050128 Quiz 3 Nanoparticles
In modeling the growth kinetics of a nanocluster it is useful to consider the limiting step as either diffusion or reaction limited.  Using this approach the rate of growth shows characteristic time dependencies depending on which growth model is appropriate.

a)  Sketch a cluster showing the diffusion layer thickness , cluster size r, interfacial concentration Ci, and bulk concentration Cb.  List in order of increasing concentration Cr, Ci and Cb where Cr is the monomer concentration in equilibrium with the cluster.  Give an expression for Cr in terms of r.
b)  Write two expressions for the flux J associated with Fickian diffusion and the interfacial reaction (deposition rate) in terms of , Cb, Ci and Cr.  How is the linear growth rate, dr/dt, related to J?

c)  Write (and derive if you can) an expression for J in terms of just Cb and Cr (not Ci).  Why is it important to remove Ci from this equation?  Also convert this equation for J to dr/dt using your expression from part "b".
d)  Show the behavior of dr/dt for diffusion limited and reaction limited conditions by simplifying the equation from part "c" for D< kd r and for D>kd r.

e)  Sketch r versus time assuming reaction limited conditions for the smallest particles, diffusion limited for intermediate nanosizes and reaction limited in the convection regime at sizes greater than a few micron.  
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