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Figure 1 Crystal structure and phonon dispersion curve of m-Siy. (a)
Crystal structure, in which the five coordinated atoms are marked with
black color and four coordinated atoms with gray color; (b) phonon
dispersion curve
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Table 1 The Wyckoff positions, coordination numbers, and
populations of silicon atoms in m-Siy

JRTF 2R Wyckofffii & EAiEk TR
Sil 4i (0.2386, 0.0, —0.1107) 5 -0.03
Si2 4i (0.3488, 0.0, —0.4384) 4 0.03
Si3 4i (0.3408, 0.0, —0.7880) 5 -0.05
Si4 4i (0.4363, 0.5, —0.8682) 4 0.06
Si5 4i (0.4368, 0.5, —0.5240) 4 0.00
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Figure 2 Electronic properties of m-Siy. (a) Electronic band structure;

(b) partial density of states(PDOS); (c) local density of states (LDOS). The
location of the dashed lines represents the Fermi level

B3 (MU () m-Siao A AR Y25 53 FiL 707 2 2 25 340
Figure 3 (Color online) Charge density difference isosurface of m-Siyy
crystal
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A new metastable metallic silicon allotrope

WANG QianQian, LUO Kun, MA MengDong, YU DongLi & HE JuLong

State Key Laboratory of Metastable Materials Science and Technology, Yanshan University, Qinhuangdao 066004, China

Silicon plays an important role in the mordern photovoltaic and semiconductive industry. In addition, it also arouses great interest in
the scientific research due to its structural variety. In experiment, more than thirteen silicon allotropes have been prepared through high
pressure or chemical method. Meanwhile, various new silicon structures have been proposed theoretically. The structural variety leads
to various electronic properties, including semiconductivity with different band gaps, metallicity, and superconductivity. These
electronic properties have a close relationship with the silicon atomic coordination. For example, silicon allotropes with merely four
coordinated atoms usually exhibit semiconductive property, while silicon structures with higher coordination number would show
metallicity or superconductivity. Thus far, all the synthesized metastable silicon allotropes are composed of four coordinated atoms.
Silicon allotropes with higher coordination numbers are mainly high pressure phases which could not be quenched to the ambient
condition. One might wonder whether there would be possibility for the preparation of metastable metallic silicon structures. In this
paper, a new metallic metastable silicon allotrope has been proposed theoretically using the particle swarm optimization method. This
structure was also found when removing the La atoms in a-LaSis. Its stability was verified by calculating its elastic constants and
phonon spectrum. It might be achieved by removing the La atoms from the a-LaSis precursor, which is analogous with the recent
preparation of Siy,. The tunnel-like voids in this structure lead to its lower density than that of the Si-I phase. There are 40% five
coordinated silicon atoms, wheras the others are four coordinated. Since silicon has four valence electrons, sp3 hybridized four
connected silicon just satisfy the octet rule and would show semiconductivity. The change of coordination number results in a charge
transfer between different atoms as indicated by the atomic population. Five connected silicon atoms need more electrons to bonding
with other atoms. Electronic band structure calculation indicated that this structure possess metallic property. The metallicity might be
due to the delocalization of valence electrons which is induced by the existence of five coordinated atoms. The chemical bonding in
this structure includes covalency, metallicity, and ionicity.

metastable, metal silicide, metallic, low density silicon, five coordinated
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