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Many studies have been conducted on nonlinear Schrödinger systems with all repulsive
(or attractive) forces between different species (or components) when the forces are
very strong. It is well known that, when the repulsive force goes to infinity, each
species occupies its own region where different species vanish. This is called “phase
segregation.” In this research, however, we studied nonlinear Schrödinger systems
of three species that involve mixed forces, both attractive and repulsive, between the
species. In this case, we found a new pattern formation that has never been reported
in this field before. In fact, for the solution we found, as the attractive and repulsive
forces go to infinity, one species survives and the other two decay to zero. These two
species, however, are localized near a point approaching a boundary point, providing
a characterization for the boundary point. These results are expected to open up a new
direction for research in this field.
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C-H bond activation of methane is one of the most difficult challenges in chemistry.
Only very few catalytic systems are capable of engaging methane as a substrate, and
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very little is known about how to make better catalysts. In this research, we proposed
the borylation of methane catalyzed by Ir, and carried out extensive computational
molecular modeling studies at KAIST to develop a rational strategy for the design of
such a catalyst. Based on this strategy, our collaborator, Professor Daniel Mindiola,
at the University of Pennsylvania, was able to obtain monoborylated methane with a
higher chemoselectivity and a higher yield (52%) than ever before.
This study is the first of its kind to utilize methane as a borylation substrate; moreover,
we also showcased the power of computational molecular modeling as a predictive
tool. As such, this study provides a foundation for the development of future
technology that may allow for the use of methane as an alternative energy source to
replace crude oil.
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