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We present a study of electronic and magnetic properties of two-dimensional (2D), monolayer of silicon carbide SiC in
honeycomb structure. In order to investigate the Li-adsorbed graphene supercells with single vacancies, we have used spin-
polarized density functional theory (DFT). The effect of adsorption on 2D SiC monolayer magnetic properties is also
investigated. The existence of adsorbents on SiC has an effect on its physical properties.
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INTRODUCTION

Lately, the extensive research has been initiated
toward the development of promising novel materials,
which leads to successful syntheses of SiC [1,2].
Silicon (Si) and carbon (C) belong to group IV of the
periodic table, and both of them have four valence
electrons. It is possible to form layered structure by
mixing C and Si owing to Si shows properties quite
similar to that of C. Despite many intriguing
properties, one of the biggest difficulties for graphene
to be used as an electronic material is its lack of an
energy bandgap in the electronic spectra. In
experiment, it has been [3, 4] shown that a finite
energy bandgap can be induced due to the role of SiC
substrate which is an intrinsic property of epitaxial
graphene.

Silicon carbide (SiC) crystallizes in either a
cubic or a hexagonal form and exbihits interesting
polytypism. Have [5] been performed the first
successful exfoliation of true 2D SiC from bulk SiC.
The 2D form of SiC will naturally benefit from these
overall SiC properties. Furthermore, as a result of
reduced dimensionality and quantum confinement, 2D
SiC is predicted to exhibit exotic optical and
electronic properties, that are very useful for various
applications [6-8].

In this paper is developed by the first-principles
calculations to explore the feature-rich properties of
the Li-adsorbed on SiC. The effects of SiC adsorbed
by Li on electronic structure are investigated. We also
presented the results of calculations adsorption energy
and magnetic moment.

COMPUTATIONAL METHODS

The electronic and magnetic properties of
adsorption of lithium adatom on face centered cubic
structure of 2x1 SiC and hexagonal structure of 3x1
SiC are studied theoretically. These investigations are
performed by DFT wusing local spin density
approximation (LSDA) method by employing the
ATK program package. In addition, the band structure
and density of states are investigated for the SiC.
First-principles calculations of SiC properties were
carried out on the based on the spin-polarized density
functional theory. The local spin  density
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approximation in  the  Perdew—Zunger (PZ)
parameterization was employed for the exchange—
correlation functional. The kinetic cut-off energy was
150Ry. The primitive cell of SiC was relaxed and
optimized with force and stress tolerances of 0.01eV/4
and 0.01eV/A3, respectively. A 2x2x2k point was used

for geometry optimization and total energy
calculations.
DISCUSSION

The calculated energy characteristics and

magnetic moments of Li adsorbed on face centered
cubic and hexagonal structure of SiC. The lattice
constant for face centered cubic structure is
a=9.224564 and Si-C bond length is 1.8834, which
are in good agreement with previous results [9]. In
face centered cubic Sis-Cy bond length is 1.8834, Sis—
Li 1.5454, Li-Co 1.2654 respectively. The lattice
parameter of hexagonal SiC is determined such as
a=b=9.2854. In hexagonal structure for SiC structure
Sizs-Ci3 bond length is ].89614?, Si11 —C13 1.89514, Li-
C132.1894, Siss—Li 1.3464, respectively. Comparison
between our calculated results of values of the total
magnetic moments (uB) for Li adsorbed on different
structures of SiC are given Table 1.

The Li adsorbed on different atomic structures of
SiC are represented in fig.1.

The total magnetic moments were investigated
for Li adsorbed on cubic SiC monolayer. In addition,
adsorption is another promising way to modulate
electronic and magnetic properties of 2D materials.
The different values of magnetic moment Li adsorbed
on SiC depend on the space groups of structure. The
total magnetic moment of Li adsorbed on face
centered cubic structure SisCs is 0.71ug, hexagonal
structure SiygCis is 0.88ug, respectively. The optical
spectrum of cubic monolayer structure SiC have
presented in fig.2. We can determine the static
dielectric constant, Re[¢(w=0)] =10. Theoretical
studies have also found that 2D SiC has very rich
optical properties, such as strong photoluminescence,
non-linear optical properties, and excitonic effects as a
result of quantum confinement effects [14-16].
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Table 1.

The value of magnetic moment for in Li atom adsorbed on SiC

Li adsorbed SiC Ead (eV) diic (4) magnetic moments
Li adsorbed on 3x1 SiC 1.896(Si23-C13) 1.758 (Si-C) [11], 0.88us
(hexagonal) 7.2 6.67[10] | 2.189(Li-C13) 2.27[7] 0.99 us [13]
1.346(Si2s—Li)
Li adsorbed on 2x1 SiC 1.545 (Sis-Li) 1.89 (C-Si)[12] 0.71us
(face centered cubic) - - 1.883(Sis-Co)
1.265(Li-Cq)
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Fig.1. Atomic structure of (a) pristine cubic 2x1 SiC, (b) Li adsorbed on face centered cubic 2x1 SiC, (c) Li adsorbed

on hexagonal 3x1 SiC.
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Fig. 2. Optical spectrum of SiC

CONCLUSION

The use of spin-polarized DFT calculations of
the properties of cubic and hexagonal SiC shows that
the properties change due to edge states in the SiC
structure. The magnetic properties of face centered
cubic and hexagonal crystal structure of SiC were
studied. In particular, the magnetic moments for
different symmetric group of SiC differ from each
other. First principle calculation of total spin

[ polarization shows that Li adsorbed on cubic (0.71ug)
and hexagonal (0.88ug) SiC structure magnetic
moment raises with altering of geometric ordering
atoms. The atomic radius of face centered cubic SiC
between Si and Li is 1.3464, and between Si and Li is
1.5454. In another structure, in hexagonal SiC the
atomic radius between Li and C is 2.1894 and
between Si and C is 1.8954 (Table 1).
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Li ATOMUNUN SiC SUPERQOFOSi UZORINDO ADSORBSIYASININ TOMOL PRiNSiPLORDON
OYRONILMOSI

ikiolgiilii Silikon karbid (SiC) strukturunun elektron vo maqnit xassalorinin tamol prinsiplorden todgigini tagdim

etmisik. Li atomu ilo adsorbsiya edilmis SiC strukturunu aragdirmaq {igiin spin-polyarizasiya olunmus sixliq funksional
nozariyyssindon (DFT) istifads edilib. Adsorbsiyanin iki6lgiilii SiC monolayinda yarana bilon magnit xassslari vo ona tosiri

aragdirihib. SiC-ds adsorbentlarin olmasi onun fiziki xassalorina tasir gostarir.

C.C.TI'yceiinoBa, C.O. MamenoBa, M. B. I'oxxaeBa

MU3YUYEHUE U3 NNEPBbIX IPUHIIUIIOB AJICOPBIIUM JINTHUS HA SiC

MBI mpeAcTaBiIsieM HCCIIEIOBAaHHME JJICKTPOHHBIX M MarHMTHBIX CBOMcTBa aByxmepHoro (2D) moHocnmos kapOmma

kpemuust SiC B coToBoit ctpykrype. UtoOsl uccnenosats Li-ancopouposanusie SiC cymepsueiiki Mbl HCIOJIB30BAIH CITHH-

MoJsipu30BaHHyI0 TeopHio (ynkumonana motHoctu (DFT). MccnemoBaHo Takke BIMSHHE ancopOUHM Ha MarHUTHBIX

cBoiictB MoHOCIOs 1ByxMepHoit SiC. Hannuune ancopbenros Ha SiC Biusier Ha ero pu3nuecKue CBOMCTBA.
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