
The Investigation of Electronic, Elastic and Vibrational
Properties of an Interlanthanide Perovskite: PrYbO3

CAGIL KADEROGLU,1,6 GOKHAN SURUCU,2,3,4 and AYTAC ERKISI5

1.—Department of Physics Engineering, Ankara University, 06100 Ankara, Turkey. 2.—Depart-
ment of Electric and Energy, Ahi Evran University, 40100 Kirsehir, Turkey. 3.—Department of
Physics, Middle East Technical University, 06800 Ankara, Turkey. 4.—Photonics Application and
Research Center, Gazi University, 06500 Ankara, Turkey. 5.—Department of Physics Engineer-
ing, Hacettepe University, 06800 Ankara, Turkey. 6.—e-mail: cagil.kaderoglu@eng.ankara.edu.tr

The structural, mechanical, electronic and lattice dynamical properties of the
PrYbO3 compound from the ABO3-type perovskite family have been investi-
gated by performing the first-principles density functional theory calculations
using the generalized-gradient approximation (GGA) with corrected Coulomb
interactions (GGA+U). Structural parameters, formation energies and phase
transition pressures for the five possible phases of this compound have been
calculated. Then, the spin-dependent electronic band structure and corre-
sponding density of states (DOS) have been plotted. Also, the shear modulus,
Young’s modulus, Poisson’s ratio, G/B ratio, hardness and anisotropy factors
have been calculated to investigate mechanical behavior of this material.
Furthermore, the phonon dispersion curves have also been plotted as corre-
sponding phonon PDOS. According to our calculations, the orthorhombic
phase of the five phases of PrYbO3 is the most stable one and exhibits a half-
metallic character, which can therefore be a candidate for spintronic appli-
cations.

Key words: Perovskites, ab initio, elasticity, mechanical properties, phonon,
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INTRODUCTION

Since its first discovery in 1839, perovskite
(CaTiO3) and perovskite-like structures have drawn
a considerable amount of research interest because
of their importance for technological applications
due to the structural, electronic, magnetic and
optical properties they exhibit.1–7

A common formula of the perovskite structure can
be generalized as ABX3, where the A and B atoms
are cations with a remarkable size difference, as
A> B, while the X atom is an anion which is known
to be oxygen (O) and halogens in naturally occur-
ring perovskites and synthetic compounds, respec-
tively.8 Oxides of perovskites accordingly have the
formula of ABO3, and are ideally formed in cubic

structure with A atoms at the corners, B atoms in
the body center and O atoms on the face centers. In
most cases, due to the mismatch in the cations’
sizes, a structural distortion occurs leading to this
ideal cubic structure to transforming into a low-
symmetry orthorhombic or tetragonal structure by
reducing the coordination numbers of cations and
tilting the oxygen octahedra.1,5,9 This structural
phase transformation results in significant effects
on the electrical properties of the material, thus
putting the perovskite-type oxides in the center of
ferro/anti-ferroelectric and high-K dielectric appli-
cations.9–12 Also, these oxides are key elements of
colossal magnetoresistance, positive temperature
coefficient (PTC) thermistor and battery material
industries as well as smart and superconducting
devices.5,13 In addition to the above-mentioned
properties, perovskite oxides are used as photocat-
alysts for water splitting and electrodes for
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electrochemical reduction of nitrous oxide which are
both important for environmental pollution
control.14,15

Lanthanide-based perovskites, whose A and B
sites are occupied by a lanthanide and a transition
element, respectively, are an important sub-group
of perovskite oxides. On the other hand, the phys-
ical properties of the ABO3 perovskites are gener-
ally determined by the B cation of the compound.16

In this context, it is important to investigate all
possible candidates for the B position to improve the
tunable optical, electrical and magnetic properties
of these materials demanded by the downscaling of
devices. In this case, interlanthanide perovskite
oxides, alias ternary lanthanide oxides, constitute
an important step of the research. In general,
RERE¢O3 compounds, where RE is the larger ele-
ment from the left side of the lanthanide series
while RE¢ is the smaller one from the opposite side,
are the key materials for the protonic conductor and
scintillator studies17 as well as some optical18,19 and
microwave applications.20,21 Regarding the above-
stated properties, thorough investigation of
RERE¢O3 perovskites has a great importance in
order to increase their potential usage in advanced
technology.

PrYbO3 is an important member of the interlan-
thanide oxides group when considering how the
number of the elements in this group is small.
However, only a few studies about it can be found in
the literature.9,16,22,23 In the experimental studies
carried out by Berndt et al.,22 Coutures et al.,23 and
Ito et al.,16 PrYbO3 was prepared by solid-state
reactions, confusion techniques and coprecipitation
methods to examine the thermal stability, optical
properties and magnetic susceptibility of this com-
pound, respectively. On the other hand, there is
only one theoretical work in the literature carried
out by Coh et al., in which only the structural and
dielectric parameters of PrYbO3 were calculated by
using density functional theory (DFT) as imple-
mented in the Quantum-Espresso package.24

Differently from these previous works, in this
study, we have carried out a very detailed ab initio
analysis of the PrYbO3 compound by using the
Vienna Ab Initio Simulation Package (VASP) code.
In this context, five different ferromagnetic phases,
crystallized in orthorhombic, tetragonal, rhombohe-
dral, hexagonal and cubic structures, have been
considered to make an in-depth structural analysis.
The elastic properties of any material are as impor-
tant as its magnetic and electronic properties when
deciding the suitability of the material for a specific
application, due to its information content about the
nature of the binding forces and the thermal
properties.25 Thus, elastic parameters have been
calculated to reveal the mechanical properties of the
material such as stability, hardness and stiffness
which are important especially for thin film appli-
cations.26–28 Moreover, the electronic band struc-
ture and corresponding density of states (DOS) have

been plotted as well as phonon dispersion curves. To
the extent that we know, these detailed calculations
have not been carried out before for the PrYbO3

compound.

METHODOLOGY

First-principles DFT calculations herein were
carried out by using the VASP software.29,30 The
projector augmented wave approach31 was applied
to describe the electron–ion interaction in a plane
wave basis with a 800-eV cut-off energy which is
large enough for a precise determination of the
physical properties. The exchange–correlation func-
tional was calculated with the Perdew–Burke–
Ernzerhof32 pseudopotentials under the GGA with
a supplement of a Hubbard+U correction using
Dudarev’s approach33 for the on-site Coulomb inter-
actions of the f states of the Pr and Yb atoms, where
Ueff is here 6.0 eV. The Brillouin zone integration
was carried out using an automatically generated
10 9 10 9 10 Monkhorst–Pack34 k-point grid for
the cubic and tetragonal phases, with 10 9 10 9 6,
10 9 10 9 8 and 6 9 4 9 6 k-point meshes for the
hexagonal, rhombohedral and orthorhombic phases,
respectively. The quasi-Newton method was used to
relax ions into their ground-state positions until all
the forces were smaller than 10�5 eV Å�1. The
energy tolerance was less than 10�9 eV per unit
cell in the iterative solution of the Kohn–Sham
equations. Cell volume was also allowed to relax.
Partial occupancies were calculated using Gaus-
sian-type smearing with a width of 0.01 eV.

The crystal structure of the PrYbO3 alloy in cubic
(Pm-3m) and tetragonal (P4mm) phases with
5-atom primitive cells, rhombohedral (R-3c) phase
with a 10-atom primitive cell, hexagonal (P63/mmc)
and orthorhombic (Pbnm) phases with 20-atom
primitive cells are presented in Fig. 1a–e,
respectively.

RESULTS AND DISCUSSION

Structural and Electronic Properties

In this work, the PrYbO3 compound has been
modeled in five different crystal systems, namely
orthorhombic (Fig. 1a), tetragonal (Fig. 1b), rhom-
bohedral (Fig. 1c), hexagonal (Fig. 1d) and cubic
(Fig. 1e) phases. The lattice geometries and ionic
positions of each considered crystal have been fully
optimized to obtain fully relaxed structures in order
to determine the most stable one among these five
phases. Based upon this structural optimization,
formation enthalpies (DHf) of the corresponding
crystals have been calculated and tabulated in
Table I. Since the enthalpy of formation can be
approximately calculated from internal energy
changes,35 the DHf results here have been obtained
according to the following formula (1), where Et is
the total energy of the compound.
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DHf ¼ Et Pr YbO3ð Þ� Et Prð Þ þ Et Ybð Þ þ 3Et Oð Þ½ � ð1Þ

The energy of the oxygen has been calculated by
using a monoclinic alpha-oxygen model (space
group: C2/m) including spin-polarization.35,36 The
negative values of the formation energies in Table I
indicate that all crystal phases are structurally
stable and synthesizable, but the orthorhombic
(Pbnm) phase is the most stable one with the lowest
DHf value.

To cross-check this result, we have calculated the
Goldschmidt tolerance factor (tIR)37 which is a
geometric parameter describing the structural sta-
bility of the perovskite material as a function of the

ionic radii of the components as given in the formula
(2);

tIR ¼ rðPr3þÞ þ rðO2�Þ
ffiffiffi

2
p

rðYb3þÞ þ rðO2�Þ
� � ð2Þ

0.9< tIR< 1.0 indicates a good fit into the ideal
cubic structure while 0.71< tIR< 0.9 results in a
distorted perovskite structure with a space group
symmetry change from cubic to orthorhombic.9,38,39

Using the ionic radii given by Shannon,40 the ionic
radii calculated tolerance factor of PrYbO3 has been
found as 0.847 which confirms our DHf result. This
value is also consistent with the value of 0.843
which has been previously given in Ref. 16 as the

Fig. 1. The crystal structure of PrYbO3 in: (a) orthorhombic Pbnm space group, (b) tetragonal P4mm space group, (c) rhombohedral R-3c space
group, (d) hexagonal P63/mmc space group, (e) cubic Pm-3m space group.

Table I. The calculated equilibrium lattice parameters (a, b and c in Å), formation energies (DHf in eV/atom),
and atomic positions for PrYbO3 compound (T and E indicate the theoretical and experimental results,
respectively)

PrYbO3 a b c DHf Atomic positions

Orthorhombic (Pbnm) 5.810 6.021 8.771 �23.862 Pr: 4c (0.439, 0.25, 0.034)
T9 5.8085 6.0544 8.4481 Yb: 4b (0.5, 0.0, 0.0)
E16 5.7684 5.9929 8.3547 O1: 4c (0.066, 0.25, 0.854)
E22 5.776 5.995 8.368 O2: 8d (0.203, 0.008, 0.296)

Tetragonal (P4mm) 4.115 – 4.113 �21.576 Pr: 1a (0.0, 0.0, 0.080)
Yb: 1b (0.5, 0.5, 0.580)
O1: 1b (0.5, 0.5, 0.080)
O2: 2c (0.5, 0.0, 0.579)

Rhombohedral (R-3c) 6.048 6.048 6.048 �23.769 Pr: 6b (0.0, 0.0, 0.0)
Yb: 6a (0.0, 0.0, 0.25)
O: 18e (0.532, 0.0, 0.25)

Hexagonal (P63/mmc) 5.695 – 9.501 �21.655 Pr1: 2a (0.0, 0.0, 0.0)
Pr2: 2c (0.333, 0.667, 0.25)
Yb: 4f (0.333, 0.667, 0.6246)
O1: 6g (0.5, 0.0, 0.0)
O2: 6h (0.86, 0.72, 0.25)

Cubic (Pm-3m) – – �21.578 Pr: 1b (0.5, 0.5, 0.5)
Yb: 1a (0.0, 0.0, 0.0)

4.115 O: 3d (0.5, 0.0, 0.0)
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minimum required tolerance factor to prepare the
PrYbO3. The same result can also be verified by the
bond valence-based tolerance factor of PrYbO3

(tBV = 0.844), in which bond distances are employed
instead of ionic radii summation, and the linear
correlation between tIR and tBV can be described by
the equation tBV = 1.015tIR � 0.015.41

To visualize the above-stated case in detail, energy–
volume graphics have been plotted in Fig. 2. Here, the
PrYbO3 compound shows energetically similar behav-
ior in both cubic and tetragonal phases and also seems
to be the most unstable in both of these structural
phases with only a slightly higher energy than the
hexagonal one. The orthorhombic phase (Pbnm) is the
most stable for the PrYbO3 compound with a slightly
lower energy than the rhombohedral phase. The
calculated equilibrium lattice parameters and atomic
positions of these five phases are also tabulated in
Table I, from it can be seen that the available
theoretical and experimental data in the literature
for the most stable orthorhombic phase are consistent
with the calculated ones here.

Subsequent to the stability calculations, phase
transition pressures have been obtained by plotting
enthalpy–pressure graphics as seen in Fig. 3. At
zero pressure, the enthalpy of the PrYbO3 com-
pound in the orthorhombic phase (Pbnm) is the
minimum, as expected. The enthalpies of the cubic,
tetragonal and hexagonal phases are equal at the
pressure of �3.924 GPa. Also, the enthalpies of the
rhombohedral and orthorhombic phases become
equal at �2.700 GPa and the enthalpies of the
rhombohedral and hexagonal phases become equal
at 44.091 GPa. The negative values of pressure
correspond to extended lattices. It is clearly seen
that there is a phase transformation between the
rhombohedral and hexagonal phases while the most

stable orthorhombic phase remains stable in a wide
range of positive pressures.

To discover the electronic nature of PrYbO3, we
have calculated the spin-dependent energy bands of
the five phases along the high-symmetry directions in
the Brillouin zone. The calculated energy band gaps
of the spin-up and spin-down states are given in
Table II, from which it can be seen that both the spin-
up and spin-down states of the tetragonal, rhombo-
hedral and cubic phases are almost metallic withband
gaps smaller than 0.02 eV which is a negligible value.
While the spin-down states of the orthorhombic and
hexagonal phases resemble others, the spin-up states
of these two structures have significant band gaps.
Therefore, these two phases of PrYbO3 can be
assumed to show a half-metallic character. Also, the
calculated total magnetic moments of these phases
are lorthorhombic = 4.06 and lhexagonal = 0.2, which are
very close to integer values as a typical property of
half-metals.42,43 Thus, it is clearly seen that these two
phases are suitable for applications in spintronics, as
previously mentioned for similar materials in Refs.
42, 44, 45 due to their ferromagnetic and half-metallic
behavior. To see the details of the electronic structure,
we have plotted the energy band graphics and the
DOS of the most stable orthorhombic phase. In Fig. 4,
the Fermi level (Ef) shown by a broken horizontal line
intersects the E(k) curves in the minority (down)-spin
state causing the above-mentioned metallic behavior.
In contrast, there is a direct band gap of 4.915 eV at
theC-point in themajority (up)-spin state that leads to
insulator behavior.

Elastic Properties

Elastic constants are the key parameters when
identifying a material’s mechanical and dynamical
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behavior which are important to know for any
technological application. The stress–strain
method-implemented ab initio calculations can be
used to obtain these constants to reveal the infor-
mation they have about the stability, hardness and
stiffness of the material. The calculated elastic
constants of the five considered phases are given
in Table III.

The mechanical stability of a crystal, in other
words the durability of the crystal against external
forces, is a desirable property in order to ensure its
sustainability in any application. Mechanical sta-
bility is determined according to the Born-Huang
criteria46 which differ for each crystal system and
must be satisfied by the elastic constants of the
crystal. Starting from this point, the elastic

Table II. The calculated energy band gaps (Egap in eV) of PrYbO3 for all phases

Pbnm P4mm R-3c P63/mmc Pm-3m

Majority (up) 4.915 0.001 0.001 2.789 0.016
Minority (down) – 0.011 0.000 0.000 0.008
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Fig. 4. The electronic band structure and the corresponding DOS graphics of the orthorhombic PrYbO3.

Table III. The calculated elastic constants (Cij, in GPa) of PrYbO3 for all phases

Pbnm P4mm R-3c P63/mmc Pm-3m

C11 190.1 165.0 155.7 171.1 148.7
C12 95.2 84.2 74.8 87.0 95.5
C13 84.7 110.0 62.9 89.4
C14 �3.1
C22 122.8
C23 86.2
C33 202.5 114.5 118.9 185.9
C44 52.5 37.0 30.8 13.0 36.5
C55 50.0
C66 51.6 37.0 42.1
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constants given in Table III have been first used to
determine the mechanical stability of the five
considered phases using the criteria given in
Ref. 46. Our results satisfy these stability condi-
tions, suggesting that all possible crystal structures
of PrYbO3 are mechanically stable.

Second, these constants have been used to calcu-
late the bulk and shear moduli according to the
Voigt–Reuss–Hill approximations.47–49 Here, the
Voigt bound is the upper limit of the moduli
assuming a uniform strain throughout the crystal
while the Reuss bound is the lower limit of the
moduli with the assumption of uniform stress. As
for the Hill approximation, it is widely used to make
acceptable estimations of elastic parameters for
polycrystalline materials using the arithmetic mean
of the Voigt and Reuss limits as seen in formula (3):

B ¼ BV þ BRð Þ=2

G ¼ GV þGRð Þ=2
ð3Þ

Here, subscripts V and R symbolize the Voigt and
Reussbounds, respectively,andthedetailed formulasof
these bounds for each type of crystal structure derived
from their own elastic constants can be also found in
Ref. 46. Moreover, Young’s modulus (E) and Poisson’s
ratio (m) have been derived from the above-mentionedB
and G values using the following relationships:

E ¼ 9BG= 3BþGð Þ
m ¼ 3B� 2Gð Þ= 2 3BþGð Þ½ �

ð4Þ

The calculated bulk moduli (B), shear moduli (G),
Young’s moduli (E), Poisson’s ratio (m), Pugh’s
modulus (G/B) and Vickers hardness (HV) for the
five phases of PrYbO3 are listed in Table IV.

The bulk modulus measures how a material resists
volume change without a shape deformation when
subjected to hydrostatic pressure. In other words, it
characterizes the incompressibility property of the
material. The shear modulus is a measurement of
resistance to transverse deformations, namely to
shape change at constant volume. It is defined as the
ratio of shear stress to shear strain and depends on
both the plane and the direction. In general, a high
value of shear modulus is mainly due to directional
bonding between atoms where the electron density is
geometrically localized and thus more energy is

needed to break these bonds and the material is
assumed to be more rigid.50,51 As seen in Table IV, the
rhombohedral phase is the most compressible one
with the smallest bulk modulus of 91.1 GPa while the
others have a\ larger bulk modulus (>110 GPa)
without a significant difference between them. In
addition, the tetragonal phase has the smallest shear
modulus value of 25.1 GPa. The orthorhombic phase,
as the most stable, has a bulk modulus of 113.2 GPa
and a shear modulus of 45.3 GPa which is the highest
value in the table. But these values are still smaller
when compared to other lanthanide-based Pbnm
perovskites in the literature.39,52 The orthorhombic
phase also has the highest Young’s modulus
(119.9 GPa) which is used to provide a measure of
the stiffness of the solid. Thus, according to the bulk,
shear and and Young’s moduli results, it can be said
that the orthorhombic phase of the PrYbO3 is the most
rigid and stiffest among the other calculated phases.

Both the Poisson’s ratio and Pugh’s modulus can be
used to determine the bonding nature of the crystal.
The typical value of m is about 0.1 for covalent
materials while 0.25 corresponds to the ionic mate-
rials. On the other hand, if the value of theG/B ratio is
about 1.1, covalent bonding is more dominant than
ionic bonding while the opposite is valid in the G/
B � 0.6 case.53 In addition, m and G/B values can also
be used to determine the ductility or brittleness of a
material. According to Frantsevich’s rule, m = 0.33 is
the critical value of Poisson’s ratio where larger
values refer to ductility while lower values indicate
brittleness.54 Also, according to Pugh’s criteria, G/
B> 0.5 indicates brittleness, otherwise the material
is assumed to be ductile.55,56 In the light of our results
in Table IV, it can be said that all the phases of
PrYbO3 have both ionic and ductile characters.

Hardness values of the material have been calcu-
lated by using a semi-empirical method based on
Pugh’s modulus ratio developed by Chen et al.57 It is
given as;

HV ¼ 2 k2G
� �0:585�3; k ¼ G=Bð Þ ð5Þ

According to the HV values in Table IV, all the
phases are relatively soft. The hardest phase among
them is the orthorhombic with HV = 5 GPa, while
the tetragonal phase has the lowest hardness value.
These values are in the range of the reported values

Table IV. The calculated bulk modulus (B in GPa), shear moduli (G in GPa), Young’s modulus (E in GPa),
Poisson’s ratio (m), Pugh’s modulus (G/B) and Vickers hardness (Hv in GPa) for the PrYbO3 compound

Phases B G E J G/B Hv

(Pbnm) 113.2 45.3 119.9 0.32 0.40 5.0
(P4mm) 115.2 25.1 70.2 0.39 0.22 2.7
(R-3c) 91.1 31.6 84.9 0.34 0.35 3.6
(P63/mmc) 117.6 26.7 74.4 0.39 0.23 3.1
(Pm-3m) 113.2 32.1 87.9 0.37 0.28 3.5

Kaderoglu, Surucu, and Erkisi5832



in the literature for some other lanthanide-based
perovskites.58–60

The anisotropy of elasticity has an important role
in determining the technological application of the
material due to its effects on the physical/mechan-
ical properties such as unusual phonon modes,
phase transformations, precipitation, dislocation

dynamics, anisotropic plastic deformation, etc. as
mentioned in Ref. 61. Also, the formation of micro-
cracks, which is important to understand in order to
improve the mechanical durability of the material in
any application, is due to the significant elastic
anisotropy.62 Therefore, anisotropy calculations are
necessary to make a complete elastic analysis of the

Fig. 5. The calculated directional dependence of the mechanical properties; (a) compressibility, (b) Young’s modulus, (c) shear modulus, (d)
Poisson’s ratio.
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material. Here, the ElAM code63 has been used to
calculate and visualize the directional dependence
of the linear compressibility, Young’s modulus, the
shear modulus, and Poisson’s ratio. In the graphics
of these physical properties, the deviation from the
spherical shape indicates the degree of anisotropy.
Three-dimensional (3D) dependence of these param-
eters along the crystallographic directions and their
2D projections on the three planes has been given in
Fig. 5a–d for the most stable orthorhombic phase.
According to the figure, all the parameters possess
obvious anisotropy as follows: linear compressibility
(Fig. 5a) has the minimum in the y-axes while it has
its maximum in the x- and z-axes. Also it is isotropic
in the x–z plane. In the x–y plane, Young’s modulus
(Fig. 5b) has its maximum when it deviates from the
axes at an angle of 35�. The deviation of it from the
spherical shape is much more less in x–z plane. In
the y–z plane, it has its maximum on the y-axes

while the minimum value sits on the z-axes. For the
shear modulus (Fig. 5c), it has the maximum values
on the axes in both the x–y and y–z planes while it
becomes smaller with a 45� deviation from these
axes. Also, it seems isotropic in the x–z plane. A
more complicated anisotropy is seen for Poisson’s
ratio (Fig. 5d) in the y–z plane. There is also no
isotropic behavior of m in the rest of the planes. The
maximum and minimum values of these parameters
are tabulated in Table V.

Vibrational Properties

The present phonon frequencies in the
orthorhombic (Pbnm) phase have been calculated
by the PHONOPY code64 using the inter-atomic
force constants obtained from VASP 5.3.5. In the
PHONOPY code, force constant matrices and
phonon frequencies are calculated by using the
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Fig. 6. Phonon dispersion curves and partial PDOS of the orthorhombic PrYbO3.

Table V. Maximum and minimum values of Young’s modulus (Emax and Emin, in GPa), linear compressibility
(bmax and bmin, TPa21), shear moduli (Gmax and Gmin, in GPa), and Poisson’s ratio (mmax and mmin) of the PrYbO3

compound

Phases
Young’s modulus

Linear com-
pression

Shear modulus Poisson ratio

Emin Emax bmin bmax Gmin Gmax mmin mmax

Pbnm 63.49 144.83 1.64 5.54 1.0 55.84 0.13 0.69
P4mm 17.39 103.25 1.04 6.74 1.0 40.40 �0.36 1.31
R-3c 82.20 108.34 2.87 5.37 1.0 40.45 0.26 0.39
P63/mmc 45.32 123.97 2.48 3.02 1.0 44.41 0.13 0.74
Pm-3m 74.01 98.87 2.94 2.94 1.0 36.50 0.25 0.48
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‘‘Linear Response Method’’ within the density func-
tional perturbation theory64–67 for a real space
supercell. The phonon dispersion curves along the
high symmetry directions and the corresponding
phonon DOS plotted for a 2 9 2 9 1 supercell can be
seen in Fig. 6. Due to having 20 atoms in the
primitive cell, there are 60 branches in the phonon
graph consisting of 3 acoustic and 57 optic branches.
The sharp peaks in the phonon DOS correspond to
the flat modes of the phonon dispersion curves.
When analysing these two graphics together, it can
be seen that the main contribution to the acoustic
branches is due to the Pr and Yb atoms, with Pr
especially dominant. The same situation is also
valid for the optic branches with frequencies lower
than about 5 THz. But here, both of the Pr and Yb
atoms seems to contribute almost equally. At the
higher frequencies, optic branches mainly arise
from the oxygen atoms. In acoustic branches, there
is no soft mode and thus orthorhombic PrYbO3 is
dynamically stable. Also, no clear gap between the
optic and acoustic branches is observed.

CONCLUSION

In this paper, ab initio techniques have been used
to investigate the structural, mechanical, electronic
and vibrational properties of the PrYbO3 compound
which is an A3+B3+O3-type interlanthanide per-
ovskite. Five possible structural phases have been
included in the calculations and both the structural
parameters and formation enthalpies of these
phases have been calculated to find the most
stable one. Among these considered structures, the
energetically most favorable one has been found to
be the orthorhombic phase (Pbnm).

Spin-dependent energy bands have been calcu-
lated for these five phases. According to these
calculations, only the spin-up states of the
orthorhombic and hexagonal phases have signifi-
cant band gaps while the rest is metallic. Thus,
these two ferromagnetic phases of this material can
be recommended as a candidate for applications in
spintronics due to their half-metallic character.

In the second section, mechanical properties
have been investigated in detail. Our results have
shown that PrYbO3 is a soft and ductile material.
Also, the orthorhombic phase is the most rigid and
stiffest compared with the others. Finally, to see
the directional dependence of the elastic proper-
ties, anisotropy graphics of the mechanical prop-
erties for the most stable phase has been plotted
in both 3D and 2D. As can be seen from these
graphs, the elasticity of the PrYbO3 is quite
anisotropic.

Lastly, phonon curves and corresponding PDOS
graphics of the Pbnm structure have been plotted to
analyze the individual contribution of the atoms to
the acoustic and optic mode frequencies. No nega-
tive mode has been found, indicating the dynamical
stability of this material.
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