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Fig. 1. The atomic structure of g¢-SiC; are studied in the
literature [16]. The brown and green spheres represent C
atoms and Si atoms in the plane, respectively. The rhom-

bus denotes the unit cell.
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Fig. 2. For the relationship between the total energy of g-
SiC; and the average distance between Si atoms, the total
energy of g-SiC; in the literature [17, 18] is selected as the
reference zero point. The Roman numerals in the figure
mark the non-planar structures with the lowest energy,
planar structures, and some structures compared with them
in this article. The inset histogram represents the percent-
age of unequal Si distribution in the total distribution in

different energy intervals.
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Fig. 3. The left panels of (a) and (b) are the top and side views of the structures V and IV in Fig. 2, respectively. The brown

spheres stand for C atoms. The red, green and blue spheres denote the Si atoms above, inside and below the plane, respectively.

The rhombus denotes the unit cell. The middle and right panels are their phonon spectra and energy bands, respectively.
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Fig. 4. The left panels in Fig. (a), (b) and (c) are the top and side views of the structures I, IT and III in Fig. 2 with the lowest ener-
gies, respectively. The brown spheres stand for C atoms. The red, green and blue spheres denote the Si atoms above, inside and be-
low the plane, respectively. The rhombus denotes the unit cell, h denote buckling height. The middle and right panels are their
phonon spectra and energy bands, respectively. The central color gradient plane between the bands shows the calculated total Berry
curvature of the valence bands.
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F 1 RFEEM = ¢-SiC, MRS (UL g-SiC; 1Y
BB S ) EMTE b AR, B
e HE 2 PR

Table 1.  The total energy (with respect to the
total energy of gy-SiC;), buckling height h, band gap
and elastic moduli of the three most stable g-SiCs,

the Roman numbers correspond to those in Fig. 2.

1-8iC, I-Sic; M-SiC,

Structure

Energy/(eV per formula unit) 1.85 1.81 1.80

h/A 284 245 263
Band gap/eV 0.02 042  0.26
Cy;/(N-m™) 237.30 270.45 219.15
Cyy/(N-m't) 178.20 209.40 218.55
Co/(N-m'Y) 12.30  31.50 21.90
Cyy/(N-m't) 93.60 97.65 95.70

SERTUAN () R B SE ARG, L5 H T I RE &
B, QnEE 1 TE. S5 T i 44 SRR LA
C JFH R —A 5- i FER. g5F T Hp, A 4 Si R
+ B IEXE A AE T P, 53 A St
Sy BF P TP X P AN Si R Ricse. 2544 T AT
BG40 51 2.45 AR 2.63 A, 40K 4(b)
FE 4(c) FoR, BATH S PSR EcA i, B LA
B IIRE . XA TS — M 3h
A W 5(b) AE 5(c) FiR, 78 500 K i
e RE R AT B MR, 25 AR LR,

TIEORIIES, ULHE TR A 24 Rve . &
TR AR AN R 1 BT, s i — 2Rkl A B 2,
AEDN, SEAUARASE (. S5 44 T AT A Ry rh A7 SR Ok
FF TR TERERY, TR SN R R 0.42 eV
F10.26 eV, TR TLEH T 19 B,

MR T, TR A KB e REA 1T LT
TR, BT AT RE A BB A HE. NREX
— 5, Fl WANNIERQO P13 1 A AT 547 A D1 L
R, el 4 BET ) 0 BB B T TR, B
£ K Fl- K REASSEA Bk Br v BB A Ak A R ) DL L
i, T ELAF S S A0S, P Zsaly T, 10 AT
AIVENRES T4k, B BB IR (valley
Hall effect) FlEMiRIGA — 4 (circular dichro-
ism) S5 RN

TAVGIT T IR RER X RIS 434 BT 5 1)
Hork. AE 2 Rl L, fERE S X [H]-1.0—0.8 eV
I Si M BUR 2, R B 36.1%, BERTE
—0.8——0.6 eV F-1.0—1.2 eV 2 [d] Si i 4315 %
3R 17.8% 1 24.9%, iX =~ RE = X [A] (14 73 A 5L
i B 78.8%.

4 % i

BT MR, IR T ¢-SiC; MEE
PRSI Si R mAHEE M R, FIRT ¢-Sic,

—1074 —1074

—1077 —1077
—1080 —1080

—1083 —1083

Total energy/eV
Total energy/eV

—1086

Total energy/eV

—1086
0

Time/ps

Time/ps

Time/ps

Bl 5 (a), (b) F (c) 433l Rl 2 v g-SiC, MY g IR IR 254 T, TR TINAE 500 K B T 43+ 3h J #2521 226k 15 ps JR I

JUAMT S5 4, A5 P D A0 3ol i v i) B 4 B ) A 1k

Fig. 5. (a), (b) and (c) are the molecular dynamics simulations (at 500 K) of the three most stable structures I, II and III of g-SiC;

in Fig. 2. The left and right panels show the structures after 15 ps and the total energies vs time, respectively.
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Abstract

Siligraphene, as a composite of graphene and silicene, has attracted widespread attraction since it has many
excellent properties that neither of graphene and silicene possesses. The properties of siligraphene are closely
related to the distribution of Si atoms and its structure, but most of the current researches of siligraphene focus
on the regular distribution of Si atoms and the planar structure with high symmetry. Therefore, we study in
this work all possible Si atoms’ distributions with planar and nonplanar structures for siligraphene g-SiC; based
on density functional theory. At first, 365 kinds of inequivalent Si atoms’ distributions in g-SiC; are selected out
from the 35960 kinds of Si atoms’ distributions, and then for each inequivalent Si atoms’ distribution, a
comparison of the stability between the planer and nonplanar structures is made. In terms of the Si
distribution, the Si atoms tend to gather together to lower the energy. The more dispersed Si atoms’
distribution usually has appreciably higher energy. In terms of the planarity of the structures, it is found that
there are many non-planar structures with significantly lower energy than the planar ones. For all possible Si
atoms’ distributions, there are only 8 planar structures which are stable against out-of-plane perturbations. We
further study the dynamic, thermodynamic and mechanical stability of the structures with the lowest energies
and find that they are stable. The energy band calculation shows that two Dirac valleys still persist in the first
Brillouin zone despite their appreciable structure deformation, and a considerable band gap is opened at the
Dirac point. We calculate the Berry curvatures and find that the Berry curvatures at the inequivalent valleys
are opposite, indicating that the system has valley degree of freedom. Our research shows that siligraphene is
more likely to have a buckled structure and a more concentrated silicon atoms’ distribution, and the most

stable structures have good electronic properties.

Keywords: siligraphene, silicon distribution, planar and nonplanar structures, first-principles calculation
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