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Research Statement;

In the modern optical communication systems, the fast replacement of electron by
photon as a carrier of information has kept the design of different types of nonlinear
optical (NLO) materials in the spotlight of scientific interest. Ab initio methods
together with finite field (FF) approach are usually used to compute first and second
hyperpolarizabilities, # and y, which are the origins of the macroscopic second- and
third-order nonlinear optical (NLO) susceptibilities, x?and x?, respectively. Some
recent studies have shown that few classes of push-pull NLO chromophores
containing an electron donor, a conjugated (pi) network, and an electron acceptor
are good single-molecule labels. Thus, NLO chromophores are potential candidates
for designing reversibly switchable nanoscale emitters not only for single-molecule
optical imaging in living cells but also for NLO microscopy. Near-infrared or

nonlinear NLO chromophores have several advantages over visible fluorophores,



including improved tissue penetration, a significant ground-state dipole moment,
sensitivity to local environment and lower auto-fluorescence for example
indocyanine green. In the present study, a molecular-level description about these

NLO chromophores will be provided which can revolutionize the field.

My goal;

Recently, Nakano et al. have reported that open-shell molecular systems can exhibit
larger third- order NLO properties than closed-shell systems. According to this
guideline, our goals include selection and modification of different recent
computational methodologies to study the second-/third-order NLO properties using
a more accurate, concise and detailed way in photolytic radicals, single wall carbon
nanotubes, and open-shell compounds which have been considered a complicated
task due to the multireference (MR) character of wave function in computational
chemistry. Besides this, the use of different modified and selected methodologies to
design new families of NLO chromophores, which have been considered difficult to
deal in experimental chemistry due to high reactivity of open shell radicals. The
long-term goal includes the continued development of high performance NLO
chromophores and to modulate reversibly their second-order polarizability (by light
and pH) and third-order polarizability (by change in spin state, charge state,
applying external static field). The future outlook includes the designing of
switchable NLO chromophores along with the elucidation of their integration
mechanism to help in understanding their environmental sensitivity for imaging of

single molecules.



