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ABSTRACT

In the present era of technological advances and the development of materials with de-
sirable applications, a fundamental understanding of their physical properties and their
tunability to external perturbations is essential. In this aspect, the perovskite oxides, a
general chemical formula of ABOg, have emerged as a promising candidate because of
their robust physical properties, which can be greatly tailored in a systematic manner
with external perturbations like temperature, mechanical pressure, cationic substitution
(chemical pressure), magnetic field, electric field, light, epitaxial strain, etc. This control
on the perovskite oxides makes them suitable for a wide range of applications such as
electrodes for solid oxide fuel cells, electrodes for batteries, magnetic storage devices,
solar cells, sensors, superconductors, flexible electronics, etc. In the family of perovskite
oxides, cobaltites have their unique place because of an additional degree of freedom of
spin-state transition for different valence states of Co-ions. An in-depth understanding
to tailor these properties with cationic substitution greatly depends on the crystal field
strength of BOg octahedra and Hund’s exchange energy coupling. Therefore, a complete
understanding to tune the physical properties for fundamental understanding and their

controlled technological application make this study vital for future endeavors.

The principle theme of this thesis work is to understand the effect of cationic substitution
and epitaxial strain on the structural, magnetic, transport, and electronic properties of
Laj_;Sr,Co1_yNb,O3. The substitution of Sr?* in place of La3™ induces the transforma-
tion of Co3* into Co*t and stabilizes the ferromagnetic metallic state for = > 0.18, while
in contrast, the substitution of Nbt in place of Co?T transforms them to Co?*t favors
the stabilization of an insulating paramagnetic state. Therefore, the co-substitution of
Sr’* and Nb®* ions in a ratio of 2:1 preserve the Co3* state and rhombohedral structure
similar to LaCoQj3. Substitution induces modification in the Co-O bond length and the
Co-0-Co bond angle enhances the net magnetization and a cluster spin-glass behavior
is induced. Further, the x-ray absorption manifests that Co®* ions are Jahn-Teller ac-
tive similar to LaCoQs, while this effect is suppressed with the emergence of Co?* ions.
Further, a monotonous substitution of Nb>T in ferromagnetic metal Lag 5Srg.5CoO3 di-
lutes the magnetic order and double exchange interaction suppresses and superexchange
interaction dominated with z and a spin-glass behavior is observed for x > 0.1. Fur-
ther, the metallic behavior is modified with Nb®*, and a metal-to-insulating transition

is observed for x < 0.05, which propagates to a semiconducting behavior for z > 0.05.

Interestingly, a competitive FM and AFM interaction due to the microscopic magne-
toelectronic phase separation is induced in the created interface of AFM and cluster
spin glass in = 0.15, which leads to a giant negative exchange bias (NEB) of Hgg =
-7.4 kOe for a cooling field of 50 kOe at 5 K, useful for several technological applications.
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This giant NEB is tunable with the cooling field, temperature, and measuring field, such
that, for increasing the cooling field NEB first increases up to a cooling field of 50 kOe
and then decreases. Further, for increasing the temperature NEB decreases and a higher
measuring field of >50 kOe also leads to the decrease in the NEB. This unconventional
NEB appears because of the intrinsic interface effect, where a higher applied magnetic
field increases the Zeeman energy of FM regions and reduces the pinning effect at the

interface, leading to the diminishing of NEB.

Further, the strain-controlled structural, transport and vibrational properties of the
Laj_;Sr;Co1_yNb,O3 thin films on the single-crystalline perovskite oxides manifest the
cube-on-cube growth of pure phase epitaxial thin films having compressive and ten-
sile strain. The vibrational spectra of epitaxial thin films confirm the strain-induced
ordering of the (Co/Nb)Og octahedra, and the dc-transport of these thin films mani-
fest an enhancement in the density of states near the Fermi level with the compressive
strain and reduction in the activation energy. Therefore, the strain-induced control of
the structural, and transport properties make these Co-based perovskite oxides vital to

study.

Thus, the effect of cationic substitution and epitaxial strain on the structural, magnetic,
transport, and electronic properties of La;_,Sr;Coi_,Nb,O3 has been established using
the x-ray and neutron diffraction, dc- and ac-magnetization, x-ray absorption, specific
heat, x-ray photoemission, dc-transport, and Raman spectroscopy. The controlled tun-
ability of the oxidation and spin-states of the Co ions with the cationic substitution has
been discussed and that will lead to a better understanding of the Co-based perovskite
oxides. Moreover, the modification of the conductivity, magnetization, giant exchange
bias, and electronic structure of these materials will make them useful for technological
applications in the area of solid oxide fuel cells, magnetic memory devices, electronic

devices, etc.
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