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Optoelectronic tuning of Barium titanate doped with Pt:
A systematic first-principles study

Mariam Q. Saadon', Hussein A. Miran'*

In this study, the structural, electronic and optical characteristics of Platinum (Pt)-doped
cubic BaTiOs perovskite were inspected via density functional theory (DFT) calculations.
Generalized gradient approximation (GGA) and Pedraw—Wang 91 (PW91) functional, as
applied in CASTEP code, provide an atomic level understanding of the influence of sub-
stituting 0.125 Pt dopant at Ba and Ti positions. Results indicate that the optimized
lattice parameters and band gap are in good agreement with the experimental and the-
oretical data. Furthermore, the total and projected density of states (TPDOSs) analysis
demonstrates that Pt—dopant integration has an impact on diminishing the band gap and
shifting the absorption spectra towards the visible light region. Thus, it is suggested that
substituting Ti and Ba atoms with Pt would enhance the optoelectronic characteristics of
the host system, due to existing Pt—5d electronic states. Moreover, the negative formation
energy values indicate the thermodynamic stability of the modeled configurations. These
detailed results provide valuable insights into the physical properties of Pt—-BaTiO3 and its
behavior across a range of photon wavelengths. To our knowledge, this contribution evalu-
ates for the first time the influence of introducing platinum (Pt) into a BaTiOs perovskite
system. The overall findings demonstrate a valuable appraisal of support for experimental
synthesis of Pt—-BaTiO3; to serve in various optoelectronic devices.

I Introduction O-2p orbitals situated within the valence band to
d orbitals of the transition metals located in the
conduction band [11]. It has been reported that
a minor percentage of solar radiation, of approxi-
mately 5%, would be absorbed within the UV spec-
trum [12, 13]. Thus, it is recommended to adjust

the band gap of BaTiOgz to stretch the photo re-

The recent development of materials engineering
with controlled characteristics is of pronounced sig-
nificance [1-7]. Oxide perovskites with the form
ABOg3, where A and B correspond to the cations
(metals), and O signifies the anion (Oxygen), have

emerged as an interesting class of materials in var-
ious industrial and technological applications, for
instance, in photovoltaic devices, ferroelectrics, so-
lar panels, and catalysts [8-10]. The band gap is
fundamentally associated with charge shifting from
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sponse toward the visible region [14]. In order to
augment the optical absorption characteristics of
BaTiOg3, a doping strategy was adopted to create
a novel acceptor or donor level in the valance and
conduction energy bands [15]. The key point of
utilizing BaTiOg perovskites in photovoltaic appli-
cations comprises the remarkable photovoltaic in-
fluence produced by brilliant ferroelectric behav-
ior [16]. In addition, they provide a broad range of
possibilities for switchable constituents by dopant-
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introduction at Ba or Ti positions for controlling
their electronic, electrical and optical characteris-
tics [17-19]. Furthermore, the synthesis procedures
involve cost effective equipment such as spray py-
rolysis, sol-gel, and magnetron sputtering [20]. Sig-
nificant numbers of investigations have been ded-
icated to understanding the effective impact of
dopants on enhancing diverse properties of the pris-
tine BaTiO3 and reducing dielectric loss [21-27].
Although doping represents an effective strategy for
tailoring required materials for diverse technologi-
cal and industrial fields, controlling the cation ar-
rangement remains a substantial feat still needing
to be achieved. Cadmium (Cd)- accommodated at
Ba position of BaTiO3 has an impact on narrowing
the band gap and improving the optical proper-
ties, which could serve in various electronic indus-
tries [28]. Strontium (Sr) inclusion at the Pb lat-
tice of PbTiO3 cubic perovskite could reduce the
band gap and shift the optical response by lower-
ing refractive index and increasing absorption in
the visible region [29].

Pt quantum dots-doped LasTisO; nanosheets
have been synthesized using the hydrothermal ap-
proach [30]. Alongside, density functional theory
(DFT) calculations were used to analyze the ef-
fect of Pt doping for discriminating NO elimination
and evading the NOy secondary contaminant. It
has been established that Pt atom integration over
LasTisO7 surfaces would reduce the band gap of
these surfaces, in turn expanding its light absorp-
tion coverage in the visible-light region, since Pt
atoms perform as bridges to expedite the charge
carrier transfer [31]. In another study, LasTisO7
nanosheets modified by Pt quantum dots were pre-
pared for efficient NO removal avoiding the NOg
secondary contaminant [32]. NiTiOz and ZnTiOs
perovskite nanostructures were prepared via the
hydrothermal procedure, adding 1 wt% of Pt to
attain Pt-NiTiO3 and Pt-ZnTiOs. The results
demonstrated that Pt-loading improved the mate-
rial sensitivity and induced Pt-NiTiOj3 selectivity
towards NO3, compared to more harmful pollu-
tants such as CO2 and SO2 [33]. A recent contri-
bution has investigated the impact of substituting
0.125 Palladium (Pd) dopant at Ba and Ti posi-
tions on enhancing the photocatalytic activities of
BaTiOg3 [34]. To our knowledge, this contribution
evaluates for the first time the influence of intro-
ducing Pt into a BaTiO3 perovskite system: the

Ba, 4;5Pt) 1,5TiO;

BaTi, g75Pt) 1,50;

Figure 1: The optimized 2x2x2 supercells of the
modeled configurations. Green, Gray, pink, and
red spheres denote, Ba, Ti, Pt, and O atoms, re-
spectively.

impact of Pt inclusion on the physical properties of
Barium titanate was evaluated. The attained re-
sults would provide a useful guide for tailoring a
Pt-based efficient light absorber using the state-of-
the-art density functional theory (DFT). The cur-
rent paper is structured as follows: Section 1 intro-
duces the most cited literature. Section 2 highlights
the computational methodology approach. Section
3 covers results and discussion, interpreting and
analyzing the attained results. Finally, Section 4
draws conclusions from the study and presents the
key findings and outlook.

II Calculation methodology

The examination of Pt-doped BaTiOs was per-
formed by means of first-principles calculations by
implementing the supercell method. Investigation
of the electronic structure was carried out using the
state-of-the-art density functional theory (DFT), as
executed in Cambridge Serial Total Energy Pack-
age (CASTEP) [35,36]. The projector-augmented
wave function (PAW) approach within the general-
ized gradient approximation (GGA-PW91) was ap-
plied for the exchange-correlation energy [37, 38].
The energy cutoff was set as 300 eV and the
Brillouin-zone (BZ) was sampled by Monkhorst-
Pack k meshes [39]corresponding to 4x4 x4 for both
pure BaTiO3z and Pt-doped BaTiO3. The relax-
ation of the electronic excitation is smaller than
0.01 eV/A. Moreover, to overcome the intrinsic
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Table 1: An evaluation of the ground state properties of pristine and Pt-doped BaTiO3.

The studied configurations | Lattice Formation Bandgap energy (eV)
constants energy (eV)
(A) a=b=c
Pristine-BaTiO3 4.07 -8.55 3.21
4.03 3.19
Ba0,875Pt0_125T103 4.02 -8.44 1.78
BaTi0.875Pt0A12503 4.04 -8.31 2.06

drawback of the underestimation of the DFT ap-
proach, a scissor operator value of about 0.75 eV
was systematically utilized to estimate the experi-
mental energy band gap [40]. In the current sim-
ulation study, an original unit cell of BaTiO3 was
optimized first, then a 2x2x2 supercell consisting
of 40 atoms (i.e. 8 atoms of Ba?*, 8 atoms of Ti**,
and 24 atoms of O) was constructed. The con-
sidered loaded ratio of Pt dopant corresponds to
0.125. In order to consider such a content, two
categories were implemented in which one atom of
Ba?T (in case of occupying Ba site) or one Ti**t
(in case of occupying Ti site) has been substituted
with a Pt atom. Furthermore, the formation energy
of the pure BaTiO3 was assessed and expressed as
below [34,41]:

1
T+y+z
~wEpq — yEr; — 2E,).

AEfBaTiOg = (1)

(Esum(BaTi03)

Herein, x, y and z are fixed numbers representing
the atomic molar ratios of Ba, Ti, and O, respec-
tively.

In addition, the formation energies of Bag.grs
Ptg.125TiO3 and BaTigg75Pt0.120503 systems are
expressed as below:

1
AE‘fBao.zwsPtu125Tio3 = erm—er+z (2>
(Esum(Bao_s75Pto.125Ti03)
—xEpq — mEp, —yEr; — 2E,),
A B 1
EfBaT:ig,msPtonsoa - m (3)

(Esum(BaTio.875Pt0A12503)
~2Epq —yEri — mEp; — 2E,).

where z,y,z, and m symbolize the molar portion
of Ba, Ti, O, and Pt atoms, correspondingly.

For evaluating the dopant formation energy of
Pt-insertion into the host lattice of BaTiOgs, the
following relationship is utilized [42],

(4)

Ef = EPt—doped - [Ehost lattice
—(1Ba Or pri) + ppe].

wherein E; refers to the formation energy of the
Pt-dopant and Epost jattice corresponds to the en-
ergy of the pristine system. ppq, pr; and ppy sig-
nify the chemical potential of Ba, Ti and Pt atoms,
respectively.  The chemical potentials of these
atoms correspond to the energies of the species in
their solid lattice (the doped modeled supercells).
In the case of Pt insertion at Ba and Ti sites, the
energy of pup, or up; are fulfilled, correspondingly.
The required formation energy of the Pt atom to
be situated at the Ba position is determined as 4.17
eV, while the required formation energy of Pt at the
Ti site satisfies 9.56 eV. Thus, the preference of the
Pt atom to accommodate at Ba is more applicable
than at the Ti site.

IITI Results and discussion

i Electronic properties, geometrical relax-
ation, and stability evaluations

Literature has stated that Ba and Ti sites with co-
ordination numbers of 12 and 6, respectively, play
a certain role in engineering the desired optoelec-
tronic characteristics of BaTiO3 via substitution at
those sites. The modeled BaTiO3 system crystal-
izes in cubic phase (Pm-3m 221) in which Ti, Ba,
and O atoms accommodate at Wyckoff positions
of (0,0,0), (0.5,0.5,0.5), and (0.5,0.5,0), respec-
tively [43]. Platinum (Pt) is a transition metal with
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Figure 2: The total and partial density of states for
pure BaTiOg system. The dashed line corresponds
to the Fermi level.

an atomic number 78. Its electron configuration is
[Xe] 4f'4 5d° 6s!. Fig. 1 displays the crystal struc-
tures of Pt-doped BaTiOs.

The predicted bandgap energy and lattice con-
stants of BaTiO3 are reported, and demonstrated
an agreement between experimental and theoreti-
cal studies [44—46]. Table 1 displays the formation
energies of pristine and doped BaTiO3. A negative
formation energy value suggests that a system is
thermodynamically stable and can experimentally
be synthesized, while a positive value indicates in-
stability of the system. It is noticeable that the
pristine and doped systems exhibit negative values
and approximately equivalent stability. Moreover,
it is critical to ascertain structural stability of all
components. The integration of Pt into BaTiOg
implies a trivial reduction in the overall stability.

As reported earlier in literature, BaTiO3 exhibits
a non-metallic nature indicating a semiconduct-
ing behavior [47]. The electronic properties of a
BaTiOgs unit cell is inspected by analyzing the total
and projected density of states (TPDOSSs) of the re-
laxed configuration. The states of TPDOSs for the
studied structure of BaTiOg are presented in Fig. 2.
The valence band shown in Fig. 2 prominently com-
prises O — 2p peaks with minor contributions from
Ba — 4d and Ti — 3d states. However, the conduc-
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al].875 0.125, 1 3 . §
oo —r
: d
: Totall

10

0
-20

-15 -10 -5 0 5

Energy (eV)

Projected and Total DOSs (electrons/eV)

Figure 3: The total and partial density of states for
Bag.g75Pt0.125Ti03. The dashed line corresponds
to the Fermi level.

tion band is mostly composed of Ba — 4d and Ti —
3d states. The estimated bandgap of the pristine
discloses a magnitude of 3.21 eV, which is in accor-
dance with the parallel experimental value [44].
Concerning the doped configurations shown in
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Figure 4: The total and partial density of states of
BaTig g75Pt0.12503 configuration. The dashed line
corresponds to the Fermi level.
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Table 2: The predicted charge distribution results of pristine BaTiOg.

Atoms s p d | Total charge (e) | Charge transfer (e)
0] 1.98 | 5.02 | 0.00 7.01 -1.01
Ti 2.32 | 5.81 | 2.28 10.41 1.59
Ba 1.98 | 6.00 | 0.67 8.56 1.44

Figs. 3 and 4, it can be obviously seen that VB is
principally initiated from O — 2p with a slight in-
volvement of Ba — 4d, Ti — 3d, and Pt — 5d,whereas
the majority of CB comprises d states and the mi-
nority corresponds to p states. Fig. 3 portrays the
electronic projected (partial) and total density of
states for Pt—doped BaTiOg3 at the Ba site. This
figure indicates that the Pt — 5d orbital is situated
at 1.78 eV from Fermi level (0 eV), having a firm
hybridization with O — 2p orbitals. On the other
hand, the p — d hybridization resulted in reducing
DOSs of the valance bands. Fig. 4 depicts PDOSs
and TDOSs for Pt—included BaTiOg3 at the Ti site.
In this case, Pt — 5d orbital is positioned at 2.06 eV
from Fermi level with having a robust hybridization
with O — 2p states.

Remarkably, the introduction of a Pt atom po-
sitioned at Ba and Ti sites lead to reducing the
bandgap value to 1.78 eV and 2.06 eV, respectively,
signifying a semiconducting trend as documented
in Table 1. It is also worth reporting the indica-
tion that the energy band gap window lies slightly
above the Fermi level. This could be justified by
the instability in magnetic properties due to the
high density of states of the studied materials. The
reduction of the band gap energy during Pt inser-
tion is originated from the emergence of electronic
states in the gap between valance and conducting
bands [48].

From another perspective, carrying out spin po-
larized calculations demonstrates quite similar den-
sity of states and band gap values for the explored
systems, as depicted in Figs. 5 to 7.

Furthermore, Pt—doped configurations displayed
a magnetic property which is originated from in-
serting Pt into BaTiOs which reveals its ferromag-
netism [49]. Band gap schemes of pristine and
Pt— doped BaTiO3 have been plotted in Figs. 8
to 10. The figures display strong hybridization ow-
ing to introducing Pt-5d orbitals, as explained in
TPDOSs plots.

Appraising charge density distribution provides

an assessment of the bonding nature. Mulliken
population analysis is of great use when evaluating
charge distribution. Furthermore, it offers insight
into the sort of bonding involved (i.e. ionic and
covalent bonds): Mulliken charge population value
amounts to zero for ideal ionic bonds, whereas it
corresponds to unity for perfect covalent bonds [50].
Mulliken population was performed in CASTEP by
applying a projection of the plane wave basis set
onto a localized basis using a modified method es-
tablished by Sanchez-Portal et al. [51]. Table 2
reports Mulliken charges of pristine and Pt-doped
BaTiOg. The Mulliken population illustrates that
the covalency and ionic strength of the bond can
be estimated.

A high population magnitude designates cova-
lent bonding, whereas a low magnitude indicates
an ion-interacting bond. Impurities would influence
the adjacent atoms [52-54]. The Ti—O bonds hold
non-zero positive values, favoring the ionic and co-
valent trends in all the compounds evaluated. Ac-
cordingly, the incorporation of the Pt ion into the
pristine system results in a rise of the covalence
behavior of Ba-—O and Ti-O bonds, accompanied
by a reduction in the ionicity. The ionic bonding
is undoubtedly aligned with the charge reassigning
between atoms in molecules. The moderately nega-
tive charge of O and positive charges of Ba, Ti and
Pt atoms, correspondingly, favor more charge accu-
mulating around O atoms, which is demonstrated
in charge gaining [55]. In turn, less charge accumu-
lating around Ba, Ti and pt atoms implies charge

Table 3: The predicted atomic Mulliken popula-
tions and bond length (A) of pristine BaTiOs.

Bonds | Mulliken populations | Bond length (A)
O-Ti 0.26 2.04

0-0 -0.06 2.87
0-Ba -0.27 2.87
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Table 4: The assessed charge distribution results of Bag g75Ptg.125TiO3.

Atoms | s p d | Total charge (e) | Charge transfer (e) | Magnetic moment (hbar)
(@) 1.95 | 4.98 | 0.00 6.93 -0.93 0.13
Ti 2.30 | 5.94 | 2.30 10.53 1.60 0.14
Ba 1.88 | 6.01 | 0.69 8.58 1.45 0.03
Pt 0.62 | 0.32 | 8.69 9.64 0.36 0.89
4 —
Ens— I ——
2F
3 S
~ 2
a Oboee e 3
= =
=~ )
S =
= ) =
_4 —
G F Q y/ G G F Q zZ G

Figure 8: Band gap scheme of pristine BaTiO3.

reduction. This is owing to the fact that O atoms
hold electronegativity values greater than Ba, Ti
and Pt atoms.

Moreover, Table 2 portrays negative charges for
O atoms with reference to the ionic tendency be-

Figure 10: Band gap scheme of BaTig g75Ptg.12503.

tween anions and cations in the structures in ques-
tion. Therefore, substitution at Ba and Ti atomic
sites by a Pt atom sees plummets in their charge
values. Nonetheless, further charges show growth
around O atoms when cation sites are replaced
by Pt atoms. Tables 3 to 7 display the atomic
Mulliken populations and bond length (A) of pris-

4F tine BaTiO3 and Pt substituted at Ba/Ti sites of
— BaTiO3. Increasing the positive value of the Mul-
P liken charge for Ba and Ti ions in the studied com-
% 2p pounds can be understood based on the sturdier
: mixture with surrounding oxygen ions, when the
o | - —
g
= Table 5: The estimated atomic Mulliken popula-
-2 tions and bond length (A) of Ba0_875Pt0,125T103.
4 Bonds | Mulliken populations | Bond length (A)
B O-Ti 0.25 1.89
' 0-0 -0.05 2.85
G F Q Z G 0Ba 20.36 2.82
Figure 9: Band gap scheme of Bag.g75Ptg.125Ti03. O-Pt 0.10 2.46
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Table 6: Charge distribution data of BaTiy g75Pt(.12503.

Atoms | s p d | Total charge (e) | Charge transfer (e) | Magnetic moment (hbar)
(@) 1.98 | 5.03 | 0.00 7.01 -1.01 0.28
Ti 2.33 | 5.74 | 2.29 0.34 1.65 0.05
Ba 1.85 | 6.00 | 0.66 8.52 1.48 0.01
Pt 0.76 | 0.05 | 8.12 8.93 1.07 0.97

negative charge is shifted towards oxygen ions [56].
Based on the attained charge transfer results, it
can be concluded that the bonding character of
Pt-BaTiO3 is a mixture of covalent and ionic in
nature.

Table 7: Atomic Mulliken populations and bond
1ength (A) Of BaTi0'875Pt0.12503.

ii Optical properties

It has been reported that the dielectric function is
a critical feature showing the absorption and po-
larization properties of materials [57,58]. The real
part(e1) designates the quantity of a substance be-
ing polarized when electromagnetic waves are pen-
etrating it. The dielectric component is composed
of real and imaginary parts, as given below [59,60]:

()

The inspected real dielectric constant of pristine

e(w) = e1(w) +iez(w).

and Pt-doped BaTiOj3 are illustrated in Fig. 11. It

can be obviously concluded that incorporation of

Pt atoms into the host system improves the dielec-

tric constant in the visible region, especially with

Pt positioned at the Ti site. Negative values of

Bonds | Mulliken populations | Bond length (A)
O-Ti 0.24 2.03
0-0 -0.06 2.86
O-Ba -0.27 2.82
O-Pt 0.10 2.09

< of

s

s 4r

=

= 3F

S

2 2F

& BaTiO

3 1t J .
E O 3 Bao.875Pt0.125T103
E / BaTlO.875Pt0.12503
< 1F
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ip) —
100 200 300 400 500 600 700 800 900

Figure 11: The estimated real dielectric component
spectra of pristine BaTiO3,BaTig g75Ptg.12503, and
Ba0_875Pt04125Ti03 structures.

the real dielectric constant in the range of roughly
150 — 250 nm for the spectra are attributed to over-
shooting the resonance frequency value in the ma-
terial [61]. This resonance occurs owing to the ro-
tation of the ions or electrons spinning in the mate-
rial. Moreover, the nonzero values of the imaginary
component of the dielectric constant are revealed in
Fig. 12, which designates the proceeding of absorp-
tion in that energy region. To benchmark the influ-
ence of conducting spin polarization assessment on
the optical characteristics, real and imaginary com-
ponents of dielectric function have been obtained.
Figs. 13 and 14 correspond to spin-polarized real
and imaginary dielectric constants. The reason for
the shifting of spin-polarization and non-spin po-
larization of real and imaginary dielectric spectra
is justified by the electronic spin interactions. The
reflectivity of pure and Pt— doped BaTiO3 versus
wavelength is demonstrated in Fig. 15.

The figure indicates that Pt integrated into
BaTiOg3 reveals enhanced reflectivity values in the
ultra-violet region with reference to pure BaTiOg.
Furthermore, the BaTigg75Pto.12503 spectrum,
compared with that of Bag g7r5Ptg.125TiO3, reveals
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Figure 13: Spin-polarized real dielectric compo-
nent of pristine BaTiOg,BaTig g75Pt.12503, and
Ba0,875Pt0A125T103 structures.

a remarkable tendency to reflect the incident pho-
tons in the visible array of solar radiation [62,63].
The variation of real and imaginary components of
conductivity with regard to photon wavelength are
schemed in Figs. 16 and 17, respectively.

The conductivity of a material designates the
capability to transfer electronic charges through-
out that material. From these aforementioned di-
agrams, introducing Pt stimulates an enhanced
trend toward visible spectra, demonstrating that
this material is opportune for photovoltaic de-
vices [64]. Thus, the refractive index n(w) and the

0.8 BaTiO3
Ba0.875Pt0.l 25Ti03
06 BaT10.875Pt0.12503

Reflectivity
o
~

<
()

0.0
100 200 300 400 500 600 700 800 900
Wavelength (nm)

Figure 15: The evaluated reflectivity spec-
tra of pristine BaTiO3,BaTigg75Pt0.12503, and
Bag.g75Ptg.125Ti03 structures.

extinction coefficient k(w) were studied. Figs. 18
and 19 portray the refractive index (real part)
and extinction coefficient (imaginary part) of pure
BaTiO.875Pt0_12503 and Ba0_875Pt0.125T103 struc-
tures. The real part of the refractive index rep-
resents the refractive constant of the obtained
curves, demonstrating advancement in the visible
range,whereas the extinction coeflicient, exempli-
fying the absorbance, reveals that an enhancement
is obtained as the Pt atom inserts into the host
matrix in the visible range of EMW. On the other
hand, assessing the energy loss function for engi-
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spectra of pristine BaTiO3,BaTig g75Ptg.12503, and tra of pristine BaTiOg3,BaTigg75Pt0.12503, and
Bao_875Pt0.125T103 structures.
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Figure 17: The intended imaginary part of
conductivity — spectra of pristine BaTiOsg,
BaTig g75Pto.12503, and  Bag.grs5Pto.125TiO3
structures.

neering photoelectric devices is crucial in order to
determine the energy loss of the fast electron pene-
trating a substance. Fig. 20 divulges the loss func-
tion spectra of the investigated configurations. It is
markedly confirmed that the loss function exhibits
a predominant peak at around 200 nm, thereafter
diminishing to zero values. Our simulated systems
clearly manifest zero values for broad electromag-
netic wavelengths, thus nominating them to be non-
energy dissipative materials apt to be employed in
various optoelectronic devices. In the case of Ti
replaced by Pt, it is noticeable that the energy dis-
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Figure 19: The considered extinction coefficient
spectra of pristine BaTiO3,BaTig g75Pt0.12503, and
Bag g75Ptg.125T103 structures.

sipation at nearly 150 nm is much higher than that
of other both systems. Finally, the absorption co-
efficients specify how far light of a certain energy
or wavelength is able to enter the substance be-
fore absorption [65]. The absorption spectra of the
modelled configurations are considered in Fig. 21.
A semiconducting trend is clearly observed, since
the spectra initiates at a non-zero point of wave-
length. Conversely, the spectrum of Pt integrated
at the Ti site demonstrated a remarkable enhance-
ment of absorption.
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Figure 20: The deliberated loss function spec-

tra Of pristine BaTiO3, BaTi0,875Pt0.12503, and
Ba0,875Pt0A125Ti03 structures.

IV  Conclusions

In summary, the main theme of the current study
is to investigate the influence of introducing 0.125
Pt on the ground state properties of BaTiOg per-
ovskites. The ascertained consequences have rec-
ommended that Pt integration into BaTiO3 would
diminish the band gap to 1.78 eV and 2.06 eV as
it accommodates at Ba and Ti sites, respectively.
Furthermore, incorporating Pt—dopant would in-
troduce 5 d states in the conduction band of
BaTiO3. The 5 d states demonstrate a substan-
tial upshot on declining the band gap. More-
over, the absorption region of Pt-BaTiOg is shifted
from ultraviolet towards the visible spectra subse-
quentsoly to Pt integration,implying that the op-
tical absorption is extended toward longer wave-
lengths (a red-shift). Mulliken’s charge distribution
exhibited an ionic chemical bonding of Ba—O and
Ti-O; however, Ba-Pt and Ti-Pt bonds revealed
covalent bonding characteristics. The current out-
comes imply that Pt—doped BaTiOg is a promising
material that could serve in photocatalysis appli-
cations, as well as demonstrating advantageousness
in other diverse optoelectronic technologies. For fu-
ture work, it would be of great interest to conduct
some surface investigations to probe the ability of
Pt-BaTiO3 to decompose harmful molecules.

- 14
ot 12'_ BaTiO, .
: 10 [ / Ba0.875Pt0.125T103
‘TE _- BaTlO.875Pt0.12503
£ st
£ o
N L
& o4t
) L
w
<
0 .4/ | P Y I\ Lo b= 1 .
2 4 6 8 10 12 14 16 18
Energy (eV)
Figure 21: The assessed absorption spec-

tra of pristine BaTiOsz, BaTigg75Ptg.12503,and
Bao_875Pt0.125TiO3 structures.
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