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Abstract

This study employs transition metal chalcogenides as a research platform to precisely modulate their magne-
toelectric properties via interlayer-confined guest intercalation. We systematically investigate the synergistic
regulation mechanisms governing the atomic arrangement, band structure, and spatial configuration of or-
ganic-inorganic guests. By targeting the core degrees of freedom that control magnetoelectric performance—
charge, spin, orbital, and lattice—we implement atomic-scale control over guest species, configuration, distri-
bution, and concentration to induce emergent physical phenomena such as Ising superconductivity and quan-
tum phase transitions. Combined with atomic-resolved structural and electronic characterization techniques,
we establish quantitative structure—property relationships and elucidate the microscopic mechanisms underly-
ing interfacial electronic state modulation in devices. For instance, confined intercalation of organic/inorganic
molecules or ions effectively decouples van der Waals interlayer interactions, enabling bulk crystals to exhibit
Ising superconducting behavior characteristic of monolayer structures. The quantum Griffiths singularity is
observed for the first time in tantalum—sulfur-based materials. The coexistence of emergent ferromagnetic
order and superconductivity is realized, and topological superconductor candidates are identified in these
systems.

Keywords

Quantum materials; Superlattice; Ising superconductivity; Topological superconductivity

Author: Mr &7, & (FEEEEFARKEE)
Presenter: Mr 27, & (FEEMAEARKT)
Session Classification: I, fb. A, £, BEIREES

Track Classification: [[3LiRE: I8, b, A, £, GETRAES



