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ABSTRACT

Pressure-induced polymorphic phase transitions are important in fundamental physics, chemistry,
materials science, and geoscience. The isosymmetric phase transition is unique in that it retains crystal
symmetry through the transition and exhibits either first- or second-order characteristics. However, the
underlyingmechanisms of the isosymmetric second-order phase transition have not beenwell constrained
under high pressures. Here, we report a novel case of pressure-induced isosymmetric phase transition in
cerite, a rare earth element (REE) mineral, using a diamond-anvil cell combined with in situ synchrotron
single-crystal X-ray diffraction. This phase transition is triggered by an increase in coordination number
(CN) and exhibits the second-order characteristics. By combining our findings with previous studies, we
identify five distinct types of pressure-induced isosymmetric phase transitions. Furthermore, we propose
an explanation for the nature (first- or second-order) of phase transitions triggered by increases in coor-
dination number under pressure. The complexity of a mineral structure plays a crucial role in determining
the type of isosymmetric phase transition observed. Crystal structures composed of single-building units
tend to exhibit first-order transitions, while those with multiple building units exhibit greater flexibility
and are more prone to second-order transitions. This study provides new evidence for isosymmetric
second-order phase transitions triggered by pressure and an increase in coordination number, while
offering valuable insights into the mechanisms governing such transitions.

Keywords: Isosymmetric phase transition, coordination number increase, high pressure, second-
order phase transition, phase transition mechanisms

INTRODUCTION

Materials undergoing phase transitions under high pressure
are of significant scientific and technological importance. High
pressure can induce changes in the crystal structure of materials
(Hemley 2000; Lei et al. 2009;Wang andMa 2014; Salmon et al.
2019; Li et al. 2024), leading to subsequent modifications in their
physical and chemical properties (Hemley 2000; Wang and Ma
2014; Li et al. 2024). These changes encompass pressure-induced
magnetic transitions (Ding et al. 2008; Gao et al. 2008), metalli-
zation (Zhao et al. 2015; Barreda-Argüeso et al. 2019), and super-
conductivity (Li et al. 2018, 2022; Pei et al. 2021).

Crystal polymorphism refers to the ability of a substance with
a consistent chemical composition to exist in multiple crystal
structures (Anwar and Zahn 2017; Li et al. 2024). In the realm
of mineral physics, common polymorphic phase transitions of
crystals encompass both first-order and second-order phase tran-
sitions, and some can also be tricritical (Salje 1990; Ardit et al.
2015; Whitfield et al. 2016). First-order phase transitions in

crystals are typically accompanied by a significant discontinuity
in the unit-cell volume. For instance, the pressure-induced phase
transitions in orthopyroxene (opx) from α-opx to β-opx and
γ-opx (Dera et al. 2013; Finkelstein et al. 2015; Xu et al. 2022b)
and the ilvaite-II→ ilvaite-III transition (Xu et al. 2022a) exem-
plify such transitions. In contrast, second-order phase transitions
are characterized not by volume discontinuity but rather by an
abrupt alteration in the second derivative of the free energy.
An example of this transition is the pressure-induced transition
from a body-centered cubic (bcc) to a tetragonal structure in
cesium halides (Cedillo et al. 1991).

Isosymmetric phase transitions stand out among other phase
transitions for maintaining crystal symmetry throughout the
transition process (Christy 1995). This type of transition can be
induced by temperature (Miyake et al. 2004; Ohi et al. 2008;
Ohi andMiyake 2016) or pressure. Pressure-induced isosymmetric
phase transitions, in particular, have garnered significant attention.
Notable examples include the tilting and rotation of SiO4 tetrahedra
in certain silicate minerals like kalsilite (Gatta et al. 2011), the
shearing movement of the charge reservoir layer in 111-type
Na1–xFeAs (Liu et al. 2011), coordination number increase in
PbF2 (Haines et al. 1998), a change in the relative strengths
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