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The atomistic analysis of microstructure thermodynamics in crystalline materials at high 
temperature often is complicated by entropic effects that can lead to significant deviations 
from ground-state predictions.  A common source of entropy is the presence vibrational 
modes associated with a particular configuration; this form of entropy is readily estimated 
with standard methods.  More challenging to measure is the configurational entropy 
associated with the existence of multiple configurations.  For example, a crystal defect may 
exhibit several degenerate (or non-degenerate) configurations that collectively lower the 
overall free energy of the defect.  If the degeneracy is large enough, the basic thermodynamic 
and structural properties of a given microstructural feature can be altered significantly. 
 
In this presentation, a theoretical-computational framework based on the notion of potential 
energy landscapes (PELs) and inherent structures [1,2] is developed and applied towards the 
thermodynamic analysis of microstructure in high temperature crystals.  Briefly, the PEL 
represents a multidimensional map of all possible configurations in a particular system.  A 
key feature of the PEL is the presence of numerous basins, each surrounding a local 
minimum energy configuration that is mechanically stable; the latter are often known as 
inherent structures.  Under certain conditions, a system spends most of the time located near 
inherent structures and the PEL can be represented approximately by the collection of its 
inherent structures.  In this study, inherent structures are found using molecular dynamics 
simulations coupled with energy minimization.  The inherent structure energies are organized 
into distribution functions, which are then used for thermodynamic analysis.   
 
We consider two primary situations.  First, the physics of point defect clustering in silicon (as 
modeled by the EDIP potential [3]) is addressed.  Defect clusters, such as nanovoids and self-
interstitial precipitates, play important roles in establishing the quality of crystalline silicon 
for both microelectronic and photovoltaic applications.  We show how entropic contributions 
arising from vibrational and configurational degeneracies lead to subtle but important 
changes in the high-temperature thermodynamics of these microstructures [4,5].  We then 
address the phenomenon of crystal melting in both silicon and aluminum.  First, 
homogeneous melting in a periodic crystal is used to highlight the basic phenomenology, and 
then melting under more realistic conditions is considered.  In particular, melting initiated at 
planar surfaces, at nanoparticle surfaces, and at internal cavities is compared and contrasted. 
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