050121  Quiz 2 Nanoparticles

The Gibbs-Thompson cluster model is useful in predicting the critical size and the energy barrier to formation of nascent nuclei in nanoparticle formation.  The energy barrier can be used to calculate the equilibrium cluster concentration, cne, as a function of cluster size, n.  One problem with the cluster model is that it predicts a small fraction of nano-scale clusters at equilibrium.  This has been resolved by application of kinetic models.

a)  Write an expression for the energy of formation of a cluster of size n, show how n* can be obtained from this expression and write an expression using n* for the energy barrier to formation of a critical cluster, G*.

b)  Using the Gibbs cluster energy of formation write an Arrhenius expression for the equilibrium concentration of clusters of size n, cne.  Sketch a plot of this concentration, cne, as a function of cluster size, n.  On the same plot sketch the kinetically limited cluster concentration cn, that might be expected experimentally.  What is the value at n* (that is cn*e)?

c)  The rate of formation of n-mers is given by two constitutive functions that contain the rate constants, kd and kn.  Write an expression for the quasi-steady state condition, 
J = Jn-1,n - Jn,n-1 ≈ 0 using these two rate constants.  What is the quasi-steady state assumption?

d)  Heterogeneous surface nucleation can be described using the same Gibbs cluster model used in part "a".  Write and expression for G', n*', and G*' where prime indicates growth of a surface patch of one monomer thickness and radius r.  How do these expressions differ from those in part "a"?

e)  For a nanoparticle synthesis where the concentration of monomer increases rapidly and then is depleted due to homogeneous nucleation and later surface nucleation, sketch concentration versus time indicating the critical concentration for homogeneous, cn*e, and heterogeneous, c'n*e, nucleation and indicate the regions in time where you would expect these two nucleation mechanisms to appear.  What is the consequence of a long period of homogeneous nucleation?  What is the consequence of a long period of surface nucleation?
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