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C ABSTRACT

Structural parameters, elastic constants and thermodynamic properties of the tetragonal ternary Ag-based oxides LIAGO and NaAgO are investigated theoretically

for the first time using the plane-wave ultra-soft pseudopotential method [1] based on the density functional theory [2,3]. The optimized lattice parameters and atomic
positions agree well with the available theoretical and experimental counterparts. Pressure dependence of the structural parameters is also explored. Pressure
dependences of the single-crystal elastic constants Cij for LIAQO and NaAgO are explored. The elastic wave velocities propagating along the principal crystallographic
directions are numerically estimated. The elastic anisotropy is estimated and further illustrated by 3D-direction-dependent of the Young's modulus. A set of some
macroscopic elastic moduli, including the bulk, Young’'s and shear moduli, Poisson’s coefficient, average elastic wave velocities and Debye temperature, were calculated
for polycrystalline LIAGO and NaAgO from the Cij via the Voigt-Reuss-Hill approximations [4—6]. Through the quasiharmonic Debye model [7], which takes into account
the phonon effects, the temperature and pressure dependencies of the bulk modulus, unit cell volume, volume thermal expansion coefficient, Debye temperature and
volume constant and pressure constant heat capacities of LIAGO and NaAgO are explored systematically in the ranges of 0—-20 GPa and 0-1200 K.

< COMPUTATIONAL METHODS >

The present calculations are carried out through the pseudopotential plane-wave method (PP-PW) as implemented in the CASTEP code [8]. The exchange-
correlation interactions is treated by the PBEsol version of the generalized gradient approximation (the so-called GGA-PBEsol) [9]. An ultra-soft Vanderbilt-type
pseudopotential is used to model the potential created by the nucleus and frozen electrons which applied to valence electrons. The Li: 1s%2st, O: 2s22p4, Ag: 4d105sl
and Na: 2s22p®3st electrons are treated as valence electrons. The plane-wave (PW) basis set, in which the electron wave functions are expanded, are truncated at a
maximum plane-wave energy (E. ) of 400 eV. The Brillouin zone is sampled by Monkhorst—Pack special k-mesh.

The optimized structural parameters are reached through the Broyden-Fletcher-Goldfarb-Shanno (BFGS) minimization technique geometries [10]. The optimization
convergence for energy change, maximal force, maximal stress and maximal displacement are fixed at 5x107 eV/atom, 0.01 eV/A, 0.02 GPa and 5.0 x 10 A,
respectively. Gaussian scheme with a smearing width equal to 0.1 eV is used for the smearing of the electronic occupation. The finite strain-stress method Iis used to
obtain the monocrystalline elastic constants (C;s) from which the polycrystalline elastic moduli are derived via the Voigt-Reuss-Hill approximation.
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