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Abstract

The necessity to switch to renewable energy sources has become critical due to the world’s
increasing energy demands and the depletion of fossil fuel reserves. The answer to the current
problem is to use renewable energy sources, which are economical, ecologically responsible,
and abundant in nature. Advanced solid-state materials that are utilized to solve environmen-
tal problems have attracted a lot of scientific interest. The three kinds of innovative energy
materials—solid-state electrolyte materials for all-solid-state batteries, perovskite materials for
solar cells and optoelectronic devices and catalysts for H, production and bio-mass conversion
are the core topics of this thesis. The most widely used kind of energy storage in both autos
and portable gadgets is the lithium-ion battery. Its use in large-scale energy applications is
hindered by the usage of flammable liquid electrolytes. The use of solid-state electrolytes in
place of liquid electrolytes, as in all-solid-state batteries, improves battery design and assures
safety. LISICON oxide-based materials are been explored as solid-state electrolytes since they
are easy to synthesize and environmentally friendly. However, they exhibit poor ionic conduc-
tivity at room temperature. Hence, we look at the impact of point defects on the ion transport
properties, namely Li-vacancy, substitution at the P site with Si, Ge and Al. We do ab-initio
molecular dynamics (AIMD) simulations to determine the diffusional characteristics of the
pristine and defected materials. We explain how the point defects play a pivotal role in mod-
ifying the ion transport properties in oxide-based solid state electrolytes. On the other hand
in optoelectronics, lead halide perovskites have become an effective compound semiconductor
replacement for traditional solar materials. The materials in this class have a good optical band
gap, long carrier diffusion length, high charge carrier mobility, and low cost of production.
However, their widespread use is constrained by worries about the toxicity of lead and intrin-
sic instability. As an alternative to conventional lead halide perovskites, several derivatives of
these have been proposed. Double perovskites like CsoMI)M(II)Xg (M = metal, X = halogen)

and layered hybrid perovskites have been developed in an effort to combat toxicity and insta-
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bility. However, these lead-free halide double perovskites and layered hybrid perovskites do
not demonstrate the same efficiency as that of lead halide perovskites. Therefore, we do point
defects in these materials to improve their stability, electronic and optical properties. Since
double perovskites and layered hybrid perovskites do not meet all the criteria and lack at some
points, we focus on a new type of inorganic layered type perovskite i.e., Ruddlesden Popper
phases of chalcogenides. Here, we study the polaronic and excitonic effects with the number of
perovskites units in a layer. To address optical features such as dielectric function, absorption
spectra, exciton binding energy, and polaronic effects in perovskites, we use a robust method-
ological approach that combines many layers of theories into a single multi-scale simulation.
Density functional theory (DFT) is used in this thesis work to predict the ground-state proper-
ties, ab initio atomistic thermodynamics is used to predict thermodynamic stability, many-body
perturbation theory (GW, BSE, and model-BSE) is used to predict excited-state properties, the
Wannier-Mott approach is used to calculate the exciton binding energy and exciton lifetime,
and density functional perturbation theory (DFPT) is used to determine the exciton lifetime.
Lastly, engineering an effective and optimized catalyst is the ultimate objective of research in
heterogeneous catalysis. This is because there are many different catalytic processes. Consider
what restricts the usefulness of current catalysts as a useful technique for finding acceptable
catalysts. Understanding the intended functionality at an atomistic level is crucial for the de-
velopment and logical design of catalytic materials. In this thesis, we study role of O-vacancy
on the surface of the catalyst in facilitating the dissociation of the SO3 which is the most en-
dothermic reaction step in the S-I cycle for Hy. We also study the effect of surrounding ligands
on the catalytic activity of the single-atom-Ru in partial hydrogenation of the xylose/glucose

into useful sweeteners, which are popular in medical as well as industrial areas.
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