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Research Synopsis
Current Projects:

1. Develop atomistic models and fundamental understanding of Li-ion batteries.
We use several methods methods from quantum monte-carlo to electronic density functional theory
to classical reactive- and non-reactive force-field modeling to simulate and understand the structure,
dynamics and reactions in Li-ion battery materials, in a wide range of length- and time-scales. The
current focus is in understanding electrolytes and their interfaces with electrodes.

2. Establish an understanding of graphene-based solid-fluid interphases for supercapacitance and
catalysis applications.
We use a range of methods from ab initio molecular dynamics to reactive force-field simulations to
understand the interactions of fluids (such as water) with epitaxial graphene and carbon-
nanostructures. The current focus is in understanding and quantifying key control parameters
(defects, epitaxial-strain, functionalization etc.) which determine interfacial atomic structure and
charge-transfer, on experimentally verified structural models that we build.



Establish an absolute under standing of fluid-mediated catalysis on oxide supported nanoparticles
We use electronic density functional theory based methods to understand the role of water in
mediating technologically important reactions on oxide (TiO,, ZrO, etc.) supported gold
nanoparticles. The current focus in in understanding and quantifying the role of surface hydroxyls
on reaction pathways and kinetics.

Previous Projects:

1.

Phase transitionsin solids under pressure

We used solid state electronic structure calculations, phonons and ab initio molecular dynamics to
elucidate novel phase transitions in a wide range of perovskite ferroelectrics, relaxors and magnetic
mineral-oxides. Bulk, thin-films and superlattices were studied in many cases. The effort was later
extended to study molecular compound formation with hydrogens under pressure. Several new
materials and phenomenologies were predicted and verified with experiments.

Phase transitions in supercooled liquid silicon

We used ab initio molecular dynamics with statistical-mechanics and thermodynamics to predict
liquid-liquid phase transitions in atomic silicon in its supercooled regime. Our predictions were later
supported by experiments.

Geometric frustration and glass-formability in metallic glass
We used ab initio molecular dynamics with statistical-mechanics to understand and predict the
relation between geometric frustration and glass formability in metallic glasses.

Invited Talks:
2011 “ Accurate static and dynamic properties of electrolytes for Li-ion battery applications’, P.
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ArticlesUnder Review :
1) “Catalytic CO Oxidation by Gold Nanoparticles Supported on Hydroxylated Zirconia” ,
Christopher J.Karwacki, Gregory W. Peterson, Jun Jie Niu, P. Ganesh, P. R. C. Kent and Yury
Gogotsi, submitted to J. Am. Chem. Soc. (2011)



2) *“ Solid-electrolyte interphase formations and electrolyte reduction at Li-ion battery carbon
anodes: A first-principles molecular dynamics study” , P. Ganesh, P. R. C. Kent and De-en Jiang,
submitted to J Phys. Chem. Lett. (2012)

Articlesin Preparation:
1) * Reactive force-field development for supercapacitors and CO, sequestration”, P. Ganesh, L.
Vlcek, Adri-van Duin and P. R. C. Kent.

2) “Dynamic properties of ethylene carbonate-dimethyl carbonate electrolyte mixtures for Li-ion
batteries from ab initio molecular dynamics’, P. Ganesh, P. R. C. Kent and De-en Jiang

3) “Li-iondiffusion in graphite: A diffusion quantum monte-carlo benchmark study” , P. Ganesh,
Jeongnim Kim, P. R. C. Kent

Book Chapter:

1) “Modeling Interactions of Metal Oxide Surfaces with Water in Chemical Sensors: Smulation
and Modeling”, L. Vlcek, P. Ganesh, A. Bandura, E. Mamantov, M. Predota, P. T. Cummings,
D. J. Wesolowski, Momentum Press, LLC (2012) (in press).



