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Diffusion Model

Different models have been developed to describe restricted diffusion of molecules in fibrous structures [1,
2]. Among them, Ogston’s model [1] and effective medium model [2] are the most popular ones. Ogston’s
diffusion model accounts for fiber and solute radii and fiber volume fraction, while the effective medium
model uses solute radius and gel permeability. According to Ogston’s model, diffusivity in the network
of randomly oriented, infinitely thin and infinitely long fibers is given by

D/D0 = e−
√
α, (1)

where α = πr2s l, rs is a solute radius, and l is a fiber length per unit volume. The effective field model
suggests that the diffusivity of solute is hindered due to hydrodynamic friction by fibers [2] ,

D/D0 =
[
1 +

√
r2s/k + r2s/(3k)

]−1

, (2)

where k is the permeability of the gel. Johnson et al. 1996 [3] suggested that retardation due to steric
(S) and hydrodynamic interactions (H) should be multiplied. The ratio of diffusivity in the fiber gel to
that in solution is given by

D/D0 = H × S = e−aϕb

e−0.84f1.09

. (3)

Here H and S are the stretched exponential functions derived by Clague and Phillips [4] and Johansson
and Lofroth [5], respectively. The adjusted volume fraction, f = ϕ(1 + λ)2, is expressed in terms of the
fiber volume fraction ϕ and the ratio of the solute diameter to fiber radius λ = rs/rf . Values for a and b
were corrected by Amsden [6], a = π, b = 0.174ln(59.6/λ).
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