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New Chemical Concepts Arising from Theoretical Analysis
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This talk will consists of three exemplary cases which we recently studied based on the block-
localized wavefunction (BLW) method which is a variant of ab initio valence bond (VB) theory.

1)

2)

3)

The activation of CO by a non-metal catalyst, namely Bo(NHC),. The ground state of B; is
of a single bond, but its third excited state of a triple bond has two significant -holes. The
strong electrostatic attraction of the o-holes with two NHCR molecules can compensate the
state excitation energy. Still, only one of the two = bonds of diboryne (B=B) fits to one of the
degenerate LUMOs of CO. When CO approaches B,(NHCR),, however, we identify a
HOMO-LUMO swap. Subsequently, both HOMO and HOMO-1 of B,(NHCF), can
effectively interact with the two ©* orbitals of CO, resulting in the ultimate activation of CO.
The origin of the resonance-enhanced (RAHB) and resonance-inhibited (RIHB) hydrogen
bond. BLW optimizations can result in optimal yet resonance-quenched structures with
related physiochemical properties. Thus, correlation between 7 resonance and the strength of
intramolecular RAHBs can be explored. We confirmed that = resonance unanimously
reduces the bonding distance, strengthens the bonding and red-shifts the D—H vibrational
frequency. By merging two malonaldehyde molecules, we also showed that intramolecular
hydrogen bonds may be cooperative or anticooperative, depended on their relative
orientations, and there is the RIHB concept as well.

The =-r repulsion in conjugated systems. We demonstrated that in conjugated systems, apart
from the much familiar = conjugation which is stabilizing, there is also strong =-r repulsion
which is a kind of intramolecular strain.
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