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This study employed first-principles approach to investigate the high-pressure phases of AIPO, compound. The investigated phases
are berlinite, moganite-like, AIVO,, the P2,/c, CrVQ, stishovite-like, and m-CaCl,. Among them, moganite-like, AIVO, the P2,/c,
CrVO, phases are for the first-time theoretically investigated here, after having been synthesized in recent quench experiments, and
stishovite-like phase is a newly predicted in this study, as to be a stable at high pressure and high temperature. For each phase, this
study investigated its compression mechanism, dielectric properties, lattice dynamics, thermodynamics properties, and stability field.
The accomplished phase diagram for this AIPO, compound covers pressure up to 100 GPa and temperature up to 2000 K.

The phase stability at 0 K and the compression behavior along pressure were analyzed based on results of density functional theory
(DFT) calculations. These calculations optimizes the structure by minimizing the ground-state energy. The transition sequence at 0
K is berlinite, moganite-like, AIVO, and P2,/c, CrVO,, stishovite-like, and m-CaCl,, with transition pressure 4.1, 5.0, 7.0, 31.5, and
45.3 GPa, when the phases of AIVO, and P2,/c treated as a group because of their fairly closeness in energy. The structural evolution
along pressure are closely analyzed, regarding bond length, angles, and distortion within polyhedra. They tell the compression
mechanism, which differs from phase to phase. For instance, moganite-like phase is compressed with two-stage model,
stishovite-like is dominated by normal compression mechanism where as m-CaCl, phase by shear compression.

The dielectric properties, lattice dynamics, and phonon spectra were calculated using density functional perturbation theory
(DFPT). This method incorporates the linear response theory to the framework of DFT, so that the response of crystals on the
perturbation of electric field and atomic displacements could be disclosed. Since this AIPO, compound as polar material, there exist
long-range dipole-dipole interactions, and then dielectric properties are couple with lattice dynamics in constructing phonon spectra.
Perturbation on both electric field and atomic displacements were performed, and such calculation gave dielectric tensor, Born
effective charge, and interatomic force constants. The combination of these parameters generates Hessian matrix, by diagonalizing
which the full spectra of phonon dispersion were calculated. The resulted phonon spectra show LO-TO splitting because of the well
treatment on dipole-dipole interaction.

The thermodynamics properties and phase diagram were calculated using quasiharmonic approximation (QHA). QHA formulate
the free energy at finite temperatures by combining the static energy obtained from DFT and the phonon density of state obtained
from DFPT. With these free energies, a full set of equilibrium thermodynamic properties could be derived with well-established
thermodynamic relationships, and the most basic ones were analyzed in details, including thermal expansivity, thermal bulk modulus,
heat capacity. Most of them are for the first-time provided and without experimental data for comparison, except that thermal
expansivity shows good agreement with experiments available at ambient pressure. Since stable phase has the lowest Gibbs free
energy among all the competing phases, the comparison of Gibbs free energies gave phase diagram. The phase relations are very
similar to that gained at 0 K, but this QHA calculations found that AIVO, phase is stable only at temperatures below 600 K where
as P2,/c phase is stable only above. The accomplished phase diagram compares well with previous experiments, which are yet
available only at limited pressure-temperature conditions.
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