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Fig. 1. (color online) Typical transition metal-jointed ABNNRs, the black dotted box represents a unit cell:
(a) ABNNR-Cu; (b) ABNNR-V; (¢) ABNNR-Sc; (d) ABNNR-Co.
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Table 1. Structural parameters and magneto-electronic properties of ABNNR-TM in the FM state. Ej,

represents the binding energy. drym.p (drm.n) is the bond length between the TM and B (N) atoms.

«_»

AQrmn denotes the charge transfer from one TM atom to N and B atoms, where

sign means that

the transition metal atom loses electrons. M represents the magnetic moment. Type indicates the energy
band feature, BMSC, MSC, NMSC, and NMM represent the bipolar magnetic semiconductor, magnetic

semiconductor, nonmagnetic semiconductor, and nonmagnetic metal, respectively.

Structure FE),/eV-atom ™1 dTM_B/A dTM_N/A AQrm/ el M/up w/ s Type
ABNNR-Cu —6.728 2.13 1.90 —0.604 1.001 0 BMSC
ABNNR-V —8.480 2.32 2.05 —0.707 1.003 3 BMSC
ABNNR-Sc —4.310 2.63 2.14 —1.016 0 1 NMM
ABNNR-Co —8.346 2.07 1.94 —0.929 1.001 3 BMSC
ABNNR-Ni —8.238 2.05 1.97 —0.934 0 2 NMSC
ABNNR-Zn —6.926 2.21 1.92 —0.826 0 0 NMSC
ABNNR-Cr —6.573 2.15 2.35 2.03 1.93 —1.217 4 5 MSC
ABNNR-Fe —8.412 2.14 1.98 1.96 1.85 —1.029 2.001 4 MSC
ABNNR-Mn —8.489 2.12 1.91 —0.997 3.003 5 MSC
ABNNR-Mo —8.293 2.32 2.13 —0.773 2 3 MSC
ABNNR-Ti —8.165 2.37 2.07 —0.604 0 2 NMSC
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Fig. 2. (color online) BOMD simulations for examining thermal stability of the ABNNR-TM.
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Fig. 4. (color online) The band structure (BS), density of the state (DOS), and projected density of the state (PDOS) for
ABNNR and ABNNR-TM in the FM state: (a) ABNNR; (b) ABNNR-Cu; (c) ABNNR-V; (d) ABNNR-Sc; (e) ABNNR-Co.
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Fig. 5. (color online) Mechano-magnetic coupling effect of ABNNR-TM in the FM state. That is, the variation of
their energy band versus the stress, where “4” and “—” indicate, respectively, the stretch and compression stress:
(a) ABNNR-Cu; (b) ABNNR-V; (¢) ABNNR-Sc; (d) ABNNR-Co.
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Abstract

Owing to the novel structure and rich electromagnetic properties, graphene shows very great promise in developing
future nano-electronic devices and has thus attracted ever-increasing attention. Its isomorph-single layer, hexagonal
boron-nitride (h-BN), in which carbon atoms in graphene are replaced with alternating boron and nitrogen atoms in the
sp? lattice structure, has led to a new research boom in condensed matter physics and material science. Although an
h-BN layer has a similar structure to graphene, it possesses a number of properties different from its carbon counterpart.
In this work, the first-principles method based on density functional theory is used to study the structural stability,
magneto-electronic properties and mechano-magnetic coupling effects for an armchair BN nanoribbon doped with dif-
ferent transition metals (ABNNR-TM). The calculated binding energy and molecular dynamic stimulation suggest that
these structures are stable. Meanwhile, the calculated results show that ABNNR-TM holds diverse magneto-electronic
properties upon different TM doping. For example, they may be nonmagnetic metals, nonmagnetic semiconductors,
magnetic metals, magnetic semiconductors, or bipolar magnetic semiconductors. In particular, the bipolar magnetic
semiconductor is an important semiconducting material, which has promising applications in the fields of the giant mag-
netoresistance and the spin rectifying devices. Besides, the investigations on mechano-magnetic coupling effects indicate
that magneto-electronic properties of ABNNR-TM are very sensitive to the stress, which can realize the phase transfor-
mation between the nonmagnetic metal, nonmagnetic semiconductor, magnetic metal, magnetic semiconductor, bipolar
magnetic semiconductors, and half metal. Particularly, the obtained wide-gap half metal is of significance for developing
novel spintronic devices. In short, this work demonstrates that it is possible to tune magneto-electronic properties of
ABNNR-TM by mechanic method.

Keywords: BN nanoribbon, transition metal, magneto-electronic properties, mechano-magnetic coupling
effect
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