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ABSTRACT: An intense and broad visible photoluminescence (PL) band was
observed at room temperature in short-range disordered BaWO, crystals. The
scheelite crystalline BaWO, powders prepared by the polymeric precursor
method and annealed at different temperatures were structurally characterized
by means of X-ray diffraction and Fourier transform (FT) Raman spectroscopy
measurements. Quantum-mechanical calculations indicated that the disorder at
short range only of Ba atoms in the BaWO, lattice has a very important role in

the charge transfer involved in the intense green PL emission. This indication
was detected and confirmed by means of FT Raman spectroscopy measurements. The experimental and theoretical results are in
good agreement, both showing the specific type of structural disorder that is the most favorable condition for generating the most

intense green PL emission in the scheelite BAWO, lattice.

B INTRODUCTION

The technological demand in light-emitting devices for dis-
plays and communication poses challenges to scientific research
of optical properties. In particular, the barium and strontium
tungstate scheelite crystals are prospective materlals for applica-
tion of Raman converters, lasers, and amplifiers.' ~® Specifically,
the barium tungstate BaWO, crystal has been considered as a
unique Raman crystal for a wide variety of pump pulse durations
from nanoseconds to picoseconds for the generation of the
frequency shifted Raman laser pulses.”"°

PL is the most studied optical property. Numerous investiga-
tions of the PL property of scheelite tungstate crystals have been
carried out for several decades.'' > Among the scheelite
crystals, the PbWO, tungstate is the most investigated crystal
in terms of its PL property.'> >***3373? The understanding of
the PL property in scheelite crystals is still being discussed”>*°
regarding the contribution of color centers to PL emlssmn
bands, mainly to the %reen emission band. Blasse et al.'* and
Korzhik’s group'®'7?**" concluded that the green emission
originates from the (WOj; + F) center in the undoped scheelite
crystal, where F i isan electron bound to a negative ion vacancy.
Sokolenko et al.** attributed green-red emission to (WO3 -V3)
oxygen-deficient complexes, and Sinelnikov et al.** suggested
that the WO, tetrahedra distorted upon the formation of
oxygen vacancies V; in the scheelite structure is responsible
for the §reen luminescence band. On the other hand, Shi

al 25404 suggest the (WO, + O;) center as the green
lummescence center, whereas Huang et al.** conclude that
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the interstitial oxygen O; in the scheelite lattice enhances the
green luminescence.

Although the optical properties of BaWO, tungstate crystals
have been studied intensively, the intense PL property at room
temperature is rarely reported in undoped BaWO, crystals.**~*°

In this article, we present measurements of the intense and
broad visible PL band at room temperature in structurally
disordered BaWO, powder at short range. The BaWO,, powder
samples were prepared using the polymeric precursor
method.’**" This process offers advantages over several synth-
esis techniques, such as low cost, good compositional homo-
geneity, high purity, and low processing temperatures. The origin
of the intense and broad PL band of the BaWO, compound
containing short-range disorder in its lattice is also investigated in
terms of electronic structure calculations realized in the frame-
work of ab initio periodic quantum-mechanical techniques. The
aim of our synergistic strategy between experimental and theo-
retical results is not to explain all the possible PL mechanisms
that occur during the photon excitation and decay processes,
given that many valid hypotheses already exist in the literature,
but to discuss the contribution of structural disorder at short
range to the green PL emission and why it provides favorable
conditions for the generation of an intense and broad PL band.
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B EXPERIMENTAL SECTION

BaWO, was obtained by the polymeric precursor
method.>® % A flow chart representing the synthesis route
of BaWO, used in this study is outlined in the Supporting
Information. Tungsten citrate was prepared by the dissolution
of § x 107> mol of tungstic acid (H,WOy,, 99% purity, Aldrich)
in 80 mL of an aqueous solution of citric acid (H;CsHsO-,
Mallinckrodt, 99%) under constant stirring at 60—80 °C to
homogenize the tungsten citrate solution. After homogenization
of this solution, S X 10> mol of barium nitrate (Ba(NO;),,
99.5% purity, Aldrich) was dissolved and a stoichiometric
amount added to the tungsten citrate solution. The complex
was well stirred for several hours at 60—80 °C to produce a clear,
homogeneous solution. After the solution was homogenized,
ethylene glycol was added to promote the citrate polymerization
by polyesterification. With continued heating at 80—90 °C, the
viscosity of the solution increased, albeit devoid of any visible
phase separation. The molar ratio between barium and tungsten
cations was 1:1. The citric acid/ethylene glycol mass ratio was set
to 60:40. After partial evaporation of the water, the resin was
heat-treated at 300 °C for 2 h, in a static atmosphere, leading to
the partial decomposition of the polymeric gel, forming an
expanded resin, constituted of partially pyrolyzed material. The
product was removed from the beaker and deagglomerated.
Deagglomeration was performed in this manner using high-
energy milling. The powders were annealed at 500, 600, and
700 °C for 2 h in a static atmosphere and with a heating rate of
10 °C/min.

The BaWO, powder samples were structurally characterized
by X-ray diffraction (XRD) using a Cu Ka radiation source. The
diffraction patterns were recorded on a Rigaku DMax2500PC
model in a 0—20 configuration, using a graphite monochroma-
tor. The FT Raman spectra were measured using a Bruker
RFS100 spectrophotometer, Nd:YAG Laser (1064 nm). The
spectral dependence of optical absorbance for the crystalline
BaWO, powders was measured in the reflectance mode from 200
to 800 nm, using a Cary 5G spectrophotometer. The PL spectra
of the BaWO,, samples were recorded with a U1000 Jobin-Yvon
double monochromator coupled to a cooled GaAs photomulti-
plier and a conventional photon counting system. The 488 nm
exciting wavelength of an argon ion laser was used, with the
laser’s maximum output power kept at 60 mW. A cylindrical
lens was used to prevent the sample from overheating. The slit
width used was 100 ym. All measurements were taken at room
temperature.

B COMPUTATIONAL METHODS

Calculations were carried out with the CRYSTALO3 package™
within the framework of the density functional theory using the
gradient-corrected correlation functional by Lee, Yang, and Parr,
combined with the Becke3 exchange functional, B3LYP,>*° that
was demonstrated by Hu et al.*® to be suitable for calculating
structural parameters and band structures for a wide variety of
solid-state compounds. The atomic centers have been described
by pseudopotential HAYWSC-31G and 8-51G* basis sets for Ba
and W, respectively. The oxygen atom is described by the all-
electrons 6-31G* basis set. The basis sets are taken from ref 57.
The k-points sampling was chosen to be 36 points within the
irreducible part of the Brillouin zone. The OPTIM®® program
was used for optimization calculations of a and ¢ cell parameters.
OPTIM is a general optimization tool that minimizes a chosen

Table 1. Cell Parameters and Oxygen Fractional Atomic
Positions

a(A) c(A) o y z
exptl'  56148(5)  12721(1)  025(2)  0.3(2)  0.075(2)
caled 5.56322 12.56649 0.22640 0.12332 0.04741

“Reference 59.

function, which, in this case, is the computed total energy.
The initial values of the cell parameters and oxygen fractional
atomic positions (x, y, and z) for ogptimization calculations were
obtained from experimental data.’

The XCrysDen® program was used as a graphical tool for
plotting the band structure diagrams.

B CRYSTAL STRUCTURE AND PERIODIC MODEL

The BaWO, crystallizes in a tetragonal structure, space group
I4,/a, known as the scheelite phase. Tungsten atoms are
surrounded by four oxygen atoms in a tetrahedral configuration,
and barium atoms are surrounded by eight oxygen atoms in a
pseudocubic configuration. The experimental and optimized
values of the cell parameters and oxygen fractional atomic
positions are presented in Table 1. The fractional atomic posi-
tions of Ba and W atoms are (0, 1/4, 5/8) and (0, 1/4, 1/8),
respectively.

For computational simplification, the CRYSTALO3 code
works in the primitive unit cell rather than in the conventional
one. We have used a primitive cell as a periodic model for
representing the highly crystalline BAWO, (BWO-c). It results in
12 atoms (2 Ba, 2 W, and 8 O atoms) per primitive cell; see
Figure la.

Our aim is to compare the electronic structure and charge
distribution of the highly crystalline model with crystalline
models containing disorder at short-range representing powder
samples before the complete crystallization. We suppose that,
before the full crystallization of the powder, that is, before the
annealing temperature reaches 700 °C, the BaWO, lattice is
composed of a random mixture of WOj5 (or distorted WO,) and
regular WO, molecular groups linked by the Ba*" cations. We
also suppose that some Ba coordination spheres can be distorted
in the lattice.

Besides the first BWO-c highly crystalline model, we created
two other periodic models to simulate the BaWO, crystals
containing structural disorder at short range in their lattices.
The second model was created by displacing the Ba2 atom 0.4 A
in the direction opposite to the O2 oxygen atom per unit cell, as
shown in Figure 1b. This periodic model is labeled BWO-b.
Starting from the previous BWO-c crystalline model, the W2 and
Ba2 atoms were displaced by 0.3 and 0.4 A in the direction
opposite to the O1 and O2 oxygens, respectively. This third
model is labeled BWO-bw; see Figure Ic.

Many values were tested for atomic displacements in the
BWO-b and BWO-bw models. The electronic structures of the
models with different displacements are similar: although the
results are quantitatively different, they do not influence the
conclusions of this work, which seeks to compare various
disorder possibilities.

Our proposal regarding the use of these models is to offer a
simple scheme enabling an understanding of the effects of
structural deformations at short range in the electronic structure
and charge distribution, because the most intense PL emission is

12181 dx.doi.org/10.1021/jp2009622 |J. Phys. Chem. C 2011, 115, 12180-12186



The Journal of Physical Chemistry C

o Barium atoms
) oxygen atoms

Balc

i"s&o ;

w © 0

Bal

(c)

Figure 1. (a) BWO-c, (b) BWO-b, and (c) BWO-bw primitive unit cell periodic models of the BaWQ, structure. Arrows show the direction of Ba2
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Figure 2. XRD patterns measured at room temperature for the BaWO,
powders heat-treated at (a) 500, (b) 600, and (c) 700 °C for 2 h in an air
atmosphere.

evidenced in disordered BaWO, lattice at short range. This
strategy of models with the coexistence of different types of
environments has already been successfully employed for study-
ing PL emission in disordered structures of scheelite
tungstates*>*"%% and of perovskite titanates.”>"” In the case of
the perovskite titanates, the cationic environments had S-fold
MO (M = Ty, Zr) and 6-fold MOy coordinations.

B RESULTS AND DISCUSSION

Figure 2 presents the X-ray diffraction patterns recorded at
room temperature for scheelite BAWO, powder samples heat-
treated at 500, 600, and 700 °C for 2 h in an air atmosphere. All
three samples are already in the crystalline phase. No additional
or intermediate phases were detected in the BaWO, powders; all
diffraction peaks are ascrlbed to the scheelite tetragonal structure
(space group I4,/a, C3), symmetry), which match with the ref 68
pattern.

According to Basiev et al.,” the primitive cell of the tungstate
crystal at room temperature, the scheelite structure, includes two
AWO, formula units (A = Pb, Ba, or Sr). The WO, molecular
group with W—O strong covalent bonds is the peculiarity of the
sheelite structure. Because of weak coupling between the WO,
molecular group and the A cation, the vibrational modes in
Raman spectra of sheelite crystals can be divided into two groups,
internal and external. The internal vibrons (Vi) correspond
to the oscillations inside the WO, molecular group with
an immovable mass center: v, (Ag), v, (Ag), v, (Bg), Vs (Bg),

12182
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Figure 3. FT Raman spectra recorded at room temperature for the
BaWO, samples heat-treated at (a) 500, (b) 600, and (c) 700 °C for 2 h
in an air atmosphere.

and V5 (Ey). The (V) external vibrons or lattice phonon correspond
to the motion of the A cation and the WO, rigid molecular unit.>

The FT Raman spectra at room temperature of the BaWO,
powders heat-treated at 500, 600, and 700 °C are presented in
Figure 3. The sample treated at 700 °C presents several peaks
referring to the Raman internal modes of the WO, tetrahedra:
stretching v (A), 3(Bg), and v3(E,) and bending v, (A, + By).
The external mode v, corresponds to motion of the Ba and the
WO, rigid molecular unit,’ as can be seen in Figure 3, spectrum c.
The compound treated at 600 °C only presents peaks referring to
the internal modes v; (A,), v, (Ag+By), V3 (By), and v5 (Ey) but
does not present any external mode ., (see Figure 3, spectrum b),
showing that the WO, tetrahedra are ordered and the Ba are
disordered at short range in the BaWO, lattice. The sample
treated at 500 °C does not present any Raman phonon mode, as
presented Figure 3, spectrum a.

The X-ray diffraction data show that all three BAWO, samples
are ordered at long range. The FT Raman data show that the
sample heat-treated at 500 °C is structurally disordered at short
range because it does not present any Raman phonon mode. In
the sample heat-treated at 600 °C, only the Ba atoms are
disordered at short range in the lattice. The sample heat-treated
at 700 °C shows that it is already highly ordered at short range,
because it presents internal and external vibrational modes.

The absorption spectra of the BaWO, samples annealed at
600 and 700 °C are presented in Figure 4. The gap energy \ values
can be obtained by means of the Wood and Tauc method.®” The
absorption spectrum of the BaWO, sample annealed at 500 °C
was not shown in Figure 4 because this spectrum did not follow
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the Wood and Tauc’s law,%” and for this reason, we cannot fit the
law equation with the spectrum curve to calculate the gap energy.
According to Wood and Tauc’s law,* the absorption coefficient
has the following energy dependence

o = A(hv — Eg,p)" /hv (1)
where A is a constant that is different for different types of
transitions, indicated by different values of m (m =1/2,2,3/2, or
3 for allowed direct, allowed indirect, forbidden direct, and
forbidden indirect electronic transitions, respectively), hv is the
photon energy, and Eg,; is the optical gap energy.

The gap energies of the BaWO, samples treated at 700 and
600 °C are 4.7 and 4.1 eV, respectively. Wood and Tauc
associated the decrease of the gap energy value with the existence
of localized states in the band gap due to structural defects.”® This
behavior indicates that the amount of localized states in the band
gap of the sample annealed at 600 °C is greater than the amount
in the band gap of the sample annealed at 700 °C, due the short-
range disorder of Ba in the sample treated at 600 °C, as pointed
by the Raman spectra (see spectra b and c in Figure 3).

To investigate the dominant orbitals and characters of the
localized states and of bands surrounding the band gap, Figure 5
presents the calculated total and atom- and atomic orbital-

150
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Figure 4. Spectral dependence on the absorbance at room temperature
for the BaWO, samples heat-treated at (a) 700 and (b) 600 °C.

projected densities of states (DOS) for the three models with
an energy ranging from —15 to 15 eV, the zero being set at
the top of the last occupied level (Fermi level) referring to the
BWO-c model.

Figure Sa presents the DOS of the BWO-c model. The valence
band (VB) around —5 eV is mainly formed by 2p (O) and 5d
(W) states. The upper VB is mainly formed by 2p (O) states and
equivalently distributed on each oxygen. The projections on the
oxygens and tungstens reveal that the upper VB states are mostly
nonligand 2p (O) states. The conduction band (CB) is mainly
formed by 2p (O) and Sd (W) states. The e-like (W) states (Sd.»,
5d,2_,2) contribute in the lower portion of the CB and the t,-like
(W) states (5d,, 5d,., 5d,,) contribute around 10 eV. The strong
covalent hybridization between the 2p (O) and 5d (W) states is
clearly visible in the VB around —3 eV and in the lower CB. The
Sp (Ba) states in the VB and Sd (Ba) in the CB are mostly
nonligand states. These results, according to Basiev’s experi-
mental work® and Porto et al,”® demonstrate that the WO,
molecular group has W—O strong covalent bonds and that there
are weak bonds between the WO, groups and the A (Ba) cations.
The gap energy in this model is 6.35 eV

Figure 5b presents the DOS of the BWO-b model, in which
only the Ba were displaced in each primitive cell. The contribu-
tions of the states are very similar to the DOS in the BWO-c
model, because the Ba displacement causes a slight electronic
perturbation due to the weak bonds on Ba. The gap energy
decreases slightly to 6.29 eV.

Figure Sc presents the DOS of the BWO-bw model. The
electronic structure is strongly perturbed by the W2 displace-
ment (see Figure 1c), causing the increase of structural disorder
degree due to breaking of the W—O strong covalent bonds that
control the frontier bands. The upper VB is predominately made
up of the 2p (O) states, but the states above 0 eV (localized
states) are mostly of a nonbonding 2p character from oxygen O1,
the oxygen that loosens the connection with W2, as can be seen
in Figure 1c. The consequence is a greater reduction of the gap
energy to 5.06 eV due to the localized 2p (O1) states.

Spectra a—c in Figure 6 illustrate the PL spectra recorded at
room temperature for the BaWO, samples heat-treated at 500,
600, and 700 °C, respectively. They were excited by the 488 nm
(~2.54 eV) line of an argon ion laser. The powders treated at
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Figure 5. Calculated total and atom- and atomic orbital-projected densities of states (DOS) for the (a) BWO-c, (b) BWO-b, and (c) BWO-bw periodic
models. The zero has been set to the Fermi energy calculated for the BWO-c model.
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600 and 700 °C emit broad bands in the visible spectrum region,
peaking in the green region. These broad bands are typical of a
multiphonon process, that, is, a system in which relaxation occurs
by various paths, involving the participation of numerous states.
The most intense PL emission is obtained for the structure that is
neither highly disordered at short range (heat-treated at S00 °C)
nor highly ordered (heat-treated at 700 °C), that is, for the
sample treated at 600 °C.

The X-ray diffraction data and FT Raman and PL spectra show
that the disorder at short range only of Ba in the crystalline
BaWO, powder is a favorable and necessary condition for the
most intense green PL emission in a scheelite lattice.

Table 2 presents the net charges of each molecular group of
the three periodic models and their respective gap energies. The
Ba20¢ molecular group is formed by a barium atom (labeled Ba2
in Figure 1) and only six oxygen atoms due to the displacement of
the Ba2 in the direction opposite to the oxygen atom labeled O2.
The W20; molecular group is formed by a tungsten atom labeled
W2 and only three oxygens due the displacement of the W2 in
the opposite direction to the oxygen labeled O1. The BalOs,
Ba20g, W10,, and W20, are regular molecular groups, as
illustrated in Figure 1.

For the BWO-b model, the charge of the Ba2O4 molecular
group is positively increased by a local charge gain, J, = 4-0.83 |¢|,

12000 a) 500 °C
b) 600 °C
¢) 700 °C
10000
."é’
=]
& 8000+
T
>
£ 6000
c
8
[
= 4000+
o
2000 |
(a)
0 T T T T
500 600 700 800

PL emission (nm)

Figure 6. Photoluminescence spectra at room temperature of the
BaWO, samples heat-treated at (a) 500, (b) 600, and (c) 700 °C.

and a large local electronic hole (trapped hole) is induced by the
lost of connection with two oxygen anions, compensated by
electron gains in the other molecular groups belonging to the
unit cell.

For the BWO-bw model, the charge of the W20; molecular
group is positively increased by a local charge gain, Oy, = +0.24 |¢|,
and the W10, group has a negative local charge gain,
Opw = —0.21 |e|. The charge in the Ba2Og molecular group is
positively increased by a local charge gain, Oy, = +0.60 |e|. This
charge gain of the Ba2Og4 molecular group is smaller than the
charge gain of the Ba2Og group in the model BWO-b, because the
displacement of W2 tungsten induces a charge compensation.
These results indicate that the trapped hole is larger in the case of
one local deformation (BWO-b) than in the case of two local
deformations (BWO-bw) in each unit cell due to the charge
compensations by other adjacent molecular groups. This behavior
indicates that the structures containing structural disorder at short
range only of Ba have larger trapped holes and, consequently, are
more favorable for intense PL emission, because bigger trapped
holes are more favorable for attracting excited electrons to radiative
recombinations when the lattice is submitted to photon excitation.

The structural transformations occur, by means of the poly-
meric precursor method, from disordered to ordered phases,
starting from the early stage of the polyesterification of the citrate
solution containing the tungsten and barium ions. The crystal-
lization process occurs by heat treatment. The tungsten cation
tends ideally to bond with four oxygen ions (WO,), and the
barium cation tends ideally to bond with eight oxygen ions (BaOg
pseudocubic configuration). The tungsten, which is more catio-
nic, organizes sooner than the barium. In the structure just before
the complete ordering at short range, there exist various co-
ordination environments for the Ba, while the (WO,) tungsten
molecular groups are already regular. The BaWO, structure
annealed at 600 °C, the structure just before the complete
ordering in which only the Ba are disordered at short range
(see Figure 3, spectrum b), presented favorable conditions for
the most intense PL emission (see Figure 6, spectrum b). When
the high ordering is reached (sample treated at 700 °C), the WO,
and BaOg molecular groups are highly regular (Figure 3, spec-
trum c) and the PL intensity considerably decreases (Figure 6,
spectrum c), indicating that a complete order is not suitable to
the most intense visible PL emission at room temperature in
scheelite BaWO, crystals.

Table 2. Variation of Mulliken Charges for Each Molecular Group of the BWO Periodic Models and Their Respective Gap

Energies

charge of the BWO-c molecular groups |e|

charge of the BWO-b molecular groups |e|

charge of the BWO-bw molecular groups |e|

BalOg: —1.66 BalOg: —2.05 BalOg: —2.28
Ba20g: —1.66 Ba204: —0.83 Ba204: —1.06
W10,: 1.66 W10,: 1.44 W10,: 1.44
W20,: 1.66 W20,: 1.44 W20;: 1.90

local charge gains O, of the BWO-c

molecular groups |e|

local charge gains 0y, of the BWO-b

molecular groups |e|

BalOg: 0.00 BalOg: —0.40
Ba204: 0.00 Ba204: +0.83
W10,: 0.00 W10,: —0.22
W20,: 0.00 W20,: —0.21

gap energy = 6.35 eV

gap energy = 6.29 eV

12184

local charge gains Oy, of the BWO-bw

molecular groups |e|

BalOg: —0.63
Ba20g: +0.60
W10,: —0.21
W20s5: +0.24
gap energy = 5.06 eV

dx.doi.org/10.1021/jp2009622 |J. Phys. Chem. C 2011, 115, 12180-12186
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The visible PL spectra show that the highly disordered and
highly ordered structures at short range are not favorable to
intense PL emission. It should be emphasized that the excitation
energy used (2.54 eV, 488 nm) is smaller than that correspond-
ing to the 420 nm (X2.95 eV) blue emission frequently
attributed in the literature to the WO, regular molecular
group'#**?%*%7! 4nd cannot be observed here for this reason.

The quantum-mechanical theory calculations and absorbance
spectra analyses point out that the appearance of localized states
in the band gap of BaWO, structures and the increase of the
structural disorder degree diminish the gap energy, as seen in
Table 2 and Figure 4. The structural disorder can favor PL
emission with excitation energy smaller than the crystalline gap
energy. However, this sole effect alone is insufficient to enhance
the intense visible PL at room temperature, as can be seen in the
sample, which is more disordered at short range (treated at
500 °C), which does not present a PL intensity. The BaWO,
sample that presents the most intense PL emission (treated at
600 °C) has a higher experimental gap energy (4.1 eV) than the
excitation energy used for collecting the PL spectra (2.54 eV,
488 nm). Such an observation confirms the fact pointed out by
Montoncello et al.”> that PL often highlights features that
absorption measurements would rarely define, as the properties
of the energy levels lying within the band gap of a material.

The charge gradient (polarization) and the presence of the
localized states provide very good conditions for the trapping of
electrons and holes, which can allow PL radiative recombination in
the compounds containing simultaneous structural order and
disorder. As explained by Blasse," the PL arises from a radiative
return to the ground state, a phenomenon that is enhanced by the
presence of charge trapping at room temperature. Blasse indeed
showed the PL behavior of perovskite-type oxides at low tem-
perature (45 K), where less energy is lost for the vibration of the
lattice so that the radiative recombination is encouraged. At room
temperature, however, if no charge trapping promotes the radiative
recombination, the energy is used for the lattice vibrations.

B CONCLUSIONS

The BaWO, powders heat-treated at 500, 600, and 700 °C are
already in the crystalline phase (structural order at long range),
evidenced by means of XRD measurements.

Increasing structural ordering at short range of the BaWO,
powders by heat treatment from 500 to 700 °C was identified by
means of FT Raman and absorbance spectra measurements.

FT Raman and PL emission spectra show that the highly
crystalline BaWO, powder presents a low PL emission intensity.
The sample containing the highest structural disorder at short
range presented a PL emission that was practically absent. The
most intense and broad green PL emission was evidenced in the
BaWO, crystal containing short-range disorder only of Ba in the
powder lattice.

The quantum-mechanical theory calculations evidenced that
the BaWO, crystal containing short-range disorder only of Ba
presents large trapped electronic holes, indicating that this
structure is more favorable for the PL emission, because larger
trapped holes are more favorable for attracting excited electrons
to radiative recombinations when the lattice is submitted to
photon excitation.

The experimental and theoretical results show that the
increase of green PL emission intensity is due to short-range
structural disorder only of Ba in the crystalline BaWO, lattice.
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