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ABSTRACT

Two dimensional (2D) transition metal dichalcogenides (TMDs) have attracted
considerable attention because of their unique and tunable material properties such as quantum-
well structures with broad range of indirect to direct band gap crossover, thickness dependent
band transitions, in-plane charge carrier mobility, high specific surface area, and enhanced spin-
orbit coupling. The applications of these materials are highly dependent on the surface sites, viz.
terrace sites and edge sites. Edge sites on the side surface are useful for various catalytic
applications, whereas the terrace sites at basal planes are useful for applications in several
optoelectronic devices. The present thesis focuses on how to utilize these different surface sites
for various catalytic and optoelectronic device applications via developing a number synthetic
protocols. In this regard, defect-rich MoSe> nanosheets are synthesized via colloidal route.
Furthermore, these defects are utilized for designing nanoheterostructures with different
materials. Lattice matched heterostructures have been grown epitaxially and also it has been
possible to combine materials with completely different lattice structures by means of
bifunctional ligands. A number of applications such as dye-sensitized solar cell (DSC), quantum-
dot sensitized solar cell (QDSC), hydrogen evolution reaction (HER), oxygen evolution reaction

(OER) and photodetectors, have been attempted with these nanoheterostructures.

The first two chapters (Chapter 1 and 2) are dedicated to the extensive literature survey
of research work related to TMDs, perovskites, and copper chalcogenides. The synthetic
methodologies of synthesis of these materials and their heterostructures, device fabrication
procedures, along with brief accounts of various techniques employed for the characterization of

as-synthesized materials. In Chapter 3, we have developed a colloidal route for the synthesis of
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2H-MoSe, nanosheets (NSs) having large number of defects and vertically aligned edges. We
have used these NSs for electrocatalytic HER and as counter electrode in DSCs. In Chapter 4,
a colloidal route is developed to synthesize MoSe,—Cu>S nanoheterostructures (NHSs) using
defect-rich MoSe2 NSs. These MoSe>—Cu2S NHSs have been employed for fabrication of
photodetectors with superior photo response characteristics. These fabricated devices exhibit a
broadband spectral photoresponse over the visible to near infrared range with a high peak
responsivity and photo-to-dark current ratio on account of the combined effect of the pronounced
light-mater interaction, passivation of surface defects, and formation of p-n junction. In Chapter
5, we have investigated the catalytic activities of MoSe>—Cu,S NHSs in water splitting and as
counter electrode in QDSCs. We have shown that the decoration of basal planes of MoSe, NSs
with a catalytic active material and interfacial charge transfer phenomenon enhance the

electrocatalytic activities. In Chapter 6, we have presented the synthesis of MoSe,—CsPbBr3

nanohybrid structures using a bifunctional ligand i.e. 4-aminothiophenol, which forms a donor-
bridge-acceptor system having type-11 band alignment, leads to the efficient separation of charge

carriers. The MoSe>—CsPbBrs nanohybrids exhibit much higher photocurrent in the photodiode

configuration owing to the synergistic effect of pronounced light-matter interaction followed by
efficient charge separation and transportation. Chapter 7 summarizes the results of present
thesis, emphasizing the tuning of catalytic and optoelectronic properties of TMDs for various
applications and invites a quick glance toward the future prospects of the whole work described

herein.

viii



R3JEN

3l AT (2 BT TARRMA YT SEaIeReY (CTHe!) = 3UA 3ffgdig iR e e U
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