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ABSTRACT: We presented the results of various aspects related to structural, elastic,
electronic, dynamic, and magnetic parameters of cubic perovskite CeCrO3 by means of
the full-potential linearized augmented plane wave (FP-LAPW) approach. The
calculation of the unit cell volume against the total energy curve confirms that
CeCrO3 exhibits higher energetic stability in the ferromagnetic (FM) order. Calculated
structural aspects at equilibrium demonstrate excellent similarity to present information,
lending credibility to our results. Moreover, monocrystalline elastic constants have been
analyzed numerically. These constants provide insights into several related properties,
including elastic anisotropy, mechanical stability, and several polycrystalline elastic aspects. Furthermore, the phonon dispersion
curves obtained from our calculations reveal the existence of soft modes, which suggests the potential metastability of CeCrO3.
Through an analysis of the energy band dispersions, the half-metallic nature of this material is confirmed, such as Eg = 3.00 and 3.13
eV for the HM state within generalized gradient approximations Perdew−Burke−Ernzerhof (GGA-PBE) and Tran−Blaha modified
Becke−Johnson (TB-mBJ) calculations, respectively, as well as the FM total magnetic moment of 4.000 μB. Partial density of states
(PDOS) aided in identifying the electronic states that contribute to the energy bands. Finally, the computed total magnetic moment
aligns fit the theoretical findings available in the literature.

1. INTRODUCTION
Perovskite materials exhibit remarkable tunability in terms of
their chemical composition, electronic and magnetic proper-
ties, and optical characteristics. This has led to extensive study
of the electromagnetic aspects of rare-earth (RE) and
transition metal-based perovskites, such as RECrO3, due to
their diverse range of applications and the complexity of their
structures and physical properties.1−3 In general, RECrO3
compounds adopt the perovskite structure (space group
Pm3̅m (no. 221)), which is cubic in nature. In this crystal
structure, the rare earth (RE) atom is located at the (0, 0, 0)
site, the chromium (Cr) atom is situated at the (1/2, 1/2, 1/2)
position, while face-centered locations at (1/2, 1/2, 0), (0, 1/2,
1/2), and (1/2, 0, 1/2) are occupied by oxygen atoms.
Rare-earth and transition metal-based perovskites remain the

focus of various theoretical as well as experimental inquiries.4−9

Shukla et al. conducted a study on CeCrO3 nanocrystals, where
they synthesized and investigated their properties. They
observed that CeCrO3 exhibits antiferromagnetic behavior
and possesses an optical gap in the visible-light range.4 In
CeCrO3, the magnetic moments of Ce3+ and Cr3+ are
antiparallel, resulting in magnetization compensation.2 Fur-
thermore, the spin-flip phenomenon evoked by the Zeeman
energy concerning entire magnetic moments is responsible for
the reversal of external magnetic field magnetization in

CeCrO3. Additionally, optical transitions in oxygen p states
and transition metal d-states have a major influence on the
electronic parameters of Ba(Zr, Hf)O3 perovskites.

5 Rashid et
al. inspected structural, magnetic, and electronic aspects of
perovskite CeCrO3.

6 Their conclusion suggests that the
compound exhibits a half-metallic ferromagnetic nature with
a total magnetic moment of 4 μB. Recently, the DyFeO3
compound7 has been investigated as being multiferric and
ferroelectric in nature. Perovskite oxides (ABO3), which are
frequently found in the rare-earth transition-metal oxides of the
RMO3 (R = La, Lu; M = Ti, Cr, Mn, Fe) formula, are the
subject of this study in situ high-pressure X-ray diffraction.8 In
addition to this, the FP-LAPW method is employed by
Shawahni et al. to study the structural, mechanical, and
optoelectronic parameters of SrTMO3 (TM = Rh, Zr)
compounds.9

The inspiration for the exploration of the CeCrO3
compound is its possible utility in spintronics, magnetic
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switching devices, and various related fields. This article covers
the investigation of fundamental aspects of CeCrO3 com-
pounds. Although theoretical and experimental research on
these compounds is rare, it is necessary to establish aspects of
the material. To cover this lack of work, we utilized density
functional theory (DFT) to find out the structural, elastic,
electronic, dynamic, and magnetic aspects of perovskite
CeCrO3. No study was found that calculated the dynamical
and mechanical aspects. Therefore, to fulfill this absence of
work, we calculate these properties. The paper is organized
into the following sections. The calculation method is
discussed in Section 2. Section 3 presents the most significant
results obtained. Finally, the last part provides the deduction
summarizing focused findings.

2. COMPUTATIONAL METHOD
In this investigation, to solve the one-electron Kohn−Sham
equations state-of-the-art density functional theory (DFT), the
FP-LAPW method is implemented in WIEN2k package,10−12

which is used to calculate the structural and electronic
parameters of the cubic perovskite CeCrO3. To model
exchange-correlation functionals, Perdew−Burke−Ernzerhof
generalized gradient approximation (PBE-GGA) functional13

is employed to cover structural and mechanical properties.
Additionally, to examine the electronic structure, the Tran−
Blaha modified Becke−Johnson (TB-mBJ) potential14 is
employed. To enhance the accuracy of electronic structure
calculations, the TB-mBJ functional was developed specifically
for solids, particularly for obtaining more reliable band gap
estimates in semiconductors and insulators. In the FP-LAPW
approach, the unit cell is separated into two individual regions.
The first region, known as the muffin-tin spheres space,
comprises spheres with radii RMT surrounding the atoms.
These spheres are designed to encompass all core electrons
without overlapping. The second region, termed the interstitial
region, corresponds to the space between the muffin-tin
spheres. Within the spheres of muffin-tin, the electronic wave
functions are extended using a spherical harmonic basis with a
maximum orbital angular momentum (lmax) restriction. On the
other hand, in the interstitial region, the wave functions are
expanded using a plane-wave basis, with the largest reciprocal

lattice vector (Kmax) that is used to find the cutoff. To ensure
accurate calculations of the total energy, a cutoff parameter lmax
= 10 has been chosen for the spherical harmonics basis set, and
a reciprocal lattice vector cutoff Kmax = 8/RMT

min is determined
based on the size of the smallest muffin-tin sphere RMT

min. The
Ce atom is located at (0, 0, 0), the Cr atom at (1/2, 1/2, 1/2),
and the oxygen atoms sit at face-centered positions (1/2, 1/2,
0), (0, 1/2, 1/2), and (1/2, 0, 1/2).
Furthermore, the muffin-tin sphere radii for Ce, Cr, and O

are specified as 2.50, 1.83, and 1.66 Bohr, respectively. The
total energy remains stably self-consistent with a convergence
criterion of 10−5 Ry. To ensure sufficient accuracy for total
energy self-consistent calculations, a special 12 × 12 × 12
Monkhorst−Pack15 k-point mesh is employed to sample the
Brillouin zone (BZ).

3. RESULTS AND DISCUSSION
3.1. Structural Properties. Structural optimization by

minimizing the total energy of CeCrO3 with respect to varying
unit cell volume was performed for ferromagnetic, non-
magnetic, and antiferromagnetic phases to obtain the
equilibrium lattice parameter (ao), bulk modulus (B), pressure
derivative of the bulk modulus (B′), and ground state energy
(E0) corresponding to equilibrium volume V0. The obtained
total energy (E) of CeCrO3 as a function of volume (V) was
fitted using the equation of state (EOS)16
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Using the calculated total energies, it was possible to compare
the relative stability of various magnetic phases, ferromagnetic
(FM), antiferromagnetic (AFM), and nonmagnetic (NM)
configurations. Figure 1 shows the energy−voltage diagram of
CeCrO3 for different magnetic phases. The energies of the
AFM and NM phases lie higher than that of the FM phase.
The relative stabilities of several magnetic phases, FM, AFM,

and NM configurations, are compared using the computed
total energies. The energy−volume diagram of CeCrO3 for
various magnetic phases is displayed in Figure 1. The NM and

Figure 1. Total energy as a function of volume for the cubic perovskite of CeCrO3 for NM, FM, and AFM phases.

ACS Omega http://pubs.acs.org/journal/acsodf Article

https://doi.org/10.1021/acsomega.3c09292
ACS Omega 2024, 9, 11820−11828

11821

https://pubs.acs.org/doi/10.1021/acsomega.3c09292?fig=fig1&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.3c09292?fig=fig1&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.3c09292?fig=fig1&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.3c09292?fig=fig1&ref=pdf
http://pubs.acs.org/journal/acsodf?ref=pdf
https://doi.org/10.1021/acsomega.3c09292?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as


AFM phases have energies that are higher than those of the
FM phase.
The most stable configuration is the FM phase, which has

the lowest minimum energy in the energy−volume curve. We
calculated the lattice parameter a0 using the value V0, which
corresponds to the lowest minimum energy, as systems always
try to reduce their energy. The value was found to be 3.877 Å,
which is compatible with the previous study (3.877 Å).6 The
total energy, lattice parameter, bulk module, and its derivative
with respect to the pressure for the different phases are listed in
Table 1.

The stability of the structures in the cubic phase was verified
using the tolerance factor. The calculation of the tolerance
factor was done by using the relation = +

+t r r
r r

0.707( )Ce o

Cr o
. Here, rCr

+ ro characterizes the difference between Cr and O atoms,
while it authenticates from calculations that CeCrO3 possesses
a 0.95−0.99 value of tolerance factor.
Figure 1 and Table 1 show that the FM is the ground state

energy, so we have excluded the NM and AFM phases and
proceeded with the FM phase.
3.2. Elastic Properties. We employed the Morteza

package,17 developed and integrated into the WIEN2k code,
to determine the monocrystalline elastic constants (Cij) for the
cubic crystal structure of CeCrO3. This method utilizes the
total energy versus strain relationship to determine the Cij
values. The theoretical details of this method can be found in
the referenced work of Morteza.17 In Table 2, the obtained Cij
values are presented. It can be followed that the Cij calculated
values satisfy cubic crystal standard Born’s stability criteria18

(C11 > 0, C11 + 2C12 > 0, C11−C12 > 0, and C44 > 0), indicating
the mechanical stability of CeCrO3. In practical applications,
synthesized materials are often polycrystalline aggregates.
Therefore, it becomes necessary to determine their isotropic
elastic moduli, namely, the isotropic Young’s modulus (Y),
bulk modulus (B), Poisson’s ratio (ν), and shear modulus (G).
The Voigt−Reuss−Hill (VRH) approximations19−21 can be
employed to estimate these elastic moduli from the
monocrystalline elastic constants. As per the VRH method-
ology, the modulus for polycrystals can be achieved by taking
the arithmetic mean of Voigt and Reuss bounds in lieu of
nanocrystals. Specifically, shear modulus G for a cubic crystal
can be evaluated by using the subsequent criteria

= [ + ]G C C C C C C5( ) / 4 3( )R 11 12 44 44 11 12 (2)

= +G C C C
1
5

( 3 )V 11 12 44 (3)

The terms “V” and “R” in the equations imply Voigt’s and
Reuss’s approximations, respectively. For bulk modulus, the
Voigt and Reuss approximations yield the same relationship

= +B C C
1
3

( 2 )11 12 (4)

By utilizing the considered B and G terms, one can further
determine Young’s modulus Y and Poisson’s ratio ν, commonly
estimated for polycrystalline compounds for assessing the
hardness using the following equations

=
+

=
+

Y BG
G B

v B G
B G

9
( 3 )

;
3 2

2(3 ) (5)

The values for the polycrystalline elastic moduli are presented
in Table 2. They highlight that CeCrO3 has a medium
strength. These elastic moduli provide valuable insights into
various physical phenomena exhibited by the material. Pugh’s
ratio B/G larger than 1.75 categorizes the material as ductile,
whereas a ratio below 1.75 indicates brittle behavior.22 Based
on our calculations, the B/S ratio of CeCrO3 is determined to
be 2.46, classifying it as a ductile material. Furthermore,
Poisson’s ratio can offer evidence about the nature of bonding
forces and the material’s stability. A Poisson’s ratio greater than
0.25 suggests predominantly ionic bonding in the compound,
whereas a value below 0.25 indicates predominantly covalent
bonding. In the case of CeCrO3, the calculated Poisson’s ratio
is 0.321, indicating a predominantly ionic nature of the
chemical bonds in the compound.
The characterization of elastic anisotropy in crystals holds

significant importance due to its association with various
physical phenomena in materials.23 In this study, we employed
anisotropy factor A as a metric to quantify the degree of elastic
anisotropy. In an isotropic crystal, the A value equals unity,
thereby serving as a baseline. Consequently, deviation of A
from unity confers the extent of elastic anisotropy present in
the material under consideration.24 For CeCrO3, we calculated
the value of A to be 0.194, suggesting a pronounced elastic
anisotropy within the material. This value highlights a
substantial departure from isotropy, indicating significant
variations in the elastic properties along different crystallo-
graphic directions.
3.3. Elastic Anisotropy. The anisotropy of physical

properties in crystals arises from the varying bonding
characteristics along different crystal directions. Elastic
anisotropy plays a crucial role in influencing various properties
of crystals, including phase changes, internal friction, unique
phonon modes, and crack behavior.25−28 Therefore, it is used
to quantify the degree of elastic anisotropy in crystals to
predict its effects on associated physical processes. Three-
dimensional (3D) and two-dimensional (2D) representations
serve as effective tools for visualizing this directional
dependence. In the case of the isotropic elastic modulus, a

Table 1. Calculated Equilibrium Lattice Parameter (a0),
Bulk Modulus (B), and Pressure Derivative of B (B′) and
Ground State Energy (E0) of CeCrO3 for Different Phases

magnetic phase a0 (Å) B (GPa) B′ E0 (Ry)

FM 3.877 182.234 4.308 −20284.590710
AFM 3.8763 175.9224 3.1571 −20284.585351
NM 3.813 213.018 4.600 −20284.540896
others6 3.877 183.810

Table 2. Calculated Monocrystalline Elastic Constants (Cij, in GPa), Polycrystalline Moduli, Including the Bulk Modulus (B, in
GPa), Shear Modulus (G, in GPa), Young’s Modulus (Y, in GPa), Poisson’s Coefficient (v, Dimensionless), Pugh Coefficient
(B/G, Dimensionless), and Anisotropy Factor (A, Dimensionless) of CeCrO3 in the Cubic Structure

C11 C12 C44 B G B/G Y v A

357.9 83.0 26.7 174.6 71.0 2.459 187.6 0.321 0.194
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perfectly spherical closed 3D surface and a circular form curve
in the 2D representation depict the crystal direction depend-
ence of the modulus. Consequently, any deviation from the
spherical shape in the 3D representation or from the circular
form in the 2D representation indicates the level of anisotropy
exhibited by the elastic modulus being analyzed. Y and G in a
cubic crystal are mathematically described as29,30

= = +Y S SJ G S SJ( , ) ( 2 ) ; ( , ) ( 4 )11
1

44
1

(6)

Here, S = S11 − S22 − 0.5S44 and J = sin2 θ·cos2 θ +
0.125 sin4 θ(1 − cos 4φ). In this context, θ and φ are the Euler
angles, and Sij are the elastic compliance constants. Figure 2
depicts both three-dimensional (3D) and two-dimensional
(2D) representations of Young’s modulus and shear modulus
for CeCrO3. Additionally, their cross sections in the xy, xz, and
x = y planes exhibit significant deviations from circular shapes.
These observations indicate a pronounced anisotropy in the
elastic moduli E and G, thereby signifying a substantial elastic
anisotropy in CeCrO3. The maximum value of Young’s
modulus (Emax) is observed along the <100> direction, with
a magnitude of 327.0 GPa. Conversely, the corresponding
minimum value (Emin) is observed along the <111> direction,
measuring 76.0 GPa. Furthermore, the maximum value of the
shear modulus (Gmax) is observed along the <111> direction,
amounting to 57.7 GPa. In contrast, the minimum value (Gmin)
is observed along the <100> direction, measuring 26.6 GPa.
These substantial discrepancies between the maximum and

minimum values of Young’s modulus and shear modulus
underscore significant elastic anisotropy exhibited by CeCrO3.
3.4. Electronic Properties. 3.4.1. Band Structure. Any

material’s electronic properties, such as its energy band gap
and density of states (TDOS and PDOS), are crucial to
understanding its electronic behavior. The band structure of
any given material can be used to determine whether or not it
is appropriate for a given role.
This section is devoted to calculating the band diagrams for

the spin down and up for the CeCrO3 alongside the Brillouin
zone at zero pressure, in high symmetry directions have been
depicted in Figure 3a,b and in Table 3, respectively.
Table 3 shows the comparison between results using

approximation PBE-GGA and then by utilizing the mBJ
potential. It can be observed from Table 3 that both
correlation results are in good accordance with each other,
revealing the metallic and indirect nature of the band gap of
about 3 eV. The detailed discussion of separate channels
implies that in down spin channels, the valence band maximum
(VBM) ensues at the M-symmetry point; however, a
conduction band minimum (CBM) occurs along the Γ-point
along with an energy gap of about 3 eV.
The calculations of the energy band gap have been improved

by a modified Beke−Johnson potential (mBJ-GGA). As shown
in Figure 4a,b, in the case of spin up, the band gap remains
metallic. However, in the spin-down channel, a very small
percentage of energy gap was observed to be about 3.13 eV.
That means that the material is a semiconductor in this

Figure 2. Calculated three-dimensional representations (stereograms) of Young’s modulus (E) (panel (a)) and shear modulus (G) (panel (b)) for
the CeCrO3 cubic perovskite. Additionally, the cross sections of the stereograms in the x = y and xy/xz/yz planes are represented (panels (a′) and
(b′)).
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channel, as figured in Figure 4b. The calculated band gap
within the mBJ-GGA has been recorded by Rashid et al.,6 who
obtained a value of 2.89 eV, which is in exact alliance with our
values. No significant spin−orbit interaction was found
because the interaction provided by the spin−orbit has no
effect on the electronic aspects of our compound.
There are primarily two types of exchanges that lead to band

gaps in solids: d-d hybridization and charge transfer. In line
with other perovskites, our compound’s charge transfer gap is
the most dominant of these.

3.4.2. Density of States. In this section, at each energy
occupied description of the ratio of states has been illustrated
as shown in Figures 5 and 6. Here for cubic CeCrO3, the
density of states (DOS) (total and partial) are evaluated by
using PBE-GGA. In Figures 5 and 6, spin-up and spin-down
densities are compared with respect to each other. The
contribution of states is as follows: the valence band
contribution for the spin-up states comes majorly from the
Cr-d states in addition to a minute involvement of the p-state
of oxygen, whereas the origin of the conduction band comes

Figure 3. Calculated spin-polarized (a) up and (b) down band structures for a cubic CeCrO3 compound using PBE-GGA.

Table 3. Energy Band Gap (Eg) in eV of CeCrO3 Compound Using PBE-GGA and mBJ-GGA Methods

materials structure spin band gap type Eg-GGA Eg-mBJ-GGA other theoretical results

CeCrO3 cubic up ··· metallic metallic
down indirect M → Γ 3 eV M → X 3.13 eV 2.89 eV6
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from f-states of Ce with little contribution from d-states of
chromium and further contribution is from the Ce-f and Cr-d
states. Next, the valence band contribution for the spin-down
states comes via the O-p states of chromium, along with a little
contribution from the Cr-d states. It is obvious that the spin-up
state in Figures 5a and 6a is metallic, while the spin-down state
is semiconducting, which confirms that the compound CeCrO3
is a half-metal.
Strong hybridization by Ce-p and Ce-d and minor effects

from the O-s and the O-p states are visible in the uppermost
portion of the valence band region. Sigma bonding
combinations of the sigma type between the d orbitals of
Ce-d and Cr-d states provide a good way to take advantage of
this phenomenon. After that, Ce-d, Ce-f, and Cr-d orbitals are
the primary sources of state contributions in the conduction
band region. Thus, it is evident that there is strong

hybridization between the Cr-3d and the O-2p orbitals,
confirming the ionic character.
3.5. Magnetic Properties. In this subsection, we elaborate

on the magnetic behavior of the compound of interest in terms
of the magnetic property. In the first place, we calculate the
magnetic moments for the studied compound, which is further
compared with the available results as tabulated in Table 4.
From these results, it is obvious that this compound is
ferromagnetic. The main contribution comes from both the Cr
and Ce atoms. The total magnetic moment is ∼4 μB, which is
in good agreement with other theoretical results.6

The main contribution of the total magnetic moment comes
from the contribution of the magnetic moment of Cr and Ce
atoms. The total magnetic moment is found to be ∼4 μB,
which is in good agreement with other theoretical results.6

Therefore, the d-states of Cr, which are in the spin-up channel
close to the Fermi level, are the primary source of the magnetic
moment. The large exchange splitting of the Cr-3d states into
the t2g and e2g states is what produces the chromium moment.
We can better understand the magnetism of this perovskite by
looking at its DOS because there is a strong correlation
between its electronic structure and magnetic properties. In
fact, this chromium atom split is seen in the DOS spectra; for
instance, in the spin up, we observe the presence of the t2g.
This indicates that while states e2g are empty, states t2g are
partially filled. On the other hand, in the spin down, they are
visible in the conduction band region rather than the valence
band region, indicating that Cr-d e2g and Cr-d t2g are entirely
empty in this channel. This can also be explained by the
perovskite’s crystalline structure, which is depicted in Figure 1.
As a result, the chromium atom’s magnetic moment increases
due to an increase in exchange splitting between the e2g and t2g
states.
3.6. Dynamic Properties. To assess the stability of

CeCrO3 dynamically, we employed a finite displacement
approach inside density functional perturbation theory
(DFPT) using the CASTEP code.31 It uses the pseudopoten-
tial plane-wave method. For overall energy accurate
predictions, a cutoff of 850 eV is utilized for the plane-wave
basis set and a 10 × 10 × 10 Monkhorst−Pack scheme k-point
grid for Brillouin zone (BZ) evaluation was utilized. By
employing the aforementioned methodology, we obtained the
phonon dispersion diagram, which is depicted in Figure 7. In
the study of materials, the absence of the soft mode in the
phonon dispersion curve indicates dynamic stability.32

Consequently, the presence of soft modes, manifested as
phonon dispersion negative frequencies, implies dynamic
instability of CeCrO3. Soft modes initiate lattice instability
that potentially induces a structural phase transition.
Furthermore, the occurrence of soft modes suggests that
synthesizing the compound under normal conditions may be
challenging.
From the point of view of analysis, the computation of

phonon modes suggests that our compound is unstable.
However, mechanical stability can be verified from the elastic
property calculation of the cubic crystal. It is an overall
perception that a metastable state exists if the compound is
unstable dynamically but stable mechanically, which is in
accordance with our results.
3.7. Formation Energy. The formation enthalpy (ΔH) of

the CeCrO3 compound is calculated to confirm its
thermodynamic stability.33 This parameter is determined by
applying the formula 7,34 which is dependent on the energy of

Figure 4. Calculated spin-polarized (a) up (b) down band structures
for the cubic CeCrO3 compound with the mBJ-GGA potential.

ACS Omega http://pubs.acs.org/journal/acsodf Article

https://doi.org/10.1021/acsomega.3c09292
ACS Omega 2024, 9, 11820−11828

11825

https://pubs.acs.org/doi/10.1021/acsomega.3c09292?fig=fig4&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.3c09292?fig=fig4&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.3c09292?fig=fig4&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.3c09292?fig=fig4&ref=pdf
http://pubs.acs.org/journal/acsodf?ref=pdf
https://doi.org/10.1021/acsomega.3c09292?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as


all of the constituent elements (ECe, ECr, and EO for Ce, Cr,
and O, respectively) as well as the total energy of CeCrO3
(Etot

CeCrO3).

= + +H E E E E( 3 )tot
CeCrO Ce Cr O3 (7)

The enthalpy shift that occurs when one mole of a material is
created from its constituent elements is known as the
formation enthalpy of a substance from a thermal standpoint.

While producing a substance exothermically, the formation
enthalpy can be negative; however, while producing an
endothermic substance, the formation enthalpy can be
positive.35 The CeCrO3 compound’s formation enthalpy values
are negative (−29.3 and −18.2 meV for the ferromagnetic state
and the nonmagnetic state, respectively), indicating that both
their thermodynamic stability and the exothermic nature of
their interaction are confirmed. Also, the negative formation

Figure 5. Total and partial density of state of spin up and spin down for (a) total DOS, (b) Ce, (c) Cr, and (d) O of the cubic CeCrO3 compound
using the PBE-GGA method.

Figure 6. Total and partial density of state of spin up and spin down for (a) total DOS, (b) Ce, (c) Cr, and (d) O of the cubic CeCrO3 compound
using the mBJ-GGA method.

Table 4. Total Magnetic Moment for the Cubic CeCrO3 Compound Using PBE-GGA and mBJ-GGA Methods

magnetic moment (μB)

compounds Ce Cr O3 interstitial total magnetic moment (Mtot) μB

cubic CeCrO3 present (GGA) 1.057 2.331 3 × 0.02807 = 0.084 0.496 3.968
present (mBJ-GGA) 0.981 2.480 3 × 0.07067 = 0.212 0.327 4.00001
theoretical result 0.9836 2.5286 3 × 0.06426 = 0.193 0.296 4.0006
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energies indicate the stability of both states (but the
ferromagnetic state is more stable than the nonmagnetic
state); thus, they could be synthesized in the laboratory using
appropriate techniques.

4. CONCLUSIONS
In this study, a comprehensive investigation of cubic CeCrO3
is performed to explore its structural, electronic, elastic, and
magnetic properties. To accomplish this, we employed the
method of FP-LAPW using DFT. For generalized gradient
approximations, Perdew−Burke−Ernzerhof (GGA-PBE) ex-
change-correlation energy is used for the calculations of
structural and elastic properties. In addition to GGA-PBE, the
TB-mBJ potential is utilized for the calculation of electro-
magnetic features. To determine the ground state structural
parameters, total energy is fitted with volume of unit and it is
concluded that the CeCrO3 compound is stable within
ferromagnetic order. The phonon dispersion calculations verify
the metastable character of the current compound. The elastic
properties and anisotropic aspects reveal the ductile and
anisotropic nature of this compound. Furthermore, band
structure analysis corresponds to CeCrO3, demonstrating half-
metallic characteristics. Subsequent analysis is being expanded
by utilizing PDOS plots, which helped to identify the nature of
the energy bands. Furthermore, our calculations yield a total
magnetic moment of approximately 4 μB, aligning with other
theoretical results available. Hopefully, this work delivers useful
findings of structural, elastic, electronic, and magnetic aspects
of cubic CeCrO3 for various technological benefits, especially
for spintronics devices.
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