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he research in our group focuses upon
the development and understanding
of computational methodologies, and
studies in heavy element chemistry, catalysis,
protein modeling, drug design/understanding
of disease, metal organic frameworks, green
chemistry, and many other areas. One of the
great features of theoretical and computational
chemistry is that they can be utilized to
investigate a broad array of challenges, and our
group often finds ourselves engaged in areas
as diverse as method development and studies
of diatomic molecules to protein modeling
and studies of the mechanical properties
of materials of importance in areas such as
aircraft design.

Development and understanding of
methodologies. Much of our group’s efforts
are focused upon the development of ab initio
approaches that aim for accurate prediction
of thermochemical properties across the
periodic table. Included in our efforts has
been the development of successful and
versatile ab initio composite schemes, called
correlation consistent Composite Approaches
(ccCA), that provide reduced computational
cost (in terms of computer time, memory,
and disk space) means to achieve energetic
predictions. The approaches are useful for
ground-state, excited-state, and transitionstate energies, and can be applied to situations
where single-reference wavefunctions or where
multireference wavefunctions (i.e., bondbreaking, diradicals) are necessary. Included
in our work is the development of Gaussian
basis sets, providing new additions to the
correlation consistent basis set family, and
rigorous evaluation of existing and new basis
sets. Another area of interest is in gauging the
performance of methodologies, such as density
functional theory, particularly for situations
where there may be few, if any, needed
experiments for comparison. Significant efforts
have focused upon transition metals.

Computed potential
energy curves for the
neodymium mono
fluoride dication.
Quartet states
comprise the lower
band of bound curves
with the 4I9/2 ground
state separated from
the excited state
manifold by 5 kcal/
mol. Homolytic dissociation to NdF 2+ and F occurs
via crossing to the repulsive sextet states. (From
J. Phys. Chem. A 2013, 117, 10881; cover article.)
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spectroscopic properties, and utilizing this
knowledge in areas such as separation science
and the development of new methodologies
for heavy elements.
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Catalysis. Homogeneous and heterogeneous
catalysis are of interest, and we investigate a
broad range of catalytic reactions, including
water-gas shift reactions and reactions of
importance in the breakdown of lignin. We
also have interest in modeling and trying to
improve upon Mother Nature, considering the
effectiveness of plant proteins such as RuBisCO,
the CO2-fixing enzyme in the Calvin cycle.
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A comparison of
homogeneous
and heterog en
eous catalysis.
Homogeneous
catalysis of the
reverse water-gas
shift reaction using
β-diketiminate
complexes and
heterogeneous
catalysis of CO 2
reduction to CO on transition metal surfaces (Fe,
Co, Ni, and Cu) are shown. (From J. Phys. Chem.
C 2012, 116, 5681.)

Drug design /understanding disease. In
partnership with a pharmaceutical company,
we are considering small molecule binding
cavities, utilizing docking techniques and other
approaches for the design and understanding at
We have interest in approaches for non- the molecular level of potential pharmaceuticals
dynamic electron correlation needed that could be important in anti-inflammatory
to describe bond-breaking and excited disease. We also are investigating how changes
states, particularly approaches that could in structure impact activity, and the role of
circumvent or reduce the most computationally signal transduction cascades in disease.
demanding multireference wavefunction-based
The conformaapproaches. We are identifying diagnostic
tion-activity and
criteria to assess the need for such approaches
structure-activfor transition metal species, and are developing
ity relationships
DFT correction terms to account for nonwithin the oligodynamic electron correlation.
mer assembly

of IKKβ that are
impacted upon
Heavy element chemistry. The complexity of
activation, mutathe heavy elements results in their great utility in applications from cell phones to stealth tion, and binding of ATP have been investigated.
Here, the ATP ligand is positioned in the mouth
technology. We are developing a better under- of
the activation loop, where the adenine head of
standing of the fundamental properties of ATP is pointed towards Asp166 and the phosphate
lanthanide species, as well as the methodolo- tail is outside of the pocket. (From J. Chem. Info.
gies needed to describe their energetic and Mod. 2014, 54, 562.)
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