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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 disadvantages for the challenging problem of describing strong correlations,
such as the breaking of chemical bonds, or the low-spin (antiferromagnetic) coupling of electrons on different centers.
Within MO methods, strong correlations can be viewed as those arising within a valence orbital active space. One reasonable definition of
such a space is to supply one correlating orbital for each valence occupied 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 truncated problem, as is done in CASSCF. An important alternative is to
systematically approximate the Schrödinger equation in the full valence 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-multiplicity. 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 molecular 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 truncate the space, but rather reduce the complexity. A new way of doing
this will be introduced and contrasted with the MO-based approaches.

Chemistry Colloquium
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INTRA

AND INTERMOLECULAR INTERACTIONS PROBED

BY ELECTRONIC STRUCTURE THEORY CALCULATIONS

This talk will cover some recent developments in practical density functional 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 properties of some remarkable dicopper diphosphorus diamondoids will
be discussed as a case study of intramolecular interactions. With
respect to analyzing intermolecular interactions, a useful decomposition scheme is introduced which gives particular insight into the nature of dative interactions. We discuss a variety of examples ranging
from hydrogen bonding to ligand-metal interactions, where our methods sometimes confirm conventional wisdom and sometimes strongly
contradict previous interpretations.
Reception immediately following Colloquium
from 5:00 to 6:00 PM
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