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Abstract of Thesis:

In this thesis, multiple theoretical methods based on the density functional theory (DFT), interatomic potential based
molecular statics (MS), and semidiscrete variational Peierls-Nabarro (SVPN) model were used to explore the defect
properties of multi-principal element ceramics. Ceramics are typically composed of two or more principal elements;
most of them are binary/ternary oxides, nitrides, and carbides, providing huge space for tuning the properties (e.g.,
mechanical, electronic, and transport properties) for various applications by varying the constituent elements. In
addition, defects like vacancies, interstitials, dislocations, grain boundaries, and interfaces are always involved in
ceramic microstructures and play an important role in determining and controlling the properties of ceramics. Here,
properties of dislocations in MAX phases and oxygen vacancies in perovskite oxide ceramics have been studied
systematically, which are the key defects for engineering them towards better mechanical and functional properties,
respectively.

In MAX phases, basal dislocations (BDs) are abundant, highly mobile, and able to multiply at room temperature
like metals. Moreover, the confined BDs lead to kink band (KB) formation. Since the incipient plastic deformation
in MAX phases is dominated by BD nucleation and their motion, understanding the characteristics of BDs is
important for tailoring their mechanical properties for structural applications. Our DFT and interatomic potential-
based MS calculations on Ti3AlC; and TisSiC2 MAX phases showed that the core structure of BDs exhibit significant
asymmetry depending on their position and sign in the basal slip plane. The negative (type-I) BDs disassociated into
Shockley partial dislocations have high mobility like metals. On the other hand, the positive (type-1I) BDs remain
compact, less mobile, and show asymmetric response with respect to the shearing direction at absolute zero
temperature. Most features of BDs in both Ti3AlC, and TisSiC2 phases are found to be similar. The relative position
of the Si and Al layer in the slip plane has a similar impact on the edge BDs resulting in type-I and type-II core
structures. The type-1 edge BD was found to be easy glide dislocation which could be relevant in other MAX phases
and responsible for the incipient plastic deformation.

Later, the influence of oxygen vacancies on the optical and magnetic properties synthesis of DyFeo.5Cro.sO3 perovskite
nanoparticles has been discussed based on DFT calculations combined with experimental observations. Compared
to the antiferromagnetic bulk DyFeosCrosOs counter-part, the nanoparticles show room-temperature weak
ferromagnetism mediated by oxygen vacancies present at the surface of nanoparticles. The bandgap of the
nanoparticles has been narrowed down by Fe doping and the simultaneous presence of oxygen vacancies as indicated
by DFT calculations. Magnetic materials that show magnetic order at room temperature or higher are highly
desirable for spintronic applications. Therefore DyFeosCrosOs nanoparticles can be useful for room-temperature
spintronic device applications like magnetic data storage and sensors. Moreover, due to its low bandgap and higher
surface-to-volume ratio compared to the undoped parent materials, photocatalytic degradation and water-splitting
ability are expected to be enhanced and can be used as efficient photo-catalyst.
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