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Research Experience

My research interest lies principally in first-principles simulations
of semiconductor surfaces and of fullerenes, fullerene derivatives, and
carbon nanotubes. I am especially interested in simulations in which molecular
dynamics is useful. The first-principles molecular dynamics method in which I
specialize is Quantum Molecular Dynamics (QMD), developed by Professor O.F.
Sankey (Phys. Rev. B 40, (1989) 3979) at Arizona State University. QMD is
an approximate, non-self-consistent method which allows for the simulation
of larger systems than is usually possible with plane-wave-based molecular
dynamical methods, or the use of workstations rather than supercomputers. If
more accuracy is required, I use a more recently developed, self-consistent,
local-orbitals technique known as SIESTA (Phys. Rev. B 48, 14646 (1993);

51 1456 (1995)). When maximum accuracy is required, or when doing a static
simulation involving only a small number of atoms, I use a fully self-
consistent plane-wave method based on the work of M.P. Teter (Phys. Rev. B 40,
12255 (1989)).

My interest in semiconductor surfaces began with my graduate work at
Arizona State. In particular, I have studied the (100),(111), and (113)
surfaces of silicon and the (100) and (111) surfaces of diamond carbon. We were
the first to use first-principles molecular dynamical simulations to show that
the (2x1) reconstruction of Si(111) can form directly from the bulk-terminated
(111) surface without any significant energy barrier (Superlattices and
Microstructures, 10, 407 (1991)). I have also published first-principles
simulations of aluminum deposited on the Si(100) surface, and participated
in a more recent investigation of boron deposited on Si(100) (Phys. Rev. B57,
9745 (1998)).

My simulations of carbon fullerenes and nanotubes have been done in
collaboration with Professors John Page, Michael 0’Keeffe, Otto Sankey, and
Jose Menéndez at Arizona State, Professor Jan Musfeldt at the University of
Tennesse, Kati Kamaréds at the Research Institute for Solid State Physics and
Optics in Budapest, Hungary, and Virgina Long at Colby College in Waterville
ME. Our work has included simulations of fullerenes with from 20 to 260 atoms.
Our investigation of the energetics of large fullerenes was published in
Science (256, 1792 (1992)). We were the first to suggest that fullerenes
smaller than Cgp might create solids that superconduct at a higher temperature
than does doped Cgp solid (Chemical Physics 176, 61 (1993)). With the recent
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isolations of C3g (Piskoti et al., Nature 393, 6687 (1998)) and of Cyy (Prinzbach
et al., Nature 407, 60 (2000)), it has become conceivable that this hypothesis
might soon be tested. And, in a simulation that dramatically demonstrates

the utility of first-principles molecular dynamics, we used QMD to predict

the structure of the odd-mass fullerene derivative Cij9 (Chem. Phys. Lett.

228, 485 (1994)) . NMR and Raman spectroscopy have subsequently confirmed that
our predicted structure is correct (Lebedkin et al., J. Chem. Phys. 110, 11768
(1999)) . My most recent fullerene simulations have been of the Jahn Teller
distortions of Cg), in collaboration with John Page and Virginia Long. Our
talk at the 2004 APS March Meeting was entitled "Vibrational Study of the Jahn-
Teller Distortion of Cy, in [AsPhy]s C1 Cgp"

Finally, in addition to surfaces and fullerenes I am also interested in
simulations of novel semiconducting solids. For example, silicon, germanium,
and carbon clathrates (Phys. Rev. B49, 8048 (1994), Phil. Mag. Lett. 78 21
(1998)) are found to be energetically competitive with the diamond forms, and
the Si and Ge clathrates have bandgaps which are much wider than the respective
diamond bandgaps. Si and Ge clathrates have now been synthesized, (see for
example Gryko et al. Phys. Rev. B57, 4172 (1998)) and their thermoelectric
properties are receiving considerable attention (see for example Nolas et al.
Appl. Phys. Lett. 73 178 (1998)). I have also simulated polybenzene, a three-
coordinated carbon structure which is energetically comparable to solid Cgg

(Phys. Rev. Lett. 68, 2325 (1992)) but which has not yet been synthesized.
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

"A First Principles Study of Polymeric Joinings of Fullerene Molecules",
G.B.Adams, J.B.Page, M. 0’Keeffe, and 0.F.Sankey, 1994 March Meeting of
the American Physical Society, Pittsburgh, PA, March 1994.

"A First Principles Molecular Dynamical Study of Polymerized Cgp and of
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