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rare-earth nickelate via mode crystallography
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In the present work, we explored the interplay between the lattice and magnetic degrees of freedom in a
rare-earth nickelate EuNiO3, by carrying out temperature-dependent structural analysis in conjunction with
distortion mode analysis. The temperature-dependent powder synchrotron x-ray diffraction (SXRD) studies
revealed the presence of an orthorhombic Pbnm phase (tilt system a−

0 a−
0 c+

0 ), with an elementary perovskite
(pseudomonoclinic) cell, over the analyzed temperature range, i.e., 100–623 K. Further, we observed two distinct
anomalies in the temperature-dependent evolution of pseudomonoclinic cell parameters (cp/ap, γ , Vmono) around
463 K and 200 K corresponding to respective isosymmetric metal-insulator transition temperature (TM-I ), and
Neel temperature (TN ) linked with a volume gain at low temperatures dictating a magnetoelastic coupling in
the system. We show the existence of two distinct pseudomonoclinic phases, viz., Monometal (T > TM-I ) and
Monoinsulator (T < TM-I ), where the latter is more distorted than the former. The transition from Monometal to
Monoinsulator at TM-I is reminiscent of a phase transition from orthorhombic (metallic) to monoclinic (insulating)
phase, observed in other members of the rare-earth family. In addition, TM-I and TN are clearly evident by the
nonanalytical behavior of the condensed soft phonon modes amplitude corresponding to the zone boundary of
the cubic Brillouin zone, viz., X +

5 (q = 0, 1/2, 0) and R+
5 (q = 1/2, 1/2, 1/2) as a function of temperature.

DOI: 10.1103/PhysRevB.106.214103

I. INTRODUCTION

We can induce a structural phase transition in a crystalline
material by compositional engineering, temperature, pressure,
electric field, crystallite size, and so on [1–3]. Generally,
such phase transitions change the underlying symmetry of the
material. The nature of such phase transitions could either
be first or second order depending upon the group-subgroup
relationship between the parent and daughter phases [4].
While the structural phase transitions involving change of
space-group symmetry are very common in nature, there are
several known examples of less commonly observed isostruc-
tural phase transition (ISPT) in which the lattice symmetry
is preserved during the phase transition. These transitions
are usually marked by the discontinuous changes in lattice
constant, unit cell volume, dielectric constant, and so on [5,6].
In addition, such transitions may also exhibit a sharp change
in the fractional coordinates of the atoms, which are directly
related to displacement patterns of one or more modes cor-
responding to the irreducible representation (irreps) of the
parent space group. Isostructural phase transitions were ob-
served in various multiferroic systems such as BiFeO3 [7,8],
BiFeO3 − xPbTiO3 [5], YMnO3 [9] etc. linked with transfor-
mation of one ferroelectric phase into another. Recently, an
isostructural phase transition was observed in VO2 which is
accompanied by a metal-insulator transition [10].
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An intriguing example to investigate the cooperative
phenomenon between the electronic, magnetic, and lat-
tice degrees of freedom could be found in the series of
perovskite-structured rare-earth nickelates (RNiO3), where
R could be any rare-earth ranging from lutetium (Lu)
to lanthanum (La) [11,12]. All members of the series
(except LaNiO3) exhibit a sharp metal-to-insulator transition
as a function of temperature, which is accompanied by a
symmetry-lowering transition from high-temperature metal-
lic phase (orthorhombic Pbnm) to low-temperature insulating
phase (monoclinic P21/n) with a significant conductivity
change at M-I transition temperature (TM-I ) [13]. In the metal-
lic region, conduction in nickelates happens due to overlapped
p and d orbitals of oxygen and nickel, respectively, and
the charge transfer mechanism given by d3+

i p2−
j ↔ d2+

i p1−
j

[12]. Just below TM-I , nickelates behave as charge-transfer
semiconductors. This insulating phase is known to have two
nonequivalent Ni sites with slightly different average Ni-O
bond lengths. This subtle Ni site splitting below TM-I results in
a charge-ordered system and the charge disproportion among
the two Ni sites is given by 2Ni3+ → Ni3+δ + Ni3−δ [14,15].
In addition, all systems order antiferromagnetically at Neel
temperature (TN ), which is the same as TM-I for Pr and Nd but
lower than TM-I for smaller cations [15]. EuNiO3, a member of
the RNiO3 series, exhibits three distinct phases, viz., param-
agnetic metal, paramagnetic insulator, and antiferromagnetic
insulator [12,16]. The transition from paramagnetic metal to
paramagnetic insulator and then paramagnetic insulator to
antiferromagnetic insulator occurs at TM-I ≈ 460 K and TN ≈
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FIG. 1. The temperature-dependent evolution of x-ray diffraction profile of EuNiO3 prepared at high pressure (3.5 GPa). Panels (b) and
(c) represent the characteristic peaks of in-phase and out of phase rotation of adjacent NiO6 octahedra and cation displacements, respectively.
Panel (d) shows the temperature-dependent evolution of (44̄1) and (04̄4) peaks (indexing is done with respect to doubled pseudocubic cell).
Sudden shift of both the peaks towards higher angle above 448 K indicates occurrence of a phase transition. The peak marked by * corresponds
to minor impurity of NiO.

200 K, respectively [17]. The evidence of two nonequivalent
Ni sites in the insulating phase were verified earlier with the
aid of Mössbauer spectroscopy [18] and x-ray photoemis-
sion spectroscopy [19]. However, in our previous work, we
observed a single orthorhombic Pbnm phase over the whole
analyzed temperature range [20]. In this report, we expressed
the orthorhombic supercell (SG: Pbnm; tilt system: a−

0 a−
0 c+

0 ;
cell size:

√
2ap × √

2bp × 2cp) into an elementary perovskite
cell (pseudomonoclinic cell where ap = bp > cp, pseudomon-
oclinic angle γ �= 90◦). In our analysis, we identified two
distinct pseudomonoclinic phases, viz., Monometal (T > TM-I )
and Monoinsulator (T < TM-I ), where the latter is more distorted
structure as compared to the former as γ (Monometal) > γ

(Monoinsulator) and cp/ap (Monometal) > cp/ap (Monoinsulator).
The transition from Monometal to Monoinsulator may be consid-
ered similar to the symmetry-lowering metal-insulator phase
transition from orthorhombic (metallic) to monoclinic (in-
sulating) phase at TM-I , observed in other members of the
rare-earth series [21,22]. Apart from this, the signature of
the magnetoelastic coupling associated with antiferromag-
netic (AFM) transition is revealed by volume gain at low
temperatures, which is also supported by discontinuities in
pseudomonoclinic cell parameters (e.g., γ , cp/ap, etc.). Fi-
nally, we calculated the amplitude of various frozen phonon

modes using temperature-dependent symmetry mode anal-
ysis. The anomalies observed in the amplitude of phonon
modes, viz., X +

5 (q = 0, 1/2, 0) and R+
5 (q = 1/2, 1/2, 1/2),

are used to substantiate the phase transitions.

II. EXPERIMENTAL SECTION

Europium nickelate (EuNiO3) samples were synthesized
under very high hydrostatic pressure (3.5 GPa) conditions
in the presence of KClO4. The synchrotron x-ray diffrac-
tion (SXRD) experiments were carried out on EuNiO3 in
the transmission mode on the BL04-MSPD beamline of the
ALBA synchrotron (Barcelona, Spain) using the highest an-
gular resolution as provided by the MAD setup. The beam
energy was selected as 32 keV (0.38776 Å) to minimize the
absorption. The complete experimental procedure has been
given elsewhere [20]. Sequential x-ray diffraction patterns
were collected over a wide range of temperatures from 100–
623 K. The analysis of SXRD data was performed by Rietveld
method using the FULLPROF suite [23]. For phonon mode
decomposition we used AMPLIMODE software, available on the
Bilbao crystallography server [24,25].
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FIG. 2. (a) Zoomed view of (22̄2) and (2̄2̄2) reflections showing discontinuous shift around TM-I and TN. (b) Evolution of separation
between the (22̄2) and (2̄2̄2) reflections (�2θ ) with temperature. Two different slopes exist above and below the M-I phase transition and
a change of slope around TM−I indicates a remarkable increase in pseudomonoclinic distortion. Another change of slope around 200 K (Ni
spin-ordering temperature) gives evidence of spin-lattice coupling in the system.

III. RESULTS AND DISCUSSION

A. Anomalies in crystal structure

The powder synchrotron x-ray diffraction (SXRD) data
of EuNiO3 was taken from Ref. [20]. Figure 1(a) shows
the temperature-dependent evolution of the diffraction pro-
file of EuNiO3 in the selected 2θ range of 5◦–20◦. It was
observed that the diffraction patterns do not change dras-
tically as a function of temperature. There are two types
of reflections present in the diffraction patterns of EuNiO3,
viz., main perovskite reflections and superlattice reflections.
The main perovskite reflections arise due to the elementary
perovskite cell while the superlattice reflections are due to
the multipling of the elementary perovskite cell along one or
more crystallographic axis [Figs. 1(b) and 1(c)]. We indexed
all the reflections with respect to a doubled perovskite cell
having cell size 2ap, 2bp, and, 2cp, where ap, bp, and cp are
the cell parameters of the elementary perovskite cell. There
are a total of four distinct sets of hkl indices in the diffrac-
tion pattern, viz., even-even-even (eee), even-even-odd (eeo),
odd-odd-even (ooe), and odd-odd-odd (ooo); the first set of
indices corresponds to the main perovskite reflections, while
the remaining three are associated with superlattice reflec-
tions. The reflections having indices of even-even-odd (eeo)
type belong to antiparallel displacement of cations in adjacent
layer perpendicular to [001] pseudocubic direction. On the
other hand, reflections having indices odd-odd-odd (ooo) type
and odd-odd-even (ooe) type arise due to out-of-phase and
in-phase rotation of adjacent octahedra with respect to each
other. The out-of-phase and in-phase octahedra rotations are
driven by condensation of soft phonon modes corresponding
to R(q = 1/2, 1/2, 1/2) point and M(q = 1/2, 1/2, 0) point
of cubic Brillouin zone, respectively [26,27].

An elementary perovskite cell with orthorhombic structure
gives a singlet peak for (hhh) type reflections. However, in
case of EuNiO3 with orthorhombic structure (SG: Pbnm, tilt
system: a−

0 a−
0 c+

0 , cell size:
√

2ap × √
2bp × 2cp), we see two

distinct peaks corresponding to (hhh)-type main perovskite
reflections of elementary perovskite cell (i.e., pseudomono-
clinic in our case with ap = bp > cp, γ �= 90◦). For instance,
the (222) reflection (indexing was done with respect to the
doubled perovskite cell) in the diffraction pattern is split into
two, viz., (22̄2) and (2̄2̄2), respectively. The separation be-
tween these two peaks (�2θ = 2θ1 − 2θ2) is the measure of
pseudomonoclinic distortion [see Fig. 2(a)]. Two discontinu-
ities are clearly visible in the temperature-dependent evolution
of �2θ at the metal-insulator transition temperature (TM-I

≈ 463 K) and AFM ordering temperature (TN ≈ 200 K),
reported earlier [see Figs. 2(a) and 2(b)] [17,20]. An extreme
scenario would be the overlapping of the two peaks (�2θ =
0) resulting into a tetragonal unit cell with no pseudomono-
clinic distortion.

The diffraction pattern shifts toward lower angles, indi-
cating the increase in unit cell volume with an increase in
temperature. However, (04̄4) and (44̄1) reflections show dis-
continuity in the peak positions between 473 K and 448 K
[Fig. 1(d)]. Such a discontinuous shift of diffraction peaks
indicates the onset of a phase transition between these two
temperatures. On further decreasing the temperature, the in-
tensity and the position of the peaks again change in a
continuous manner. To ascertain the crystallographic struc-
ture of the phase, we carried out the Rietveld refinements of
the SXRD data at various temperatures using the FULLPROF

software package [23]. For 473 K and above, we consid-
ered the orthorhombic (SG: Pbnm) model, which has been
reported for other members of RNiO3 above the M-I transi-
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tion. The orthorhombic Pbnm space group is an octahedrally
tilted system with cell size

√
2ap × √

2bp × 2cp and can be
described by a simple tilt system a−

0 a−
0 c+

0 in Glazer’s notation
[26,27]. In the Pbnm model, Eu and Ni occupy the Wyckoff
sites 4c(x, y, 1/4) and 4b(1/2, 0, 0), while oxygen occupies
two different Wyckoff sites 4c(x, y, 1/4) and 8d (x, y, z), re-
spectively. This model fits very well for all the diffraction
patterns above 473 K, as expected from previous results. For
nickelates, it was observed that below the M-I transition,
the crystallographic symmetry lowers to a monoclinic space
group (P21/n) [21,22]. The M-I transition temperature for
EuNiO3 is reported at 463 K [17]. Keeping this in mind,
we checked the possibility of the monoclinic space group
(P21/n) at � 448 K. However, while refining with this space
group, we have not seen any improvement in the fitting. Ad-
ditionally, the absence of characteristic peak splitting of the
(04̄4) peak rules out the presence of the long-range-ordered
monoclinic (P21/n) phase. The sudden change in intensity
and positions of the peaks such (04̄4) and (44̄1) indicates
the occurrence of an isosymmetric phase transition (ISPT).
Next, we tried to refine the structure with the same Pbnm
model, which gave us satisfactory fit up to the lowest tem-
perature. Hence, we conclude that the long-range symmetry
is the same across the M-I and AFM transition temperature.
Cinthia et al. [28] performed XAS studies on rare-earth nick-
elates with lighter lanthanides (RNiO3; R = Pr, Nd, Eu, Y)
where they argued that there are two different Ni sites present
locally (at short-range) in insulating and metallic phase. In
contrast, heavier lanthanides have a long-range monoclinic
phase stable below the M-I phase transition [29]. From this,
we infer that RNiO3 with lighter lanthanides have a stable
orthorhombic phase with Pbnm space group above and be-
low the TM−I. Therefore, our findings are consistent with the
previous report and we believe EuNiO3 may have a mono-
clinic local structure, but its average structure is orthorhombic
below TM-I . Hence, we conclude that the M-I transition in
this system is isosymmetric. In general, ISPTs are accompa-
nied by discontinuous changes in various physical properties
such as specific heat, unit cell volume, resistivity, frac-
tional atomic coordinates, and so on [5,30]. Different order
parameters such as bond lengths, bond angle, atomic posi-
tions, unit cell volume, lattice parameters etc. were suggested
[7,31,32].

At this point, it is worth mentioning that the orthorhom-
bic supercell could be visualized from elementary perovskite
(pseudomonoclinic) cell with lattice parameters ap, bp, cp, and
the unique angle between ap and bp (γ ) whose relation with
orthorhombic supercell parameters can be given as [33–35]

ap = bp = 1
2 [

√
A2 + B2], (1)

cp = C

2
, (2)

A2 = a2
p + b2

p − 2apbpcos(γ ), (3)

B2 = a2
p + b2

p + 2apbpcos(γ )′. (4)

Here ap = bp, hence Eq. (3) will give

sin(γ /2) = A

2ap
. (5)

FIG. 3. Temperature-dependent evolution of pseudomonoclinic
cell parameters. The inset (a) shows the sudden change of cp/ap

between 448 K and 473 K. The inset (b) shows the transformation
of the orthorhombic supercell into a pseudomonoclinic cell.

Here, ap, bp, and cp are cell parameters of the pseu-
domonoclinic cell while A, B, and C are cell parameters
of the orthorhombic supercell. The pseudomonoclinic angles
are (γ ) = 90◦ − δ and (γ )′ = 90◦ + δ, where δ is a small
deviation from 90°. The temperature-dependent variation of
the elementary perovskite (pseudomonoclinic) cell parameters
ap = bp, cp and the pseudomonoclinic angle γ of EuNiO3

can be obtained by Rietveld-refined orthorhombic unit cell
parameters (A, B, C).

It is interesting to observe that, although the elementary
perovskite cell exhibits pseudomonoclinicity over the tem-
perature range (100–623 K), it enhanced as the temperature
decreases, with an anomaly at the M-I transition (Fig. 3).
The abrupt change in pseudomonoclinic cell parameters at
TM−I is indicative of the first-order isosymmetric metal-
insulator phase transition. Figure 4 depicts the variation of

FIG. 4. Temperature-dependent evolution of pseudomonoclinic
angle γ and volume Vmono. A drastic change in slope of γ vs T around
M-I transition, point out the change in distortion of the pseudomon-
oclinic cell. The inset shows an expanded view of low-temperature
region of both curves.
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pseudomonoclinic angle (γ ) and volume (Vmono) with temper-
ature. A sharp anomaly at TM-I is clearly visible in the pseu-
domonoclinic cell parameters (see Figs. 3 and 4), separating
two pseudomonoclinic regions, viz., (a) metallic pseudomon-
oclinic region above TM-I and (b) insulating pseudomonoclinic
region below TM-I. The two regions correspond to two distinct
pseudomonoclinic phases, viz., Monometal and Monoinsulator,
respectively, where the latter is more distorted than the
former since γ (Monometal) > γ (Monoinsulator) and cp/ap

(Monometal) > cp/ap (Monoinsulator). We find that these two
phases, viz., Monometal and Monoinsulator are in close analogy
with the orthorhombic (metallic) and monoclinic (insulating)
structures discovered in other members of the rare-earth nick-
elates [21,22]. The transition from Monometal to Monoinsulator

resembles the symmetry-lowering metal-insulator transition
from high-temperature orthorhombic (metallic) phase to low-
temperature monoclinic (insulator) phase at TM-I, generally
observed in rare-earth nickelates, thus establishing a corre-
spondence between the two transitions. Moreover, an anomaly
at T ≈ 200 K is observed in the pseudomonoclinic angle γ ,
which coincides with the Neel temperature (TN ) reported
earlier [17]. Furthermore, below 200 K, there is a change
in Vmono versus T slope without a discernible change in the
magnitude of Vmono. This demonstrates the interconnection
between magnetic and lattice degrees of freedom suggesting
a spin-phonon (magnetoelastic) coupling in the system. Such
magnetoelastic coupling is typically seen when the thermal
expansion of lattice deviates from Gruiensen’s law. This law
accounts for phonons as a contributor to the thermal expan-
sion of lattice parameters [36]. From Fig. 4 it is very clear
that below TN , EuNiO3 experiences an additional contribu-
tion to the thermal expansion of magnetoelastic origin. Such
a contribution could be attributed to a long-range antiferro-
magnetic ordering due to the existence of magnetic moment
instabilities and related structural transition associated with
the magnetic transition. However, data points were insufficient
to separate the thermal and magnetic contributions to volume
expansion.

Both the space-group symmetry and the occupied Wyckoff
positions are preserved in the isostructural phase transition
(ISPT) in EuNiO3. To gain insight into ISPT, we examined
the temperature-dependent evolution of atomic coordinates.
In our Pbnm model, Ni has fixed position while Eu and O
atoms have variable fractional coordinates. Owning to the
higher atomic number of the Eu atom, the information content
regrading the Eu atom in x-ray diffraction data is signifi-
cantly more than the O atom. Accordingly, we considered
the temperature-dependent evolution of Eu coordinates in our
analysis to explore the ISPT and AFM transitions. Figure 5
depicts the variation of the x and y coordinates of the Eu
atom with temperature. Across the M-I transition and AFM
ordering, both coordinates change in a nonanalytical way.
The irregularities in the the displacement of the cations are
very well reflected in the diffraction pattern in even-even-odd
(eeo) type reflections for, e.g., (44̄1) (see Fig. 1). We will
now use distortion-mode analysis to ascertain the possible role
of condensation of soft phonon modes in stabilizing the low
symmetry phase.

FIG. 5. Temperature-dependent evolution of fractional x and y
coordinates of Eu atom obtained from Rietveld refinement using
powder synchrotron x-ray diffraction data. Discontinuities around TN

and TM-I are clearly visible in both the plots.

B. Distortion mode analysis

The orthorhombic Pbnm phase of EuNiO3 could be de-
scribed as the superposition of various distortion modes of
an ideal cubic structure [35]. Distortion modes that lead to
the low symmetry phase are considered as primary modes,
while other symmetrically permitted modes are considered as
secondary modes. The amplitude of primary distortion modes
act as an order parameter to describe the phase transition(s)
and anomalies in its temperature-dependent evolution gives
the signature(s) of the structural phase transition(s) [37–39].
The low symmetry distorted structure could be derived from a
high symmetry structure via condensation of one or more soft
phonon modes. Moreover, a group-subgroup relation must
exist between the parent and low symmetry structure and the
low symmetry structure can be visualized as a high symmetry
structure plus a static symmetry breaking structural distortion
[24,25]. Mathematically this could be written as

r(μ, i) = ro(μ, i) + u(μ, i), (6)

where ro(μ, i) are the positions of μ (μ= 1,2,3,..., ) atoms
within the asymmetric unit of the parent structure corre-
sponding to space group G expressed in the low-symmetry
setting, r(μ, i) are the positions of μ atoms in the low-
symmetry structure corresponding to space group H , which
is a subgroup of group G, u(μ, i) are the static atomic
distortions present in the low-symmetry structure, respec-
tively. These distortions can be seen as a contribution
from different frozen phonon modes whose symmetries are
given by the irreducible representations of the parent space
group. For quantifying the distortion modes, we used AM-
PLIMODES, a program available on the Bilbao crystallography
server [24,25]. Given the high- and low-symmetry structures,
AMPLIMODE calculates the amplitude and polarization vec-
tors of the distortion modes corresponding to different
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TABLE I. Wyckoff sites occupied by atoms in low- and high-
symmetry structures along with phonon modes responsible for
symmetry breaking.

Wyckoff site splitting

SG:Pm3̄m Symmetry breaking modes SG:Pbnm
Eu 1a X +

5 (Eu), R+
5 (Eu) Eu 4c

Ni 1b - Ni 4b
O 3d R+

4 , M+
3 , X +

5 (O), R+
5 (O), M+

2 O1 4c, O2 8d

symmetry modes in the structure. The amplitudes of the dis-
tortion modes are used as order parameters to describe the
symmetry breaking transition (for, e.g., Pm3̄m → Pbnm in
our case). For calculating the amplitudes of various distortion
modes, responsible for driving the phase transitions, we need
(i) polarization vectors corresponding to respective distortion
mode, (ii) lattice parameters of the reference structure, (iii)
Wyckoff site multiplicity, and (iv) displacement of atoms in
the low-symmetry phase with respect to their positions in
undistorted reference structure. Here, the polarization vec-
tors are useful in defining the corelated atomic displacements
that are involved in each mode and provide valuable infor-
mation for understanding the structural phase transitions of
displacive type.

As input for the AMPLIMODES, we used the primitive cubic
cell (SG: Pm3̄m) and orthorhombic cell (SG:Pbnm) as high
and low symmetry structures, respectively [40]. Eu, Ni, and
O atoms occupy 1(b) (0.5,0.5,0.5), 1(a) (0,0,0), and 3(d)
(0.5,0,0) Wyckoff sites, respectively, in the high symmetry

cubic phase with perovskite structure ABO3. The transition
from cubic phase to orthorhombic phase occurs via splitting
of the Wyckoff site in the fashion given in Table I.

The static displacement resulting from synergistic cou-
pling of two primary modes, viz., R+

4 and M+
3 leads to a

symmetry breaking transition: Pm3̄m → Pbnm. These two
order parameters are linked with R (q = 1/2, 1/2, 1/2) and
M (q = 1/2, 1/2, 0) point of the cubic Brilluion zone and
result in out-of-phase and in-phase rotations of adjacent octa-
hedra, respectively [3,39,41,42]. Two other secondary modes
with considerably high amplitudes, viz., X +

5 (q = 0, 1/2, 0)
and R+

5 (q = 1/2, 1/2, 1/2) primarily contribute to displace-
ments of the A site cation. Figure 6 depicts the schematic
representation of the seven distortion modes involved in the
orthorhombic Pbnm phase. For clear representation, two dif-
ferent schematics were used to show the displacement pattern
of modes involving more than one atom for, e.g., Figs. 6(a)
and 6(b) for R+

5 and Figs. 6(c) and 6(d) for X +
5 . In Fig. 7,

we plotted the temperature-dependent evolution of the R+
5 (Eu)

and X +
5 (Eu) modes’ amplitude. The phonon-mode amplitudes

of these modes increase with the decrease in temperature,
suggestive of enhancement in distortion at low temperatures.
Further, the anomalies in mode amplitudes around TM-I ≈
463 K and TN ≈ 200 K, corroborate the two transitions. These
two modes are of particular importance in our case since
we are using synchrotron x-rays to probe the crystal struc-
ture, which is more susceptible to heavier atoms due to their
high electron density. Hence x-rays can be used to capture
the subtle displacement of Eu atoms. Furthermore, neutron
diffraction experiment is not feasible in the case of EuNiO3

FIG. 6. Schematic representation of the atomic displacement pattern of various distortion modes involved in symmetry breaking transition
Pm3̄m → Pbnm: (a) R+

5 (Eu), (b) R+
5 (O), (c) X +

5 (Eu), (d) X +
5 (O), (e) R+

4 , (f) M+
3 , and (g) M+

2 . Irreps having contribution from more than one
atom (X +

5 and R+
5 ) are represented separately.
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FIG. 7. Temperature-dependent evolution of X +
5 (Eu) and

R+
5 (Eu) phonon modes amplitude. These two modes are responsible

for displacement of Eu atom from its position in an ideal cubic
structure.

due to the high absorbing nature of Eu atoms. In the light of
our results, we show that the structural phase transitions can
be probed efficiently with the modes associated with the A site
cation.

IV. CONCLUSION

In this work, we presented strong evidences for an
isosymmetric metal-insulator transition by expressing the
conventional orthorhombic supercell into an elementary
perovskite (pseudomonoclinic) cell for a rare-earth nickelate
EuNiO3. We identified two distinct pseudomonoclinic phases,

viz., Monometal (T > TM-I ) and Monoinsulator (T < TM-I ) where
the latter is comparatively more distorted. The Monometal and
Monoinsulator are similar to the orthorhombic and monoclinic
structures frequently observed in the other members of the
rare-earth family. The anomalies observed in the temperature-
dependent evolution of pseudomonoclinic cell parameters
(ap/cp, γ , Vmono) are very well corroborated with the metal-
insulator transition temperature (TM-I ) and Neel temperature
(TN ). The volume gain by elementary perovskite (pseudomon-
oclinic) cell below Neel’s temperature gives evidence of
spin-phonon coupling. The fractional atomic coordinates of
the Eu atom obtained by Rietveld analysis, and the ampli-
tude of corresponding phonon modes (X +

5 and R+
5 ) change

in a nonanalytical manner at TM-I and TN . The anomalies
in the amplitude of phonon modes at Neel temperature also
suggest spin-lattice interactions in the system. The new in-
sight into metal-insulator (M-I) and antiferromagnetic (AFM)
transitions has been given using rigorous crystallography of
supercell as well as elementary perovskite cell coupled with
symmetry mode analysis. Our results show the advantage of
using an elementary (pseudomonoclinic) cell description of
an orthrhombic supercell for quantifying various structural
distortions driven by symmetry-adapted phonon modes. The
presence of magnetoelastic coupling in the system provides
an extra degree of freedom for device fabrication.
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