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Research

We are engaged in diverse research activities that fall under the general area of ‘physical organic
chemistry’. The research spans a variety of themes that cut into different branches of chemistry, namely,
i) photochemistry, ii) supramolecular chemistry, iii) organic materials and iv) mechanistic organic
chemistry/organic synthesis. The underpinning premise that pervades in all our investigations is —
‘structure is an embodiment of reactivity and self-assembly’; the latter decisively determines the
properties of the bulk materials.

Insofar as the photochemistry is concerned, we have comprehensively established solid-state
photochemistry of o-alkylaromatic aldehydes, Norrish Type Il reactivity of [ER-disubstituted
butyrophenones and ‘diastereomer-differentiating photochemistry’ of the latter. We have shown through
nanosecond time-resolved transient absorption spectroscopy that the diastereomer-differentiating
photochemistry observed in the products emanates at the triplet state and that the diastereomeric 1,4-
biradicals of the precursors of the products likewise collapse with different rates. At the same time, we
have been exploring fundamental aspects underlying the phenomenon of photochromism in a class of
compounds called chromenes. We have shown that simple arylation of diarylchromenes can lead to
dramatic modification of the photochromic properties through changes in the absorption properties of
the colored o-quinonoid intermediates. Similarly, a variety of factors such as toroidal conjugation,
through- space interactions, phane effects and helicity have been shown to influence the phenomenon
of photochromism in diarylchromenes.

In the realm of supramolecular chemistry, we have shown that sterically-hindered carboxylic acids exhibit
unique synthons. Using ‘sterics’ as a design element, we have rationally created a variety of molecular
modules based on methylarenes, bimesityls and pyrenes, and demonstrated a rich inclusion chemistry.
Further, we have exemplified control of molecular self-assembly based on hydrogen and coordinate
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covalent bonds. A variety of functional metal-organic frameworks (MOFs) have been demonstrated
based on bottom-up approach. In our recent investigations, we have demonstrated access to functional,
that is, photoresponsive, sensing and redox-active, 2D metal-organic nanosheets (MONSs) by de novo
design of organic linkers. By exploiting the concepts of supramolecular chemistry, a novel class of
amorphous materials has been developed and their functional utility applied to development of OLEDs
(organic light-emitting diodes) with high quantum efficiencies demonstrated.

We have been endeavoring to apply the riches of supramolecular chemistry to develop novel oxidation
chemistry based on IBX and Oxone; IBX is a reagent that has surged into prominence in the
contemporary oxidation chemistry. We have also exploited hydrogen bonding to regulate
stereoselectivity in organocatalytic transformations. In recent times, we are striving to develop
amorphous porous organic polymers (POPs) as recyclable, stable and robust heterogeneous catalysts for
organic transformations. This activity is built based on our extensive investigations with ordered metal-
organic frameworks (MOFs).

17119



