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Fig. 1. (color online) Crystal structure of NbSia:
(a) hexagonal structure; (b) cubic primitive cell;

(c) cubic unit cell.
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Fig. 2. The formation enthalpy and volume of hexago-
nal and cubic structures of NbSis as a function of pres-

sure (hexagonal structure is taken as reference phase).
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Fig. 3. (color online) Calculated phonon dispersion
curves and vibrational density of state for the cubic
structure of NbSiz at 180 GPa, along with partial
phonon density of states from Si (dashed line) and Nb
(dotted line).
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Fig. 4. (color online) (a) Total and partial density of
states for the hexagonal phase of NbSiy at 180 GPa; (b)
total and partial density of states for the cubic phase of
NbSiz at 180 GPa.
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Table 1. Comparison of calculated elastic constants
of the hexagonal phase of NbSis at 0 GPa with other

experimental and theoretical values.
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Fig. 5. Calculated elastic constants of NbSiz in hexagonal and cubic structures versus pressure.
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Fig. 6. Pressure dependence of bulk modulus B, shear

modulus G, Young’s modulus £ and Debye tempera-

ture ©p of NbSiy in hexagonal and cubic structures.
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Abstract

Applying the particle swarm optimization algorithm to the crystal structure prediction, we first predict a novel high
pressure phase of NbSis with Si tetrahedron embedded diamond structure of Nb. NbSiy alloy undergoes a first-order
phase transition from hexagonal phase to cubic phase at about 175 GPa with a volume collapse of 4.1%, indicating
the first-order transition. New predicted NbSiy phase is dynamically stable in the absence of any imaginary phonon
frequency in the whole Brillouin zone of phonon spectrum. The calculations of total and partial density of states indicate
that the NbSiy is in hexagonal phase at 0 GPa and it is in cubic structure at 180 GPa, both of which exhibit metal
behaviors, which is dominated by Nb atom. There exists obviously the p-d hybridization between Nb and Si, and
more charges accumulate in Si tetrahedron. Based on the “stress-strain” method, elastic constants, bulk modulus, shear
modulus, Young’s modulus, and Debye temperature of NbSiz in two phases under pressure are systematically investigated
using first principles calculations combined with the quasi-harmonic Debye model. To evaluate the ductile and brittle
characteristics of NbSiy alloy, pressure dependence of G/B ratio is investigated. Furthermore, the values of hardness and
percent anisotropy Ap and Ag and the universal anisotropic index AV (inset) for NbSiz alloy in hexagonal and cubic
structures are also calculated. Our results show that external pressure has different effects on the values of ductility and
hardness and anisotropy of the two phases. External pressure can improve the ductility of hexagonal phase, while it has
a negligible effect on that of cubic phase. The hardness values of two phases of NbSi2 are analyzed in detail by using the
G/B ratio. As pressure increases, the elastic anisotropy of hexagonal phase increases rapidly, while that of cubic phase

remains unchanged.
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