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Abstract: In this work, a monocrystalline silicon-like material, C40H16Si>, was designed by structural modification based
on the tetrahedral bonding features of silicon. The electronic, mechanical, and optical properties of this material were
explored by first-principles calculations. The obtained results revealed that this material shows high thermodynamic
stability and mechanical stability. The bandgap for Si(C=C-CgHs—C=C), was calculated to be 3.32 eV, and its valence
and conduction bands were located at the Gamma point, indicating that this material is a direct wide-bandgap
semiconductor. The Vickers hardness and density of this material were very small, less than one-tenth of that of
single-crystalline silicon. The novel compound is a flexible and porous material with low density, and its strong absorption
in the UV region makes it a promising semiconductor for blue and green light-emitting diodes.
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Fig.1 (a) Configurations of Cs0H20Si molecule and (b) CaoHi6Siz crystal.
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Table 1 Optimized lattice parameters by the different softwares.

Software a b c I3 Vit
VASP 1.916 1.918 1.918 59.9 60.0 60.1
CASTEP 1.913 1.915 1912 59.9 60.1 60.2
DMol3 1.925 1.921 1.921 60.0 59.8 59.8

axial lengths: a, b, ¢ in nm and axial angles: o, £, y in degree.
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Fig.2 Calculated radial distribution function of the Si— C" distance.

(a) 300K, (b) 900 K.
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Fig.3 Selected frontier molecular orbitals of CsH20Si.
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Fig.4 Predicted band structures by GGA-PBE (a) and HSE06 (b) of Cs0Hi6Si2 crystal.

The high-symmetry points in the Brillouin zone: L(—0.5, 0, 0.5), M(—0.5, -0.5, 0.5), A(=0.5, 0, 0), G(0, 0, 0), Z(0, —0.5, 0.5), (0, 0, 0.5).
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Table 2  Elastic constants of C, Si, #-SiC and C4Hi16Siz crystals.

Crystal Cy C» Cis Cy Cas Cs3 Cy Css Cso
/6 1067.5 130.6 0 0 0 0 578.2 0 0
Si 159.0 60.7 0 0 0 0 70.3 0 0
S-SiC 3914 134.0 0 0 0 0 249.5 0 0
CyoH16Si 15.0 8.3 49 1.1 92 13.9 4.6 1.0 5.1

C: diamond, Si: silicon, #-SiC: beta-silicon carbide.

R3 C. Siy p-SIC. CoHieSi A ERIRE £, AR B. YRR 6. Wit v, $REE B EE p
Table 3 Properties of C, Si, #-SiC and C4H16Si: crystals, including Young's modulus E, bulk modulus B,

shear modulus G, Poisson ratios v, Vickers hardness Hv and density p.

Crystal E/GPa B/GPa

G/GPa

v H,/GPa pl(g-em™)

C 1039.1 442.9

Si 125.5 93.4
p-SiC 219.8
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7:3 9.0
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60.9
191.2

27
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3.54
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Fig.6 Predicted absorption spectrum of C4H¢Si, and

monocrystalline silicon crystal.
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