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It has been suspected that impurities can induce grain boundary phase
transformations.  It is difficult, however, to reveal these transformations, since to do so
we must study unexpected atomic arrangements at the core of grain boundaries.  This can
only be accomplished by using a combination of experimental and theoretical studies
with atomic resolution.  In this study, we used Z-contrast imaging, electron energy-loss
(EELS) and ab-initio materials simulations to study the atomic structure of grain
boundaries.  Z-contrast imaging provides us with directly interpretable images of the
grain boundary structure, and EELS characterizes the chemical composition locally at the
core of the grain boundary.  The resolution of both of these techniques is greatly
enhanced with objective lens aberration correction, which allows subangstrom analysis.
The first results obtained with an aberration-corrected STEM are shown in this study.
These experimental results allowed us to produce a starting model for ab-initio
calculations.  We used ultrasoft pseudopotentials and a plane wave basis set method in
local density approximation.  The total energies for the models with and without
impurities allowed us to find the lowest energy configuration.  While the grain boundary
structure changed dramatically with Ca impurities in MgO, we saw only a slight
modification in sigma=5 Al grain boundaries with Cu doping.  However, there is no grain
boundary phase transition of Cu grain boundaries with heavy dopant atoms (Bi, Ag).


