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ABSTRACT

Semiconductor nanocrystals (NCs) or quantum dots (QDs) have attracted much attention in
recent decades due to their novel electronic/optical properties and wide range of dependent
applications in the areas like photovoltaics (PVs), light emitting diodes (LEDs), photocatalysis,
bioimaging, biosensing, cancer treatment etc. QDs represent class of semiconductors based on
elements of groups 11-VI, 111-V, or IV-VI of periodic table (e.g. CdSe, CdS, CdTe, ZnS, InP
etc.) with size comparable to the Bohr exciton radius, thereby showing size dependent optical,
electronic and chemical properties. It is known that the applicability of QDs in the above areas
and related performance indices (e.g. efficiency) are governed by the structural features of QDs
and various processes (e.g. energy transfer, electron/hole transfer, back electron transfer, heat
dissipation), which determines the fate of photogenerated excitons. Interestingly, the
fluorescence of QDs is highly dependent on above processes; therefore, quenching or reduction
pattern of fluorescence intensity carries information about involved processes and is worth
investigating. The present thesis is mainly focused on designing of core only or core/shell
heterostructured QDs and investigation of their fluorescence quenching mechanism in the
presence of Co (I11) complexes, to highlight the involved static (e.g. ground state complex
formation or proximally placed fluorophore/quencher) or dynamic quenching (e.g. collisional
guenching, energy/charge transfer etc.) sub-processes. The role of size of QDs, nature of
complexes, effect of shell thickness, electrostatic interactions between QDs & complexes have
also been investigated. Finally, the suitably designed core/shell QDs have demonstrated for
photocatalytic carbon-carbon coupling reactions with elucidation of exciton dynamics and
catalysis mechanism. Accordingly, the entire thesis has been divided into the eight chapters as

described below. The first two chapters introduce the reader to the existing literature and the



methods used. The systematic study starts with establishing the possibility of fluorescence
quenching of CdSe/ZnS QDs by Co(l1l) complexes (Chapter 3) which is then taken further by
evaluating the effects of the QD size (Chapter 4) and the thickness of the ZnS shell (Chapter
5) on the quenching mechanisms and efficiency. The interaction of the Co(l1l) complexes with
the QDs leads us to examine the possibility of forming extended assemblies using this
combination as reported in Chapter 6 and the possibility of the charge transfer enables us to
use the QDs for photocatalytic organic transformations (Chapter 7). The thesis is summarized

in Chapter 8.
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