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ABSTRACT

Perovskite ABO3 as one of the most common structures has demonstrated great structural flexibility and electronic applications. Evolving
from perovskite, the typical double perovskite A,BB'O4 has two element species (B/B), where the ordered arrangements of BOg and B'Og
octahedron provide much more tunability. Especially, by applying external pressure, the energetic order between different phases in
perovskite and double perovskite materials can be notably modified with more fascinating physical properties. However, it is still a challenge
to propose a general model to explain and predict the high-pressure structures and properties of various perovskites and double perovskites
due to their flexibility and complexity. In this perspective, we will discuss pressure effects on the crystalline structure and electronic configu-
rations in some perovskites and double perovskites. We then focus on a prediction method for the evolution of the lattice and electronic
structure for such materials with pressure. Finally, we will give a perspective on current challenges and opportunities for controlling and opti-
mizing structural and electronic states of a given material for optimized functionalities.
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Perovskite-type (Pv) oxides ABO; and double perovskite-type
(dPv) oxides A,BB'Og possess a wide variety of both scientifically and
commercially physical properties depending on the choice of the con-
stituting elements.' * The ideal ABO; perovskite structures have a
cubic symmetry, consisting of a framework of corner-sharing BOg
octahedra with the A-type cation in each resulting cub-octahedral
interstice and forming AO;, dodecahedron, as shown in Fig. 1(a).
Double perovskite-type oxide A,BB'Og is the evolution of ABO; in
which the B site is occupied with two different atoms B/B’, and BOg
and B'Oy octahedral alternated with A atoms occupying the interstitial
spaces, as shown in Fig. 1(b). The ordered arrangements of BOs and
B'Og octahedron provide much more tunability on physical properties.
For example, the double perovskite Sr,FeMoOg shows the room-
temperature magnetoresistance, promising for the development of
ordered perovskite magnetoresistive devices that are operable at room
temperature.” Lead free double perovskite La,NiMnOg is a new prom-
ising material for photovoltaic applications. '’

To accommodate different sizes of A and B/B’ cations, most Pv
and dPv present flexible structures by rotation or tilting of the B(B")O¢
octahedrons,'" ' as shown in Fig. 1. The stability of the Pv and dPv
structures for the different A and B/B’ constituents is commonly

discussed in terms of the Goldschmidt’s tolerance factor (t as defined
below):'""”

Tpy = (ra + ro)/(zl/z(rg + ro)), (1)
tare = (a +10)/ (22 (1 + 1) 24+ 10) ), @)

where 1, I, Iy, and o are the ionic radii of the respective ions calcu-
lated from Shannon’s ionic radii.'® Ideal cubic perovskites usually hold
7 value between 0.95 and 1.0 such as CaSiO; (7p, = 0.99) at room tem-
perature and ambient pressure (RTAP)."” When 0.75 < 1p, < 0.95,
the Pv is distorted to orthorhombic, such as REFeO; (RE = rare earth,
Tp, ~ 0.90)."* There are also various hexagonal non-Pv phases known
with the ABOj; stoichiometry and tp, >1.">'" For dPv, the situation
gets more complicated. The structure shows a huge difference even
with a similar 74p, value. For instance, 1 4p, is 0.9789 for Ba,YIrOg with
a cubic structure, while the 7,4p, is 0.9792 for Sr,ZnWOg with a tetrag-
onal structure at RTAP.'*”° In some cases, the dPv has the cubic struc-
ture at RTAP when the tp, >1. For example, 7,4p, is 1.0380 and 1.0351
for ideal cubic Ba,MgWOg and Ba,ZnWOg, respectively.”’ It was
caused by the multiple element combinations at A and B/B’ sites.
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FIG. 1. The schematic representation of the crystal structure for perovskite (a) and
double perovskite (b).

The distortions from the cubic symmetry give rise to changes in
the physical properties that are important for the Pv and dPv applica-
tions.””*> For example, the intrinsic TiOg local bonding distortion and
octahedral tilting in CaTiO; perovskite-based materials can modify
intermediate energy states within the bandgap and associated photolu-
minescence emission profile.”” Also, the high-T, ferrimagnetism in
Ca,FeOsOg was driven by lattice distortion, which represents complex
interplays between spins and orbitals.”” Besides, as the predominant
phase of the lower mantle and the most abundant mineral in Earth,
the study on the orthorhombic (Mg,Fe)SiO; perovskite under extreme
pressure and temperature leads to the discovery of the post-perovskite
structure, which is considered as one of the most important events at
the Earth’s core-mantle boundary.”**”

The lattice distortion can be induced by many means. Among
them, the external high pressure has been considered as a cleaner tool
compared to other methods since it acts only on interatomic distances,
which in turn modifies the material’s mechanical and electronic prop-
erties.”” ** For example, the pressure-induced magnetoelectric phase
transition and the largest ferroelectric polarization among spin-driven
ferroelectrics were reported in ThMnOs.” Pressure-induced polymor-
phism and piezochromism were also studied in double perovskite
Mn,FeSbOs.”” KNbO; transformed from a ferroelectric orthorhombic
Cm2m phase to another ferroelectric tetragonal P4mm phase at
7.0GPa and then to a paraelectric cubic Pm3m phase at about
10.0 GPa.”” Additionally, pressure can also redistribute the charge and
melt the charge ordering via the structural phase transition. For exam-
ple, at ambient pressure, BiNiO; crystallizes in the insulating phase
(space group: P-1) with two ordered Bi valence (B*T, Bi"") and Ni**
valence occupation (Bi*"sBi**sNi*"Oj3). At high pressure, by melt-
ing the charge ordering and disproportionation, the high-pressure
phase (space group: Pbnm) turns to be metallic with different valence
state (Bi*™Ni*T0;).”**” What’s more, in earth science, the structural
properties of mantle phases, such as post-perovskite (Mg,Fe)SiO;
under high pressure, are very important for understanding the enig-
matic seismic features observed in the Earth’s lower mantle down to
the core-mantle boundary.” ** The ferromagnesian silicate
[(Mg,Fe)SiO;] with nominally 10 mol. % Fe was found unstable under
95-101 GPa and 2200-2400K and dissociated into an Fe poor
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orthorhombic phase and an Fe rich hexagonal phase, which suggests
that the lower mantle may contain previously unidentified major
phase.”’

The structures of the Pv and dPv typically evolve in two ways
under high pressure without breaking the polyhedron framework: tilt-
ing of the B(B")O¢ octahedra and polar cation displacement inside the
B(B)Og or AO;, polyhedra.f”‘:’l For example, BiFeO; undergoes a
phase transition at 3 GPa from a rhombohedrally distorted perovskite
to a distorted monoclinic structure by the superimposition of tilts and
cation displacements, and subsequent structural phase transition
above 10 GPa from the distorted monoclinic structure to the nonpolar
orthorhombic Pnma structure, as characterized by the cation
displacements.”””!

For perovskite, there are several rules proposed to predict and
explain the structural behavior under high pressure.””” Based on the
bond valence mechanism, Zhao et al. proposed that the AO;, dodeca-
hedra are expected to be significantly more compressible than the BOg
octahedral in orthorhombic perovskites, with both A and B cations
having the formal charge +3 (3:3 perovskites) and the higher-
symmetry structure should be expected at high pressure, but for perov-
skites with a 4-2 cation at the A site and a +4 cation at the octahedral
B site (2:4 perovskites), they are predicted to become more distorted
with pressure.”* A majority of ABO; perovskites with non-magnetic
elements at B site follows Zhao’s rule.”’ ** For example, the distortion
in the CaO,, and SnOg polyhedra and the octahedral SnOg tilting is
attributed to the less compressible SnOg octahedron than CaOj,
dodecahedron in site in CaSnOj; (2:4 perovskite).”” Also, they gave a
general rule based on the ratios of the compressibility (Ms/Mp) of the
AO,, and BOg polyhedra.34 If Ma/Mg > 1, a transition to a higher-
symmetry phase is expected under high pressure, whereas the opposite
should occur when M /Mg < 1. For LaAlOs, which has M,/Mg > 1,
its AlO4 octahedra are therefore more compressible than the LaO,,
sites and it undergoes a rhombohedral-to-cubic phase transition
around 14 GPa.”’

There are some exceptions like the strongly correlated systems
that have strong electronic configuration effects under high pressure,
such as Jahn-Teller (JT) systerns.65 ”* For example, LaMnOs with an
orthorhombic structure shows a complex behavior caused by the delo-
calization of electron states, which suppresses the JT effect of the
MnOs octahedron but is insufficient to make the system metallic
under high pressure.”” It undergoes a transition to an unknown phase
around 70 kbar because of the closing of the JT gap: the ionic Mn>*
species disappear and the system evolving toward a metallic-like phase
is reached.”’ Another research also found that the total removal of the
local JT distortion would occur only for pressures around 30 GPa in
LaMnOs, where metallization is reported to take place.71 Besides,
multiferroic material BiFeO; which has the strong tilt and polar dis-
tortions at room temperature, also exhibits a complex phase transition
at high pressure caused by the changes in octahedron tilts and dis-
placements of Bi’* and Fe’™ cations.”””"”> Through absorption
crystal-field spectroscopy, the linear redshift of both 4T" and 4T Fe’*
bands was induced by high pressure, consistent with the compression
of the FeO4 octahedron under pressure.72 Also, Fe*" off-center dis-
placements in FeOy still persist in the high-pressure phase (Pnma) for
BiFeOs.”” In addition, REFeO; perovskites (RE = rare earth) show a
spin transition of Fe** from high spin (HS) to low spin (LS) accompa-
nied by a large volume collapse.”””” Therefore, the structure
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configurations in strongly correlated perovskites will be more com-
plex caused by the correlation between the lattice and electronic
structures under high pressure.

How about dPvs, what’s the general rule to predict the structural
change for such materials under high pressure? Based on the element
species, we divide dPvs into two types: One is the “weakly correlated
electronic” (WCE) dPv in which the electronic structure does not
strongly affect the lattice, and B(B')O¢ octahedra and AO;, polyhedra
play a major role in determining distortions of the cation sites; the
other is the “strongly correlated electronic” (SCE) dPv in which the
lattice is strongly coupled with the spin, orbital, and valence. In this
part, we try to explore whether there is a general rule to guide the
structural change for WCE dPv under high pressure.

Because of the distribution in the valence state, a majority 4:8
dPv with a +2 alkali metal cation at the A site and a total 4-8 cation at
the octahedral B and B’ sites are WCE dPv. Several high-pressure
works have reported on such WCE dPv.”*** Basically, WCE dPvs
tend to transform to a lower symmetry structure with the lattice dis-
tortion under high pressure, as shown in Fig. 2(a). For example,
Ba,YTaOs undergoes a structural phase transition from cubic to
tetragonal with the onset of an octahedral tilting distortion about the ¢
axis under high pressure.w1 Also, Ba,BiTaOg transforms from rhombo-
hedral with out-of-phase tilts about the [111] axis to the monoclinic
structure with the [110] axis tilting around 4 GPa.””> Experimental
and theoretical studies on Sr,CrReOg show a phase transition from
cubic to tetragonal structure around 9GPa.”® Besides, Sr,CoWOs,
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FIG. 2. (a) The schematic representation of the lattice distortion for WCE dPv under
pressure. (b) Structure evolution of certain WCE double perovskites under pressure
with different tolerance factors z4p,.
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Sr,CaWOg, and even Pb,CoTeOg all show the structural phase transi-
tion toward a lower symmetry under high pressure.”””” In our previ-
ous work, we studied the structural phase transition of Sr,ZnWOjg
under high pressure.” It also turns to a lower symmetry from mono-
clinic to triclinic at 9 GPa induced by the increasing of the distortion
in the Zn(W)Og4 octahedron. Studies on other 4:8 WCE dPvs under
high pressure have the similar trend to lower symmetry and more dis-
tortion of lattice.”’ "

As summarized in Fig. 2(b), Sr,ZnTeOg"' and Sr,NiWOs
(unpublished) remain stable up to 31 GPa with their ambient tetrago-
nal structure. Both Ba,MgWO, and Sr,MgWOq also remain in their
original phase under high pressure.” Let us take a look at the effect of
one B site radius in Sr,BWOgq series: among Sr,MgWOyg, Sr,ZnWO,
Sr;CoWOg, and Sr,CaWOs, Mg®" has the smallest radius 0.72 A,
while Zn?", Co*", and Ca®" have a larger radius as 0.74 A, 0.75 A, and
1.00 A, respectively.18 Sr,BWOg (B = Zn, Co, and Ca) all undergo a
structural phase transition at a pressure below 13 GPa, but St MgWOg
remains in the ambient structure up to 31 GPa. We can conclude that
the smaller B ion can keep the ambient structure sustainable to higher
pressure. There has no enough data to compare the effect of the A site
radius. However, we adopt the tolerance factor (t,p,) defined in Eq.
(2) to quantitatively check the structure stability under pressure, in
which we can simultaneously consider both A and B site radii. We
draw a high-pressure structure diagram of some WCE double perov-
skites with their 74p,, as shown in Fig. 2(b). The larger the value of
Tapy the more stable the structure under high pressure. In contrast,
with the smaller value of 7,4p,, the lattice is more prone to show the
structural phase transition to low symmetry under high pressure. The
smaller ion radius at the A site with small 7,4p, produces more space
for the distorted B(B')Og octahedron under high pressure. For the
smaller ion radius at the B(B') site with a large 7,4p, value, it is easier to
compress the B(B')Og octahedron and keep the lattice stable under
high pressure. Therefore, the smaller the ion radius at the A site and
the larger the ion radius at the B(B') site, the much easier it is for such
double perovskites to show a structural phase transition to lower sym-
metry under high pressure. In contrast, the larger the ion radius at the
A site and the smaller the ion radius at the B(B') site, the crystal struc-
ture of such double perovskite is easier to remain stable.

For perovskite predicting models at high pressure, there are not
only qualitative but also quantitative method, which shows the detailed
distortion of perovskite structures as a function of pressure. There are
some excellent works that have been successfully applied to some per-
ovskites, such as CaTiO3, CaSnOs;, and MgSiO3.‘3 “5 For WCE dPv, we
try to build a simple model for quantitatively investigating the lattice
evolution at high pressure, only using ambient-pressure crystal struc-
ture data and the unit-cell parameters. First, we introduced a modified
factor: the local instability index (LII), which is derived from the bond
valence sums at the cation sites alone:**

2 2 271/2
(AVa)" + (AV3)" + (AVp)

3 )
where AV, AVp, and AVy are the difference of the bond valence
sums at the cation sites for the fractional atomic coordinates of a model
structure at pressure P and the ambient-pressure structure at ambient
pressure.”* AV, AVp, and AV can be obtained by SPuDS program.”

Here, we used “fixed coordinate” model to calculate the LIT val-
ues under high pressure for such dPv, which are only based upon the

LIl = (3)
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knowledge of the ambient-pressure structure and the unit-cell parame-
ters at high pressures. The LII values at high pressure for some WCE
dPv are shown in Fig. 3(a). Obviously, the LI values all become greater
with increasing pressure for such dPv whether the samples have phase
transition or not. Hereupon, we define a new factor “compromise
instability index” (CII), which is derived from the difference of the
bond valence sums in A and B/B' sites,

CII, = (VB,‘(CalC) — VB(OX))2 + (VBr,»(calc) — VBI (OX))2
— 4% (VAi(calc) — VA(OX))Z, (4)

where Vi(ox) is the formal valence (equal to its oxidation state) and
Vi(calc) is the calculated bond valence sum for the A, B, and B’ ions at
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FIG. 3. (@) The change of LI/l values of Ba,MgWOg, Ba,YTaOg, Sr,CoWOs,
SroNiWOg, and Sr,ZnWOg under high pressure. (b) is the pressure dependence of
ClI for Ba;MgWOg, Sr,MgWOg, and SroNiWO. (c) is the pressure dependence of
Cll for Sr,ZnWQg, Ba,YTaOg, and Sr,CoWQOs.
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pressure Pi. Vi(calc) can be obtained by SPuDS program” using the
“fixed coordinate” model.

Then, we gave the CII values with pressure for those WCE dPvs,
as shown in Figs. 3(b) and 3(c). The compromise instability index CII
is more inclined to decrease (dCII/dP < 0) for WCE dPv, which has
no structural phase transition under high pressure; in contrast, CII is
more inclined to increase (dCII/dP>0) for WCE dPv, which has
structural phase transition under high pressure. For Ba,MgWO,
Sr,MgWOg, and SroNiWOg in which the crystal structure is stable
within the pressure range of the study, CII decrease with increasing
pressure. However, CII increases with pressure for Sr,ZnWOg and
Ba,YTaOg, in which the structural phase transition occurs around
10 GPa and 5 GPa, respectively. For Sr,CoWOsg, it shows two structural
phase transitions around 2 GPa and 12 GPa. Although CII decreases in
the intermediate pressure range of two phase transitions, it still
increases near the phase transition point. Therefore, the compromise
instability index CII can be used as an important parameter to judge
whether there is phase transition or not for WCE dPv at high pressure.

In the strongly correlated electronic (SCE) Pv and dPv in which
the lattice is strongly coupled with the spin, orbital, or valence, the
high-pressure behaviors become more complicated.” " It will induce
more significant physical properties such as the charge transfer, insula-
tor-to-metal transition, magnetic transition, and even non-fermi liquid
behavior. For instance, Ba,PrRuyglry,0Og shows an unusual lattice
change under high pressure, in which a structural phase transition
from monoclinic to tetragonal is driven by the charge transfer from
Pr’" to Pr*" with pressure.”’ Besides, compression on Sr,FeOsOjg
drives an unexpected transition from the antiferromagnetic to ferri-
magnetic order, accompanied by the lattice stable up to 56 GPa.”””” It
was caused by the increase in the crystal-field splitting at Os>" sites
rather than by bending of the Fe~O-Os bonds.”””” What’s more, the
magnetic transition temperature is largely and slightly enhanced for
Ba,FeMoOg and Sr,FeMoOg, respectively.S(’ Sr,FeMoOj also shows a
metal-insulator transition caused by the compression of the unit cell
around 2.1 GPa.”” Especially, PrNiO5 shows an insulator to metal tran-
sition with the transforming to a non-Fermi-liquid phase with pres-
sure, which is caused by both lattice and spin fluctuations where the
transition temperature Tj; = Ty is terminated.”* The similar phe-
nomenon was also discovered in other RENiO; (RE = rare earth) at
high pressure.”

The transition metals, such as Fe’*/Fe*™ and Mn®* in SCE sys-
tems, show novel and interesting high-pressure behaviors because of
the correlation among the lattice, spin, and orbital, which leads to
strong modification on the magnetic, electronic, optical, and other
properties in the corresponding systems. Especially, the pressure-
induced spin transition occurred from high spin to low spin for such
transition metal largely correlates with the lattice and electronic prop-
erties. For instance, in LaFeOs, the spin transition of Fe** accompa-
nied by the lattice collapse occurs at around 50 GPa.”” Concurrent of
the HS to LS transition and lattice collapse during structural phase
transition has been observed in other systems.”” ** Also, they show
some interesting pressure-induced spin crossover phenomenon that
have not been discovered yet in perovskite and double perovskite
oxides. For instance, the spin crossover of Fe*" can induce the super-
conducting in FePSe; under high pressure.”” What’s more, a high-to-
low spin crossover of Fe*" in CuFeS, is manifested along with the
structural phase transition and a surprising n-type semiconductor to
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p-type semiconductor transition with pressure.”® The study and pre-
diction on the pressure-induced spin crossover of dPv oxides can give
an opportunity to produce such unusual electronic states and interest-
ing physical properties.

In this part, we mainly discuss the correlation between the lat-
tice and spin configurations in SCE dPv under high pressure. In
general, the spin crossover in these transition metals is caused by
the d-orbital splitting with pressure. We gave a schematic d-orbital
splitting diagram of Fe’>" in the FeOgq octahedra under high pres-
sure, as shown in Fig. 4(a). The net spin magnetic moment of tran-
sition metals in the B(B")O¢ octahedron in SCE double perovskites
is mainly controlled by the competition between the crystal-field
splitting A (favorite for the LS state) and the intra-atomic Hund’s
exchange term J (favorite for the HS state). A is sensitive to exter-
nal pressure, which will promote the crystal field splitting and then
induce the spin transition of such ions and finally strongly influ-
ence the electronic and magnetic properties of SCE dPv. For
Sr,FeMoOsy;, a spin crossover of Fe ion from high-spin to low-spin
state is found accompanied by a transition from the ferrimagnetic
half-metallic to nonmagnetic semiconductor state.”””** Another

(a)

512

0 20 40 60 80
Pressure (GPa)

FIG. 4. (a) A schematic d-orbital spliting diagram for Fe>* in the FeOg octahedra
with pressure. (b) The high-pressure behavior of La,FeMnQg,” LaFeQ;* and
LaMnOs.”" For LaMnQj, reproduced with permission from Loa et al., Phys. Rev.
Lett. 87, 125501 (2001)."” Copyright 2001 American Physical Society. For LaFeOs,
reproduced with permission from Xu et al, Phys. Rev. B 64, 094411 (2001).”
Copyright 2001 American Physical Society. For La,FeMnOg, reproduced with per-
mission from Li et al., Phys. Rev. B 99, 195115 (2019).”° Copyright 2019 American
Physical Society.
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theoretical study on La,VMnOg shows that Mn®" experiences a
transition from the high spin state (t2g3 e,1) to low spin state (t2g4),
making La,VMnOg a half-metallic ferrimagnet accompanied by
the volume collapse under some critical pressure.”

To date, most studies of double perovskites have only one transi-
tion metal involved in spin transition. How about the interplay of
double-spin crossover with two transition metals? Is there a possible
charge transfer involving in the double-spin crossover to minimize the
overall energy? To check all these questions, we studied the high-
pressure structure of La,FeMnOg, and monitored the spin and valence
status of Fe and Mn at the B-site.”” Unlike LaMnO; and
LaFeOs,"**'" La,FeMnOyg shows a double-spin crossover behavior
under high pressure. The strong coupling between Fe and Mn leads to
a combined valence/spin transition: Fe*T(S=5/2) — Fe*"(S=0) and
Mn*T(S=2) — Mn*"(S = 3/2), with an isostructural phase transition
under high pressure, as shown in Fig. 4(b).

However, in La,FeMnOg, the randomly distributed Fe/Mn leads
to a “diffuse pressure-induced phase transition,” a structural transfor-
mation over a broad pressure range, without a well-defined critical
pressure point. So both lattice and spin transitions spread out over a
large pressure range with different configurations at each pressure
stage in La,FeMnOg. This phenomenon is not conducive to the practi-
cal application of such a material because of the broad pressure range
for the structural transformation. To avoid this problem, we can
design an ordered B/B’ site in dPv and choose different transition
metal combinations such as Fe/Co, Co/Mn, and Co/Cr that may
undergo a double spin transition, and the pronounced spin-orbit cou-
pling between two transition metals may provide more options for
designing novel spintronic materials with tailored properties.'”' """
For instance, the theoretical studies on Sr,FeCoOg show that Co*"/
Fe'" in the high spin states can lead to its metallicity and ferromagne-
tism.'”" Then, the spin transition of Co*/Fe*" will give a huge change
in their electronic and magnetic properties with pressure. Besides, the
system will become more complex if the B(B')Og octahedra involve
orbitally degenerate transition metal ions (B/B'": cu?t, cr*t, B,
Mn**, Ni**, or Co®"). The JT coupling induces low-symmetry
B(B")Og¢ distortions, which are eventually responsible for the striking
properties related to both the orbital ordering and JT distortion.'”* For
instance, JT distortions of the MnQOg octahedra in LaggsMnO;_ s will
induce the reduction in the metal-insulator transition temperature at
high pressure.'”” Also, the coherence length of the JT distortions in
Las/4Ca;/4sMnO; induced a structural modification with high pres-
sure.'”* In RENiO3, the localized electrons of Ni undergo a cooperative
JT distortion but stronger Ni-O bonding in alternate NiOg/, octahedra
creates molecular e orbitals within the more strongly bonded clus-
ters.'” All these induce the approach to crossover to itinerant-electron
behavior from the localized-electron side.'”” Besides, high-pressure
research on Cu>" and Mn®" showed that JT distortion reduced upon
compression and is eventually suppressed at pressures above
20 GPa.””'""% If we combine the transition metals in B/B’, which
contains both JT distortion and spin crossover, it will induce amazing
physical properties at high pressure. For instance, the intermediate
spin states of Mn*>"/Co®" can lead to JT distortions where the JT ion
will have a single ¢, electron and the double degeneracy of e, state will
be lifted with pressure. This will lead to itinerant behavior of the single
electron, which will contribute to the magnetic and transport
properties.lw’ms
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Here, we established a general rule among the tolerance factor 1,
compromise instability index CII and the stability of the crystal struc-
ture in the 4:8 WCE double perovskites under high pressure. The cor-
relation among the lattice and spin in some SCE dPvs was discussed
comprehensively.

For Pv and dPv with polar non-centrosymmetric, ferroelectrics
has been extensively studied for potential applications in room-
temperature pyroelectric infrared detectors and electronic and pho-
tonic devices."”” "' Currently, the pressure effect is still not quite
clear. For instance, what is the major contribution from the octahedral
tilting and the polar cation displacements with pressure, and whether
the ferroelectricity can be indeed enhanced or reappeared at high pres-
sure for such materials? Further research is needed on the evolution of
the lattice correlated with the electronic structure for such Pv and dPv
under high pressure.

This review only involves two types of structures: ABO; or
A,BB'Og. Oxygen-deficiency in Pv and dPv could provide another
way to modify the structure and valence status, and their pressure
responses. One typical oxygen-deficient perovskite A,B,0Os differs in
the ordering patterns of anion vacancies. These compounds crystallize
in the brownmillerite-type (B-type) structure consisting of alternating
layers of corner-sharing BOg octahedra and corner-sharing BO, tetra-
hedral, as shown in Fig. 5(a).

Under high pressure, the B-type structure prefers to transform to
the perovskite-type (P-type) structure because of the breaking and
forming of B-O-B bonds in the octahedral and adjacent tetrahedral
B-O layers of the brownmillerite-type structure. For example,
Sr,Fe,0s5 shows a structural phase transition from the B-type structure
(space group Ibm2) to a tetragonal perovskite-like structure with
oxygen-deficient at 15 GPa, while SrFeO; remains in its cubic structure
up to 56GPa.'"” """ One can directly synthesize the tetragonal
perovskite-like structure of Sr,V,0s5 with a large volume press under
high pressure and temperature conditions (unpublished). The tetrago-
nal phase of Sr,V,0s can sustain a pressure of up to 40 GPa. Another
high-pressure study on Ca,Fe,Os5 shows that it remains B-type struc-
tures up to 10GPa.'"” We predict that it will transform to the
perovskite-like structure with a higher pressure. However, further
experiments are called in to confirm these predictions. The equations
of state for CaFeO, 5, StVO, 5, StFeO, 5, and SrFeOj; are displayed in
Fig. 5(b) for comparison.

Double perovskite can be derived to other forms such as
AA/3B,O1,-type and AB,;3B'130;-type according to the different
atomic ratios in the A or B site. For example, the A-site-ordered dou-
ble perovskite LaCus;Fe;O;, adopts a cubic structure, where the Cu
ions at the A site make the square-planar AO, units and the Fe jons at
the B site form corner-sharing BOg octahedra.''®'"” Under external
pressure, a phase transition occurs along with a significant volume col-
lapse and charge transfer between Cu and Fe, which leads to a surpris-
ing electric/magnetic property change from an antiferromagnetic
insulating state to a paramagnetic metallic state."” In;Cu, VO, with
AB,/3B'1/30; type adopts the honeycomb-lattice structure, which con-
sists of alternating layers of InO4 octahedra, and Cu*" and V> ions in
the trigonal-bipyramidal coordination.''® In the new cuprate
La,CusMoOy,, the Cu and Mo are coordinated by O in the corner-
sharing trigonal bipyramids that are sandwiched between layers of lan-
thanum cations.''” In these specific derivative double perovskites, the
transition metals can occupy the lattice in very rich ways, which may
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FIG. 5. (a) The structure changes from the brownmillerite (B)-type structure to the
perovskite (P)-like structure for A;B,Os under high pressure. Half-red O atoms
have an occupancy of 1/2 in the perovskite (P)-like structure. (b) The volume of a
primitive perovskite-type unit cell as a function of pressure for CasFe;Os,'"”
Sr,\V,0s, SroFe;0s,'"* and SrFe0s.""* For Sr,Fe,0s, reproduced with permission
from Adler et al,, J. Solid State Chem. 155, 381-388 (2000).""> Copyright 2000
Elsevier. For SrFeQ3, reproduced with permission from Kawakami et al., J. Phys.
Soc. Jpn. 72, 33-36 (2003).""* Copyright 2003 Physical Society of Japan. For
CayFe,0s, reproduced with permission from Ross et al., Phys. Earth Planet. Inter.
129, 145-151 (2002).""® Copyright 2002 Elsevier.

induce more advanced mechanical and electronic properties under
high pressure. However, the high-pressure research on such com-
plexed derivative double perovskites is still rare. It is still a challenge
task to fully understand the mechanism of the lattice evolution with
the electronic configuration of such dPv under high pressure and opti-
mize the functionality and achieve the intriguing properties.
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