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(b) Zigzag-edged InSe nanoribbons
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Fig. 1. (a) Top and side views of monolayer InSe. Tailoring monolayer InSe along X-axis direction to achieve zigzag InSe nanorib-

bons, denoted by a pale green filled area; (b) top and side views of H-ZN(7)-X. The red dotted box represents a unit cell.

198503-2


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

#) 32 % 3R Acta Phys. Sin. Vol. 68, No. 19 (2019)

198503

%, B RIGRE A 1(b) FiR, L0 R HER R
PEi B R AT B — R FRATAYBFSE R, H i
FE B U5 78 InSe 48 K7 B RGN K IRAE In h 2%
(Fih%x), Fridk, FEAR SO AUE BAE T 1 5 H
AFEMIESERE T X (X =B, N, P, S, F,
Cl) &t H 5 vt f7 e e, Fihs e
H AR AT, DL SEA [a] 1 3E 4 J Jt 5 X6 4 Ve 1 i 4
AT B 4 K A H-ZN(7)-X. 58340, 8 F %%k
Se(In) FIAHZR M In(Se) JEF73 7l H Sey (Ing)
(i =1.2), HBLKEK SN d, d, dy, H P
Ingp 5 XJEFR K& X Z KRR 4
1 dy_x, WE 1(b) iR,

H TR U SR DAL S 7ERE B B AR XS AR AR
YUK RRE T, THEHIEEE, & X P Epy =
(Err—Egr—nuEynxEy) /Lo, X Erg A1 Bgg pigill
KA H-ZN(7)- X FIRRI AR — > B ) 2
e, Ey (Ey) il nx(ng) 77902 — DI X
(H) J57 i Be & f— S b o e X (H) J5 5
i, Ly 2B MEGKAT J7 ] b A A . AR

@ m L )RR

Y'Y <

’\("\r k? —¢ “

(W (9 . (=

H-ZR(7)-H 600K

H-ZR(7)-P 600K

YY >< " YY <

£ AR
Y

H-ZR(7)-B 500K

<7 © ,LW_}W,

H-ZR(7)-F 600K

X, HA UTE R R BIAR I S5 M fE BE i T2
FeE i, IF HLIESC i ol DIAEAE. TE U RERRAIR,
SERERRE . AT LIS RS E B, T A St H-
ZN(7)-X WL RE Epp #REEARMHE, X RVTX
L G RAL R 25 TEBE B R RRE Y, BN EAT]
TEIE I H-ZN(7)- X B — AN G R JRATT03E,
H R F il G P 2 A R A0 KR 25 M RS E W H F O
B, MFRAT R B GOK A FHALEF X(= B, N, P,
F, O) vt (G0 A % W W He H R o3 K
TERRE, JEHA AR N R s ol
R TR A RIS AR A (3R e e, FRATTaE
13T Forcite i K FIBIITE. fERA S RE S,
AR KGR, AR KRR s AL 1)
Il B E S 300 K, B fe KME % 2 S 500
5 600 K. Pk 1 ps IIShSREEKIETT 8 ps o, 1
RARF UL AR L 5 R Q] 2 Bits, 7240
Kt il 8 ps Ji, 7T LAA # H-ZN(7)-B 7£ 500 K
B B/ NS T i HAth 40 K A I AE 600 KB A H
BA/NIEAE, MR A SRR G P4, X

< <
> : <
= TT
>< 1T %
< YTY 7%

H-ZR(7)-Cl 600K

&l 2 ffi § BOMD B4k M H-ZN(7)-X i #A % E . 76 8 ps BiHLfE , XF F H-ZN(7)-H, H-ZN(7)-N, H-ZN(7)-F, H-ZN(7)-P 1 H-
ZN(7)-Cl, £ 600 K B} i BL/NEJE , % F H-ZN(7)-B 7 500 K 4b B/ IE | (A2 B A5 WL 5% 230 4 4
Fig. 2. BOMD simulations for examining thermal stability of the H-ZN(7)-X. The small deformations occur at 500 K for H-ZN(7)-B

and 600 K for other ribbons after 8 ps of simulation, but no edge reconstruction is observed.
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Fig. 3. (a)—(f) Correspond to the band structure (BS), density of the state (DOS), and projected density of the state (PDOS) of H-
ZN(7)-H, H-ZN(7)-B, H-ZN(7)-N, H-ZN(7)-P, H-ZN(7)-F, and H-ZN(7)-Cl, respectively; (g) the partial charge density distribution
corresponds to subbands a; (ay) labeled in figures (a)—(f), respectively. The isosurface value is set as 0.05]¢|A 3.
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Fig. 5. (a)—(d) Correspond to the band structure (BS), density of the state (DOS), and projected density of the state (PDOS) of H-

ZN(7)-H, H-ZN(7)-N, H-ZN(7)-F and H-ZN(7)-Cl in the FM state.
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#1

H-ZN(7)-X fIERAE (Epp) (BA0L: eV /J5F) R SPTAR DG 8] 43 RO & (AL A)

Table 1.  The formation energy (Epg) (unit: eV/atom) of H-ZN (7)-X and the bond length or space position between the
two related atoms (unit: A).

Structure EEF (ribbon) dx.x dy d dy d3
H-ZN(7)-H -3.12 3.93 1.72 2.83 2.60 2.57
H-ZN(7)-B —4.25 1.85 2.37 3.02 2.57 2.62
H-ZN(7)-N -5.47 3.90 2.12 2.75 2.60 2.66
H-ZN(7)-P -4.69 3.83 2.66 2.86 2.66 2.59
H-ZN(7)-F —4.86 3.93 1.72 2.82 2.60 2.57
H-ZN(7)-Cl -3.82 3.94 2.16 2.82 2.61 2.57

F 2 H-ZN(T)-X EERWEAS (FM) RISSHESE. M, u(Ing), u(Sey), u(X) 43314 BREAEFI T 414 In, Se Ml X AYREHE (8

DL/ HAE). By A SP SRl ARE (FAOL: meV/HUIE) 5 PORAESALIY A BERL fe3

Table 2.

The structural parameters of H-ZN(7)-X in the FM state. M represents the net magnetic moment of unit cell,

#(Ing), u(Sep) and u(X) represent the net magnetic moment of lower (L) edge In, Se and X atoms, respectively(unit: pg/unit

cell). By represent the magnetized energy (unit: meV /unit cell) and SP is the spin polarization efficiency at the Fermi level.

Structure Ey u(Ing) #(Ser) u(X) M sP
H-ZN(7)-H 7.95 0.15 0.21 0.07 0.47 43.0%
B-ZN(7)-B 0 0 0 0 0 0%
H-ZN(7)-N 78.32 0.02 0.10 0.52 0.632 55.6%
H-ZN(7)-P 0 0 0 0 0 0%
H-ZN(7)-F 8.82 0.14 0.25 0.03 0.44 38.8%
H-ZN(7)-Cl 8.70 0.15 0.25 0.05 0.47 39.5%
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Fig. 7. (a) the bond length versus strain; (b)—(d) the p-orbital PDOS of In atoms at the lower edge (Inp) and adjacent Se atoms
(Ser,) upon the the effect changes with strain at e = 0%, 5%, and 16%, respectively.
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Magneto-electronic properties of InSe nanoribbons terminated
with non-metallic atoms and its strain modulation”
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Abstract

Employing the first-principles calculation based on the density functional theory, the geometries, magneto-
electronicproperties, and strain effects of the zigzag-edged InSe nanoribbons with the Se-edge saturated by H
atoms and In-edge terminated by various non-metallic elements X (X = H, B, N, P, F and Cl) are studied. The
calculated formation energy and Forcite annealing simulations show that the H-ZN(7)-X has a stable geometry.
For F- and Cl- terminated ribbons, they have a magnetic metallic property similar to that in the case of H
termination, and for the N termination the nanoribbon has the strongest magnetic property. However, the B
and P terminations cause the magnetic properties at the ribbon edge to completely disappear, particularly when
the mechanical strain is applied. The magnetic stability of H-ZN(7)-N is enhanced, and the spin polarization
efficiency (SP) at the Fermi level can be effectively modulated in a range from zero to 92%, which means that it
is possible to design a mechanical switch for controlling the spin transport at low bias. The strain modulating
mechanism is related to the fact that the variation of strain-induced bond length leads the unpaired electrons to
be redistributed or disappear. The magnetic properties of N-ZN(7)-N are mainly derived from the p orbitals of

In, Se and N atoms, thus it is very important to develop non-transition metal magnetic materials.

Keywords: InSe nanoribbon, non-metallic atom, magneto-electronic property, strain effect
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