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ABSTRACT

The unique and tunable material properties of two-dimensional (2D) molybdenum diselenide
include quantum-well structures with a thickness-dependent indirect to direct band transitions,
high in-plane charge carrier mobility. Terrace sites at MoSe, nanosheets' (NS) basal planes are
terminated with fewer dangling bonds and are useful for a variety of applications in optoelectronic
devices, supercapacitors, and spintronic devices, whereas edge sites on the side surface have more
dangling bonds and are active sites for catalytic reactions. Due to ultrathin nature of monolayer of
MoSe> NS, the light-matter interactions decreases and presence of defect in colloidally synthesized
NS is also known to affect the optoelectronic properties. To avoid these issues, we synthesized
heterostructure of MoSez NS with various metal chalcogenide nanoparticles to increase the light
matter interaction and passivate the Se-vacancy defects. Like MoSez, the hybrid organic-inorganic
layered halide perovskites (LH-PVSK) also have quasi-2D layered structure with alternating
organic and inorganic layers. These LH-PVSK display excellent opto-electronic properties with
high mobility of charge carriers. Whereas lead-free layered halide double perovskite (DP-PVSK)
analogs of LH-PVSK exhibit very weak and broad white light emission arising due to STE and
defects. We synthesized a system by combining the LH-PVSK — DP-PVSK into a core-shell
morphology to make it possible to study the anion migration in our weakly emitting DP-PVSK by
monitoring the fluorescence spectra of highly emitting LH-PVSK. The work in this thesis

emphasizes how to utilize these different 2D materials to realize various heterostructures.

In this thesis, chapters 1 & 2 provide the detailed introduction of materials and characterization
methods. In chapter 3, we discuss the synthesis and characterization of 2D/2D MoSe>/SnS NHS
and 2D/3D MoSe>/PbE (E=S, Se or Te) NHS using hot-injection synthesis route. The NHS were

synthesized in a two-step colloidal route: defect rich (Se-vacancies) pure MoSe, NS were
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synthesized and followed by growth of metal chalcogenide nanocubes (NC) on top of MoSe» NS.
The Se-vacancies in MoSe> NS were passivated by chalcogenide anions followed by addition of
metal precursor. The passivation of Se-vacancies was found to be a thermodynamically controlled
process as a high temperature of >180°C was required to produce MoSe»/SnS NHS and
MoSe,/PbE NHS with intimate contact. The layered crystal structure of SnS allows for the growth
of SnS NS on top of MoSe> NS resulting in a unique 2D/2D NHS. We utilized the as synthesized
type-II MoSe2/SnS NHS in electrocatalytic water splitting and found that the MoSe>/SnS NHS is
a better electrocatalyst in comparison to both pure MoSe> NS and SnS NC due to the in-built
potential at the interface which reduces the charge transfer resistance. In chapter 4, we discuss the
synthesis and the ultrafast charge transfer in 1D/2D CdS/MoSe: nanorod (NR) on NS NHS. Unlike
chapter 3, the synthesis scheme here involves growth of MoSe2 NS on top of NR surface. As a
promising heterostructure for the application in photocatalytic water splitting, we took the
opportunity to synthesize, characterize and study the charge transfer at the interface of MoSe> NS
and CdS NR in CdS/MoSe; NHS. The NHS was synthesized using a two-step synthesis route: CdS
NR were synthesized using hydrothermal route and followed by growth of MoSe> NS around CdS
NR using hot-injection colloidal method. Transient absorption (TA) spectroscopy was used to
understand the charge carrier dynamics at the interface of CdS NR and MoSe> NS. The observed
ultrafast charge transfer from CdS NR to MoSe> NS showed the ultrafast charge separation in the
CdS/MoSe: NHS. In chapter 5, we discuss the synthesis and characterization of heterostructures
of layered halide perovskites. We synthesized 16 different core/shell heterostructures of non-
emitting or weakly emitting DP-PVSK as shell, and highly emitting LH-PVSK as core. We
investigated the evolution of morphology of shell as a function of number of times the shell growth

reaction is repeated on same set of particles. We analyzed electron diffraction patterns obtained
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from pure LH-PVSK core and the core-shell LH-PVSK — DP-PVSK heterostructure to understand
the crystal orientation of the heterostructure particles. This core-shell morphology provides a
unique opportunity to study the structure-property relationship of non-emitting or weakly emitting
DP-PVSK. The anion diffusion in DP-PVSK shell was studied by monitoring the changes in
fluorescence spectra of lead-based layered halide perovskite. We established that the choice of

organic spacer cation as well as the metal cation affects the anion diffusion.

In summary, we have successfully synthesized the MoSe> NS based MoSe»/PbE and MoSe,/SnS
NHS, characterized and utilized the MoSe»/SnS NHS in electrocatalytic water splitting. We also
realized the growth of MoSe> NS on CdS NC and established the ultrafast hot electron transfer
from CdS to MoSe> NS. We have synthesized a core-shell heterostructure of lead-based and lead-
free layered halide perovskites to study the structure-property relationship in lead-free layered

halide perovskite using fluorescence spectroscopy.
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