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Fig. 2 The elastic constant of Fig. 3 Elastic modulus,shear modulus, Young’s modulus
HIfB, under different pressure and Poisson’s ratio of HfB, under different pressure
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Fig. 4 The phonon dispersion spectrum and Fig. 5 Heat capacity at constant volume of
density of states of HIB, crystal H{B, under different temperature
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First-principles Calculation of Elastic Properties and

Thermodynamic Properties of Hexagonal HfB,

LIU Futi, SUN Jinbiao, ZENG Wei
(College of Physics and Electronic Engineering, Yibin University, Yibin Sichuan 644000, China)

Abstract: [ Purposes ] To investigate elastic properties and thermodynamic properties of hexagonal HfB,. [ Methods ] Based on the
density functional theory, the optimized structure and elastic constants of hexagonal HfB, were calculated by using the plane wave
ultrasoft pseudo potential method. In the range of 0~200 GPa pressure, the elastic constants. elastic modulus, shear modulus and
young’ s modulus were calculated under different pressure. The phonon dispersion spectrum and phonon density of states of
hexagonal HfB, were calculated by using norm-conserving pseudopotential the finite displacement theory. According to the quasi
harmonic approximation, the enthalpy, entropy, free energy, and heat capacity with the change of temperature from phonon density
of states were calculated. [ Findings ] When the pressure is zero, C,, =606.70 GPa, C,, =100. 29 GPa, C,; =141.72 GPa, C,, =
480.01 GPa, C,, = 272. 40 GPa, B,,=272.70 GPa, G, = 244.09 GPa, E,, =564.00 GPa, v, =0.115. The elastic constants,
elastic modulus, shear modulus and young’s modulus of hexagonal HfB, increases with the increase of the pressure. [ Conclusions ]
The crystal structure is stable in the range of 0~200 GPa pressure, there is not a phase transition. The band gap is 3.36 X 10" Hz
under zero pressure; the enthalpy and entropy increases with temperature increasing, free energy decreases with temperature
increasing; heat capacity at constant volume increases with the rise of temperature, and gradually approaching the classical limit.

Keywords: hexagonal HfB, ; first-principles; elastic properties; thermodynamic properties
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