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Structure, equation of states, elastic and thermal properties
of YbB; crystal: first-principles calculations
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(College of Electrical Engineering, LLongdong University, Qingyang 745000, China)

Abstract: Based on the first-principles density functional theory calculations combined with the quasi-
harmonic Debye model, the ground state structure, equation of states (EOS), elastic and thermal prop-
erties of YbB; crystal are studied. The calculated results of the lattice constant, bulk modulus and elas-
tic constants in YbBgcrystal are in good agreement with the experimental results. The results of EOS
show that the effects of pressure and temperature on the volume of YbB; crystal are very significant, and
the pressure has more influence on the volume of the YbB;g crystal under higher temperatures and lower
pressures than that of case under the lower temperatures and lower pressures. Furthermore, the bulk
modulus is greatly affected by the pressure compared with the temperature in the whole pressure and
temperature ranges. The results of elastic constants and elasticity-relevant properties show that the
YbB; crystal is mechanically stable with a ductile manner and is solid with a central force field under zero
temperature and 0 GPa pressure. The calculated values of the heat capacity and thermal expansion coef-
ficient indicate that the influence of pressure on the heat capacity and expansion coefficient of YbB; crys-
tal is less than that of temperature.
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Fig. 1 The CsCl-type structure of YbB; crystal
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for YbB; crystal
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Tab.1 Equilibrium lattice parameter a, cell volume V,,

bulk modulus B, and its pressure derivative B, of

YbB;s at 0 K and 0 GPa

Method a/A Vy/A* Bo/GPa B,

This work Cal. (EOS) 4.135 70.701 151.867 3.535

Cal. (Relaxation) 4. 151 71.537
Exp. [32] 4.144  71.160 166

Exp. [31] 4.148  71.411
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Tab. 2 Elastic constants C;; , bulk modulus B, shear mod-
ulus G, B/G, Possion ratio ¢ of YbBs at 0 K and 0
GPa

C11/GPa C12/GPa Cy4/GPa B/GPa G/GPa B/G o

This work 497.503 68.037 41.489 211.192 86.022 1.69 0.25

Exp. [22] 335 81 41 166
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Fig. 6 Heat capacities C, and Cy of YbB; as a func-
tion of temperature at 0 GPa
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Fig. 7 Heat capacityies C, and Cy of YbBs as a func-
tion of temperature at selected pressure levels
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Fig. 8 Thermal expansion coefficients of YbB;s as a
function of temperature at selected pressure
levels
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