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Abstract

Lead halide perovskites have attracted considerable interest as an efficient compound semicon-
ductor alternative to conventional materials to cater to the current energy demand of the world.
High charge carrier mobility, low recombination rate, strong absorption of light, long carrier
diffusion length along with low manufacturing cost have made these materials very fascinating
for applications in optoelectronic devices. However, the concern regarding the toxicity of lead
and phase instability restricts their usage on large scale. In one of the lead halide perovskite
FAPbBr3, we aim to reduce lead toxicity by performing Sn substitution and Pb-[J and regulat-
ing the solar cell efficiency of FAPb; _x_ySnx[lyBrs. However, the complete removal of Pb
from the perovskite cage hugely hampers its solar cell performance and stability. It’s, therefore,
of profound interest to introduce suitable dopants that will not only replace the hazardous Pb

but also make the material an ideal light harvester.

Lead bromide perovskites (MAPbBr3;, FAPbBr3, and CsPbBr3) have been studied widely
in the past years for their application in photovoltaic devices. However, several properties such
as optical properties, effective mass, exciton binding energy, and the radiative exciton lifetime
are largely unknown. Therefore, in order to address these properties, we have carried out an
exhaustive study of these perovskites using several state-of-the-art methodologies viz., hybrid
density functional theory combined with spin-orbit coupling (SOC), many-body perturbation
theory (GW, BSE), model-BSE (mBSE), Wannier-Mott and density functional perturbation
theory (DFPT).

Moreover, a few techniques have been developed to create solar cells that are more durable
and effective by combining 2D carbon materials with perovskite. By forming heterostructures
of CsPbBr; with the m-conjugated 2D materials to facilitate charge transportations, the photo-
physical characteristics may be improved. Also, stability of CsPbBr; perovskite is a significant
issue that can also be addressed by creating CsPbBr; heterostructures using 2D materials and

hot carrier (HCs) dynamics. Herein, we have performed the theoretical calculation to under-

v



stand the charge transfer and slow recombination in the CsPbBrs PQDs/g-CN NSs heterostruc-
ture systems.

In an attempt to deal with toxicity and instability, lead-free halide double perovskites such
as CsyAgInClg have also emerged. In this work, we aim to design lead-free halide double
perovskites with improved optoelectronic properties since they have not shown the efficiency
as that lead halide perovskites. Furthermore, to calculate the charge carrier mobility of these
lead-free double perovskites, we have employed the deformation potential model. In addition,
Wannier-Mott approach and Frohlich model are used to capture the excitonic and polaronic
effects in these double perovskites to understand the discrepancy between theoretical and ex-
perimental mobility.

Semiconductor-based photocatalysts are acquiring great attention due to their ability to
capture and store solar energy. Oxide perovskites are found to be prominent photocatalysts.
However, because of their large band gap, they do not serve the purpose. Therefore, from our
extensive computational study of structural, electronic, optical, and photocatalytic properties of
quaternary oxynitride, oxyfluoride, and nitrofluoride perovskites, we propose them as utmost
prospective candidates for the efficient absorption and conversion of solar energy into storable

fuel.
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