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ABSTRACT: Due to its perovskite oxide structure, barium titanate (BaTiO;) is an attractive material
because it promotes ferroelectricity, piezoelectricity, and a high dielectric constant. Using density functional
theory, we explored BaTiO; in its tetragonal ferroelectric phase, employing the Generalized Gradient
Approximation-Perdew-Burke-Ernzerhof methodology for solids to characterize its structural, mechanical, and
optical properties. Density functional theory is particularly applicable for atomic-level studies, although it is
not free from limits. The results from experimental data were consistent with our findings, showing strong
agreement on optimized structure, stress deformation, and light interaction. Some discrepancies due to the
intrinsic quirks of DFT may be reported while highlighting some interesting factors of BaTiOs.
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1. INTRODUCTION (Ba?") are on the "A-site," the titanium ions (Ti'")
sit at the "B-site," and then it's all surrounded by an
Barium Titanate, or BaTiOz if you prefer, was  qctahedral network of oxygen atoms surrounding the
one of the first ferroelectric materials anyone ever  {itanium [3, 4].
found. You know, it's garnered a lot of attention At room temperature, BaTiO; typically adopts a
from researchers due to its intriguing structural  tetragonal phase. This means that it's not perfectly
phase transitions - the way it changes shape at  gymmetrical: the c-axis is slightly longer than the
different temperatures and its interesting quirks a-axis (c/a is greater than 1), and as far as I'm
in its dielectric properties [1, 2]. Additionally, it  concerned, this is the whole ballgame. Because it's
has a very high permittivity, allowing it to store a  jgsymmetrical, it enables spontancous polarisation
significant amount of electrical energy. It's structured [5, 6]. Due to this, it is an excellent choice for
in a "perovskite-type" crystal lattice: think of it like  pop-volatile memory, capacitive elements, and other
a general formula ABOs, where the barium ions  applications [7]. But, as any material scientist
will tell you, while a lot of information about
BaTiOgs's behavior has been gathered using things
like X-ray diffraction (XRD) and neutron scattering
and spectroscopy, first-principles calculations, that
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We can make use of Density Functional Theory

* Author to whom correspondence should be addressed: (DFT) in this direction. Density Functional Theory

reCfEsn e T (8, e (DFT) may be a significant computational approach,
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but it does have some limitations [10, 11], especially
regarding the underestimation of band gaps. The
mechanical, optical, and structural characteristics of
BaTiO; were investigated using Density Functional
Theory (DFT) coupled to the PBEsol generalized
gradient approximation (GGA). In addition, we
will confirm our comprehension of the material by
comparing our results to experimental data.

2. COMPUTATIONAL METHODOLOGY

The computational method we used was based on
the Quantum ESPRESSO toolkit, commonly used
in simulations of materials science processes. In the
exchange-correlation functional, we chose PBEsol
because it often yields accurate results for solid-state
systems. We use norm-conserving pseudopotentials
because there is a strong trade-off between reliability
and computational cost in handling barium, titanium,
and oxygen interactions. Now, for the facts: a
plane-wave cutoff of 80 Ry [12]. Using it, the
cutoff value clearly defines the wave's function.
In the Brillouin zone, which is the starting point
for electronic structure identification, we used an
8x8x8 Monkhorst-Pack grid; this figure is the
first and foremost. The BFGS model was used for
optimization, and there are small variations in all.
The process ensured that the design was reliable
and at least stable, which was realistic. We derived
theoretical elastic constants using the finite-strain
method to characterize the material's response to
stress. A frequency-dependent dielectric tensor was
also selected to study the optical response properties.
Linear response theory was used to investigate the
material response to light [13, 14].

3. RESULTS AND DISCUSSION

3.1 Structural Properties

The structure of Barium Titanate is shown in Figure
1, and BaTiOj3 is clearly curious because its crystal
structure, a polymorph, changes with temperature.
It solidifies in a cubic form above 393 K, but
changes to a tetragonal phase at room temperature.
Under certain conditions, it exhibits orthorhombic
and rhombohedral phases. But the tetragonal phase
— in my view, the rock star in this case — is
ferroelectricity. This makes it perfectly useful in
all types of electronics, including capacitors and
sensors, which are integrated into many devices.
Now we carefully confirmed BaTiOs's tetragonal
structure with new "lattice parameters". We have

a = 3.993 A°, the in-plane parameter, and c =
4.036 A°, the out-of-plane parameter. This yields a
tetragonality ratio (c/a) of 1.011. Interestingly, those
numbers hold up in comparison to experiments other
than ours. Honestly, that’s a good reminder that
we were way too accurate in our DFT calculations.
That said, we relied upon the PBEsol functional
to assist us. Thus, not only does it solidify our
method, but it also demonstrates the applicability of
BaTiO; in the production of materials and electronic
devices. High similarity between lattice constants
indicates that the PBEsol functional is often very
accurate in the predictions of ferroelectric BaTiOs
distortion. This function shows a unique ability to
accurately represent the intricate geometric features
of the material. The reproducibility of this feature
highlights its importance in quantifying the structural
properties of BaTiO3. Indeed, it might also be useful
to study other related compounds with similar
properties.

Fig. 1. 3D structural image of BaTiOs.

Table 1 compares optimized structural parameters
of tetragonal BaTiO3 calculated according to
Density Functional Theory (DFT) with the available
experimental information. The good complementarity
of the theoretical and experimental results shows the
accuracy of the current computational methods. The
lattice constant a is 3.993 A° and its experimental
value is 3.994 A°. Likewise, the optimized lattice
parameter ¢ is determined to be 4.036 A°, which

Table 1. Structural parameters of BaTiOg.

Parameter This Work Experimental Ref.
a (A) 3.993 3.994 [15]
c A 4.036 4.038 [15]
c/a 1.011 1.011 [15]
Volume (A%) 64.35 64.4 [16]
Space Group P4mm P4mm [17]
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is very close to the experimental parameter of
4.038 A°. The nearly 0.05% deviation between the
theoretical and experimental parameter ¢ confirms
that the adopted exchange—correlation functional and
structural optimization process captures the exact
crystalline geometry of BaTiOs. BaTiOs3 tetragonal
distortion is defined as a c/a formula. The obtained
c/a ratio is calculated to be 1.011 in the same
respect as experimental results. Because the c/a
ratio is larger than unity, it verifies the tetragonal
ferroelectric phase of BaTiOs.

This small elongation in the c-axis is
responsible for the spontaneous polarization and
the ferroelectrical behaviour of the material. The
correspondence with the experimental results of
this parameter shows that the DFT is able to
find the structural distortions of the anisotropic
lattice generated by ferroelectricity. The unit cell
volume optimized using the DFT is 64.35 A°?
in comparison to the experimental number 64.4
A°3. The slight differences among these values
also confirm the structural adjustment, also signify
the small computational error. Accurate prediction
of the equilibrium volume needs to be carried
out because many physical properties like elastic
constants, dielectric capability, and phonon behavior
rely heavily on the equilibrium crystal structure.
A known space group is P4mm, which matches
the experimentally reported tetragonal symmetry.
This indicates that the optimized arrangement
preserves the proper crystal arrangement of atoms
in the solution and reflects that BaTiOs has a
stable ferroelectric state at room temperature.
In conclusion, the very good reliability of the
theoretical investigation in accordance with the
results indicates the reliability of the present
theoretical investigation for the future studies
including electronic, mechanical, and optical
properties analysis of BaTiOs.

Figure 2 presents a comparison between the
computed structural parameters calculated by DFT
and the corresponding experimentally determined
ones for tetragonal BaTiO3. The lattice parameters a
and c, the coefficient of tetragonal distortion c/a, and
the unit cell volume are described. The comparison
of the DFT wvalues compared graphically also
demonstrates that the calculated results significantly
correspond with the measured data, as shown in
the chart, and are quite similar, which reflects
the good agreement between theoretical and
experimental results. According to our results,
the lattice constants a and ¢ are almost the same,
consistent for both datasets, which confirms that
the optimized crystal structure closely matches the
experimentally observed geometry. This agreement
shows that the computational approach that describes
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Fig. 2. Comparison of the calculated parameters by DFT
and experimental.

the atomic arrangement of BaTiO3 works indeed.
The c/a ratio shown in the figure is slightly greater
than unity, indicating the tetragonal ferroelectric
phase as well, confirming the material. Such
distortion comes from the displacement of Ti ions
in the oxygen octahedra, which causes spontaneous
electric polarization. The realistic c/a ratio (e.g.,
the precision of the calculations performed by
DFT simulation) demonstrates that the intrinsic
ferroelectricity of BaTiOsz is well captured. Unit
cell volume, shown in the figure, also displays low
deviation from theoretical and experimental values.
This is the evidence that the proposed structure that
is optimized is energetically stable and physically
realistic. Since the equilibrium volume dictates the
interactions between atoms strongly and the bonding
properties are closely related, a large percentage of
predictions of this volume lead to reasonable values
for the estimation in the remaining calculation of
mechanical, electronic, and optical properties. The
figure thus confirms the correctness of the existing
DFT calculations and shows that the computational
method can reproduce structural features observed
experimentally of BaTiO3 with a very high precision.

3.2 Mechanical Properties

To understand the mechanical behavior, we
calculated the six independent elastic constants
for the tetragonal phase: Ci;, Cia, Ci3, Cs3, Cyy,
and Cgg. The results are summarized in Table 2
[18]. The calculated second-order elastic constants
of Barium Titanate using Density Functional Theory
(DFT) are given in Table 2 as a comparison with
the existing experimental data. The elastic constant
is a measure of resistance to external deformation
of the crystal, and it also shows the mechanical
stability, rigidity, anisotropy, and bonding of the
crystal. Therefore, the high convergence between
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Table 2. Elastic constants of BaTiO3 (in GPa) [18].

Elastic This Work Experimental
Constant (DFT) Value

C11 252 260

Ci2 98 97

Cis 79 75

Css3 195 200

Cuaa 53 50

Cés 70 72

them indicates computational processing efficiency in
combination with precision, as in the work up to this
point. For a tetragonal crystal such as BaTiOs, six
independent elastic constants are typically required
for mechanical behavior to be expressed:

Ci1, Cia, Ci3, C3z3, Cyq, and Cgg

The length-related stiffness in the principal
crystallographic direction is expressed in terms
of the elastic constant C;;. The calculated value
252 GPa is nearly equal to the experimental value
(260 GPa) and implies very little deviation from the
measured value. This large value indicates BaTiO3
has high resistance to uniaxial compression in
one direction. The high C;; value is, however,
practically driven by strong Ti-O and Ba-O
bonding interactions in the crystal lattice. Small
underestimation in the DFT value may be due to
generalized gradient approximations (GGA) of the
lattice, i.e., exchange-correlation effects that tend
to mildly soften the lattice. The steady Ci5 implies
that a covalent relationship exists, with tension in
one direction of crystallization and tension in a
perpendicular direction; this is shown by the Cis
constant. A 98 GPa agreement is obtained, which
is great and confirms the experimental value of 97
GPa. A good agreement indicates that the present
DFT model adequately describes interatomic forces
and elastic couplings in the tetragonal structure. The
moderate C;, value further indicates balanced lateral
deformation behavior of this model under mechanical
load. The elastic constant C;3 corresponds to the
axial strain-out-of-plane strain mechanism. The value
of 79 GPa obtained here is a little in excess of
the experimental result of 75 GPa. This parameter
is especially relevant in tetragonal ferroelectric
systems due to showing the coupling of polarization
direction along the c-axis and the basal plane. The
lower value compared to C;; signifies weaker
interlayer coupling along various crystallographic
directions, thus confirming the formation of
anisotropic mechanical behavior in BaTiOjz. The
parameter Cs3 indicates the stiffness along the c-axis
approach. The corresponding value, 195 GPa, was

quite close to the 200 GPa experimental value,
demonstrating that the deformation resistance along
the polarization axis was very high. Since tetragonal
BaTiO; reflects ferroelectric distortion predominantly
along the c-axis, Cs3 also closely corresponds with
lattice polarization and structural stability. The
small value of C;; also indicates that the crystal is
relatively mechanically softer along the c-direction,
which suggests tetragonal anisotropy. The shear
elastic constant C,4 represents the resistance to
shear deformation on planes that run parallel to the
c-axis. Its measured value, 53 GPa, comes close
to the experimental value, 50 GPa. In terms of a
smaller magnitude of shear strength compared to
longitudinal elastic constants, it can be inferred
that shear deformation generates less energy than
compressive deformation. This is widely known
in perovskite ferroelectric oxides and becomes
highly significant for ferroelastic domain-wall drive
and electromechanical coupling. Similarly, Cgg is
the shear resistance at the basal plane level. The
DFT-optimized 70 GPa is in very good agreement
with the corresponding experimental value (72 GPa).
So, in this moderate value, Cgq, it can be said
that BaTiO3 retains shear rigidity with a reasonable
degree of flexibility in the ferroelastic process and
piezoelectric response. The elastic constants meet the
Born mechanical stability requirements for tetragonal
crystals, indicating that the optimized BaTiOg
structure is mechanically stable. The deviations
between theoretical and experimental values can be
due mostly to temperature effects, defects in the
crystal lattice, anharmonic lattice vibrations, and
limitations of the exchange-correlation functional
used in DFT calculations. As theoretical calculations
are commonly carried out at 0 K for a perfect
defect-free crystal, we expect very small differences
from room-temperature experimental data. The
elastic behavior achieved demonstrates that BaTiO;
is a compound with a strong, stable structure,
moderate shear behavior, and is a good candidate
for ferroelectric, piezoelectric, dielectric, capacitor,
actuator, and sensor applications. The excellent
agreement between DFT and experiment also
supports the accuracy of the current computational
model in predicting pressure-induced mechanical
and functional properties of perovskite oxides. For
tetragonal BaTiOj3, the Born mechanical stability
conditions are given as:

Cy > ’012|a

207, < C33(Chy + Oha),
Cu >0,
Ces > 0.

Using the calculated DFT elastic constants:

()
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Cy1 = 252 GPa, Cy5 = 98 GPa, Cy3 = 79 GPa,
C33 195 GPa, C44 = 53 GPa, and C66 = 70 GPa.

The stability conditions are satisfied as follows:

252 > 98

2(79) = 12482 < 195(252 + 98) = 68250
C44 =53>0

C66 =70 >0

Hence, in Table 2, the calculated elastic constants
satisfy the Born mechanical stability requirements
of tetragonal BaTiOs. It shows that the structure
obtained is mechanically stable for small elastic
deformation. The value of shear elastic constants
is positive as resistance to shear strain and the
longitudinal elastic constants indicate the strong
lattice rigidity and structural robustness. The
determined elastic constants were relevant properties
like bulk modulus (B), shear modulus (G), Young’s
modulus (E), and Poisson’s ratio (v). Hence, these
measurements served to be significant for our
studies, as they contribute to an understanding of a
material's stress-strain interaction. The computations
were performed using, of course, the standard
Voigt-Reuss-Hill approximation, widely adopted
and discussed in the literature as the approximate
estimates of the average elastic behavior.

Table 3 shows Barium Titanate mechanical moduli
obtained via DFT and the available experimental
quantities. Mechanical parameters that characterize
the stiffness, rigidity, elasticity, ductility, and
resistance of a material to mechanical forces are
known as 'mechanical moduli'. In this study, the
excellent precision and dependability values of the
DFT methodology were verified by empirical and
theoretical observations, clearly highlighting the
mechanical properties of BaTiO3. The bulk modulus
B is a measure of a substance’s ability to resist
uniform volume compression. That 138 GPa bulk
modulus approaches 135-140 GPa and matches the
corresponding values very closely. A large bulk
modulus indicates a very good resistance to external

hydrostatic pressure and high compressive load.

These phenomena are physically due to the strong
atomic interactions among Ba, Ti, and O atoms in the

Table 3. Mechanical moduli of BaTiO3 [19].

Property This Work Experimental
(DFT) Value
Bulk Modulus B (GPa) 138 135-140
Shear Modulus G (GPa) 56 52-60
Young’s Modulus E (GPa) 144 140-145
Poisson’s Ratio v 0.30 0.29-0.31

perovskite lattice. The good agreement also confirms
that the DFT-optimized crystal structure is capable of
reproducing well the compressibility of the material.
Shear modulus G describes the resistance of a
crystal to shear deformation, or changes in shape
without a change in volume. The DFT value of 56
GPa is quite in accordance with the experimental
range of 52—60 GPa. The reduced size of the shear
modulus compared to the bulk modulus suggests that
this shear displacement comes from the field more
easily than is the case for volumetric compression.
Moderate shear flexibility for ferroelectric and
piezoelectric materials is significant in domain wall
motion, polarization switching, and electromechanical
coupling. Hence, the reported shear modulus shows
that BaTiO3 possesses sufficient mechanical stiffness
with desired ferroelastic flexibility. Young’s modulus
EEE shows the stiffness of the material under
uniaxial tensile stress or compressive stress. The
calculated value of 144 GPa is in good agreement
with the 140-145 GPa range in technical terms;
BaTiOs, in brief, is regarded as mechanically robust
and is strain resistant to elastic deformation in
response to mechanical stress. A high Young’s
modulus in most cases indicates a solid chemical
bonding and a stable lattice structure. In real
practical terms, such property will strongly influence
mechanical-loaded devices which, in this case, have
active applications such as actuators, transducers,
capacitors or piezoelectric sensors. Poisson’s ratio,
v, 1s the transverse deformation response of a
material in the presence of axial stress. The 0.30
agreement is excellent with the experimental range
of 0.29-0.31. Therefore, the Poisson's ratio of
BaTiO3 is almost 0.30 with stable elasticity and
moderate ductility. For solid-state materials, the
Poisson ratio values also range from 0.25 to 0.35
to describe large contribution of ionic bonding.
Based on the fact that BaTiOs is a ferroelectric
oxide that possesses a combined ionic—covalent
bond nature, this calculation is physically viable
in view of the perovskite crystal structure. With
regard to the comprehensive mechanical properties
of BaTiOj3, the high compressive strength, moderate
shear flexibility, and elastic stiffness of BaTiOg
are obtained at a high level. These properties are
extremely advantageous in complex applications that
require both mechanical stability and mechanical
response. The close agreement between the obtained
DFT and experimental values also verifies the
computational method adopted in this work. These
mechanical moduli also suggest that, from a materials
engineer's perspective, BaTiO3 could be applied in
high-performance capacitors, ferroelectric memory,
ultrasonic transducers, piezoelectric actuators, and
even in electro-optic devices. Bulk and Young’s
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moduli will have the structural stability benefit, and
moderate values of shear modulus and Poisson’s
ratio will lead to efficient electromechanical coupling
and ferroelastic switching characteristics. Small
discrepancies between theoretical and experimental
values can be attributed to temperature effects,
lattice defects, grain boundaries, sample purity,
and approximations in the exchange-correlation
function applied in DFT calculations. Theoretical
calculations are generally performed for an ideal
defect-free crystal at 0 K, so minor deviations from
room-temperature experimental measurements are
expected and are scientifically accepted.

3.3 Optical Properties

The optical behavior of BaTiO3 was investigated
by computing the complex dielectric function.
g(w) = €1(w) +ie2(w), which provides information
on dispersion and absorption properties.

The dielectric function is a fundamental property
describing the polarization behavior of the material
under an electric load. Imaginary, on the other
hand, is the corresponding part that represents
inter-band electronic  transitions, capturing the
dynamics of a charge carrier between energy levels.
In the imaginary part, a large peak is observed
at about 4.5 eV, where the fundamental eclectronic
transitions occur between the O 2p valence band
and the Ti 3d conduction band. The peak also
highlights the frequency range at which excitations
are generated, helping electrons move through bands.
Also, the static dielectric constant, which may
be defined as 5.3, is determined, indicating that
the material polarizes in the presence of a steady
electric field. Barium Titanate optical properties
from DFT and experimental results published
in the literature are presented in Table 4. The
optical properties of the compound are crucial for
the comprehension of electromagnetic radiation
interaction with the material and important for the
optoelectronic, dielectric, photonic, and photovoltaic
applications. Comparison of theoretical values
with the experimental ones does provide some
indication that the DFT computation at this site can
well simulate the fundamental optical behavior of
BaTiO;. The static dielectric constant £,(0) shows
the low-frequency response of the material to an
external electric field.

A value of 53 was obtained (within the
experimental range of 5.2-5.5). A large dielectric
constant provides high polarization and charge
storage efficiency for ferroelectric perovskite oxides.
The high dielectric response of BaTiOj is primarily
due to the displacement of Ti ions within the TiOg
octahedra, giving rise to spontaneous polarization.

Table 4. Optical properties of BaTiOs [20].

Property This Work Experimental
(DFT) Value
Static dielectric constant £1(0) 5.3 5.2-5.5
Refractive Index (n) 245 24-2.5
Absorption Peak (eV) 4.5 4.4-4.6
Band Gap (eV) 2.2 32

The close agreement between DFT and experiment
results indicates that the electronic polarization
and lattice response are well described by the
computational model. The refractive index n
represents how effectively light traveling through
the material is slowed compared with a vacuum. On
the basis of the measured results, the DFT value
of 2.45 is very close to the experimental range of
2.4-2.5, and thus represents a reasonable prediction
of the optical dispersion of BaTiOs.

A medium refractive index of 2.45 signifies a
strong interaction of incident photons with the
electronic cloud around the material. This feature
demonstrates BaTiO3 to be indispensable for use
in optical coatings, waveguides, photonic devices,
electro-optic modulators, and nonlinear optical
devices. The absorption peak at 4.5 eV indicates the
high-energy optical peak due to electronic transitions
present between the valence and conduction bands.
This absorption peak, determined approximately,
conforms with the experimental peak at 4.4-4.6 eV,
and the major interband transition characteristics of
BaTiO3, determined by DFT calculations, are similar
to the dominant interband transition characteristics
of BaTiO3. Physically, this absorption is mainly a
result of transitions from the valence band: O-2p to
Ti-3d states in the conduction band.

The high-energy photon absorption of BaTiOs,
making it highly sensitive to UV light and able to
reflect high-energy photons, could constitute a very
prospective strategy for the future applications of
many types of photocatalytic systems, UV detectors,
or optical filtration systems. The electronic band gap
was determined to be 2.2 eV, and the experimental
band gap was 3.2 eV. It is not surprising, and it
is generally found in classical DFT calculations
based on generalized gradient approximation (GGA)
or local density approximation (LDA) exchange
correlation functionals.

However, DFT solutions based on conventional
approaches would limit the band gap, and they
do not address many-body electron interactions
as well as quasi particle excitations. However,
a band structure based on the semiconducting
nature of BaTiO3 will still be estimated correctly
and can represent a complete electronic behavior.
The band gap is essential concerning the optical
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absorption, conductivity, and the electronic excitation
properties. The experimental band gap of about 3.2
eV demonstrates that BaTiOs is an effective UV
absorber and it is quite transparent in the visible
spectrum. This is especially true for dielectric and
optical devices, where you want more transparency
without loss of insulation. The smaller number of
DFT band gaps indicates that hybrid functionals
(such as HSE06) and many-body GW corrections
achieve more satisfactory quantitative agreement
with experiment.

In this way, we conclude that the DFT calculations
we perform here closely simulate the dielectric
response, refractive index, and optical absorption
processes of BaTiOsz, and that the usual band-gap
underestimation observed in most common DFT
methods is evident in Table 4. The physical
properties of BaTiOs; have confirmed its strong
dielectric polarization, strong photon interaction,
and valuable ultraviolet optical properties. These
properties make BaTiOs; a strong candidate for
ferroelectric  capacitors, electro-optic modulators,
nonlinear optical devices, optical sensors, photonic
devices, and energy storage devices. The excellent
agreement between theoretical and experimental
optical parameters further confirms the reliability
of the computational technique employed in the
study to examine the pressure-dependent optical and
electronic characteristics of ferroelectric perovskite
materials.

4. DISCUSSION

The calculated and measured values of the
ferroelectric BaTiOj3 structure, mechanics, and optical
properties were compared to show the stability and
reproducibility of the DFT-PBEsol method. You
definitely see slight differences between the two sets
when comparing various data types, but most of
those differences are due to minor factors. This is
always an approximation when you are dealing with
the exchange-correlation functionals, and then again,
you are ignoring, for example, finite-temperature
effects, and the norm-conserving pseudopotentials do
not always factor in relativistic influences, which can
add up. The band gap is so often underestimated.
And if you are thinking of an optoelectronic
application, that is a problem. DFT-PBEsol is used
to obtain some basic qualitative patterns, such as the
location of the absorption edge and unique spectral
features. Thus, despite the underestimation, it gives
a decent idea of which materials will do well. The
mechanical and dielectric properties provided by
this computer approach strongly motivate the use
of BaTiO3 in capacitors, piezoelectric sensors, and

electro-optic modulators. It illustrates the flexibility
of this technology in high-end applications and its
importance.

5. CONCLUSION

Barium titanate (BaTiO3) has been widely studied for
its structure, elastic properties, optical characteristics,
and, especially, the tetragonal phase. Interestingly,
we found lattice parameters and elastic constants that
remarkably closely matched those from experiments.
That should be sufficient to give us confidence
we had in our computational model here. Now,
the exact gap between the electronic bands can be
hard to identify. But the material does work for
the most part, and thus we are going to follow our
course here. It is not the ultimate ideal case, but
we now have a handle on how it works optically.
In practice, that giant study shows that BaTiO3 can
be quickly added to virtually every kind of gadget,
capacitors, piezoelectric sensors, you name it. It also
sets the stage for future work through modifications,
such as doping or strain engineering. With this
exercise of experimentation, we can do better, if not
expand frontiers of ideas, to address these high-tech
applications.
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