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First-principles study on the transition metal atoms
X (X=Mn, Fe, Co) doped Janus WSSe monolayer
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Abstract: Two-dimensional (2D) Janus WSSe, as an emerging transition metal dichalcogenides (TMDs) material,
breaks the out-of-plane mirror symmetry and possesses abundant physical properties such as intrinsic vertical piezo-
electricity and strong Rashba spin-orbit coupling effect, which has great application potential in spintronic devices.
In this paper, the electronic structures, magnetic and optical properties of the Janus WSSe monolayer doped with
transition metal atoms X (X=Mn, Fe, Co) were calculated using the first-principles plane wave method based on den-
sity functional theory. The results show that doping under Chalcogen-rich (chalcogen element is the majority ele-
ment) condition exhibits higher stability than under W-rich (tungsten element is the majority element) condition,
and all systems exhibit magnetic properties after doping. After Mn doping, the impurity levels appear in the spin-up
channel, which changes the WSSe system from a non-magnetic semiconductor to a ferromagnetic semi-metal with a
magnetic moment of 1.043u,,. After Fe and Co doping, the impurity levels appear in both the spin-up and spin-down

channels, making the Fe and Co-doped systems exhibit a metallic nature with magnetic moments of 1.584w, and
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2.739u,, respectively. In addition, the static dielectric constant of the doped system is significantly increased, the

polarization degree is enhanced, and both the imaginary part of the dielectric function and the optical absorption

peak are red-shifted, indicating that doping is beneficial to the absorption of visible light.

Keywords: first principles; Janus WSSe monolayer; electronic structure; magnetic properties; optical properties
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Fig.1 (a) Top and side views of intrinsic Janus WSSe
cell; (b) Top and side views of Janus WSSe cell
after doping
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Table 1 Optimized lattice constants, bond lengths, bond angles, and formation energies of

Janus WSSe cell before and after doping

) E.1leV
Model a=b / nm dy_s/nm dy_g, /nm O 5./ () Chaloogonrich —
Undoped 0.3247 0.2423 0.254 0 81.708 — —
Mn-doped 0.324 1 0.2323 0.244 7 81.384 -0.657 1.529
Fe-doped 0.324 8 0.229 8 0.2470 80.610 0.385 2.571
Co-doped 0.3254 0.2353 0.248 8 79.883 1.187 3.373
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The purple lines indicate spin-up band structure, the blue lines indicate spin-down band structure, and the red dashed lines represent Fermi level

K2 (RRMAEHA5H: (a) AE Janus WSSe; (b) Mn57%; (c) Fe #57%; (d) CotBR
Fig.2  Band structures of systems: (a) intrinsic Janus WSSe; (b) Mn-doped; (¢) Fe-doped; (d) Co-doped
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Fig.3 TDOSs and PDOSs of systems: (a) intrinsic Janus WSSe; (b) Mn-doped; (c) Fe-doped; (d) Co-doped
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