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Silicon carbide and other group-IV binary materials with 1:1 stoichiometry are trivial semiconductors. Using
first-principles calculations combined with a tight-binding model, we demonstrate two-dimensional (2D) silicon
carbide materials (siligraphenes) with 1:3 and 3:1 stoichiometries are topological insulators (TIs) superior to
graphene. Dirac cones and topologically nontrivial electronic structures are predicted in these binary honeycomb
lattices. The band gaps opened at the Dirac points due to the spin-orbital coupling (SOC) are several orders of
magnitude larger than the graphene value. Such interesting properties also exist in their analogs of other group-IV
elements, such as g-GeC3, g-Ge3C, g-GeSi3, and g-Ge3Si. The TI states predicted in these unique lattices broaden
the application field of group-IV binary materials and open the door to searching for 2D TIs with enhanced SOC.

DOI: 10.1103/PhysRevB.89.195427 PACS number(s): 73.22.−f, 72.20.−i

I. INTRODUCTION

Graphene offers interesting topologically nontrivial elec-
tronic structure caused by spin-orbital coupling (SOC). It is the
first material predicted to realize a topological insulator (TI)
[1], in which SOC opens a band gap at the Dirac points. The
quantum spin Hall effect (QSHE), a new quantum state of
matter with a nontrivial topological property, was expected
to be observed in graphene, where the time-reversal invariant
electronic states with a bulk electronic band gap will support
the transport of charge and spin in gapless edge states [1–4].
The robustness of conducting edge states from backscattering
of two-dimensional (2D) TIs are promising for the realiza-
tion of conducting channels without dissipation. Subsequent
works, however, indicated that the SOC gap in graphene is
unobservably small (�10−3 meV) and the QSHE can occur
only at an unrealistically low temperature, because the weak
SOC is only a second order process in graphene [5–8]. The
quantum spin Hall states with remarkable SOC gap sizes have
also been predicted in some metal-organic frameworks based
on first principles [9–13]. Moreover, the graphene analogs of
other carbon family elements, such as silicene, germanene
[14], and stanene [15] have been proposed to be superior
to graphene in realizing QSHE, where the SOC is vastly
enhanced. Experimentally, silicene films have been produced
on metal [16,17] or semiconducting [18] substrates. However,
the synthesized silicene interacts strongly with substrate
materials making exfoliation from the substrates difficult. The
mixture between the electronic structures of silicene and those
of substrate materials makes the realization of QSHE difficult.
The instability of silicene is related to the dangling bonds of the
sp3-hybridized Si atom due to the buckling configuration. An
interesting question naturally arises: Can we get topological
insulator states from the traditional group-IV binary materials,
such as silicon carbide with planar configurations?

*Corresponding author: zmw@sdu.edu.cn

The combination of Si and C yields more than 200
allotropes of SiC crystals known as cubic-, 2H-, 4H-, 6H-SiC,
etc. These polytypes are semiconducting with the band gap
ranging from 2.4 to 3.3 eV, and thus are attractive candi-
dates for building electronic devices for high-power, high-
temperature, and high-frequency applications [19]. Inspired by
the great success of graphene which offers unique electronic
structures characterized by the Dirac cones [20], a graphene
analog of SiC with half of C atoms being replaced uniformly
with Si atoms in graphene [as shown in Fig. 1(a)] has
drawn considerable attention. However, this graphene-like
SiC framework (referred to as g-SiC) is semiconducting
with a band gap larger than the bulk SiC crystals [21–26].
Such difference is related to the ioniclike Si-C bonds in the
honeycomb framework which leads to localized electronic
states. Other SiC nanostructures, such as nanoribbons [21–23],
nanotubes [25], and nanoflakes [26], have been investigated,
but few of them exhibit the electronic structures akin to their
graphene counterparts. Considering that the stoichiometric
g-SiC is a trivial semiconductor, new phases of Si/C binary
systems need exploring.

The recent theoretical work on the phase diagram of
three-dimensional (3D) Si/C binary systems performed by Gao
et al. showed that apart from the most stable stoichiometry
(Si:C=1:1) there are metastable structures for SiC3 and Si3C
crystals and some of them are metallic [27]. The variable
electronic structures of nonstoichiometric 2D SiC materials
have also been reported by other groups [28,29]. Li et al.
designed a new type of 2D SiC2 silagraphene (pt-SiC2) on the
basis of the planar tetracoordinate SiC4 building block [28].
Each Si atom binds four C atoms, while each C atom is bound
with two Si atoms and one C atom, forming a rectangular
lattice. Pt-SiC2 is metallic with several bands across the Fermi
level as revealed by first-principles calculations [28]. Using
the global particle-swarm optimization algorithm, Zhou et al.
proposed another more stable 2D SiC2 siligraphene (g-SiC2)
characterized as a distorted graphene with 1/3 C atoms being
replaced by Si atoms [29]. G-SiC2 is a semiconductor with
a direct band gap of 1.09 eV. Obviously, none of them has
electronic structures akin to graphene and silicene.
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FIG. 1. (Color online) Schematic representations of the (4×4)
suprecells of (a) graphene-like SiC monolayer (g-SiC) and (b) SiC3

siligraphene (g-SiC3). Small (cyan) and large (red) balls represent
carbon and silicon atoms, respectively.

Here, we propose siligraphenes with the stoichiometries of
Si:C=1:3 (g-SiC3) and Si:C=3:1 (g-Si3C) from first princi-
ples. Combined with a tight-binding model, we demonstrate
that the planar siligraphenes are topological insulators with
the topological invariant of Z2 = 1. In contrast to the buckling
structure of silicene composing sp3-hybridized Si atoms,
the planar configurations of the siligraphenes preserve sp2

hybridization of C and Si atoms, which avoids the formation
of dangling bonds. This enhances the chemical stability of
the siligraphenes compared with buckled silicene and may
facilitate the exfoliation from substrates. More interestingly,
the SOC in g-SiC3 is greatly enhanced compared with
graphene and planar silicene, and the SOC gap opened at the
Dirac points is several orders of magnitude larger than that in
graphene, which is quite promising for hosting the QSHE in
an experimentally accessible low-temperature regime. Such
attractive properties are also predicted in the siligraphene
analogs of other group-IV elements, such as g-GeC3, g-Ge3C,
g-GeSi3, and g-Ge3Si. The superiority of these 2D materials
over their stoichiometric counterparts and graphene suggests
a viable approach for searching for 2D TIs beyond the
well-known graphene, silicene, and germanene, and broadens
the application field of group-IV binary materials.

II. METHOD AND COMPUTATIONAL DETAILS

We performed first-principles calculations within density-
functional theory (DFT) using the Vienna ab initio simulation
package (VASP) [30,31]. The electron-electron interactions are
treated within a generalized gradient approximation in the form
of Perdew-Burke-Ernzerhof for the exchange-correlation func-
tional [32]. Projector-augmented-wave potentials are adopted

TABLE I. Structural and electronic parameters of the honeycomb
AxBy lattices with A = Si and Ge, B = C and Si, and x,y = 0,1,3.
dA-A,dB-B, and dA-B represent the atomic separations. L is the lattice
constant measured by the length of lattice vectors and �d is the
amplitude of buckling. All the structural parameters are in angstroms.
vF is the Fermi velocity in 105 m/s. �SO is the band gap at the Dirac
points induced by spin-orbital coupling in meV. The temperatures
corresponding to �SO are listed in parentheses.

AxBy dA-A/dB-B dA-B L �d vF �SO

Graphene 1.424 2.467 0.0 8.45 0.008 (0.09 K)
SiC3 1.439 1.813 5.633 0.0 5.91 0.413 (4.8 K)
SiC 1.787 3.096 0.0
Si3C 2.255 1.810 7.040 0.0 4.92 0.089 (1.0 K)
Silicene 2.279 3.870 0.448 5.36 1.496 (17.4 K)
GeSi3 2.283 2.351 7.815 0.552 5.21 4.454 (51.7 K)
GeSi 2.357 3.952 0.590 5.30 0.376 (4.4 K)
Ge3Si 2.435 2.365 8.007 0.668 5.14 15.693 (182.1 K)
Germanene 2.442 4.058 0.690 5.30 24.080 (279.4 K)
Ge3C 2.357 1.903 7.380 0.0 5.15 2.432 (28.2 K)
GeC 1.884 3.263 0.0
GeC3 1.431 1.901 5.772 0.0 5.88 0.308 (3.6 K)

to describe the electron-ion interaction [33]. The electron wave
functions are expanded using the plane waves with the energy
cutoff of 800 eV. Self-consistent solution of the Kohn-Sham
equation is carried out with the convergence of 10−8. The
supercells are repeated periodically on the x-y plane, while a
vacuum region of about 15 Å is applied along the z direction
to avoid mirror interaction between neighboring images.
A symmetry reduced (9×9×1) Monkhorst-Pack sampling
is used for the Brillouin zone (BZ) integration. Structural
optimizations are carried out using a conjugated gradient
method until the remaining force on each atom is lower
than 0.001 eV/Å. The phonon spectra are calculated using a
supercell approach within the PHONON code. The convergence
of gap size with respect to the number of k points and cutoff
energy is better than 1×10−3 meV. As benchmarks, we have
calculated the SOC gap in graphene, silicene, and germanene
(as listed in Table I). We found that our results are in good
agreement with those reported in previous literature [5,14].

To evaluate the relative stability of these siligraphenes with
different stoichiometries, we defined the formation energy �E

under different environments as

�E = (Etotal − NC × μC − NSi × μSi)/(NC + NSi),

where Etotal is the total energy of a supercell, and NC and
NSi are the number of C and Si atoms in one supercell. The
chemical potentials μC and μSi of C and Si atoms depend on
specifically employed atomic reservoirs. Here, we considered
two limits corresponding to C-rich and Si-rich conditions,
respectively. In the C-rich media, μC was calculated from
graphene, while under Si-rich conditions, cubic silicon crystal
was used as the reservoir. In both cases, μC and μSi are linked
by the thermodynamic constraint, μC + μSi = μSiC, where
μSiC is the chemical potential of a SiC unit in cubic silicon
carbide crystal.

For the siligraphene analogs, g-GexSi1−x and g-GexC1−x ,
cubic Ge crystal is employed in the calculations of the chemical
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potential of Ge (μGe) under Ge-rich conditions. Chemical
potentials are linked by the thermodynamic constraint μGe +
μSi = μGeSi and μGe + μC = μGeC, where μGeSi(μGeC) is the
chemical potential of a GeSi (GeC) unit in cubic GeSi (GeC)
crystal.

III. RESULTS AND DISCUSSION

The atomic structure of g-SiC3 is built on the base of the
graphene honeycomb lattice, i.e., 1/4 C atoms are uniformly
substituted by Si atoms, as shown in Fig. 1(b). Each Si atom
binds three C atoms, while each C atom is bound to one Si
atom and two C atoms. This differs from the cases of g-SiC
[21–26] and g-SiC2 [29] which have 1/2 and 1/3 C atoms
being replaced by Si atoms, respectively. G-SiC3 is perfectly
planar without any buckling as revealed by structural optimiza-
tion. The C-C and Si-C separations in g-SiC3 are 1.439 and
1.813 Å, comparable to the values in graphene (1.424 Å), g-SiC
(1.787 Å), and g-SiC2 (1.445 Å, 1.798 Å). Akin to graphene,
all the bond angles in g-SiC3 are perfectly 120° without any
distortion, in sharp contrast to g-SiC2 where one of the two
carbon atoms is in a distorted trigonal coordination with bond
angles of 136.3° and 107.4° [29]. The supercell contains six C
atoms and two Si atoms with the lattice constant of 5.633 Å,
as indicated in Fig. 1(b). Compared with g-SiC3, the positions
of C and Si atoms in g-Si3C are exchanged and the interatomic
separations are readjusted correspondingly. Different from the
buckled configuration of silicene [34,35], the planar feature
is preserved in this Si-rich framework. The Si-C separation,
1.810 Å, is close to the value in g-SiC3. The Si-Si distance
2.255 Å is longer than the value in silicene by about 0.024 Å.
The lattice constant is about 7.040 Å, also longer than the
g-SiC3 value. The planar configurations of both g-SiC3 and
g-Si3C are related to the ionic-binding features of Si-C bonds.
To avoid formation of surface dipoles which will lead to the
increase of surface energy, all the atoms prefer to reside on
the same plane, even though Si favors sp3 hybridization. It is
interesting to see that in spite of the two types of bonds, C-C
(or Si-Si) and Si-C bonds with different lengths, hexagonal
symmetry still holds in the frameworks. Both g-SiC3 and
g-Si3C belong to the same space group as graphene (P 6/mmm)
with two Wyckoff sites. Additionally, the supercells of the two
siligraphenes have a center of inversion symmetry, whereas
g-SiC does not.

The formation energies (�E) of siligraphenes under C-rich
and Si-rich conditions are plotted in Figs. 2(a) and 2(b).
Obviously, �E has a local energy minimum at g-SiC for both
cases. This is very similar to the three-dimensional cases where
a stoichiometric SiC crystal is energetically most favorable
[27]. Both g-SiC3 and g-Si3C are unstable with respect to
graphene, silicene, and g-SiC, but they are dynamically stable
as indicated by the phonon spectra. We have calculated
the phonon spectra of g-SiC3 and g-Si3C along the highly
symmetric points in the BZ using a supercell approximation
from first principles, as shown in Figs. 2(c) and 2(d). We
do not find the modes with imaginary frequencies in the
two spectra, and thus believe that they are both dynamically
stable, possessing local minima. Under C-rich conditions,
the �E values of g-SiC3 and g-SiC2 are comparable with
the former, and slightly lower than the latter by about

FIG. 2. (Color online) Formation energies of g-SiC3 and g-Si3C
under (a) C-rich and (b) Si-rich conditions. The values of pt-SiC2 [28]
and g-SiC2 [29] are also proposed for comparison. Phonon spectra
of (c) g-SiC3 and (d) g-Si3C along high-symmetric points in the
Brillouin zone. The fractional coordinates of these points are Г(0,0),
M(1/2,0), and K(2/3,1/3), respectively.

1.4 meV/atom, both of which are more stable than pt-SiC2

[28]. We should stress that the realization of these metastable
SixC1−x phases, including those reported in previous literature
[27–29], remains challenging in experiments, even though they
are dynamically stable. Fortunately, the recent progress on
the growth of graphene on metal surfaces by chemical vapor
deposition or organics precursor molecules may be helpful
for reaching this goal. The controlled reaction between Si
and graphene is another promising synthetic route to the
siligraphenes as what happened in the growth of SiC nanotubes
from carbon nanotubes [36].

Figures 3(a) and 3(b) give the electronic band lines along the
highly symmetric points of BZ of these two 2D nanostructures
obtained from first-principles calculations without SOC. For
both configurations, there are six points (three equivalent K

and three equivalent K ′) in the BZ where conduction and
valence bands meet in a single point at the Fermi level. These
meeting points of valence and conduction bands are Dirac
points equivalent to those of graphene. Around the meeting
points, both the valence and conduction bands (referred to
as Dirac bands) are linear and can be characterized by
Dirac cones. The charge carriers (electrons and holes) in
these bands will behave as massless Dirac fermions, similar
to the cases of the well-known Dirac-fermion materials
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FIG. 3. (Color online) Electronic band structures of (a) g-SiC3 and (b) g-Si3C along high-symmetric points in the BZ. Black lines represent
the data obtained from first-principles calculations. Red dotted lines are from the tight-binding model. The spin-orbital coupling is not taken
into account. The energy at the Fermi level (EF ) is set to zero. (c) and (d) are the spatial distribution of the integrated electron wave functions of
the two Dirac bands in BZ. Top and side views are displayed in up and down panels, respectively. (e) Schematic representation of the enlarged
view of the electronic bands with (blue) and without (red) spin-orbital coupling in the proximity of a Dirac point. (f) Brillouin zone with the
values of δi associated with the time-reversal invariant momenta. b1 and b2 are the primitive reciprocal lattice vectors.

such as graphene [20], silicene [14], and germanene [14].
The Fermi velocities of electrons and holes are identical
in our calculations, which are 5.91×105 m/s (g-SiC3) and
4.92×105 m/s (g-Si3C). They are about 70% and 58% of the
graphene value, 8.45 × 105 m/s from the present calculations.
Therefore, the carrier mobility in these 2D siligraphenes will
be comparable to that in graphene. It is noteworthy that
the Dirac-fermion characterized electronic structures of these
siligraphenes are in sharp contrast to the g-SiC and g-SiC2 [29]
which have relatively large band gaps and parabolic valence
and conduction bands at the K points [22,23]. Therefore, the
Dirac cones revealed in the siligraphenes can serve as an
exceptional case of binary honeycomb lattices. This is related
to the special atomic arrangement of the g-SiC3 and g-Si3C
siligraphenes where the π -conjugate orbitals and the hexago-
nal symmetry are preserved. The variable electronic structures
of the nonstoichiometric 2D silicon carbide materials offer an
additional freedom in tuning their electronic properties.

Form the spatial distribution of the wave functions of the
two Dirac bands shown in Figs. 3(c) and 3(d), it is clear that
they arise mainly from the pz orbitals of C and Si atoms
perpendicular to the basal plane of the frameworks. These pz

orbitals overlap resulting in conjugated π orbitals extended

throughout the frameworks. There exists an asymmetric
distribution of wave functions around the C and Si atoms,
especially for the case of g-Si3C, due to the electronegativity
difference between the two species. We model the Dirac bands
in terms of a simple tight-binding (TB) Hamiltonian:

HTB =
∑

i

εic
†
i ci +

∑

〈ij 〉
tij (c†i cj + H.c.)

where εi, c
†
i , and ci represent the on-site energy, and the

creation and annihilation operators of an electron at the
ith atom, respectively. The parameter tij is the hopping
energy of an electron between the ith and j th atoms. For
simplification, we only considered the hopping between the
nearest-neighboring (NN) atoms. For both g-SiC3 and g-Si3C
frameworks, there are two types of NN hopping energies,
which are tC-C (or tSi-Si) and tSi-C. The multiple parameters
of the TB Hamiltonian are difficult to optimize but can
be obtained from the first-principles calculations of simple
individual 2D materials, such as graphene and g-SiC. The tC-C

and tSi-C. are set to the values in graphene and g-SiC, which
are −2.70 and −1.42 eV [22], respectively, and tSi-Si is set to
the Vppπ value in silicon crystal, −1.12 eV [37]. The on-site
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FIG. 4. (Color online) Formation energies of [(a), (b)] g-GexSi1−x and [(c), (d)] g-GexC1−x under different media which are calculated
using the definition described in the text. The buckled and planar configures of g-GeSi and g-GeC are plotted in the insets of (b) and (d),
respectively.

energy difference between the C and Si atoms was obtained
by fitting the band structures of g-SiC, which are −2.85 eV
[22]. Through diagonalizing an 8×8 matrix in the reciprocal
space, the two Dirac bands are obtained, as indicated by the
red dashed lines in Figs. 3(a) and 3(b). Surprisingly, the TB
bands fit the two Dirac bands of the two siligraphenes given by
DFT calculations, especially in the region near the Dirac point,
which confirms the validity of the TB model. Further studies
show that the appearance of the Dirac cones at the K and
K ′ points is independent of the NN hopping energies and the
on-site energy difference between the two species, suggesting
that it is the intrinsic feature of the lattice. The NN hopping
energies and the on-site energies only affect the profiles of the
two Dirac bands. This is also confirmed by the band structure
calculations of the g-GeC3, g-Ge3C, g-GeSi3, and g-Ge3Si
with similar atomic arrangements.

The SOC in these unique frameworks are then investigated
from first principles. Similar to the cases of graphene and
silicene [14], SOC opens a band gap at the Dirac points, as
shown in Fig. 3(e). Notably, the SOC band gaps, 0.431 meV
(g-SiC3) and 0.089 meV (g-Si3C), are much larger than those
of graphene (0.0008 meV) and planar silicene (0.07 meV)
[14]. The magnitude of gap of g-SiC3 induced by SOC
corresponds to 4.8 K. This implies that the QSHE may

be realized in g-SiC3 at an experimentally accessible low
temperature.

In the presence of SOC, the TB Hamiltonian for g-SiC3 and
g-Si3C is written as [38]

HTB+SOC =
∑

i

εic
†
i ci +

∑

〈i,j 〉
tij (c†i cj + H.c.)

+ iλSO

∑

〈〈i,j 〉〉
c
†
i s · êij cj .

In addition to the on-site energy and nearest-neighbor
hopping terms (the first two terms), the spin-orbital interaction
with spin-dependent second-nearest-neighbor hopping (the
third term) is involved. λSO is the spin-orbital-coupling
strength and S is the spin. The unit vector êij is defined as

êij = d1
ij × d2

ij∣∣d1
ij × d2

ij

∣∣ ,

where d1
ij and d2

ij are bond vectors along the two bonds
that the electron traverses when going from atom j to i.
According to this definition, s · êij = ±sz. The magnitude of
λSO can be obtained by fitting the band lines of first-principles
calculations using the above Hamiltonian. For g-SiC3 and
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FIG. 5. (Color online) Electronic band structures in the proximity of the Fermi level of (a) g-GeC3, (b) g-Ge3C, (c) g-GeSi3, and
(d) g-Ge3Si along high-symmetric points in the Brillouin zone. The enlarged views of the positions of Fermi level relative to the meeting points
are indicated in the insets of this figure. The energy at the Fermi level (EF ) is set to zero.

g-Si3C, we get λSO = 0.447 meV and λSO = 0.310 meV,

respectively.
The Z2 topological invariant is employed to identify

the topological properties of electronic structures. Z2 = 1
characterizes a nontrivial band topology, while Z2 = 0 means
a trivial band topology. The work of Fu and Kane [38]
showed that with inversion symmetry, the Z2 topological
invariants can be deduced from the knowledge of the parity
of the four time-reversal and parity invariant points at BZ,
which are �(0,0), M(1/2, 0), M(0, 1/2), and M(1/2, 1/2)
for the siligraphenes, as shown in Fig. 3(f). Using this
strategy, we calculated the Z2 topological invariant based
on the above-mentioned TB Hamiltonian and found that
Z2 = 1 for both g-SiC3 and g-Si3C, confirming that they
are topological insulators in the quantum spin Hall phase.
Additionally, starting from the wave functions obtained from
the first-principles calculations, we determined the parities of
the occupied energy bands at the four time-reversal points
and calculated the Z2 topological invariant using the strategy
proposed by Fu and Kane. We found that both the parities and

Z2 are the same as the results of the TB model. This confirms
the validity the TB model from another point. Noting that
the Fermi level is right within the SOC band gap, doping is
therefore unnecessary in realizing QSHE in both cases.

Finally, we turn to the siligraphene analogs of other
group-IV elements: g-GeC3, g-Ge3C, g-GeSi3, and g-Ge3Si.
Structural optimizations show that the planar configurations
are well preserved in both g-GeC3 and g-Ge3C, whereas
g-GeSi3 and g-Ge3Si have low-buckled structures with the
altitude of 0.552–0.668 Å, as shown in Fig. 4 (insets) and
Table I. The buckling features of g-GeSi3 and g-Ge3Si are
related to the strong sp3-hybridization preference of both
Si and Ge atoms. The structural parameters of these 2D
frameworks are listed in Table I. We calculated the formation
energies according to the similar definition to the cases of
g-SixC1−x and plotted them in Fig. 4. It is interesting to see
that there are no local energy minima at g-GeSi and g-GeC,
contrary to the case of g-SixC1−x . Under both conditions
(Si-rich and Ge-rich), g-Ge3Si is energetically more favorable
than g-GeSi and g-GeSi3. For g-GexC1−x , g-Ge3C is more
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stable than the other two under C-rich conditions, whereas
g-GeC3 is more preferable than g-Ge3C and g-GeC. The
dynamic stability of these 2D frameworks has also been
confirmed by the phonon spectra. It is noteworthy that the
center of inversion symmetry of the frameworks remains,
even though the hexagonal symmetry is broken in buckled
configurations of g-GeSi3 and g-Ge3Si.

In proximity of the Fermi level, Dirac cones also appear in
the electronic band structures of these siligraphene analogs,
as shown in Fig. 5. The shapes of the two Dirac bands
are similar to those of g-SiC3 and g-Si3C, implying that
the TB model still holds for their analogs. However, we
can find out some differences in the band lines between
g-GexC1−x and g-SixC1−x . For both g-GeC3 and g-Ge3C,
the Fermi levels are not at the meeting points of the Dirac
bands, as shown in the insets of Figs. 5(a) and 5(b) displaying
self-doping effects. G-GeC3 has the Fermi level above the
meeting point and thus n-type doping effects, whereas the
Fermi level of g-Ge3C is below the meeting point making
it n type. For the g-GeSi3 and g-Ge3Si, the Fermi level is
right at the meeting point, similar to the cases of g-SiC3

and g-Si3C. We also evaluate the SOC effects in these
frameworks. The SOC gaps at the Dirac points are listed
in Table I. Obviously the SOC effects in these frameworks
are more remarkable than those in g-SiC3 and g-Si3C. In
particular, the SOC band gap of g-Ge3Si can be as large as
15.69 meV, corresponding to 182 K. The enhanced SOC in
both g-GeSi3 and g-Ge3Si is related to the buckled configura-
tions which increases the direct hybridization between the π

orbitals and the σ orbitals [22]. The topologically nontrivial

properties (Z2 = 1) of g-GeSi3 and g-Ge3Si are also confirmed
by the Z2 invariants calculated using the above-mentioned
strategy.

IV. CONCLUSIONS

In summary, we propose binary honeycomb lattices for
SiC3 siligraphene and its analogs based on first-principles
calculations. We demonstrate that without SOC their electronic
structures in proximity of the Fermi level can be characterized
by Dirac cones centered at the K and K ′points. SOC opens
band gaps at the Dirac points, leading to topologically
nontrivial electronic structures (Z2 = 1) with the gap size
several orders of magnitude larger than that in graphene. These
novel 2D TIs are quite promising for realizing the QSHE at an
experimentally accessible low temperature which is difficult
in graphene. The Dirac cones and topologically nontrivial
electronic properties associated with the binary honeycomb
lattices open the door to searching for 2D TIs with enhanced
SOC in group-IV binary compounds.
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