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ABSTRACT

Semiconductor nanocrystals (NCs), also known as colloidal quantum dots, show
size, shape, and composition dependent optoelectronic properties, which make them
suitable for various applications such as light emitting diodes, biomedical imaging, solar
cells, and photocatalysis. They also offer extensive advantages over organic fluorophores
or dyes owing to the quantum confinement, high extinction coefficients, the possibility
of hot carrier collection, and multiple charge carrier generation in NCs as well as their
broad absorption with narrow emission profiles, and highly resistant nature towards
photobleaching. Most of the applications involve either energy or charge transfer
between semiconductor NCs and respective molecular species for a particular
application. Therefore, the present thesis is focussed on the investigation of the energy
and charge transfer dynamics in semiconductor nanomaterials via interaction between
semiconductor NCs and molecular species such as dye and proteins, photocatalysis under

the visible light irradiation, and Mn?* ions doping in perovskite NCs.

Chapter 1 deals with the extensive literature survey on the semiconductor NCs.
Chapter 2 includes several methods of synthesis and a variety of characterization
techniques for synthesis and characterization of NCs, respectively. The safe and effective
implementation of NCs in a particular application requires an interaction between NCs
and respective molecular species. Hence, next two chapters (Chapter 3 and 4) are
dedicated towards the interaction of semiconductor NCs with proteins and dye, which
can have future applications in invitro bioimaging and hybrid sensitized solar cells,
respectively. The interaction mechanism has been probed by steady-state and time-

resolved photoluminescence spectroscopy. The Poisson binding model has been used to
vi



understand the kinetics of the interaction. In Chapter 5, we have studied the effect of
shell thickness and shape on charge transfer dynamics at the heterojunction of ZnSe/CdS
nanoheterostructures via photocatalysis, such as photocatalytic degradation of dye and
hydrogen evolution reaction. Then, we move towards newbie optoelectronic materials,
i.e., metal halide perovskites, as the photovoltaic devices based on these materials have
attracted tremendous attention due to their power conversion efficiencies around 20 %.
In Chapter 6, we have carried out the synthesis of perovskite NCs at room temperature
using different approaches such as ligand assisted reprecipitation technique and solid
state method. The band gap of MAPbBrs (methylammonium lead bromide) perovskite
NCs is tuned by inserting the ethylammonium (EA) cation and varying the ratio of EA
and MA cations, resulting in the formation of (EA)x(MA)—xPbBrz NCs (where x varies
between 0 and 1). The energy transfer dynamics in these perovskite NCs have been
investigated viz. solid state Mn?* ions doping. Chapter 7 summarizes the results of the
present thesis, emphasizing the importance of energy and charge transfer dynamics in

semiconductor NCs.

vii
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