Modeling
The release rate of protein will be modeled by using the Fick’s law of diffusion. The Fick’s first and second laws are given by equations (1) and (2) respectively.
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Where, 

J = diffusion flux

D = Diffusion coefficient
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 = concentration

x = position

t = time

Different cases, as described below, will be considered.
In all the cases it will be assumed that the total volume of the domain always remains constant i.e. the solvent outside the controlled release device diffuses into the device to fill the space evacuated by the released drug at a rate so the total volume exchange is equal in each direction.  The result is a release device whose size is fixed and which develops no void space as a consequence of the loss of the dispersed material
1) Stone problem: In this case a drug particle, which is made up of several crystals of protein will be considered. It will be assumed that the concentration and mass of the drug particle will always be constant (they will not decrease with time). The boundary condition will be periodic in one dimension and zero concentration in the other dimension.

2) Ice problem: This will be same as above, with only difference that the mass of the drug particle will decrease with time but the concentration within the vicinity of the particle will remain the same.

3) The third case is important and very interesting. In this the boundary conditions will be same as first case. But the effect of particle size on the release will be studied. Two cases will be considered. In one case, the smaller particle will be kept in the center and the larger ones will be at the border as shown in figure 1. In the second case, larger ones will be kept in the center and the smaller ones at the border as shown in figure 2.
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Figure 1: Cartoon of the case where small particles will be at center and larger ones at the border.






Figure 2: Cartoon of the case where large particles will be at center and smaller ones at the border.

4) In above three cases, the initial conditions will be generated by specifying an array that has the required particle size with domains at each of the binodal concentrations. However, physical interfaces between the polymer and protein phase are not sharp, their thickness is a function of the interactions between the dissimilar molecules.  As a result, initial conditions for this study will be generated by simulating spinodal decomposition using the modified Cahn-Hilliard equation. Periodic boundary conditions will be used to generate initial conditions. After generating the initial conditions, the release studies will be performed using the Fick’s law of diffusion. The boundary conditions will be periodic in one direction and zero concentration in the other direction.
I propose to model different system using finite differences, along with a computational package such as Mathematica, Matlab, or Basic.  We are attempting to find a geometry and placement of high concentrations of a pharmaceutical so as to keep delivery of the medication at a constant rate into the bloodstream.  A scientific publication will be our ultimate goal.
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