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Fig. 1. Demonstration examples of some CSCPC structures, crystal frameworks and distortion types: (a) Perovskite-like structure

constructed by coordination octahedra; (b) sodalite structure constructed by coordination tetrahedra; (d) simple cubic framework

(three dimensions, derived from (a)); (e) globular framework (more than three dimensions, derived from (b)); (c¢) octahedral elonga-

tion of Jahn-Teller distortion; (f) C, type of second-order Jahn-Teller distortion. Atoms/Ions at A, B and X sites are represented by

yellow, blue and red spheres, respectively.
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Fig. 2. Nodal lines and nodal rings formed by the 10th and 11th phonon branches in the bulk Brillouin zone for photoexcited carri-

er concentrations n of (a) 0.07 and (b) 0.12 e/f.u. in BaTiOs; The corresponding phonon dispersions are shown in (c¢) and (d), re-

spectively. Four images are cited from Ref. [51].
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Fig. 3. Perovskite lattice diagrams: (a) Undistorted cubic; (b) with octahedral tilting; (c) with lattice contraction. (d) Optical band gap

of lead- and tin-based perovskites FA;_,Cs,MI; (M = Sn, Pb) as a function of cesium content. Four images are cited from Ref. [55].
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Fig. 4. (a) Calculated zone-centre phonon modes with A, (blue line) and B, (red line) symmetry for a centrosymmetric NdNiO3 on

LaAlOj (111) with varying degree of the a~ a~ ¢® tilt angle © with the in-phase rotation angle & = 0° (b)—(d) energetic gain for

varying octahedral tilt © and rotation & angles with the unstable A, or B, modes; (e) image of electron density map for measuring
Nd displacement 6; (f) STEM-ABF image for measuring octahedral tilt angle (). Six images are cited from Ref. [37].
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Abstract

Corner-shared coordination polyhedral crystals (CSCPCs) represented by perovskites have unique and
various properties in optics, electrics, and magnetism, leading to their broad applications such as in serving as
ferroelectric material, fast ionic conductors, and electro/photo-catalysts. However, the excellent properties are
owned only by a very small fraction of CSCPS phases. How to obtain such phases through structural operation
has always been a research hotspot and a bottleneck in related fields. Herein, we review the recent research
progress of the synthesis of high-performance CSCPC materials from the perspective of phase structure, in order
to clarify the intrinsic rules of phase evolution and reveal the mechanism behind the phase manipulation. We
first systematically summarize the types of polyhedra and crystal frameworks in CSCPCs and classify the
polyhedral distortions as three main types, i.e. cation displacements, polyhedral rotations, and deformations.
Based on that, we further analyze and conclude different material synthesis methods. We find that most
traditional synthesis methods rely on the phase transitions induced by the change of external physical
conditions at a macroscopic level, such as composition, temperature, and pressure. Recently, there was an
emerging synthesis method focusing on the microscopic manipulation of polyhedral geometry and topology, such
as phase constructions according to tolerance-factor and substrate-proximity effects. The macroscopic synthesis
methods and the microscopic synthesis methods share the same phase manipulation mechanism: making crystals
transit into the structure-specified phases by inducing polyhedral distortions. The only difference is that the
latter is more target-oriented, but its applications are currently limited to octahedral coordination tilt/rotation
systems. Expanding its application scope is still a challenge. In addition, we propose two aspects that may be
useful in optimizing the synthesis method: one is to clarify the origin of induced distortions and the interaction
between different distortions, and the other is to customize the guidelines based on computer science. We hope
that the research progress reviewed in this article can provide some valuable references and inspirations for

designing and synthesizing the high-performance CSCPC materials.

Keywords: corner-shared coordination polyhedral crystal, polyhedral distortion, phase evolution, property

manipulation, synthesis method
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