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Introduction
ABX3 halide A(I)B(IV)X3

(VII) and oxide ABO3 perovskite often crys-
talize as corner-sharing low-symmetry (e.g., orthorhombic or
tetragonal) phases at low temperatures (LT), sometimes trans-



Initially, in this approach, the disorder in the para-phases was
treated by "structural approximants" avoiding molecular dynam-
ics (MD). Notable examples include the “Virtual Crystal Approx-
imation” (VCA) [49] and “Coherent Potential Approximation”
(CPA) [50]. These approaches offer an effective confi



the distortions related to different Goldschmidt factor and band-
edge states. In this paper, we mainly focus on the semiconductor
oxide ABO3 (A = Ba, Sr, Ca, Pb; B = Ti, Zr), and halide CsBX3

(B = Ge, Sn, Pb; X = F, Br, I), KPbI3 and RbPbI3







FIGURE 3

Statistical distributions of intrinsic multi-mode DOWPs in oxide perovskites. Shown are the number of Ti atoms with Ti off-center of different amplitudes (a, c
and e) and octahedra with varying angles of tilting (b, d and f) with respect to Cartesian axes x (red bars), y (blue bars), and z (green bars) in 4 � 4 � 4
polymorphous cubic (P-cubic) CaTiO3, BaTiO3 and SrTiO3 supercells. The major range of distribution of off-center and octahedral tilting angles and their
percentages were depicted in panels.

TABLE 2

The DFT energy lowering DEM�P due to multi-mode distortions in polymorphous structures compared with the energy of the nominal cubic (Pm-3m)
structure was calculated by using the PBEsol functional. These polymorphous structures with multi-mode distortions were obtained by minimization
of internal forces of the nudged, cubically shaped 4�4�





atomic distances and short-range order. This information, not
addressed in the present paper, awaits to be mined in the form
of SRO parameters and PDF data as reported in Ref. [28]. The
PDF is a local probe that reflects the distribution of atom–atom
distances, thus a good way to determine the local atomic confi
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