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Abstract
The geometrical structure, energy band structure, density of states 
and optical properties of La, Ce and Th doped two-dimensional (2D) 
SiC are investigated by using the first-principle method. Geometrical 
structure results show that all of the doping atoms cause obvious 
distortion of the crystal lattice near the doping atoms, and the 
degree of distortion is related to the covalent radius of different 
doping atoms. The pure 2D SiC is a direct-gap semiconductor with 
a gap of 2.60 eV. Near the Fermi energy, the density of states is 
mainly composed of C-2p and Si-3p. When doping with La, Ce and 
Th, the band gap of 2D SiC decreased and all of them turn into 
quasi-direct band-gap semiconductors. The valence band of La and 
Th doped 2D SiC are mainly composed of C-2p, Si-3p, La-5d and 
Th-6d, respectively, while Ce-doped has little effect on the valence 
band of 2D SiC. The conduction band of La, Ce and Th doped 2D 
SiC are mainly composed of Si-3p, La-5d, Ce-4f and Th-6s6d5f, 
respectively. When Si atom is replaced by rare earth atom, the rare 
earth atoms lose their charges. The bond of rare earth atom and C 
atom has weak covalent, while ionic is stronger. Among all of the 
studied systems, La-doped 2D SiC has the biggest static dielectric 
constant 2.33, the biggest peak of ε2(ω) in the low energy region, 
the maximum refractive index n0 1.53. Ce-doped 2D SiC has the 
maximum absorption 6.88 × 104 cm-1 in the lower energy region. 
La or Ce doped 2D SiC can enhance the absorption in the lower 
energy region, while Th-doped will decrease the absorption of 2D 
SiC in the range of 0 ~ 15 eV. The research results will provide 
some theoretical guidance for the development and application of 
2D SiC.
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Introduction
Graphene has attracted researcher’s attention [1-3] since it 

was successfully fabricated in 2004 [4] because of its special two-
dimensional (2D) honeycomb structure and excellent electronic 
properties. Graphene is a zero-bandgap semiconductor, which limits 
its use in semiconductor devices and integrated circuits. Because the 
band gap near the Fermi energy is critical for controlling electron 
conductivity, there are so many works in order to find other 2D 
semiconductor materials. Recently, people have been interested in the 
materials of silicene and germylene with the similar 2D structure of 
graphene, which are composed of the kin element of carbon. Density 

functional theory (DFT) studies indicate that they are both with 
buckling honeycomb instead of a flat structure [5-7]. In just a few 
years, silicene and germylene have been successful preparation [8-10]. 
A lot of experiments have demonstrated the effectivity of the epitaxial 
growth of silicene on metal substrates, such as Ag (111) [11-13], Ir 
(111) [14] and ZrB2 (0001) [15]. Chen et al. [9] reports the fabrication 
of graphene-like germanene sheet on a Pt (111) surface. For the 
first time, the theoretical predictions of "single-layer undulating 
germanium honeycomb structure can exist stably" are verified 
experimentally. Except for graphene, silicene and germylene, the 
research enthusiasm on 2D materials has been largely extended into 
other inorganic fields. In recent years, there have been numerous 2D 
materials reported, such as single-layer MoS2 [16,17], h-BN [16,18], 
2D phosphorene [19,20] 2D ZnO [21] and 2D SiC [18,22], etc.

The crucial factor for controlling the stability of 2D semiconductor 
materials is the existence of a strong in-plane covalent bond that can 
resist the mechanical deformation and external chemical corrosion. 
The 2D SiC thin films with different component can be obtained 
by the Si atoms replacing the C atoms of graphene. Theoretical 
researches were carried out about the stability of 2D SiC thin film with 
different proportions of C and Si and its semiconducting properties. 
Sahin et al. [22] predicted a new SiC monolayer with 2.52 eV band 
gap, and they also confirmed that the new SiC monolayer inherits 
the honeycomb structure from grapheme. Zhou et al. [23] presented 
a new SiC monolayer, known as g-SiC2, which has a desirable band 
gap of 1.1 eV and holds great promise for optoelectronic applications. 
Ding and Wang [24] showed the geometrical structure and electronic 
structure of a new SiC monolayer SiC3. Recently, Shi et al. [25] 
investigated the thermodynamic stability and electronic properties 
of 2D SixC1-x with 0 ≤ x ≤ 1. All of the studied 2D SixC1-x structures 
show semiconducting properties with tunable band gap from 0 to 2.87 
eV. In the experimental preparation of ultra-thin SiC, it is difficult 
to cleave 2D structures from its bulk because SiC has more than 250 
polytypes and very strong Si-C bonding. Recently, Chabi et al. [26] 
reported a new carbothermal method that prepared ultrathin SiC 
structure with an average thickness of 2-3 nm. This new SiC structure 
will make the application of 2D SiC in nano-electronic devices to be 
reality. 

Doping is an effective means for modulating the energy band 
structure of semiconductor materials. Rare-earth atoms have abundant 
electronic energy levels and long lifetime excited states because of 
their unfilled 4f and 5d electron configurations, which have become 
one of the new hotspots in the research of ZnO, GaN wide band-gap 
semiconductor doping systems [27-29]. At present, no report has 
been made on the effect of photoelectric properties of 2D SiC doping 
with rare earth. Different rare earth elements have different valence-
shell electronic structures. La has no 4f-shell electrons, Ce has only 
one electron in the 4f-shell, and 4f-shell electrons in Th are full-shell 
layers. In order to compare the effect of rare earth element doping on 
the 2D SiC with different valence-shell electronic structures, we chose 
La, Ce, and Th for doping. In this paper, the geometrical structure, 
electronic structure and optical properties of rare earth La, Ce and Th 
doped 2D SiC are calculated by first-principles method. The effects of 
rare earth doping on the crystal structure and photoelectric properties 
of 2D SiC are analyzed in detail.
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Computational Models and Details
The research of this paper is completed by using the CASTEP 

computer program [30]. In the geometry optimization, energy 
band structure and optical properties calculations, the electron 
exchange and correlation are obtained by using the generalized 
gradient approximation (GGA) with the interpolation formula of 
Perdew, Burke, and Ernzerhof (PBE) [31]. Pseudo atomic calculation 
performed for C 2s22p2, Si 3s23p2, La 5s25p65d16s2, Ce 4f15s25p65d16s2 
and Th 6s26p66d27s2. The electron-ion interaction is described by an 
ultra-soft potential [32]. The valence electronic wave functions are 
expanded in a plane-wave basis set up to an energy cutoff of 410 eV. 
Accordingly, the total energy of the unit cell is converged to 1.0 × 10-6 
eV/atom. The Brillouin zone integration is performed using Monkhorst–
Pack set [33]. All structures are fully optimized with constraints c axis.

A 5 × 5 × 1 supercell consisting of 25 C atoms and 25 Si atoms are 
used for rare earth substitution. Si atoms and C atoms are arranged 
in a hexagonal symmetry. To avoid the interaction between two 
adjacent layers, the thickness of the inter layer vacuum layer is set 
to 15 Å. For the La, Ce and Th doping, a La, Ce or Th atom are used 
to replace a Si atom in the 2D SiC to form a substitutional doping 
model, labeled La-doped, Ce-doped, Th-doped, respectively. Figure 1 
shows the structure geometrical models for different rare earth atom 
substitution after geometry optimizing (The little gray balls are C 
atoms, and the big yellow balls are Si atoms).

To evaluate the stability of different doping systems, the cohesive 
energy is used, which is defined as [34]

( )XE /Si C
coh tot atom atom atomE E E E N= − − −                    (1)

Where totE  is the cohesive energy; totE  is the total energy of the 
doped system; Si

atomE , X
atomE  and X

atomE  are the total energies of free 
atom Si, C and X (X=La, Ce, Th), and N is the total number of the 
doping system. Our calculated cohE  of La, Ce and Th doped 2D SiC is 
-6.93 eV/atom, -7.01 eV/atom and -7.08 eV/atom, respectively. It can 
be seen that the three doped 2D SiC systems show stability.

Results and Discussion
Geometry structure

As shown in Figure 1, after the Si atom of 2D SiC substituted 
by rare earth atom, the bond lengths of X-C are larger than that of 
Si-C, the bond angles of Si-C-X near the rare earth atom are not 
120° and the regular hexagon honeycomb structure exhibits a slight 
deformation along the x and y direction. Moreover, the 2D SiC with 
the shape of wrinkled does not present after substituting Si atoms 
with rare earth atom.

Table 1 shows the optimized lattice constants of pure and rare 
earth doped 2D SiC (Fixed axis c). DX-C represents the average distance 
of the X atom (X=Si, La, Ce, Th) to the nearest C atom, dX-Si represents 
the average distance between the X atom and the nearest Si atom, dC-C 
represents the average distance between the C atom and the nearest C 
atom, and Rx represents the covalent radius of the X atom.

It can be seen from Table 1 that the doping of three rare earth 
elements makes the lattice constants a and b increase, and all of them 

Figure 1: (color online) Optimized model of rare earth doped 2D SiC supercells
(a) pure 2D SiC (b) La-doped (c) Ce-doped (d) Th-doped.
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cause obvious distortion of the crystal lattice near the doping atoms. 
The degree of distortion is depended on the type of substituting 
atoms. Compared with the change of bond length caused by the 
incorporation of three different rare earth atoms, the lattice distortion 
caused by doping of La atom is the largest, while the lattice distortion 
caused by Ce atom doping is the smallest. Compared with the pure 2D 
SiC, the distance of La-doped 2D SiC, dLa-C, dLa-Si and dC-C increased by 
26.4%, 5.66% and 26.2%, respectively. After Ce atom doping, dCe-C, 
dCe-Si and dC-C increased by 21.01%, 4.38% and 20.01% respectively. 
Compared with the covalent radius of the doped atoms we can see 
that the covalent radius difference between Si and the doped atom 
Ce and Th are both 0.54 Å, which is less than that of La 0.58 Å. 
Therefore, the lattice distortion caused by La atomic doping is the 
largest. It can be seen that the degree of the lattice distortion near 
the impurity atom is mainly influenced by the covalent radius of 
the substituting atom.

Electronic structure

Figure 2 shows the band structures near the Fermi energy of pure 
and La, Ce and Th doped 2D SiC.

Figure 2a show that 2D SiC is a direct band-gap semiconductor 
with a gap of 2.60 eV [35], and the valence band maximum (VBM) 
and the conduction band bottom (CBM) are both at the K point in 
the Brillouin zone. This value is close to the previously reported band 
gaps of SiC slice of 2.50 eV [36] and 2.55 eV [37].

After doping with different rare earth atom, the band structures 
of 2D SiC are different. From Figure 2b it can be seen that, when 
doping with La, impurity energy appeared at the Fermi energy, and 
the band gap of VBM to the impurity energy is 0.36 eV and the gap 
of impurity energy to the CBM is 1.93eV. From Figure 2c and Figure 

2d, the valence band of Ce or Th doped 2D SiC move down and the 
band gap narrow down obviously, and they become indirect band 
structure. But the difference between direct and indirect band 
gap is very small, they are considered to be quasi-direct band-gap 
semiconductors. When doping with Ce or Th, the indirect band-
gap is 1.53 eV and 1.72 eV, which is 0.03 eV and 0.02 eV smaller 
than the direct band-gap, respectively. The energy bands number 
of all doped systems and pure 2D SiC are all have 12 energy bands, 
but the distribution of energy bands is different, which is derived 
from the distribution of different electron orbitals of rare earth 
atoms.

Figures 3a-3d shows the partial density of states of pure and La, 
Ce and Th doped 2D SiC. In order to convenient analysis, the range of 
energy range of the eigenstate and the doped state density is -15 eV to 
5 eV, including the upper valence bands (UVB), lower valence bands 
(LVB) and the conduction bands (CB).

Figure 3a shows that LVB of 2D SiC mainly distribute at -14 ~ 
-10 eV, and there is a higher density of states (DOS) near -10.72 eV, 
which is mainly composed of C-2s electrons. UVB distribute at -8 ~ 
0 eV, with a higher DOS near -2.83 eV and -0.66 eV, which is mainly 
composed of C-2p and Si-3p electrons. CB distributes between 2.60 
eV and 3.92 eV, and there is a higher DOS near 2.69 eV, which is 
mainly contributed by Si-3p electrons.

As shown in Figure 3b, after doping La, LVB is mainly composed 
of C-2s and Si-3s electrons. UVB is mainly composed of C-2p, Si-
3p and La-5d electrons. DOS of C-2p and La-5d through the Fermi 
energy, which corresponding to the impurity energy in the band 
structure of La-doped 2D SiC (Figure 2b). CB is mainly composed of 
Si-3p and La-5d electrons. As shown in Figure 3c, when doping with 
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Figure 2: Band structures near the Fermi energy of pure and La, Ce and Th doped 2D SiC

(a) pure 2D SiC (b) La-doped (c) Ce-doped (d) Th-doped.

A (Å) B (Å) dX-C (Å) dX-Si (Å) dC-C (Å) Rx (Å)
2D SiC 15.42 15.42 1.78 3.108 3.108 1.11 (Si)
La-doped 15.65 15.64 2.269 3.284 3.922 1.69
Ce-doped 15.57 15.60 2.154 3.244 3.730 1.65
Th-doped 15.62 15.61 2.207 3.267 3.823 1.65

Table 1: The optimized structural parameters of pure and La, Ce and Th doped 2D SiC.



Citation: Wan-Jun Y, Xin-Mao Q, Chun-Hong Z, Zhong-Zheng Z, Shi-Yun Z (2018) Photoelectric Properties of La, Ce, Th Doped 2D SiC: A First Principle 
Study. J Nanomater Mol Nanotechnol 7:6.

• Page 4 of 8 •

doi: 10.4172/2324-8777.1000252

Volume 7 • Issue 6 • 1000252

Ce, the valence band is mainly composed of C-2p and Si-3p electrons, 
and CB is mainly composed of Si-3p and Ce-4f electrons. As shown 
in Figure 3d, when doping with Th, the valence band is mainly 
composed of C-2p and Si-3p electrons, and CB is mainly composed 
of Si-3p and Th-6s6d5f electrons. Distribution of DOS is completely 
corresponding to the band structure in Figure 2. To be specific, Th 
does not contain 5f electrons from the electron configuration, but 
after the structural optimization, 5f state electrons of Th atom appear 
in the electron state. It can be speculated that, in the process of the 
Th atom substituting Si atoms bond with C atoms, Th-7s electron 
jumps to 5f electron and hybridizes with C-2p, thus reducing the total 
energy of the doped system.

Charge density difference and population analysis

Charge density difference is the difference of the charge density 
after bonding and the corresponding atomic charge density. This 
difference is expressed as Δρ=ρABsc-ρABnsc, where ρABsc is the charge 
density after bonding and ρABnsc is the charge density before bonding.

This study obtains the interatomic bonding situation, charge 
distribution, transfer, and chemical properties of the bond in the 
material system by analyzing the charge density difference and 
population. The overlap electrons distribute between two atoms 
called the bond Mulliken population. High bond Mulliken population 

means high covalent composition, and low bond Mulliken population 
means high ionic bond component.

Figure 4 shows the distribution of charge density difference of 
pure and La, Ce and Th doped 2D SiC. Notably, the bond Mulliken 
population is low in the white area whereas high in the black area.

The electronegativity value of C, Si, La, Ce and Th are 2.55 kJ/mol, 
1.90 kJ/mol, 1.11 kJ/mol, 1.12 kJ/mol and 1.30 kJ/mol respectively. 
Far away from the doped atoms, because C atoms are more 
electronegative than Si atoms, it is easy for C atoms to get electrons 
and Si atoms tend to lose electrons. From Figure 4 it can be seen that, 
there are three large black spots surround C atom, which means the 
charge accumulation in the region, and Si atoms is surrounded by 
three small white spots, which means the charge loss in the region. 
All of the electronegativity values of the three rare earth elements are 
lower than that of C and Si, after replacing Si atom with La, Ce or Th 
atom, rare earth atom loses electrons while suppressing Si's electron 
loss and C's electron gain, which can be seen in Figure 4 and Table 2. 
As it can be seen in Figure 4b and Figure 4d, after the replacement of 
Si atoms by La atom, a gray area is presented surround it, indicating 
that electrons lose in the area. After Ce atom replacing Si atom, the 
obvious white spots appear in the Ce-C directions, indicating that 
the electrons density decrease in the Ce-C direction. After Si atom 
is replaced by Th atom, three off white spots appears in the Th-C 
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Figure 3: Partial density of states of pure and La, Ce and Th doped 2D SiC
(a) pure 2D SiC (b) La-doped (c) Ce-doped (d) Th-doped.
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directions, and three dark spots surround Th atom. The Th atom is 
surrounded by black and white alternating regions, which means that 
not only the charge loss but also the charge accumulation around the 
Th atoms. This may be related to the Th’s 4f-shell full shell electrons.

Table 2 shows the atomic orbital and bond population of pure and 
La, Ce and Th doped 2D SiC. The value of atomic orbital population, total 
number of population, the number of effective charges, and the average 
of the key fabric are the average of each atom, atomic orbital or bond.

As shown in Table 2, the effective charge of each C atom and Si 
atom in pure 2D SiC is equal to 1.46 e, and the number of C-Si bonds 
is 0.93, indicating that the C-Si bond contains ionicity. When Si atom 
is replaced by rare earth atom, the effective charge of each C atom 
and Si atom reduces to -1.40 e, and the rare earth atoms lose their 
electrons. After doping with rare earth atom, the C-Si bond essentially 
unchanged. The bond population values of rare earth atoms and 
carbon atoms are less than 0.24, which shows that bond of rare earth 
atoms and C atoms has weak covalent, while ionic is stronger. The 
population value of the La-C bond is the minimum which shows that 

the bond cooperation between La-C atoms is the smallest, which is 
consistent with the result of the difference charge density.

Optical properties

The complex dielectric function, absorption coefficients and 
complex refractive index of La, Ce, Th doped 2D SiC are calculated. 

Figures 5a and 5b shows the complex dielectric function of pure 
and La, Ce, Th doped 2D SiC (smearing=0.2).

From Figure 5a it can be seen that the static dielectric constant 
ε1(0) is 1.60, 2.33, 1.45 and 1.60 for pure 2D SiC and La, Ce, Th 
doped 2D SiC, respectively. It is clear that doping with La can 
increase the static dielectric constant of 2D SiC, while Th has little 
influence to ε1(0). Among the four structures, ε1(ω) of Ce-doped and 
Th-doped 2D SiC are positive, while for pure 2D SiC and La-doped 
2D SiC, ε1(ω) is negative between 3.49 ~ 3.73 eV and 2.97 ~ 3.56 eV, 
respectively. When ε1(ω)>0, photons propagated in the structure, 
when ε1(ω)<0, the electromagnetic wave is damped, when ε1(ω)=0, 
only longitudinally polarized waves are possible.

Figure 4: (color online) Distribution of charge density difference of pure and La, Ce, Th doped 2D SiC
(a) pure 2D SiC (b) La-doped (c) Ce-doped (d) Th-doped.

Sample Atom s p d f Total Charge (e) Atom bond Population

SiC
C 1.47 3.99 - - 5.46 -1.46

C-Si 0.93
Si 0.91 1.63 - - 2.54 1.46

La-doped
C 1.47 3.94 - - 5.41 -1.41

C-Si 0.94
Si 0.94 1.68 - - 2.61 1.39
La 1.90 5.45 1.75 - 9.10 1.9 La-C 0.08

Ce-doped
C 1.46 3.95 - - 5.41 -1.41

C-Si 0.93
Si 0.93 1.67 - - 2.60 1.40
Ce 1.92 5.45 1.83 1.06 10.26 1.74 Ce-C 0.13

Th-doped
C 1.46 3.96 - - 5.42 -1.42

C-Si 0.93
Si 0.93 1.67 2.60 1.40
Th 2.03 5.47 1.95 0.66 10.11 1.89 Th-C 0.24

Table 2: Atomic orbital and bond population of pure and La, Ce and Th doped 2D SiC.
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Figure 5b shows that in the range of 0 ~ 15 eV, ε2(ω) of pure 2D 
SiC has five peaks (black line and numbers), and the first peak is 
the strongest peak appears at 3.31 eV, which is come from electron 
transitions between C-2p and Si-3p. The second to the fifth peaks are 
located at 4.03 eV, 5.32 eV, 6.95 eV and 10.32 eV, respectively. ε2(ω) of 
La-doped 2D SiC has six peaks (red line and numbers). The first peak 
is located at 0.48 eV, which is come from electron transitions between 
C-2p and La-5d, corresponding to the band gap of VBM to impurity 
energy. The strongest peak located at 2.86 eV is higher than that of 
pure 2D SiC. ε2(ω) of Ce-doped 2D SiC has two peaks (blue line and 

numbers) which located at 3.06 eV and 10.11 eV, respectively. ε2(ω) 
of Th-doped 2D SiC has three peaks (green line and numbers) which 
located at 3.06 eV, 6.75 eV and 10.11 eV, respectively. All peaks of 
ε2(ω) of Ce or Th doped 2D SiC are smaller than the corresponding 
peaks of pure 2D SiC.

Figure 6 shows the absorption coefficient spectra of pure and 
La, Ce, Th doped 2D SiC. As shown in Figure 6, the α(ω) of pure 
2D SiC is zero in the photon energy of 0 ~ 1.77 eV, 11.42 ~ 12.49 
eV, and larger than 16.00 eV. Therefore, pure 2D SiC is completely 
transparent in the photon energy range above mentioned. It can 
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be seen that pure 2D SiC has three main absorption regions in the 
ranges of 2 ~ 6 eV, 6.3 ~ 7.5 eV and 9.4 ~ 11 eV. In the visible region 
of 1.77 ~ 3.26 eV (the corresponding wave length is 700 ~ 380 nm), 
the maximum absorption peak of pure 2D SiC is located at 3.47 eV, 
which is the second largest absorption peak in with the corresponding 
luminousness of 99.84%. The maximum absorption peak 6.79 × 104 
cm-1 and second largest absorption peak 5.94 × 104 cm-1 are located 
at 10.40 eV and 3.47 eV, respectively, with the corresponding 
wavelengths of 119 nm and 357 nm.

The α(ω) of La or Th doped 2D SiC has two main absorption 
regions in the ranges of 0.27 ~ 8.29 eV and 8.79 ~ 13.47 eV (La-
doped), 2.02 ~ 7.37 and 8.77 ~ 13.24 eV (Th-doped). The maximum 
absorption peak of La or Th doped 2D SiC is 6.32 × 104 cm-1 and 5.16 
× 104 cm-1, respectively, which are located at 3.02 eV and 10.18 eV. 
The α(ω) of Ce-doped 2D SiC has only one absorption region in the 
range of 1.37 ~ 7.23 eV. The maximum absorption peak of Ce-doped 
2D SiC is 6.88 × 104 cm-1 located at 3.40 eV.

Figure 7 shows the complex refractive index of pure and La, Ce, 
Th doped 2D SiC.

As shown in Figure 7a, the refractive index n0 are 1.26, 1.53, 1.35 
and 1.26 for pure and La, Ce, Th doped 2D SiC, respectively. The 
features of ε1(ω) are closely related to the n(ω) of the five structures. 
Doping Th has little influence on the refractive index of 2D SiC. The 
present study designs three rare earth doped 2D SiC with refractive 
index of 1.26 to 1.53, which can provide a new reference for the 
exploitation of low refractive index materials.

Extinction coefficient к(ω) indicates light attenuation. For pure 
and La, Ce, Th doped 2D SiC, the first peaks of к(ω) are located at 
3.44 eV, 0.48 eV, 3.31eV and 3.26 eV, respectively. Compared Figure 
7b with Figure 5b, it can be seen that the number of main peaks of 
ε2(ω) and к(ω) of 2D SiC, La-doped and Th-doped are same, and the 
main peaks are located in similar areas, and the trend of the curves are 
basically the same. For Ce-doped к(ω), a peak appears only at 3.40 eV, 
which is consistent with the case of α(ω). The peak of к(ω) located at 
about 10 eV disappeared. 

Conclusion 
The geometry structure, energy band structure, density of 

states and optical properties of pure and La, Ce, Th doped 2D SiC 
are investigated by using first-principle method. On the basis of the 
calculation results, the following conclusions are obtained.

All structures of La, Ce, Th doped 2D SiC can be stable. The 
structure of 2D SiC shows a slight deformation at the plane direction 
and the plane structure does not bend after substituting Si atoms with 
rare earth atoms. The degree of the lattice distortion near the impurity 
atom is mainly influenced by the covalent radius of the substituting 
atom.

2D SiC is a direct band-gap semiconductor with a gap of 2.60 
eV. After doping with different rare earth atom, the band structure 
of 2D SiC are all have 12 energy bands, but the distribution of energy 
bands is different. La-doped 2D SiC imposed an impurity energy at 
the Fermi energy, and the band gap is 1.93 eV. When doping with Ce 
or Th, they become quasi-direct band-gap semiconductors.

VBM and CBM of pure 2D SiC are mainly composed of C-2p and 
Si-3p. After doping with La, Ce and Th, UVB is mainly contributed 
by C-2p and Si-3p electrons and containing La-5d and Th-6d 

electrons, respectively. CB is mainly composed of Si-3p electrons, 
and contains La-5d, Ce-4f and Th-6s6d5f electronics contribution, 
respectively.

When Si atom is replaced by rare earth atom, the rare earth atoms 
lose their charges. The bond of rare earth atom and carbon atom has 
weak covalent, while ionic is stronger.

La-doped 2D SiC has the biggest static dielectric constant 2.33, 
the biggest peak of ε2(ω) in the low energy region, the maximum 
refractive index n0 1.53. Ce-doped 2D SiC has the maximum 
absorption 6.88 × 104 cm-1 in the lower energy region among the four 
structures. La or Ce doped 2D SiC can enhance the absorption in the 
range of 0 ~ 5 eV, while Th-doped will decrease the absorption of 2D 
SiC in the range of 0 ~ 15 eV.
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