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Abstract 

The applicability of the effective diffusion coefficient Deff of extended effective medium theory in two-dimensional case was tested for the 
model of periodically distributed impenetrable inclusions in the limit when the inclusion volume fraction f is very high (f tends to 1). Theory 
is compared with computer simulations in the continuous case. The range of applicability of the commonly used relation Deff =Dh/(1+f) (Dh 
– diffusion coefficient in the host matrix) depends on the ratio of bandwidths d between inclusions to the mean free path length l (or 
hopping length in a discrete model). In the limit f        1 and l/d >1 Deff         Dh. 
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1 General 

Let us consider a simple case of matrix with two-
dimensional periodic distribution of impenetrable inclusions 
shown in Figure 1. 
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FIGURE 1 Periodically placed impenetrable inclusions 

The extended effective medium theory [1, 2] predicts 
that the effective diffusion coefficient Deff in the case of 
impenetrable inclusions with volume fraction f is  
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where Dh is the host diffusion two-dimensional (2d) 
diffusion coefficient 
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l is a mean free path, and τ hopping time. 
Eq. (1) was confirmed by the Monte-Carlo simulations. In 

particular, for f=1 Eq. (1) gives Deff =1/2Dh. However, if one 

considers the limiting case f=1 as diffusion along the contours 
around the inclusions, this yields Deff =Dh (it follows from 
simple considerations: diffusion along the contour segments 
L is 1d and total 2d diffusion may be described by Eq. (2) 
where l is replaced by L, and τ  by T = (L/l)2τ ).  

We show that this contradiction arises due to the 
approximations used in the derivation of Eq. (1): 2d 
diffusion and the limiting case of small l. In FIG. 2 we 
present the results of computer simulation for l comparable 
with the width d of channels between the inclusions. As one 
can see, Deff increases twice as l grows. 

 
FIGURE 2 Ratio of Ds (effective diffusion coefficient from computer 

simulations) to Deff , Eq.(1),  as the function of l/d. L=10, d=0.2 

2 Conclusions 

Restrictions of extended medium theory in the case of 
volume fraction f close to 1 are demonstrated: Eq. (1) does 
not describe properly transition from 2d to 1d diffusion 
along the contours. From FIG. 2 it follows that it serves as 
good approximation only if for small mean free paths, 
l/d<0.5 or f<(1-(l/L)/2)2. 
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