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Abstract
This paper studies the behavior of SmAlO3 and NdAlO3 when they are subject to high pressures.
This work is undertaken using angle-dispersive synchrotron x-ray powder diffraction and Raman
spectroscopy at pressures up to 24.2 and 39.0 GPa, respectively. It is found that SmAlO3 undergoes
an orthorhombic (Pnma) to rhombohedral (R-3c) structure transition at around 10 GPa; this
transition is induced by the rotation of the AlO6 octahedra toward that of the ideal perovskite
structure when the material is subject to high pressures. The tilting of the AlO6 octahedra also
decreases at high pressures in NdAlO3. It is found that NdAlO3 maintains its original
rhombohedral structure for pressures of up to 39.0 GPa. The structural changes observed in these
compounds help establish the electrical and magnetic properties of RAlO3 (R = Sm or Nd) at high
pressures.

1. Introduction

In recent decades, perovskites and their derivatives have become the focus of considerable research because
of their useful properties, such as ferromagnetism, photocatalysis, optoelectronic, and superconductivity
[1–6]. Intense research has been carried out on ABO3-type perovskites subject to high pressure as better
understanding of their physical properties is important for practical applications and is of fundamental
interest to the condensed matter and physics communities. TbMnO3 has the largest known ferroelectric
polarization among spin-driven ferroelectrics; this is induced by the magnetoelectric phase transition that
occurs at high pressures [7]. The quenched nonmagnetic state of these ABO3-type perovskites has been
interpreted as a spin crossover, i.e. the transition of the Fe3+ ions from the high (S = 5/2) to the low spin
state (S = 1/2) in REFeO3 (RE = Pr, Eu, or Lu), GaFeO3, and BiFeO3 [8–10]. To further understand the
behavior that originates from the couplings between the electronic, magnetic, and structural properties of
these materials, investigations into the structural changes that occur at high pressures are required. Two
important structural modifications are observed in ABO3 perovskites: the tilting of the BO6 octahedra and
cation displacements. Any changes in these two characteristics can cause a structural phase in ABO3

perovskites. For example, BiFeO3 shows two structural phase transitions; one occurs at 3 GPa and the
second at pressures greater than 10 GPa. The first structural change occurs when the rhombohedrally
distorted perovskite transitions to a distorted monoclinic structure, as characterized by the superimposition
of tilts and cation displacements. Subsequently, the distorted monoclinic structure transforms into a
nonpolar orthorhombic Pnma structure due to cation displacements in BiFeO3 [8, 11, 12]. LaAlO3 and
PrAlO3 have been observed to exhibit a decrease of the lattice distortion and a decrease in the tilts of the
AlO6 octahedra, which lead to a rhombohedral-to-cubic phase transition, when subject to high pressures
[13, 14].

For rare-earth-based perovskite-type oxides REAlO3 (RE = rare earth), aluminates with perovskite
structure are formed from La to Lu, with varying physical and chemical properties [15]. Due to the different
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radii of rare earth atoms, the different rare earth elements form perovskite structure with different levels of
distortion within the lattice. Typically, SmAlO3 exhibits an orthorhombic symmetry and NdAlO3 shows a
rhombohedral symmetry at ambient pressure and room temperature. SmAlO3 and NdAlO3 have been the
subject of considerable research due to their excellent physical properties; these materials are widely used as
a substrate for superconducting devices [16–18]. As an important oxygen ion conductor, they also are
represent a promising electrolyte for use in solid-oxide fuel cells [19]. Pressure and temperature are key
parameters in determining their physical properties. For instance, studies on the temperature dependences
of the structural phase transition of these materials have revealed different process in these compounds.
When subject to increases in temperatures, SmAlO3 shows two structural phase transitions; first the
materials transitions from having a orthorhombic structure to a rhombohedral geometry, and subsequently
it shows a transitions to a cubic phase [20–22]. As for NdAlO3, the phase transition from a rhombohedral
structure to a cubic geometry occurs at a temperature of approximately 2180 K [23]. A high pressure can
also modify the mechanical and electronic properties of the materials; these changes are induced by the
pressure changing the interatomic distances within the structure. Here we present an in-situ investigation
into the structural changes that occur in REAlO3 (RE = Sm or Nd) when it is subject to high pressures.

2. Experimental details

The raw materials used in this study are Sm2O3 (99.99% purity), Nd2O3 (99.99% purity), Al(NO3)3·9H2O
(99.99% purity), and citric acid (AR). The SmAlO3 was synthesized using the subsequent procedure: first
Sm2O3 was dissolved into nitric acid and distilled water was added to yield a dilute Sm nitrate solution.
Al(NO3)3·9H2O was then added to the distilled water and mixed with the Sm nitrates following a
stoichiometric ratio of Sm:Al = 1:1. The citric acid was then added to obtain a solution with a citrate
acid/nitrate ratio of 1.2. A magnetic agitator was then used to ensure continuous stirring of the mixed
solution. The temperature of the solution was increased to 353 K to induce evaporation until a sticky brown
gel was generated. The gel was then baked at 423 K and subsequently calcined at a temperature of 1473 K
for 10 h in an air atmosphere by intermediate grinding and pelletizing. The preparation of NdAlO3

followed a similar procedure to that used in the preparation of SmAlO3.
Powder x-ray diffraction (XRD) was performed to measure the phase purity (Rigaku Rotaflex x-ray

diffractometer) using a Cu-Kα radiation source under normal conditions. The high-pressure XRD
measurement was conducted using an angle-dispersive synchrotron radiation source at the beamline X17C
of the National Synchrotron Light Source, Brookhaven National Laboratory, USA. A symmetric diamond
anvil cell (DAC) with an anvil culet of 300 μm was utilized to generate the high-pressure conditions using
T301 stainless steel as the gasket, which was preindented to a thickness of 40 μm. The as-prepared sample
together with a small piece of ruby which acted as the pressure calibrant [24], and a 4:1 methanol/ethanol
mixture for use as a pressure-transmitting medium were then loaded into the DACs. The experimental
parameters including the distance between sample and detector were calibrated using CeO2 (a standard
material). The software FIT2D was used to convert the information regarding the image plates into intensity
versus diffraction angle 2θ patterns. The high-pressure Raman spectra were obtained using a Raman
spectrometer and a 532 nm excitation laser at a power or 3 mW. The preparation of the DACs and loading
samples followed the same techniques as those used for the high-pressure XRD experiments. To exclude the
effects of deviatoric stress caused by nonhydrostatic effects, Ne was used as the pressure-transmitting
medium in the high-pressure Raman measurements.

3. Results and discussion

3.1. XRD results at ambient pressure
We found that SmAlO3 has an orthorhombic structure with a Pnma space group at room temperature,
which is in agreement with the previous reports [25, 26]. As shown in the inset of figure 1(a), it can be
regarded as a three-dimensional AlO6 network with the interstitial spaces occupied by Sm atoms. Like
LaAlO3, NdAlO3 has a rhombohedral structure with R-3c space group at room temperature; this structure
is shown in the inset of figure 1(b) [23, 27, 28]. The distorted rhombohedral structure shows an antiphase
a−a−a− (tilt system in Glazer’s notation) tilt of the adjacent octahedra, whereas the distortions of the
orthorhombic structure have the combined a−a−c+/a−a−c− octahedral tilting [29].

The refinement of ambient-pressure diffraction patterns was realized using the Rietveld method and the
generalized structure analysis system (GSAS) software [30]. SmAlO3 and NdAlO3 were refined in the
Pnma phase with the lattice constants of a = 5.2991(8) Å, b = 7.4767(8) Å, and c = 5.2966(9) Å, and the
R-3c phase with a = b = 5.3183(2) Å and c = 12.9244(7) Å. Figure 1 presents the refined patterns of
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Figure 1. Measured and calculated x-ray powder patterns of RAlO3 (R = Sm or Nd) and their differences: the ambient-pressure
Rietveld refinement for (a) SmAlO3 in its orthorhombic (Pnma) phase and (b) NdAlO3 in rhombohedral (R-3c) phase. The inset
pictures in (a) and (b) show a schematic of the crystal structure in the orthorhombic (Pnma) phase of SmAlO3 and the
rhombohedral (R-3c) phase of NdAlO3.

Table 1. Structural information related to SmAlO3 and NdAlO3 at room
temperature and ambient pressure.

Compounds SmAlO3 NdAlO3

Crystal type Orthorhombic Rhombohedral
Space group Pnma(62) R-3c(167)
a/Å 5.2991(8) 5.3183(2)
b/Å 7.4767(8) 5.3183(2)
c/Å 5.2966(9) 12.9244(7)
Atoms position Wyckoff (xyz) Wyckoff (xyz)
Al 4b (0.5 0 0) 6b (0 0 0)
Sm/Nd 4c (0.0244(9) 0.25 0.9913(4)) 6a (0 0 0.25)
O(1) 4c (0.4858(5) 0.25 0.0411(7)) 18e (0.5355(6) 0 0.25)
O(2) 8d (0.3022(5) 0.0462(5) 0.6720(6))
Residualsa/% Rwp: 6.05% Rwp: 6.46%

Rp: 4.78% Rp: 5.13%

aRwp and Rp as defined in the GSAS software [30].

REAlO3 (RE = Sm or Nd) and the computed patterns, together with their differences and the refinement
merits. Table 1 lists the refined atomic position coordinates.

3.2. The lattice evolution of SmAlO3 at high pressures
A high-pressure synchrotron powder XRD experiment was performed to reveal the structural behaviors of
SmAlO3. The XRD patterns were recorded at with the samples subject to a set of pressures up to 24.2 GPa.
Figures 2(a) and (b) present some of the measured and enlarged typical powder diffraction patterns of
SmAlO3, respectively. The original phase can be seen to exhibit new peaks at 10.4 GPa; at this pressure the
ethanol–methanol pressure-transmitting medium is known to become solid giving rise to nonhydrostatic
conditions [31]. However, it is known that the these stresses can induce peak broadening effects; significant
changes are observed in the multiplicity and the relative intensity of the Bragg reflection peaks, as shown in
the enlarged patterns depicted in figure 2(b). The intensity of reflection peaks of (113), (133), and (214) of
the original phase start to decrease at a pressure of 10.4 GPa and disappear at around 15.1 GPa. These
findings indicate that a structural phase transition is initiated at a pressure above 10.4 GPa and is completed
at around 15.1 GPa. Upon releasing the pressure, the original phase was obtained. The orthorhombic
SmAlO3 was refined for all pressures below 10.4 GPa by the previous method. The results shown in
figure 2(c) present the Rietveld refinement result at 4.8 GPa with Rp = 6.52% and Rwp = 4.48%.

In the case of ABO3 with MA/MB > 1, Zhao et al [32, 33] found that the temperature of zone-boundary
phase transition, TC, decreases with increasing pressure, (i.e. dTC/dP < 0). In this work, the site parameter,
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Figure 2. (a) XRD patterns of SmAlO3 at various pressures. (b) Magnified diffraction patterns of SmAlO3 in the range 13◦–23◦.
New peaks are indicated by the asterisks. (c) Rietveld refinement at 4.8 GPa for SmAlO3 in its orthorhombic (Pnma) phase and
(d) Rietveld refinement at 15.1 GPa for SmAlO3 in its rhombohedral (R-3c) phase.

Mi , was defined as:

Mi = (RiNi/B) exp

(
Ro − Rj

B

)
, (1)

where Ni, Ri, R0, and B represent the coordination number, the average bond length at ambient pressure,
the bond-valence parameters, and the universal constant (0.37 Å), respectively [33]. It was found that
LaAlO3 with MA/MB > 1 underwent a rhombohedral-to-cubic phase transition at a pressure of
approximately 14 GPa [13]. The same transition was also observed in NdNiO3 at 6 GPa [34]. Similarly,
LaGaO3 underwent an orthorhombic-to-rhombohedral phase transition around 2.5 GPa [35]. In these
perovskites, the same phase transitions could be observed as a result of increasing temperature [23, 36–38].
In the case of SmAlO3 with MA/MB > 1, the first phase transition from an orthorhombic to a
rhombohedral structure occurred within the temperature range of 1023–1058 K [21, 22]. As discussed from
above, SmAlO3 is also expected to undergo a phase transition from an orthorhombic (Pnma) to a
rhombohedral (R-3c) structure when the material is subject to high pressure. The structural phase
transition observed in SmAlO3 occurs at 10.4 GPa. The Rietveld refinement results indicate that SmAlO3 is
completely transformed into a rhombohedral phase at a pressure of 15.1 GPa, as shown in figure 2(d) with
Rp = 5.01% and Rwp = 3.17%. The result obtained in the case of SmAlO3 show in good agreement with the
predictions. Angel et al [39] and Ross et al [40] developed a novel bond-valence matching relation-based
method for predicting the changes in GdFeO3-type orthorhombic perovskites structures at high pressures.
It was shown that the BO6 octahedra became less tilted and the symmetry of the structure increased when
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Figure 3. (a) Pressure dependence of the normalized volumes of the AlO6 octahedra in and the unit cell of SmAlO3. (b) The
AlO6 octahedra changes during the low-pressure phase and the high-pressure phase.

the BO6 octahedra were more susceptible to compression than the AO12 polyhedra under high pressures.
The structure was predicted to evolve toward lower symmetry configurations when the AO12 polyhedra
were more susceptible to compression than the BO6 octahedra under a pressure loading [33, 41]. This
predication was in good agreement with other studied orthorhombic perovskites, such as TbMnO3,
GdMnO3, LaMnO3, GdAlO3, and YAlO3 [40, 42–45]. The normalized volume change of the AlO6

octahedra in SmAlO3 is more susceptible to compression than the unit cell for pressures below 15.1 GPa, as
shown in figure 3(a). This suggests that the symmetry of the structure of SmAlO3 increases at high
pressures. It also provides the evidence for the transition from the low symmetry (Pnma) phase to the high
symmetry (R-3c) phase. Since the octahedral distortions in the ABO3-type oxides are crucial in the process
of structural phase transitions, we can conclude that the observed structural phase transition in SmAlO3 is
induced by the AlO6 octahedra rotation toward the that of the ideal perovskite structure under high
pressures. Figure 3(b) shows the changes in the AlO6 octahedra in the low-pressure and high-pressure
phases.

The pressure dependence of the lattice parameters (a pseudocubic cell is adopted) of SmAlO3 at
pressures up to 24.2 GPa are shown in figure 4. The cell parameter, cpc, exhibits anomalous behavior above
12.9 GPa due to the nonhydrostatic conditions that are induced [46]. The volume of the unit cell of SmAlO3

decreases smoothly with increasing pressure. The state equation was fitted with the following 3rd-order
Birch–Murnaghan state equation,

P =
3.0

2
Bo

[(
V0

V

) 7
3

−
(

V0

V

) 5
3

]
×
{

1 +
3.0

4

(
B′

o − 4
)
×
[(

V0

V

) 2
3

− 1

]
, (2)

where B0 is the bulk modulus and B′
0 is its pressure derivative at the equilibrium volume, V0. By fitting the

equation, we obtained B0 = 223(10) GPa and B′
0 = 4 (fixed) for V0 = 51.42(11) Å3 for the orthorhombic

(Pnma) phase and B0 = 262(9) GPa and B′
0 = 4 (fixed) for V0 = 51.18(10) Å3 for the rhombohedral (R-3c)

phase.
The high-pressure structural evolution was further investigated by evaluating the Al–O bond length and

the Al–O–Al bond angle as a function of pressure (figure 4). The AlO6 octahedra generate three Al–O bond
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Figure 4. (a) The lattice parameters and (b) the unit cell volume of SmAlO3 as a function of pressure. The Birch–Murnaghan
equation of state is indicated as a solid line. The pseudocubic cell parameters for the Pnma phase are apc = a/

√
2, bpc = b/2, and

cpc = c/
√

2, whereas in the case of the R-3c phase the pseudocubic cell parameters are apc = a/
√

2, bpc = b/
√

2 and cpc = c/2
√

3.
(c) The bond length of Al–O and (d) the bond angle of Al–O–Al as a function of pressure for SmAlO3.

pairs. Figure 1(a) shows that one pair (Al–O1) is aligned with the b-axis, and the remaining short Al–O2
bond and the long Al–O2 bond are located in the ac-plane. The rotations of the AlO6 octahedra generate
two distinct Al–O–Al angles. One Al–O2–Al tilting angle is in the ac-plane and the other Al–O1–Al tilting
angle is aligned with the b-axis. As shown in figure 4(c), the lengths of the Al–O1 bond and the longer
Al–O2 bond shortens as the shorter Al–O2 bond length increases as a result of increasing pressure. The
three Al–O bond pairs are equal in length at 15.1 GPa. The Al–O–Al bond angles increases with increasing
pressure [figure 4(d)]. This implies that the tilting of the two neighboring AlO6 octahedra both along the
b-axis and in the ac-plane decrease at high pressures. These results combined indicate that the AlO6

octahedra become less tilted when the material is subject to high pressures. It also indicates that the lattice
distortion decreases at high pressures.

To exclude the effects of deviatoric stress caused by nonhydrostatic pressures, we also undertook
high-pressure Raman spectroscopy using Ne as the pressure-transmitting medium; the results are shown in
figure 5. In the Pnma structure, there are 24 Raman active modes: 7A1g + 7B1g + 5B2g + 5B3g. In the range
100–400 cm−1, we observed seven Raman modes, as shown in figure 5(a). We obtained the vibration
modes, as shown in figure 5(b).
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Figure 5. High-pressure Raman spectroscopy of SmAlO3. (a) Selected Raman spectra obtained at high pressure. (b) The
vibration modes of SmAlO3 at 0.7 GPa. (c) Pressure dependence of the Raman mode frequencies.

The Raman peak of the A1g mode around 200 and 345 cm−1 corresponds to a rotation about the y-axis
of the Sm atoms and a stretching mode in the direction parallel to the x-axis of the O1 atom in SmAlO3.
The B3g mode that is observed at around 139 cm−1 corresponds to a rotation about the z-axis of the Sm
atoms. The B1g mode situated at around 110 and 170 cm−1, and the A1g mode at around 287 cm−1

correspond to a rotation of the AlO6 octahedra. The B2g mode around 144 cm−1 corresponds to a rotation
of Sm atoms about the x-axis [47–50].

With increasing pressure, the intensity of the B1g mode situated at around 110 cm−1 and the A1g mode
at around 200 and 345 cm−1 decreased at a pressure of 9.3 GPa and disappeared completely around
18.0 GPa, as shown in figure 5(a). This indicates that a structural phase transition occurs at approximately
9.3 GPa, which is consistent with the XRD results obtained for SmAlO3. However, the Raman spectroscopy
results suggest that the structural phase transition of SmAlO3 is completed at a pressure of around
18.0 GPa; this pressure is higher than that obtained from the high-pressure XRD results (15.1 GPa). A
primary reason for this discrepancy is the different pressure-transmitting medium used in these studies.
This difference is due to the fact that hydrostatic loading induced by the methanol–ethanol mixture can be
maintained up to 10 GPa, whereas the Ne can maintain hydrostatic loading up to 20 GPa [51, 52]. We also
note that Raman spectroscopy is more sensitive than powder XRD when it comes to distinguishing the
small difference between the Pnma and R-3c space groups in the RAlO3 systems.

Figure 5(c) summarizes the Raman shift changes that occur as a result of changes in pressure. The A1g

mode at around 287 cm−1 and B1g mode around 170 cm−1 soften continuously with increasing pressure up
to a pressure of 9.3 GPa; this indicates a decrease in the octahedral tilt angle with increasing pressure. This
finding is consistent with the XRD results, as shown in figure 4(d). Compared with the Raman curves of
LaAlO3 and NdAlO3 with its rhombohedral structure at ambient pressure and room temperature [13],

7
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Figure 6. (a) XRD patterns of NdAlO3 as a function of pressure. (b) The evolution of the intensity of the (113) superlattice
reflection normalized by the (012) refraction at high pressure. (c) The XRD of NdAlO3 at 39.0 GPa. The inset shows the enlarged
view of superlattice reflection intensity I113 .

SmAlO3 shows a structural phase transition from orthorhombic-to-rhombohedral symmetry at a pressure
of around 9.3 GPa, which is consistent with the XRD results obtained here.

3.3. The lattice evolution of NdAlO3 at high pressures
Theoretical calculation suggested the existence of a rhombohedral-to-cubic phase transition at a pressure of
above 80 GPa [53]. In our study, we obtained the XRD patterns of NdAlO3 for pressures up to 39.0 GPa, as
shown in figure 6(a).

To investigate the possible structural phase transition, we induced the intensity change of one
superlattice reflection, I113, which is associated with the a−a−a−-type rotation of the oxygen octahedra [13],
as shown in figure 6(b). The normalized intensity of I113/I012 decreased with increasing pressure, indicating
the possibility of a phase transition from a rhombohedral-to-cubic structure. Unlike LaAlO3 [13], the Bragg
peak (113) is maintained up to pressures of 39.0 GPa, as shown in figure 6(c), which suggests that the
rhombohedral structure remains in the case of NdAlO3 up to the maximum pressure considered in our
study.

To obtain the lattice parameters and the state equation, the refinements of the rhombohedral phase of
NdAlO3 were investigated using the GSAS software under the pressures considered in this work. The fitted
pattern at a pressure of 19.3 GPa with Rp = 2.48% and Rwp = 1.43% is shown in figure S1. Figures 7(a) and
(b) present the lattice parameters of NdAlO3 as a function of pressure considering a pseudocubic cell.
Interestingly, the P–V curve shows a discontinuity; this discontinuity is obtained by fitting two sets of P–V
data separately for pressures below and above 19 GPa. This finding may be affected by the changes in lattice
vibration which is related to the high-pressure Raman study presented below. We observed B0 = 230(10)

8
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Figure 7. (a) The lattice parameters and (b) the unit cell volume of NdAlO3 as a function of pressure. (c) The bond length of
Al–O and (d) the bond angle of Al–O–Al in NdAlO3 as a function of pressure. The solid lines represent linear fittings. The solid
line in (b) indicates the Birch–Murnaghan equation of state. The cell parameters are described by a pseudocubic cell apc = a/

√
2

and cpc = c/2
√

3 describing the R-3c phase.

GPa and B′
0 = 6.7 for V0 = 310.456(5) Å3 for a pressure of 19 GPa. For pressures above 19 GPa, we

measured B0 = 301(16) GPa and B′
0 = 3.4 for V0 = 309.523(10) Å3. The obtained bulk modulus is slightly

higher than those observed in other perovskite oxides, such as YAlO3, PrAlO3, and LaAlO3 whose bulk
moduli are equal to 192(2), 193.0 (1.2), and 190 (5) GPa, respectively [13, 14, 46].

As shown in figure 7(a), the lattice parameters of NdAlO3 decrease smoothly with increasing pressure.
Interestingly, the values of a and c gradually converge for pressures above 20 GPa. This is likely to be caused
by two factors: the peak broadening in the XRD patterns at high pressure and the existence of a higher
structural symmetry that is reached by the decreasing of the AlO6 octahedra tilting at high pressure. To
further investigate the crystal structure of NdAlO3, we investigated the Al–O bond length and Al–O–Al
bond angle of NdAlO3 as a function of pressure; the findings are shown in figures 7(c) and (d). The Al–O
bond length decreases as the Al–O–Al bond angles increase with increasing pressure. This suggests that the
tilting of the AlO6 octahedra decreases at high pressures, as is the case in SmAlO3.

To obtain insight into the crystal structural changes in NdAlO3 at high pressure, we also undertook
high-pressure Raman spectroscopy using Ne as the pressure-transmitting medium; the results are shown in
figure 8. In the R-3c structure, there are 5 Raman active modes: A1g + 4Eg. Major peaks can be assigned as
follows: the band at 240 cm−1 of the A1g mode is related to the rotation of the O octahedra; the two bands
at 163 and 513 cm−1 of the Eg mode are associated with the vibration of the Nd atoms and the bending
vibration of O atoms, respectively; the band at 590 cm−1 of the Eg mode is related to the out of phase
stretching vibration of O atoms [54–56]. The forbidden Raman modes observed at around 380 and
700 cm−1 may be related to the vibrations of the Nd3+ ions [56].

9



New J. Phys. 24 (2022) 113008 H Li et al

Figure 8. High-pressure Raman spectroscopy results for NdAlO3. (a) Selected Raman spectra of NdAlO3 subject to high
pressures. (b) Pressure dependence of the Raman mode frequencies. (c) Pressure dependence of the A1g mode at high pressure.

Figure 8(b) summarizes the Raman shifts that occur with changes in pressure. The Raman peak at
240 cm−1 of the A1g mode softens continuously with increasing pressure, which is similar to the behavior
observed in the A1g mode of LaAlO3 and PrAlO3 subject to high pressure [13, 14]. This is induced by a
decrease in the octahedral tilt angle with increasing pressure; these findings are consistent with the XRD
results as shown in figure 7(d). Unlike LaAlO3 and PrAlO3, the A1g mode does not disappear or harden with
further increasing pressure for pressures up to 34.1 GPa; this illustrates the existence of the original
rhombohedral structure. The frequency of the A1g mode also shows discontinuity between 17.4 and 27 GPa,
as shown in figure 8(c). The hydrostatic pressure conditions imposed by Ne can be maintained up to
around 20 GPa [57]. To verify whether these effects are a result of changes to the A1g mode or the influence
of nonhydrostatic pressure conditions, we undertook high-pressure Raman spectroscopy using silicon oil as
pressure medium, as shown in figures S2 and S3. The frequency of the A1g mode also shows discontinuity at
approximately 10 GPa where nonhydrostatic pressure conditions are induced by the silicon oil
pressure-transmitting medium. We can thus conclude that the discontinuity in the A1g mode is a result of
the nonhydrostatic pressure conditions. The intensity of the Raman peak that is located around 380 cm−1

showed a sharp increase at a pressure of around 22 GPa, as shown in figure S4. This may be a result of the
lattice vibrations that could cause the discontinuity in the P–V curve obtained from XRD results at high
pressure.

Combined with the high-pressure XRD study, we can conclude that NdAlO3 maintains its original
rhombohedral structure for pressures up to 39.0 GPa.
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4. Conclusion

In this work, we have investigated the high-pressure structural characteristics of RAlO3 (R = Sm or Nd) at
room temperature using angle-dispersive synchrotron x-ray powder diffraction. It was found that SmAlO3

undergoes an orthorhombic (Pnma) to rhombohedral (R-3c) phase transition at a pressure of around
10 GPa; this is caused by the reduction in the tilt and distortion of the AlO6 octahedra that occurs when
they are subject to high pressures. The tilting of the AlO6 octahedra in NdAlO3 also decreases with
increasing pressures. However, NdAlO3 maintains its original rhombohedral structure for pressures up to
39.0 GPa. The details of the structural changes that occur in these compounds are useful for determining
the electrical and magnetic properties of RAlO3 (R = Sm or Nd) at high pressures.
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