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a b s t r a c t

[Ba1exY2x/3](Zr0.25Ti0.75)O3 powders with different yttrium concentrations (x ¼ 0, 0.025 and 0.05) were
prepared by solid state reaction. These powders were analyzed by X-ray diffraction (XRD), Fourier
transform Raman scattering (FT-RS), Fourier transform infrared (FT-IR) and X-ray absorption near-edge
(XANES) spectroscopies. The optical properties were investigated by means of ultravioletevisible
(UVevis) absorption spectroscopy and photoluminescence (PL) measurements. Even with the addition of
yttrium, the XRD patterns revealed that all powders crystallize in a perovskite-type cubic structure. FT-RS
and FT-IR spectra indicated that the presence of [YO6] clusters is able to change the interaction forces
between the OeTieO and OeZreO bonds. XANES spectra were used to obtain information on the off-
center Ti displacements or distortion effects on the [TiO6] clusters. The different optical band gap values
estimated from UVevis spectra suggested the existence of intermediary energy levels (shallow or deep
holes) within the band gap. The PL measurements carried out with a 350 nm wavelength at room
temperature showed that all powders present typical broad band emissions in the blue region.

� 2010 Elsevier Masson SAS. All rights reserved.
1. Introduction

In the last years, the lead-free ceramic oxides have been widely
studied due to its dielectric, ferroelectric, electromechanical and
piezoelectric properties [1e6]. Besides the high thermal stability,
these materials do not present detrimental effects to human health
and/or environment [7e9]. Currently, considering the compounds
belong to the perovskite-type group, the barium strontium titanate
(Ba,Sr)TiO3 (BST) has been considered a promising material for the
development of tunable microwave devices because of its strong
electric field dependence of dielectric constant. In spite of this
interesting electrical property, the main drawback is related to its
considerable dielectric loss at high frequencies [10e13]. The barium
zirconate titanate Ba(ZrxTi1ex)O3 (BZT) has received more attention
in the field of materials science by reason of its structural and
physical properties exhibit a significant dependency with the tita-
nium (Ti) and zirconium (Zr) contents into the matrix [14,15]. In
fact, the researches with this perovskite [16e18] have been mainly
focused on the dielectric properties as well as on the phase
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transition from ferroelectric to relaxor. In this case, in order to
improve the electrical properties, the BZT ceramics have been
doped with different lanthanides, semi-metal and alkaline-earth
metals, such as: niobium [19], boron [20,21], lithium [17], yttrium
[22], copper [23], vanadium [24], tungsten [25], manganese [26],
nickel [27], aluminium [28], bismuth [23,29], lanthanum [30],
cerium [31], samariumeeuropiumedysprosium [32], erbium [33]
and ytterbium [34].

However, there are few studies reported in the literature on the
optical properties of this compound. For example, Liu et al. [35]
analyzed the infrared optical properties of BZT thin films
prepared by the solegel method, using only two Zr concentrations
(x¼ 0.20 and 0.30) into the lattice. They observed that the refractive
indexes (n) of these thin films are lowerwhen comparedwith those
of BaTiO3 single crystals in the wavelength range from 2500 to
12 000 nm. In terms of photoluminescence (PL) measurements at
room temperature, the BZT phase (thin films or powders) has
shown typical blue and orange emissions. In general, the origin of
the PL phenomenon has been attributed to the degree of structural
orderedisorder into the lattice, as a consequence of the symmetry
break between the OeZreO and OeTieO bonds [36e39].

Therefore, in this work, we report on the structure and optical
properties of [Ba1exY2x/3](Zr0.25Ti0.75)O3 powders synthesized with
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Fig. 1. (a) XRD patterns and (b) lattice parameter values as well as unit cell volume of
[Ba1exY2x/3](Zr0.25Ti0.75)O3 (x ¼ 0, 0.025 and 0.05).
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different yttrium (Y) concentrations (x ¼ 0, 0.025 and 0.05) by the
solid state reaction method.

2. Experimental procedure

2.1. Synthesis and characterizations of [Ba1exY2x/3](Zr0.25Ti0.75)O3

powders obtained by solid state reaction

[Ba1exY2x/3](Zr0.25Ti0.75)O3 powders were prepared by solid
state reaction route [40]. In this synthesis method, barium
carbonate (BaCO3) (99%, S.D. Fine Chem., Mumbai), titanium oxide
(TiO2) (99.9%, E. Merck India Ltd.), zirconium oxide (ZrO2) (99.9%,
Loba Chem., Mumbai) and yttrium oxide (Y2O3) (99.9% E. Merck
India Ltd) were used as raw materials. These compounds were
stoichiometrically mixed using isopropyl alcohol (IPA) and milled
with an agate mortar up to obtain homogenous powders. After-
wards, these powders were heat treated successively at 1350 �C for
6 h in a conventional furnace.

The synthesized powders were structurally characterized by
XRD using a DMax/2500 PC diffractometer (Rigaku, Japan). The XRD
patterns were obtained with Cu Ka radiation in the 2q range from
10� to 75�, using a scanning rate of 0.2�/s. The FT-RS measurements
were carried out with an RFS/100 spectrophotometer (Bruker,
Germany). In this equipment, a Nd:YAG ion laser (l¼ 1064 nm)was
used to obtain the FT-RS spectra, keeping its maximum output
power at 105 mW. The FT-IR spectra were obtained by means of an
Equinox 55 (Bruker, Germany) spectrophotometer, using a 30�

specular reflectance accessory. The XANES spectra were performed
at the LNLS (National Synchrotron Light Laboratory-Brazil), using
the D04B-XAS1 beam line. The LNLS storage ring was operated at
1.36 GeV with an electron beam current in the range from 180 to
250 mA. The XANES data were collected at the Ti K-edge (4966 eV)
in transmission mode with a channel-cut Si(111) monochromator.
These spectra were recorded from 4910 to 5100 eV, using energy
steps of 0.3 eV around the edge. The monochromator energy cali-
bration was checked during the XANES data collection through
a titanium (Ti) metal foil. The UVevis spectra were taken with
a Cary 5G (Varian, USA) spectrophotometer in diffuse reflection
mode. The PL measurements were performed through a Monospec
27 monochromator (Thermal Jarrel Ash, USA) coupled to an R446
photomultiplier (Hamamatsu, Japan). A krypton ion laser (Coherent
Innova 90 K, USA) (l ¼ 350 nm) was employed as excitation source,
keeping its maximum output power at 200mW. The UVevis and PL
spectra were taken three times for each sample in order to ensure
the reliability of the results. All measurements were performed at
room temperature.

3. Results and discussion

3.1. X-ray diffraction analyses

Fig. 1(a) shows the XRD patterns of [Ba1exY2x/3](Zr0.25Ti0.75)O3
powders (x¼ 0, 0.025 and 0.05). The lattice parameters and the unit
cell volumes for all powders were calculated through the UNI-
TCELL-97 program [41], using the regression diagnostics combined
with nonlinear least squares as illustrated in Fig. 1(b).

In Fig. 1(a), the XRD patterns indicated that all powders crys-
tallize in a perovskite-type cubic structure with space group Pm3m,
in agreement with the respective Joint Committee on Powder
Diffraction Standards (JCPDS) card No. 36-0019 [42]. Diffraction
peaks related to the Y2O3 (secondary phase) were not detected,
suggesting that the Yatoms were incorporated into the [Ba1exY2x/3]
(Zr0.25Ti0.75)O3 structure. However, it was noted that the increase of
Y2O3 content into the host matrix promoted a slight reduction in
the lattice parameter values as well as a contraction of the unit cell
volume (Fig. 1(b)). According to Shan et al. [43], the substitution of
Ba sites by Y leads to the distortions into the BZT structure because
of the different atomic radii. The literature reports that the ionic
radius of Ba2þ ions is approximately 0.161 nm, while those of Y3þ is
0.086 nm [44e46]. Based on these hypotheses, we suppose that the
substitution of Ba sites commonly occupied by Y atoms causes an
electronic compensation through the formation of barium vacan-
cies (VBa

x, VBa
0 or VBa

00). In this case, it is very probable that the Y
atoms are coordinated to six oxygen (O) atoms (distorted [YO6]
clusters), while the Ba atoms are bonded to twelve oxygen atoms
([BaO12] clusters) [40]. Hence, the substitution processes of [BaO12]
by distorted [YO6] clusters can be described by the following Krö-
gereVink equation [46]:

Y2O3/2Y
�

Ba þ V 00
Ba þ 3Ox

O (1)

In principle, this equation suggests that the increase of [YO6]�

clusters into the [Ba1exY2x/3](Zr0.25Ti0.75)O3 structure promotes to
formation of VBa

00 �

3.2. Superstructures with distorted clusters for the [Ba1exY2x/3]
(Zr0.25Ti0.75)O3 lattices

Fig. 2 shows the schematic representation of crystalline
[Ba1exY2x/3](Zr0.25Ti0.75)O3 supercells (1 � 2 � 2) with two different
Y concentrations: (a) x ¼ 0 and (b) x ¼ 0.025 or 0.05.

In these supercells, both Ti and Zr atoms (lattice formers) are
bonded to six O atoms, forming the [TiO6] and [ZrO6] clusters (Fig. 2
(a, b)). However, there is a distinct difference between these two
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Fig. 3. FT-RS spectra of [Ba1exY2x/3](Zr0.25Ti0.75)O3 powders (x ¼ 0, 0.025 and 0.05). The
vertical dashed lines indicate the positions and relative intensities of Raman-active
modes.

Fig. 2. Schematic representation of crystalline [Ba1exY2x/3](Zr0.25Ti0.75)O3 supercells
(1 � 2 � 2) for (a) x ¼ 0 and (b) x ¼ 0.25, illustrating the [TiO6], [ZrO6], [YO6] and
[BaO12] clusters.
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clusters. In the non-polar [ZrO6] clusters, the Zr atoms are located in
a centrosymmetric position into the octahedron. On the other hand,
in the polar [TiO6] clusters, the Ti atoms are slightly displaced along
the [001] direction (z-axis) [47]. This displacement or distortion can
be arising from the covalent character between the OeTieO bonds
(directional orientations) [48,49]. Analyzing only the lattice modi-
fiers, each Ba atom is bonded to the twelve O (radial orientations) in
a dodecahedral configuration ([BaO12] clusters) (Fig. 2(a)).
According to the literature [40] describes that the structural orga-
nization as well as the polarization mechanisms into the cubic BZT
structure are related to the presence of polar [TiO6] clusters close to
those of [BaO12]. Fig. 2(b) shows a crystalline [Ba1exY2x/3]
(Zr0.25Ti0.75)O3 supercell, where the Y atoms are coordinated to the
six O in an octahedral configuration ([YO6] clusters) [50].

3.3. Fourier transform Raman scattering spectroscopy analyses

Fig. 3 shows the FT-RS spectra of [Ba1exY2x/3](Zr0.25Ti0.75)O3
powders (x ¼ 0, 0.025 and 0.05).

Although the [Ba1exY2x/3](Zr0.25Ti0.75)O3 powders (x ¼ 0, 0.025
and 0.05) crystallize in a cubic phase, the FT-RS spectra indicated
the presence of seven Raman-active modes. This fact can be due to
the structural orderedisorder induced by the successive milling
cycles and/or because of the distortions caused by the substitution
of [BaO12] clusters by those of [YO6]. According to the literature
[51,52], these Raman-active modes can be divided into longitudinal
(LO) and transverse (TO) components, as a consequence of the
long-range electrostatic forces responsible for the lattice ionicity.

A closer analysis of the FT-RS spectrum for the pure Ba
(Zr0.25Ti0.75)O3 phase indicated the presence of A1(TO1) and A1(TO3)
modes at around 180 cm�1 and 514 cm�1, respectively. The A1(TO1)
mode is ascribed to the OeTieO symmetric stretching vibrations,
while the A1(TO3) mode is due to the asymmetric vibrations
[53,54]. In addition, the E(TO1) and E(TO2) modes detected at
around 114 cm�1 and 305 cm�1 correspond to the phase transition
from tetragonal to cubic crystal structure [55]. Actually, for the Ba
(Zr0.25Ti0.75)O3 phase, these modes indicate a high concentration of
polar [TiO6] distorted clusters into a predominantly cubic matrix.
The E(TO2) stretching mode is particularly observed in FT-RS
spectra because of the existence of polar [TiO6] clusters into the
perovskite-type structure. Moreover, the intensity exhibited by this
mode in the Ba(Zr0.25Ti0.75)O3 phase is lower when compared to the
BaTiO3 [56]. A plausible explanation for this phenomenon has been
reasoned in the assumption that the distribution of non-polar
[ZrO6] clusters into the lattice reduces the dipolar interactions
between the polar [TiO6] clusters [57]. Also, these kinds of clusters
are responsible for the A1(LO3) mode observed at 718 cm�1 [40].
The other Raman-active modes detectable in the FT-RS spectra are
arising from lattice vibrations along the LO and TO directions.

Also, when the Y atoms were incorporated into the Ba
(Zr0.25Ti0.75)O3 structure, some Raman-active modes presented
a subtle displacement [A1(TO1), E(TO2), A1(LO3) and E(LO)] or
disappearance A1(TO1) in the FT-RS spectra (Fig. 3). This observa-
tion can be correlated with the increase in the degree of symmetry
of the cubic structure (Oh) and/or because of the contraction in the
unit cell volume by the [YO6] clusters. In particular, the overlap
between the A1(TO2) and E(TO2) modes can be due to a reduction in
the electronic density around the [YO6] clusters.

3.4. Fourier transform infrared spectroscopy analyses

Fig. 4 shows the FT-IR spectra of [Ba1exY2x/3](Zr0.25Ti0.75)O3

(x ¼ 0, 0.025 and 0.05).
From the FT-IR spectra one get information about the role of

[YO6] clusters in Ba(Zr0.25Ti0.75)O3 crystal lattice [58]. The pure Ba
(Zr0.25Ti0.75)O3 crystal phase is characterized by the absorption
band at 536 cm�1 due to anti-symmetric stretching vibrations of
metaleoxygen bonds ([TiO6] and [ZrO6] clusters). The substitution
of [BaO12] by [YO6] clusters creates not only VBa

x, V0
Ba or VBa

00

vacancies but also internal stresses on the octahedral sites ([TiO6]
and/or [ZrO6] clusters) [59,60]. The substitution process can then
modify the interaction forces between the OeTieO and OeZreO
bonds, what can lead to considerable displacement of the absorp-
tion band to high wave number region (568 cm�1 and 570 cm�1).

3.5. X-ray absorption near-edge spectroscopy analyses

Fig. 5(a) shows the general Ti K-edge XANES spectra both BaTiO3
and [Ba1exY2x/3](Zr0.25Ti0.75)O3 powders (x ¼ 0, 0.025 and 0.05). In
Fig. 5(b) is illustrated the pre-edge region situated in the range from
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Fig. 4. FT-IR spectra of [Ba1exY2x/3](Zr0.25Ti0.75)O3 powders (x ¼ 0, 0.025 and 0.05). The
inset indicates the absorption bands corresponding to the [TiO6], [ZrO6] and [YO6]
clusters.
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4960 to 4976 eV. The calculated pre-edge peak areas for all powders
as well as the off-center Ti displacements into the octahedral sites
are shown in Fig. 5(c). The percentages of distorted [TiO6] clusters
into these perovskites are displayed in Fig. 5(d).

The XANES technique became a powerful tool in the description
of electronic structures of amorphous and crystalline compounds
[61]. Moreover, the XANES spectra are very efficient to obtain
information on the structural order at short-range of the materials,
such as: coordination environment (tetrahedral, octahedral,
dodecahedral,.), oxidation state and subtle lattice distortions [62].
In Fig. 5(a), it was detected a small peak located at around 4970 eV
(�) known as pre-edge region, which corresponds to the 1s / 3d
electronic transitions [62,63]. Normally, there is a probability of this
forbidden electronic transition to be allowed because of a mixture
between the occupied O 2p orbitals and empty Ti 3d orbitals [64].
The intensity variations of the pre-edge peaks (�) are caused by the
degree of hybridization associated to the O 2p and Ti 3d states of the
[TiO6] clusters (Inset Fig. 5(a)). The literature [65] explains that the
local Ti displacement (noncentrosymmetric) into the [TiO6] clusters
leads to progressive increase in the pre-edge peak intensities. In
fact, Farges et al. [66] reported that the energy and intensity asso-
ciated to this peak for the titanate-based perovskite oxides can be
classified into three distinct groups, depending on the coordination
number of TieO bonds (four, five and six). As it can be seen in Fig. 5
(b), practically there are not modifications on the relative positions
of the pre-edge peaks, suggesting only the existence of hex-
acoordinated Ti atoms ([TiO6] clusters). In order to qualitatively
estimate the displacement presented by the Ti atoms into the [TiO6]
clusters, it was employed the method proposed by Frenkel et al.
[67]. According to these authors, the pre-edge peak area (A) in
perovskite-type titanates is proportional to the square of the off-
center Ti displacement (dTi), which is described by the following
equation:

A ¼ gi
3
d2Ti; (2)

where gi is a constant (BaTiO3 ¼ 11.2 eV/�A) [68].
Based on this equation, the area of each pre-edge peak (�) was

estimated (from 4967 eV to 4972.2 eV) by means of integration. In
the calculus, the XANES spectrum of BaTiO3 phase was adopted as
reference for those of [Ba1exY2x/3](Zr0.25Ti0.75)O3 (x ¼ 0, 0.025 and
0.05), since the distortion of Ti atoms along the [001] direction is
well-known for this material in the literature [37,69,70]. On the
other hand, mechanical calculations based on the density func-
tional theory (DFT) [71] showed that all four phases (cubic,
tetragonal, orthorhombic and rhombohedral) of BaTiO3 ferroelec-
trics have local Ti distortions toward [111] (octahedral face).

In our case, taking into consideration just the latticemodifiers, the
BaTiO3 phasewas assumed to present 100% [TiO6] clusters. However,
the [Ba1exY2x/3](Zr0.25Ti0.75)O3 (x¼0,0.025and0.05) isnot composed
only of [TiO6] clusters, but also by those of [ZrO6]. Hence, the calcu-
lated pre-edge peak area for all compositions in this structure was
subtracted from 25% (equivalent to the quantity of [ZrO6] clusters).
Theseareadatawereused inEq. (2) inorder to estimate theoff-center
Ti displacements (dTi). The dTi results and its respective supercells
with the off-center Ti sites along the [001] direction are shown in
Fig. 5(c) and (d), respectively. Thus, it was obtained the following dTi
values:dTi(BaTiO3)¼0.37�A>dTi¼0.27�A>dTi¼0.26�A>dTi¼0.25�A.
In principle, the low dTi value suggests that the addition of Zr atoms
into the BaTiO3matrix reduces the structural disorder (Fig. 5). Also, it
was noted that the Y concentration does not strongly influenced in
the distortion of Ti sites. In the literature, some studies have been
reported on the structural modifications caused by the concentra-
tion of Y3þ ions into the perovskite-based materials. For example,
Potrepka et al. [72] and Shanthakumar et al. [73] showed through
XANES measurements that the addition of Y3þ ions into the
(Ba0.60Sr0.40)TiO3 lattice does not affect the average Ti displacement
from the octahedron center. Besides these works, our results are in
agreement with others reported in the literature [74,75].
3.6. Ultravioletevisible absorption spectroscopy analyses

Fig. 6(aec) shows the UVevis absorption spectra of [Ba1exY2x/3]
(Zr0.25Ti0.25)O3 powders (x ¼ 0, 0.025 and 0.05).

The optical band gap energy (Egap) was estimated by themethod
proposed by Wood and Tauc [76]. According to these authors the
optical band gap is associated with the absorbance and photon
energy by the following equation:

hnaf
�
hn� Egap

�n (3)

where a is the absorbance, h is the Planck constant, n is the
frequency, Egap is the optical band gap and n is a constant asso-
ciated to the different types of electronic transitions (n ¼ 0.5, 2, 1.5
or 3 for direct allowed, indirect allowed, direct forbidden and
indirect forbidden transitions, respectively). Thus, the Egap value of
[Ba1exY2x/3](Zr0.25Ti0.25)O3 powders was evaluated extrapolating
the linear portion of the curve or tail. In our work, the UVevis
absorbance spectra indicated an indirect allowed transition and,
therefore, the value of n ¼ 2 was used in Eq. (3). The literature [77]
describes that the band gap energy is indirect when the electronic
transitions occur from maximum-energy states located near or in
the valence band (VB) to minimum-energy states below or in the
conduction band (CB), but in different regions in the Brillouin
zone.

The distinct Egap calculated from the UVevis absorption spectra
indicated the existence of intermediary energy levels within the
optical band gap (Fig. 6(aec)). We believe in these results, since the
excitation energy (l ¼ 350 nm or 3.54 eV) is higher than the Egap
presented for all powders. The highest Egap value was verified for
the powders with Y content up to x ¼ 0.025, suggesting a different
conformation or low concentration of energy states within the
band gap. It is possible to conclude that these energy states are
basically composed of O 2p orbitals (near the VB) as well as Ti 3d
orbitals, Y and Zr 4d orbitals (below the CB) [78]. The origin of these



Fig. 5. (a) XANES spectra of BaTiO3 and [Ba1exY2x/3](Zr0.25Ti0.75)O3 powders (x ¼ 0, 0.025 and 0.05). The inset illustrates the X-ray photoelectron scattering, where the photoelectron
excited at the atomic absorption site (Ti atoms) is scattered by the neighbor O atoms. (b) Pre-edge peak located in the range from 4960 to 4976 eV. The vertical lines indicate the
positions where it was performed the baseline in order to calculate the pre-edge peak area. (c) The calculated pre-edge area. The insets illustrate the off-center Ti displacement for
the octahedral sites. (d) Percentages of distorted [TiO6] clusters.
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orbitals or energy levels is directly related to the presence of
structural orderedisorder into the random lattice, as a consequence
of symmetry break between the OeZreO, OeTieO and/or OeYeO
bonds (oxygen vacancies) and/or distortions on the [TiO6]
clusters [79].

3.7. Photoluminescence properties and wide band model based on
the electronic transitions

Fig. 7(a) shows the PL spectra of [Ba1exY2x/3](Zr0.25Ti0.75)O3
powders synthesized with different Y concentrations (x ¼ 0, 0.025
and 0.05). A model based on electronic transitions between
different intermediary energy levels within the band gap is illus-
trated in Fig. 7(b).

The broad PL spectra are optical phenomena caused by diverse
electronic transitions occurring in different energy levels (deep or
shallow holes) within the band gap [80]. The literature [39] reports
that the deep holes are origin states for the green, yellow, orange
and red PL emissions at room temperature, while the shallow holes
are responsible for the violet and blue emissions. In our case, using
an excitation source of 350 nm wavelength, the pure Ba
(Zr0.25Ti0.75)O3 phase exhibited a weak PL emission, where the
maximum point was detected at around 467 nm (blue emission)
(Fig. 7(a)). Therefore, it is an indicative that the charge transference
process as well as the trapping of electrons occurs because of
a greater contribution of the shallow holes than the deep holes. In
addition, for the [Ba1exY2x/3](Zr0.25Ti0.75)O3 powders (x ¼ 0.025
and 0.05), the PL spectra revealed a slightly displacement from
467 nm to 460 nm as well as an increase in the intensity. This
Fig. 6. UVevis absorbance spectra of [Ba1exY2x/3](Zr0.25T
result suggests that when the Y atoms occupied the Ba sites into
the perovskite, it contributed to the reorganization and formation
of new energy levels (Y 4d orbitals). Also, the existence of hex-
acoordinated Y atoms ([YO6] clusters) is able to promote the
creation of barium vacancies (VBa

x, V0
Ba or VBa

00) into the host
matrix. When compared both the Y-doped Ba(Zr0.25Ti0.75)O3
powders, the PL spectra indicated a low intensity for those with Y
content up to x ¼ 0.05. In this case, this composition certainly
formed a high concentration of structural defects, mainly barium
vacancies, actuating as extinction centers of PL emission. Insets in
Fig. 7(a) illustrate two examples of charge transference processes
via distorted [TiO6] clusters for the pure and Y-doped Ba
(Zr0.25Ti0.75)O3 phases.

As it was previously described in the text, the [Ba1exY2x/3]
(Zr0.25Ti0.75)O3 phase is probably formed by O 2p orbitals (near the
VB) as well as Ti 3d orbitals, Y and Zr 4d orbitals (below the CB).
Thus, it was proposed a wide band model based on the electronic
transitions between these intermediary energy levels in order to
explain the origin of the PL emissions for this system (Fig. 7(b)). In
the first stage, also known as excitation process, the electrons sit-
uated in the O 2p orbitals absorb the photon energies (hn) arising
from incident wavelength (l ¼ 350 nm or 3.54 eV). Afterward, the
energetic electrons are promoted to Ti 3d and/or Zr/Y 4d orbitals
(higher energy states). Finally, when the electrons fall back again to
lower energy states via radiative decays, the energies arising from
these electronic transitions are converted in photons (hn0). In this
case, the several photons (hn0) originated during the multiple
radiative electronic transitions are responsible by the PL emissions
(Fig. 7(b)).
i0.75)O3 powders (x ¼ (a) 0, (b) 0.025 and (c) 0.05).



Fig. 7. (a) PL spectra at room temperature of [Ba1exY2x/3](Zr0.25Ti0.75)O3 powders (x ¼ 0, 0.025 and 0.05). The insets show two possible charge transference processes between the
distorted [TiO6] clusters. (b) Wide band model based on the electronic transitions between the O 2p, Ti 3d, Zr and Y 4d orbitals.
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4. Conclusions

In summary, the [Ba1exY2x/3](Zr0.25Ti0.75)O3 powders with
different Y concentrations (x¼ 0, 0.025 and 0.05) were prepared by
solid state reaction under heat treatment conditions performed at
1350 �C for 6 h. XRD patterns showed that all powders have a cubic
structure with space group Pm3m. Secondary phases were not
detected in the diffractograms, thus indicating that the Y atoms
were incorporated into the Ba(Zr0.25Ti0.75)O3 matrix. Moreover, it
was observed that the addition of Y leads to a slight contraction of
the unit cell volume. In spite of the cubic structure, it was detected
seven Raman-active modes in the FT-RS spectra, suggesting the
occurrence of structural distortions on the polar [TiO6] clusters at
short-range. Also, the displacement and disappearance of some
Raman-active modes were associated to the structural modifica-
tions induced by the [YO6] clusters into the lattice. The displace-
ment verified in the absorption band corresponding to the OeTieO
and OeZreO bonds was correlated to the stresses induced on the
[TiO6] and [ZrO6] clusters, as a consequence of the substitution of
Ba atoms by those of Y. XANES spectra indicated that the Zr atoms
minimize the structural disorder, while the Y atoms do not
considerably contribute for the average Ti displacement into the
polar [TiO6] clusters. UVevis spectra suggested an indirect allowed
transitionwith the existence of intermediary energy levels (shallow
or deep holes) within the band gap. These energy states are formed
of O 2p, Ti 3d, Zr and Y 4d orbitals. Finally, the origin of the blue PL
emission was related to the several radiative electronic transitions
between these different energy levels. In addition, the Y-doped Ba
(Zr0.25Ti0.75)O3 powders exhibited a high PL intensity when
compared to the pure Ba(Zr0.25Ti0.75)O3. This result was attributed
the formation and reorganization of Y 4d orbitals within the band
gap.
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