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Fig. 1. Geometry structure of 3-As: (a) Top and side views of 2D bucked arsenene; (b) top and side views of an arsenic armchair

nanotube; (¢) band structure of an intrinsic arsenic armchair nanotube; (d) top, side views of hybridized arsenene armchair nan-
otube substitutionally doped with non-metallic atoms (B, N, P, Si, Se, Te) in outermost atom layer and partial enlarged details.
Asy, Asy and As; are three inner-layer arsenene atoms bonded to non-metallic atom, and d;, d, and ds are the bonds length between

non-metallic atom and As;, Asy, As; respectively.
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Table 1.

AsANT-X WZ5G5BE B, TEHEE By, B dy, dy T dy J2EAH. BMSC R NMS 43530 SURALRE Y | ol S0k
Binding energy E,,, formation energy FE;, and bond lengths d;, dy, and d;, and magnetic phases of AsANT-X.

BMSC and NMS indicate bipolar magnetic semiconductor and non-magnetic semiconductor, respectively.

4514 B,/ (eV/JiF) B/ (eV/IFF) dy, dy, dy/A eS|
AsANT-B —5.248 —0.004 2.055, 2.046, 2.055 NMS
AsANT-N —5.279 —0.035 2.043, 2.043, 2.043 NMS
AsANT-P —5.256 —0.012 2.421, 2.419, 2.422 NMS
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(a)

Optimized

Optimized Annealed

Optimized Annealed

Bl 2 500 K/8ps I, W ARG AKREHEWE GLhaMEMb 2 N EEAMR) (a) ASANT-B; (b) AsANT-P; (¢) AsANT-Si;

(d) AsANT-Te

Fig. 2. Structure comparison of nanotube after and before annealing by 500 K with 8 ps (Among them, each supercell consists of
two units): (a) ASANT-B; (b) ASANT-P; (¢) AsANT-Si; (d) AsANT-Te.

B3 AF{HTEH 0.02 eV/ASEE, K8 7 FMARA T80 00 A JEl /b % B (A% M 4 77)  (a) ASANT-B; (b) AsANT-N;

(c) ASANT-P; (d) AsANT-Si; (e) AsANT-Se; (f) AsANT-Te

Fig. 3. Calculated spin polarized density (magnetic spatial distribution) for nanotube in FM state, where the isosurface is set to
0.02 eV/A3: (a) ASANT-B; (b) AsANT-N; (c) AsANT-P; (d) AsANT-Si; (e) AsANT-Se; (f) AsANT-Te.
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WEALRE By, WEZTHRRE B KAGHH

Table 2.
ergy Fy;, the magnetic exchange energy F,, and the
magnetic phase for ASANT-X (X = Si, Se and Te).

Magnetic moment M, the magnetized en-

Structure AsANT-Si  AsANT-Se AsANT-Te

X 0.502 0.368 0.310

As, 0.108 0.177 0.128

M/uz  Asy 0.104 —0.006 0.003
As, 0.108 0.174 0.126

Total 1.000 0.994 0.777
Ey/meV 51.48 56.40 1.93
E,./meV 20.92 56.40 1.89
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Abstract

For the development of high performance magnetic devices, inducing magnetism in non-magnetic materials
and flexibly regulating their magneto-electronic properties are very important. According to the density
functional theory (DFT), we systematically study the structural stability, magneto-electronic properties, carrier
mobility and strain effect for each of armchair arsenene nanotubes doped with non-metallic atoms X (X = B, N,
P, Si, Se, Te). The calculated binding energy and formation energy confirm that the geometric stability of
AsANT-X is high. With non-metal doping, each of AsANT-X (X = B, N, P) acts as a non-magnetic
semiconductor, while each of ASANT-X (X = Si, Se, Te) behaves as a bipolar magnetic semiconductor, caused
by the unpaired electrons occurring between X and As. Furthermore, by doping, the carrier mobility of ASANT-
X can be flexibly moved to a wide region, and the carrier polarity and spin polarity in mobility can be observed
as well. Especially, AsANT-Si can realize a transition among bipolar magnetic semiconductor, half-
semiconductor, magnetic metal, and non-magnetic metal by applying strain, which is useful for designing a
mechanical switch to control spin-polarized transport that can reversibly work between magnetism and

demagnetism only by applying strain. This study provides a new way for the application of arsenene.

Keywords: armchair arenene nanotube, non-metallic doping, magneto-electronic properties, carrier mobility,

strain effect
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