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ABSTRACT 

Este artigo investiga as propriedades estruturais, eletronicas e magneticas do TmS, um material 
de terras raras, utilizando os metodos LSDA e LSDA+U. Os resultados mostram que o TmS 
favorece um estado antiferromagnetico e apresenta potencial para aplicai;:oes em spintronica. As 
propriedades estruturais, incluindo para.metros de rede e m6dulo de elasticidade, estao em boa 
concordancia com os dados experimentais, validando o uso dos metodos LSDA e LSDA+U. A 
analise eletronica revela um comportamento metalico, com a influencia significativa do potencial 
de Coulomb sobre os orbitais 4f. Este estudo aprimora a compreensao das caracteristicas 
magneticas e eletronicas do TmS e destaca o impacto dos diferentes metodos de aproximai;:ao. 
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1. INTRODUCTION

The series of thulium monochalcogenides, including Tm Te, TmSe, and TmS, represents a unique class of materials 

characterized by a rich variety of physical properties that evolve with changes in lattice parameters. These materials 

transition from a semiconductor state in TmTe (with an energy gap of approximately 0.3 eV) to a mixed valence 

regime in TmSe, and finally to a Kondo-type metallic state in TmS [1]. This progression highlights the interplay 
between electronic structure and lattice dynamics, which is pivotal for advancing our understanding of strongly 
correlated systems. 

Historically, the discovery in the 1970s of anomalies in the dispersion of acoustic modes in TmSe, attributed to 

valence fluctuations, marked a significant milestone in the field of condensed matter physics [2]. However, the 

limited extension of such experimental investigations to other members of the thulium monochalcogenide family has 
left a gap in our knowledge regarding the evolution of lattice dynamics across these compounds [3]. Understanding 

these transitions is not only of theoretical interest but also crucial for the development of advanced materials with 
tailored electronic properties. 

Our research seeks to fill this gap by focusing on the magnetic order and magnetic excitations in mixed-valence 

systems incorporating samarium (Sm), thulium (Tm), and cerium (Ce), where conduction electrons strongly interact 

with f-electrons [4]. The comparative analysis of phonon anomalies across TmTe, TmSe, and TmS will provide deeper 
insights into the underlying mechanisms governing these transitions and enhance our understanding of their lattice 

dynamics. 

Moreover, one of the most striking findings in this realm is the emergence of a ferromagnetic metallic phase in Tm Te 

under high pressure, which reveals a critical dependence on valence instability [6]. The identification of this phase, 

along with its potential ferromagnetic double-exchange coupling mechanism akin to that found in manganites [7], 
opens new avenues for exploring ferromagnetism in correlated electron systems. Such discoveries not only contribute 

to the theoretical framework of magnetic phenomena but also have practical implications for the design of next­
generation magnetic materials and devices. 
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