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TRACTABLE VALENCE SPACE METHODS

FOR STRONG ELECTRON CORRELATIONS

Wave function-based quantum chemistry has two traditional lines of
development – one based on molecular orbitals (MO's), and the other
on valence bond (VB) theory.  Both offer advantages and disadvan-
tages for the challenging problem of describing strong correlations,
such as the breaking of chemical bonds, or the low-spin (antiferro-
magnetic) coupling of electrons on different centers.

Within MO methods, strong correlations can be viewed as those aris-
ing within a valence orbital active space. One reasonable definition of
such a space is to supply one correlating orbital for each valence oc-
cupied orbital.  Exact solution of the Schrödinger equation in this space
is exponentially difficult with its size, and therefore approximations
are imperative.  The most common workaround is to truncate the
number of orbitals defining the active space, and then solve the trun-
cated problem, as is done in CASSCF.  An important alternative is to
systematically approximate the Schrödinger equation in the full va-
lence space, for example by using coupled cluster theory ideas.  I
shall discuss progress in this direction.

Within spin-coupled VB theory, the target wave function consists of a
set of non-orthogonal orbitals, one for each valence electron, that are
spin-coupled together into a state of the desired overall spin-multiplic-
ity.  The number of active orbitals is identical with the valence space
MO problem discussed above, though the problem is not identical.
Exact solution of the VB problem is exponentially difficult with molecu-
lar size, and therefore approximations are imperative.  Again, the most
common approach is to seek the exact solution in a truncated valence
orbital space, where other orbitals are simply treated in mean-field.  It
is possible, however, to also consider approximations that do not trun-
cate the space, but rather reduce the complexity.  A new way of doing
this will be introduced and  contrasted with the MO-based approaches.
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INTRA AND INTERMOLECULAR INTERACTIONS PROBED

BY ELECTRONIC STRUCTURE THEORY CALCULATIONS

This talk will cover some recent developments in practical density func-
tional theory (DFT) calculations and how to analyze such calculations.
With respect to DFT calculations, the latest developments in density
functionals will be discussed.  The chemical bonding and redox prop-
erties of some remarkable dicopper diphosphorus diamondoids will
be discussed as a case study of intramolecular interactions.  With
respect to analyzing intermolecular interactions, a useful decomposi-
tion scheme is introduced which gives particular insight into the na-
ture of dative interactions.  We discuss a variety of examples ranging
from hydrogen bonding to ligand-metal interactions, where our meth-
ods sometimes confirm conventional wisdom and sometimes strongly
contradict previous interpretations.
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sequent 3 years as a postdoctoral fellow at Bell Laboratories, working
with John Tully, until he was appointed as an assistant professor at Berke-
ley in 1992, where he quickly rose to the ranks of associate (1997) and full
professor (2000).

Martin is universally regarded as the leader in the field of electronic struc-
ture theories, especially the development and applications of novel math-
ematical methods that permit the treatment of problems that are beyond
the reach of standard methods. Martin made many breakthrough contri-
butions to various aspects of electronic structures, ranging from molecu-
lar integral evaluation, linear-scaling methods, perturbation and coupled-

cluster theory, density-functional theory to computational applications in
interstellar and biochemistry.

Martin has over 300 publications of which at least 30 are cited by 100
other publications and 4 are cited by over 1,000 publications. Martin was
instrumental in the development of the CCSD(T) (coupled-cluster singles
and doubles with a non-iterative triples) theory, considered the gold stan-
dard of electron correlation theory, modern CIS (configuration-interaction
singles) theory, the Gaussian-1 composite method, the algorithms of MP2
(second-order Moeller-Plesset perturbation) theory, continuous fast multi-
pole method for linear scaling density functional theory, etc., thus garner-
ing his "highly cited" status of the ISI Web of Knowledge citation data-
base.

Martin received National Science Foundation Young Investigator Award
(1993-98) and Annual Medal of the International Academy of Quantum
Molecular Science (1998). He was also an Alfred P. Sloan Research Fellow
(1995-97), Joel H. Hildebrand Chair in Chemistry (1994-96), David and
Lucille Packard Fellow (1995-2000), and Miller Research Professor (2001-
02). Martin is known for his excellence in teaching and mentoring, serving
as Vice-Chair of Teaching in the Department of Chemistry and also win-
ning the Departmental Teaching Award (2001) and many of his group
members went on to become faculty members of universities including
University of Southern California, Georgia Tech, Rutgers, Cornell, Missis-
sippi State University, University of Florida, MIT, University of Michigan,
Harvard, University of Mississippi, etc.

He is a member of editorial advisory boards of International Journal of
Quantum Chemistry, Journal of Theoretical and Computational Chemis-
try, Journal of Physical Chemistry, and Physical Chemistry Chemical Phys-
ics and also serves as the Chair of Theoretical Chemistry Subdivision of
American Chemical Society, organizing many of the National ACS Meet-
ings. Martin is also a co-founder of Q-Chem, Inc. and one of the main
architects of the computational chemistry software Q-Chem, which is widely
used in academia and industry.
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