FRERFHIELE LT PR 22

(DF B/ Hic2 E BEFF2 THERLEFF22T QM NMRirIR&=g

-

FeFi=pnidiRy pRé

F}-

(1) The Study of Time Lag and Mean First Passage Time for Membrane
Diffusion Accompanying Reaction (2) NMR and IR of Self-Association of

Acetanilidesin Various Solution
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Abstract:

This project is to attempts to treat the system of inhomogeneous diffusion
accompanying a first order reaction as a pure inhomogeneous diffusion. This is
possible, from the mathematical point of view, if the partition coefficient of the latter
is modified to an effective one. Thus, the transmission matrix designed for the
diffusion without reaction can be transcribed to the diffusion/reaction system. The
time lag and mean first passage time problems can be treated in the same way as the
pure diffusion system.

Keywords. diffusion/reaction, effective partition coefficient, transmission matrix,
time lag, mean first passage time

Z ~BdEpah
Diffusion is a ubiquitous phenomenon in physica and biologica world! It



occurs in electrochemistry,? colloidal science,® semiconductor device fabrication and
operation,” solid state physics,® and drug delivery,® to name only afew. Sometimesa
chemical reaction accompanying diffusion, such as accurring in chemical sensor,” in
membrane reactor® and drug delivery across skin with metabolism.? In such cases
diffusion and reaction cannot be treated separately, i.e., they must be mingled
together.

It is always desirable to have a complete scenario of the process of
diffusion/reaction. This is possible only for some very simple cases whose
diffusion/reaction equation has a complete anadytic solution. In other more
complicated cases, some diffusion parameters such as permesability, P, time lag, t| ,

and mean first passage time, t,,, are resorted to.>*> As a matter of fact, P and t|

are crucial parameters to estimate the total release at the downstream side as a
function of time, Q(t), via a linear asymptote, Q(t) =P(t- t, ), when the experiment
are set up that theinitial concentration within the membraneis void, and the boundary
conditions at the upstream and downstream sides are constant and zero concentrations,
respectively.”t  The mean first passage time is used to be characterized the time
elapsed for a diffusant particle lingering in the diffusion domain when it isinitialy at

a particular position.** Formulae to calculate P, t, and trep are well known for the

pure diffusion system. However, when it comes to diffusion with reaction, their
expressions are found only in some simple cases. The genera theory related to this
subject still has some room to devel op.
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Inhomogeneous diffusion accompanying reaction can be repressed in mathematical
form

1 _ rixm
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where D(x), K(x) and k(x) are diffusivity, partition coefficient and rate constant,
respectively, and r (X, t) isthe diffusant concentration.

with r(x,t) =[g(x)] 1 (x,t), and after some lengthy algebraic operation , eg. (1) can
be partiti oned into two parts, one corresponding to the steady state equation for g(x),
X
DOOK () g - K(X)glx) =0 @

K(x)
the other isfor r (x,t) obeying the new equation



r(x,t)
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If, further, we name K(x) = gz(x)K(x) as the effective partition coefficient, then eq.
(3) can be cast into a standard from of pure inhomogeneous diffusion equation with

diffusivity, D(x), and partition coefficient, }Z(x) , to be

- 1 _r(xt)
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Thus, we have established the equivalence between diffusion and diffusion/reaction

(4)

upon modifying K(x) to K(x) = g2 (x)K (x)
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With this establishment of the equivalence

1. The time lag can be expressed for diffusion/reaction after replacing K(x) by K(x)

to be
h
Oronsdy . Gdy
(x) = ~——adx
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o P(X)K(X)
2. The mean first passage time for a particleinitialy a x, for both sides x = 0 and x
= h being absorbing now reads
"1
oDi‘ = Ooi (y)dydx
d<() xg DK (X) (K (x d< ©)
0[)7 y)dyadx -
(x)K(x) 1

o P(X)K(x)
3. For upstream side (x = 0) being reflecting downstream side (X = h) being absorbing,

the mean first passage time becomes

Wd((y) ydx (7)

4. If x = 0 is absorbing, while x = h is reflecting, the corresponding entity now
becomes
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Egs. (6)-(8) are obtained by replacing K(x) by }Z(x) from the corresponding known

equations of the pure diffusion

The result of another subproject, NMR and IR of self-association of Acetanilide
in various solvents, has been published in Zeitschrift fur Physikalische Chemie, 215,
447-459 (2001) under the title NMR Sudy of Self-Association of Acetanilide in
Chloroform, Acetonitrile and Dimethyl Sulphoxide.
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We have established, mathematically, the equivalence between diffusion and
diffusion with reaction after a modification of the partition coefficient from K(x) to
IZ(x) =g*(X)K(x), where g(x) is the steady-state solution of the diffusion/reaction
equation. This establishment enables us to treat the problem of diffusion/reaction
along the line used for pure diffusion problem.
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