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First-principles calculations on phase transition and elastic and

thermodynamic properties of NaH
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Abstract: The structural phase transition, elastic and thermodynamic properties of NaH were investiga-
ted by the plane-wave pseudopotential method within the density functional theory. The equilibrium lat-
tice parameters a,, elastic constants C; , bulk modulus B, and it’s derivative B,” were calculated. The
results are consistent with the experimental and theoretical data. From the usual condition of equal en-
thalpy, the phase transition of NaH from B, to B, phase occurs at 30. 5 GPa with a volume collapse of a-
bout 4.5%, consistent with the experimental (29.3+0.9) GPa and calculated (37. 0 GPa) results. The
static {inite strain technique was used to calculate elastic constants C; at the different pressures. Fur-
thermore, the elastic wave velocities, Debye temperature ® and elastic anisotropic factors of NaH were
also investigated in detail. Through the quasi-harmonic Debye model, in which the phononic effects were
considered, the thermodynamic properties such as the specific heat capacity and thermal expansion coef-
ficient of NaH were obtained in the whole pressure range from 0 to 50 GPa and temperature range from
0 to 1500 K.
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Fig. 2 Enthalpy difference (a) and normalized
volume (b) as a function of pressure
for NaH.
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Tab.1 Values of lattice constant a, » bulk modulus and its pressure derivative and elastic constants C;; for NaH at zero

pressure.
ao/A B, /GPa By’ C1/ GPa Ciz/ GPa Cu/ GPa
PSS 4.827 21.7 3.83 42.7 11.3 22.5
k[12] 4.772 21.6 3.76 53.2 14. 8 22.7
k1] 19.4+2.0 4. 40+0. 50
B; k[ 23] 4,708 28.0
kL7 4.820,4. 887
k8] 4.730,4. 890
k[ 24] 4,882
A3 2. 964 22. 2 3.87 96. 5 —5.6 —14.9
B k1] 28.343.0 4.30%0. 40
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Fig.3 The ratio of stress to strain versus strain

for B, and B, NaH.
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wave velocities of B, and B, NaH.
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