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Abstract

With the world’s growing energy needs and the exhausting supply of fossil fuels, it has
become crucial to shift to renewable energy sources. The renewable energy sources that
are cost-effective, environmentally friendly, and abundant in nature are the solution to the
current situation. The advanced solid-state materials used for addressing environmental
issues have drawn significant research attention. In this thesis, advanced energy materials
and their crystal defects are investigated with state-of-the-art Density Functional The-
ory (DFT) and ab-initio thermodynamics. The thesis mainly addresses the three classes
of advanced energy materials, viz., hydrogen-storage materials, electrocatalyst materials
used in electrochemical reduction of CO4 to CO, and solid-state electrolyte materials for
the all-solid-state batteries.

Hydrogen is considered a clean, abundant, and thus, a promising alternative for fossil
fuels. Complex metal hydrides are referred to as a suitable medium for the storage of
hydrogen. The release of hydrogen from such materials is possible only in the presence
of an appropriate catalyst. Transition metal (TM) atom dopants improve the desorption
kinetics and environmental condition requirements. The mechanism of dehydrogenation
from catalyzed complex metal hydrides involves the diffusion of hydrogen-related intrinsic
defects. We emphasize the role of environmental conditions and doping on the relative
stability of the H-related defects in NaAlH,4, a prototypical system widely studied for
the application of hydrogen storage. Firstly, we examine the effect of temperature and
pressure on H-related defects’ stability and concentration by incorporating ab initio ther-
modynamics. Next, the most suitable TM atom dopants are selected based on various
factors like stability, structural distortion, and change in concentration of intrinsic defects
in dopants’ presence.

Another way to solve environmental concerns is to lower the concentration of COy in
the atmosphere by chemically reduce CO, to various other critical industrial feedstocks.
Electrochemical reduction (ECR) of COs to CO is carried out in a cell where the cath-

ode material works as an electrocatalyst. The Electrocatalyst is required to have high



Faradaic efficiency and product selectivity. Cu-based alloys and compounds are known
to have sufficiently high Faradaic efficiency. Experimentally, it is observed that Cu-In-O
nanocomposites exhibit very high electrocatalytic activity and product selectivity. Cu-
In-O nanocomposites efficiently suppress competitive hydrogen evolution reactions. We
validate the experimental findings through our computational investigations. We study
the effect of point defects on the Cu-In-O nanocomposites’ catalytic activity by inducing
various vacancy defects in the nanocomposite. Further, we explain the role of In-atoms
in enhancing the product selectivity by suppressing the competitive hydrogen evolution
reactions.

Li-ion batteries are the leading energy storage technology with a wide range of applica-
tions in portable electronics and automobiles. The use of flammable liquid electrolytes
inhibits their realization in large scale energy applications. Replacing liquid electrolytes
with solid-state electrolytes as in all-solid-state batteries ensures safety with improved
battery design. However, achieving high ionic conductivity and appropriate mechanical
properties for a solid-state candidate material is a challenge. We determine the mechanical
stability of various sulfide materials for electrolytic applications. We also investigate the
role of point defects, viz. halide doping, in improving the candidate materials’ mechanical
properties. We perform ab-initio molecular dynamics simulations to estimate the mate-
rials’ diffusional properties and select the best-suited material based on the diffusional
properties. We also elucidate the role of Li-vacancy in enhancing the diffusion of Li-ions

through the bulk of such materials.
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