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Structure and Properties of One—Dimensional Confined
Antiferromagnetic Chain MnSe,

DING Chi', LU Qing', SUN Jian", ZHU Yijie', WANG Xiaomeng”
(1. School of Physics, Nanjing University, Nanjing 210093, China;
2. School of Physics, Ningxia University, Yinchuan 750021, China)

Abstract: One-dimensional (1D) magnetic systems exhibit pronounced quantum confinement effects and host a
variety of intriguing quantum phenomena and behaviors. It is crucial to discover more novel 1D magnetic con-
fined systems and explore their unique properties. This study employed first-principles calculation methods to
acquire the interaction between (8, 8) carbon nanotube (CNT) and elemental Mn and Se, and others, which
can be fitted by confined potentials. Through crystal structure prediction methods, a novel 1D MnSe2 nanowire
was identified as stable when encapsulated within a (8, 8) carbon nanotube. The corresponding two-
dimensional topology of this structure exhibits a unique pentagonal ring configuration. Molecular dynamic simu-
lations confirm the thermal stability of this structure at room temperature. Electronic band structure calculations
based on confined potentials demonstrate the insulating properties of 1D MnSe2, and the magnetic ground state
of the system is antiferromagnetic. Based on the Heisenberg model and Monte Carlo simulations, the magnetic
transition temperature was estimated to be approximately 28 K. Finally, a combined system of MnSe2 encapsu-
lated in CNT was constructed, and its structural and electronic properties were calculated, which confirms the

reliability of the confined potential model.

Key words: antiferromagnetic chain; confined systems; crystal structure prediction
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