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Fig. 1. (a) Atomic structure C3B monolayer, where light green rhombus represents its primitive cell, tailoring C3B monolayer along

the X-axis direction to form various armchair edged nanoribbons, the blue and yellow shadows indicate the A-type and B-type
edges, respectively; (b)—(k) several typical ribbons 13-AA( 1), 15-AA(1l), 15-BB( 1), 13-BB(1l), 14-AB, 13H-AA( 1), 15H-AA(T),
15H-BB( 1), 13AH-BB( 1l ), and 14H-AB respectively, the black dashed box denotes the unit cell of nanoribbons.
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Fig. 2. Examining the thermal stability of bare-edge and H-terminated Cs;B ribbons, the obtained results for running the simulation
by 8 ps with a time step of 1 fs under the Nosé heat bath scheme, which is used in the NVT ensemble at 500 K: (a)13-AA( 1),
(b)15-AA(I), (¢)15-BB( 1), (d)13-BB(1l), (e)14-AB, (f)13H-AA( 1), (g)15H-AA(Il), (h)15H-BB( 1), (i)13AH-BB(1l), (j)14H-AB;
(k) edge energy versus widths of the bare-edge C3B nanoribbons; (1)edge energy versus widths of the H-terminated CsB nanorib-

bons.

AB G ], THE AR A | SR DA A%
AR (PDOS), iX BB A% B R AR B
WERGEH B EF & CET b, iFEZ R mE 3
FR. AR, 13-AA(T) K 15-AA(T) 4Kt Ry 2f
Sk (K 3(a), (b)), 1M 15-BB( 1)k 13-BB(II)
YK HR A W SR e 2 PR BEGL, TR &R
(B 3(c), (d)). FeHlA @RI JE 14-ABGIKA, d 2
WA B (B 3(e)), V% B JEF X 44 R
BRI R T % C IR, [ B8 28 X a5k
AT POKRBEH . M2 T, 78 15-BB( 1) J
13-BB( 1) gy v, X i o gy 28 Ui s R %)
FOKREH VL L, UiP] BB BIGKAT LL AB BUZNK?
)4 @R . L PDOS AT LIAE H, 13-AA(T) &

15-AA(T) iy 2 B JE T DTk, iy 3222
& CIRF5Tlik 0. 1 15-BB(I), 13-BB(I1) &% 14-
AB YUK TETORRER MM A% B2 th B &
C JEFILm TTHk Y. ik — 20 o r kil £k T #
CyB A i AR IR, 5 1 AN IR] 98 B 4 oK
ZEF, AR AYHBRANER 1 TR, AER 1 AT LA

%tﬂ JRA n-AA BYGKAT 1 HL AR 1 O 2 A
AR LAY &5 F 5C T 40 K A Al 28 02 15 0 K

%% 1 EP;&%E%%@%, FA n-AA BIGAKAT LT AR
PR, ANE BRI LS5 C T 9K R4 2
XK, WA n-AB K& n-BB BIGKA (1 B T4
i@ﬁé)% A4 n-BB BYJLATE5HE G TR iz
EXIFR. e 5 Z, WAL TR CyB 4Ky

117101-4



) 32 2 3R Acta Phys. Sin. Vol. 72, No. 11 (2023) 117101

BS DOS PDOS BS DOS PDOS BS DOS PDOS
(a) 15 () 1.5 (¢) 15
Atom B Atom B Atom B
Atom C Atom C
1.0 - 1.0 - 1.0 k Atom C
o 05F 1 é E L 050 1 L 05 \
O G) G)
= = = Lo
oF—-—=—+———=—— — — — 1 o —=——F — — — o F— — — — 0k = [ Ry — —
= 2 = 2 5] 2
B _osf K M _osF k j M o5 \( I
L
—1.0F L —1.0F s —1.0F L
= | i
~15 = ~15 1.5 ==
r Z0 1000 100 r Z0 1000 100 r Z0 1000 100
13-AA(I) 15-AA(II) 15-BB(I)
BS DOS PDOS DOS PDOS
(d) 1.5 (e)
~ Atom B Atom B
[ Atom C Atom C
1.0 r
> 05 ; ; >
L 1 L
B oS T
5] 2 = 5]
= a
B _o0s5 \( =
—1.0 i .
-1.5 %

r Z0 1000 100
13-BB(II)

15 -BB(I) 13-BB(II)

3 JLAM BRI C3B AKA BB 451 L % EE (DOS) MR TR ®E (PDOS)  (a) 13-AA(1), (b) 15-AA(T), () 15-
BB( 1), (d) 13-BB(Il), (e) 14-AB; Al X N 44 2K 47 (9 BB 1 A1 2 Y #8 43 HL 77 %5 B2 (f) 13-AA( 1), (g) 15-AA(ID), (h) 15-BB(1),
(i) 13-BB(1I), (j) 14-AB, B 43t fiif 25 FE S 1T 15 9 0.03 [e]-A 3

Fig. 3. Band structure, density of states (DOS) , and atom-projected density of states (PDOS) of several typical bare-edge C3B rib-
bons: (a) 13-AA(1), (b) 15-AA(Il), (c) 15-BB( 1), (d) 13-BB(II), (e) 14-AB. Partial charge density of subbands 1 and 2 for the
corresponding ribbons: (f) 13-AA( 1), (g) 15-AA(Il), (h) 15-BB( 1), (i) 13-BB(Il), (j) 14-AB. The isosurface for partial charge
density is set to 0.03 |¢|-A 3.

£ 1 RFETIEEBGL CB KR
Table 1. Band gaps of bare-edge C3B nanoribbons with different widths.

Structure Band gap/eV Structure Band gap/eV Structure Band gap/eV
5-AA(T) 0.928 19-AA(T) 0.696 13-BB(TN) 0
9-AA(T) 0.730 7-BB( 1) 0 17-BB(1II) 0
13-AA(1) 0.710 11-BB(1) 0 8-AB 0
17-AA( 1) 0.710 15-BB( 1) 0 10-AB 0
7-AA(T) 0.718 19-BB(1) 0 12-AB 0
11-AA(T) 0.675 5-BB(1I) 0 14-AB 0
15-AA(T) 0.692 9-BB(11) 0 16-AB 0
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Fig. 4. Band structure, density of states (DOS) and atom-projected density of states (PDOS) for several typical H-terminated CsB
ribbons: (a)13H-AA( 1), (b)15H-AA(Il), (¢)15H-BB( 1), (d)13AH-BB(1Il), and (e)14H-AB. Partial charge density of subbands
1 and 2 for the corresponding ribbons: (f) 13H-AA(1), (g)15H-AA(Il), (h)15H-BB( 1), (i)13AH-BB(Il), and (j)14H-AB. The
isosurface for partial charge density is set to 0.03 |e|-A 3.

# 2 HUWidk OB 49K 1 bR
Table 2. Band gaps for H-terminated C3B nanoribbons.

Structure Bandgap/eV Structure Bandgap/eV Structure Bandgap/eV
5 H-AA(T) 1.753 19 H-AA(T) 0.774 13 H-BB(1T) 0.872
9 H-AA(T) 1.098 7HBB(1) 1.040 17 H-BB(1T) 0.833
13 H-AA(T) 0.890 11 H-BB( 1) 0.907 8 H-AA(T) 1.157
17 H-AA(T) 0.809 15 H-BB( 1) 0.850 10 H-AA(T) 1.014
7H-AA(T) 1.263 19 H-BB( 1) 0.820 12 H-AB( 1) 0.953
11 H-AA(II) 0.930 5 H-BB(II) 0.976 14 H-AB( 1) 0.897
15 H-AA(1II) 0.823 9 H-BB(IN) 0.948 16 H-AB( 1) 0.869
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Fig. 6. The strain regulation effect of 13-AA( I') ribbon: (a) Schematic diagram of compressive stress in nanoribbons; (b) variation
of energy band structure with applied strain; (c) band gap and the strain energy with the applied strain; (d) 13-AA( I ) bloch state
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Structural stability, electronic properties, and physical
modulation effects of armchair-edged C;B nanoribbons”
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Changsha University of Science and Technology, Changsha 410114, China)
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Abstract

CsB monolayer is a typical graphene-like two-dimensional material, which has been successfully prepared
experimentally. Here, we use the density functional theory to study the structural stability, electronic properties
and physical regulation effects of its armchair-edged nanoribbons. The results show that for the bare-edged
nanoribbons, if the ribbon edges are composed of C atoms completely (AA-type), their electronic phase is a
semiconductor; when both ribbons edges consist of C and B atoms (BB-type) jointly, their electronic phase is a
metal; if one edge of the ribbon is composed of C atoms and the other edge is comprised of B and C atoms (AB-
type), their electronic phase is also a metal. This suggests that the B atom located at the ribbon edge plays an
important role in determining whether nanoribbons is a metal or semiconductor. While for the H-terminated
nanoribbons, they are all direct or indirect band-gap semiconductors. The carrier mobility of H-terminated
nanoribbons is generally lower than that of bare-edged nanoribbon, which is closely related to their larger
effective mass and higher deformation potential values. Meanwhile, it is found that the semiconducting
nanoribbons are very sensitive to physical regulation, especially under applied compressive strain and external
electric field, the band gap of the nanoribbons becomes very smaller, which is favorable for the absorption of

light energy and development of novel optical devices.
Keywords: C3;B nanoribbon, structural stability, electronic properties, carrier mobility, physical regulation
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