation
relations for membrane transport parameters. Con-
sequently, both the KK and mechanistic equations
were rewritten in reduced form involving not two
but three transport parameters.

In this work we also show a comparative anal-
ysis of functioning of the KK and mechanistic
equations. The authors believe that this work opens
new possibilities for application of both KK and
mechanistic equations in studies of non-electrolyte
transport in artificial and biological membranes.
The two sets of equations together become a more
sophisticated and better understood scientific tool.
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