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Abstract

The field of condensed matter physics has undergone a significant transformation
with the discovery of topological characteristics in materials. These nontrivial topo-
logical features, evident in electronic states and magnetic textures, hold great poten-
tial for enhancing data processing and storage capabilities, thereby accelerating ad-
vancements in quantum computation. This thesis delves into the fascinating regime
of magnetic, multiferroic, and topological materials, which hold great promise for
advancing spintronic devices and quantum computation. Beginning with a concise
overview of fundamental concepts, the study sets the stage for a detailed explo-
ration of how these properties interplay in various novel materials. This thesis delves
into the synthesis, characterization, and physical attributes of metal chalcogenides,
namely NdsTey, NdsSey, TasNizTe; and NdBiTe. These metal chaclogenides were
syntheiszed using the solid-state sealed tube technique. In this thesis we have inves-
tigated the magnetic properties of Th3P4-type materials, the topological aspects of
van der Waals material TasNizTes, and the interplay between magnetic and topo-

logical characteristics in NdBiTe.

The intricate relationship between nontrivial magnetism and noncentrosymmetric
crystal structures, mediated by the Dzyaloshinskii-Moriya interaction, has been
thoroughly explored in noncentrosymmetric materials like Nd3Se, and NdsTe,. Un-
conventional magnetism plays a pivotal role in driving advancements in spintronic
applications. Through our investigation, we have meticulously probed the common
attributes of competing interactions, including large magnetic irreversibility, nonsat-
uration of magnetization, and field-induced transitions. The study further correlates
the impact of sintering conditions on magnetic and magnetocaloric properties. No-
tably, our observations of concomitant transitions in magnetic and specific heat
investigations suggest the presence of ferromagnetic interactions and noncollinear
alignment of magnetic moments, underscoring the complexity and richness of phe-

nomena inherent in these fascinating materials.

The topological properties of TayNizTes were analyzed, revealing temperature- de-
pendent resistivity shifts from semiconducting to metallic behavior, alongside weak

anti- localization signatures in magnetoresistance data. This behavior indicates the



presence of strong spin-orbit coupling and spin-momentum locking. Isothermal mag-
netization studies further confirmed the presence of Berry paramagnetism, under-
scoring the material’s promising characteristics for quantum technologies. Further
the interplay between magnetism and topological effects in NdBiTe, a long-range
antiferromagnet. Magnetization measurements below the Néel temperature reveal
spin- reorientation phenomena, supported by specific heat data indicating significant
electronic correlations and crystal field splitting. The metallic transport properties
of NdBiTe exhibit positive magnetoresistance over a wide temperature range, and a
Kondo-like resistivity dependence below the Néel temperature suggests the presence
of highly interacting fermions, corroborated by a substantial electronic specific heat

coefficient.

In conclusion, this work highlights the importance of magnetic topological materials,
addressing both their potential applications and the challenges in predicting and
synthesizing new materials. The findings not only deepen the understanding of
the interplay between magnetism and topology but also pave the way for future

innovations in quantum materials and spintronic technologies.
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R A SaaisTed [ARvdrsi @1 @i & 1 Jufad gard Jifde! & &= 7 uh Agayul
IREd 3T §1 gAaeNe Sarisi 3R gulg sae § Wy 3 IR aAudimd
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